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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTEGRATED CIRCUITS -
EMC EVALUATION OF TRANSCEIVERS -

Part 5: Ethernet transceivers

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization ©
all natjonal electrotechnical committees (IEC National Committees). The object of IEC is to promoteint

co-op
in add

eration on all questions concerning standardization in the electrical and electronic fields| o thi
tion to other activities, IEC publishes International Standards, Technical Specifications;\l‘echnical

Publidy Available Specifications (PAS) and Guides (hereafter referred to as “IECCOPRUDblication(s

prepa
may p

ation is entrusted to technical committees; any IEC National Committee interested in"the subject
Brticipate in this preparatory work. International, governmental and non-goverpmental organizatio

with the IEC also participate in this preparation. IEC collaborates closely with the International Organ

Stand

brdization (ISO) in accordance with conditions determined by agreement-between the two organi

The fdrmal decisions or agreements of IEC on technical matters express, asnearly as possible, an int

conse
intere

hsus of opinion on the relevant subjects since each technical committee has representatioy
Eted IEC National Committees.

IEC Plublications have the form of recommendations for internatienal use and are accepted by IEQ
Comnfittees in that sense. While all reasonable efforts are made.to ensure that the technical contg
Publigations is accurate, IEC cannot be held responsible for{the way in which they are used 9

misint]

erpretation by any end user.

In order to promote international uniformity, IEC National* Committees undertake to apply IEC Py
transparently to the maximum extent possible in their national and regional publications. Any divergency
any IHC Publication and the corresponding national or\tegional publication shall be clearly indicated in

IEC it
asses
servic

All us

No lia
memb)
other
expen

Attent
indisp
Attent
rights

Internat
circuits,

elf does not provide any attestation of, conformity. Independent certification bodies provide g
Ement services and, in some areas, access to IEC marks of conformity. IEC is not responsib
bs carried out by independent certification bodies.

brs should ensure that they have the latest edition of this publication.

bility shall attach to IEC or its\directors, employees, servants or agents including individual ex
ers of its technical committees)and IEC National Committees for any personal injury, property d
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal

kes arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Py

on is drawn to the.-Normative references cited in this publication. Use of the referenced publi
Ensable for the cokrect application of this publication.

on is drawn 1o the possibility that some of the elements of this IEC Publication may be the subjec
IEC shall not be held responsible for identifying any or all such patent rights.

onal- Standard IEC 62228-5 has been prepared by subcommittee 47A: In
of JEC technical committee 47: Semiconductor devices.
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ernational
b end and
| Reports,
)’). Their
dealt with
hs liaising
zation for
Fations.

Ernational
from all

National
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r for any

blications
b between
the latter.

onformity
e for any

perts and
amage or
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blications.

cations is

of patent

egrated

The text of this International Standard is based on the following documents:

Draft Report on voting

47A/1115/FDIS 47A/1117/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

° re InnnA byt roavnoad aditian ~r
plaeed-by-a—revised-editon—of

e amepded.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for thecorrect understInding
of its ¢ontents. Users should therefore print this document using a colour printér.
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INTEGRATED CIRCUITS -
EMC EVALUATION OF TRANSCEIVERS -

Part 5: Ethernet transceivers

1 Scope

This part of IEC 62228 specifies test and measurement methods for EMC evaluation of Ethernet

transcei
signals,
transcei

e 100BASE-T1 according to ISO/IEC/IEEE 8802-3/AMD1;
e 100BASE-TX according to ISO/IEC/IEEE 8802-3;
e 100QBASE-T1 according to ISO/IEC/IEEE 8802-3/AMD4

and cov,

e the ¢mission of RF disturbances;

o thei
e thei
e thei

2 Normative references

The follpwing documents are referredté.in the text in such a way that some or all of theirn

constitu
For un
amend

IEC 619
conditio

IEC 619
GHz - R

IEC 621
conditio

ver ICs under network condition. It defines test configurations, test conditig
failure criteria, test procedures, test setups and test boards. It is applic
ver of the Ethernet systems

ers

mmunity against RF disturbances;
mmunity against impulses;

mmunity against electrostatic discharges ¢(ESD).

fes requirements of this document. For dated references, only the edition cited
ated references, the  latest edition of the referenced document (includ
ents) applies.

67-1, Integrated circuits — Measurement of electromagnetic emissions — Part 1:
s and definitions

67-4, Integrated circuits — Measurement of electromagnetic emissions, 150 K
Part 4. Measurement of conducted emissions, 1 ohm/150 ohm direct coupling m

ns, test
able for

content
applies.
ng any

General

Hz to 1
ethod

324, Integrated circuits — Measurement of electromagnetic immunity — Part 1:
ns and definitions

General

IEC 62132-4, Integrated circuits — Measurement of electromagnetic immunity 150 kHz to 1 GHz

— Part 4

IEC 622
synchro

: Direct RF power injection method

15-3, Integrated circuits — Measurement of impulse immunity — Part 3: Non-

nous transient injection method

IEC 62228-1, Integrated circuits — EMC evaluation of transceivers — Part 1: General conditions
and definitions

ISO 10605, Road vehicles — Test methods for electrical disturbances from electrostatic
discharge
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ISO 21111-2, Road vehicles — In-vehicle Ethernet — Part2: Common physical entity
requirements

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

ISO/IEC/IEEE 8802-3:2017, Information technology — Telecommunications and information
exchange between systems — Local and metropolitan area networks — Specific requirements —
Part 3: Standard for Ethernet

ISO/IEC/IEEE 8802-3:2017/AMD1:2017, Amendment 1 — Information technology -
Telecommunications and information exchange between systems — Local and metropolitan area
networkis — Specific requirements — Part 3: Standard for Ethernet — Physical layer specifications
and mamagement parameters for 100 Mb/s operation over a single balanced twisted pair cable
(100BABE-T1)

ISO/IEQ/IEEE 8802-3:2017/AMD4:2017, Amendment 4 — Information techndlogy -
Telecommunications and information exchange between systems — Local arnid metropolitan area
networkis — Specific requirements — Part 3: Standard for Ethernet — Physical layer specifications
and management parameters for 1 Gb/s operation over a single twisted-pair copper caple

Electroniic Components Industry Association, EIA-198-1, Ceramic Dielectric Capacitors |Classes
111 1 and 1V

3 Terms, definitions and abbreviated terms

For the purposes of this document, the terms and definitions given in IEC 61967-1, IEC $2132-1,
IEC 62228-1, as well as the following apply.

ISO and IEC maintain terminological databases for use in standardization at the fpllowing
addressies:
e |SO|Online browsing platform;yavailable at http://www.iso.org/obp

e |EC [Electropedia: available-at http://www.electropedia.org/
3.1  Terms and defipitions

3.11
100BASE-T1 transceiver
transceiver 100-Mbit/s via single balanced twisted pair, with a functionality accofrding to
ISO/IEQ/IEEE,8802-3/AMD1 (100BASE-T1)

3.1.2

100BASE-TX transceiver

transceiver 100 Mbit/s via two balanced twisted pairs, with a functionality according to
ISO/IEC/IEEE 8802-3(100BASE-TX)

3.1.3

1000BASE-T1 transceiver

transceiver 1000 Mbit/s via single balanced twisted pair, with a functionality according to
ISO/IEC/IEEE 8802-3/AMD4 (1000BASE-T1)

3.1.4

global pin

pin that carries a signal or power, which enters or leaves the application board without any
active component in between
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local pin
pin that carries a signal or power, which does not leave the application board

3.1.6

mandatory components

pl

components needed for proper function and/or technical requirement of IC as specified by the
IC manufacturer

3.1.7

switch
IC with
8802-3

ntegrated Ethernet transceivers and switch functionality as defined In

3.2 Abbreviated terms

ASIC
BIN
BIST
CMC
CDMR
CMR
DCMR
DPI
DTT
DUT
FPGA
GMI|
GPIO
IL
INH
LCL
LPF
MDI
Mil
PCB
PRBS
PHY
RGMII
RL

RS-FEC

SBC
SGMII
SNR

Application specific integrated circuit

Bus interface network

Built in self-test

Common mode choke

Common to differential mode conversion ratio
Common mode rejection

Differential to common mode conversion ratio
Direct RF power injection

Data transfer test

Device under test

Field programmable gate-array

Gigabit media independent interface

General purpose.input or output

Insertion loss

Inhibit

Longitudinal conversion loss

Low-pass filter

Medium dependent interface

Media independent interface

Printed circuit board

150/1

FC/IEEE

Pseudo random bit stream

Ethernet single transceiver

Reduced gigabit media independent interface
Return loss

Reed Solomon forward error correction
System base chip

Serial gigabit media independent interface
Signal-to-noise ratio

S-parameter Scattering parameter

sQl
TDR

Signal quality indicator

Time domain reflectometry


https://iecnorm.com/api/?name=1e50ff981a6c9bfde72cda35fda49728

IEC 62228-5:2021 © IEC 2021 -13 -

TLP Transmission line pulse
VNA Vector network analyzer
4 General

The intention of this document is to evaluate the EMC performance of Ethernet transceivers
under application conditions in a minimal network.

The evaluation of the EMC characteristics of Ethernet transceivers shall be performed for the
|mp|em nted functional npnrnfinn modes—as—defined-in-Table 1 under network condition for
conducted RF emission and RF immunity tests and impulse immunity tests and oh g single
transceiver IC for electrostatic discharge tests.

The aim of these tests is to determine the EMC performance on dedicated pins’of the Ethernet
transceiver which are considered as EMC relevant in the application.“For an [Ethernet
transceiver, these pins are global pins like MDIP, MDIN, Vg 1 and WAKE as well as Idcal pins

like power supply inputs (Vpp,). The global pin WAKE is given as an{example and represents
any global pin other than MDI and voltage supply Vgat-

If the DUT includes additional product specific EMC relevant pins (functions), it shall be tested
as well.[The test conditions and failure validation criteria¢shall be adapted to the definifions for
the stanldard functionality of Ethernet transceivers.

The test{ methods used for the EMC characterization are based on the international standards
for IC EMC tests and are described in Table 1.

Table 1 — Overview.of measurements and tests

Configuration Test Test method Evaluation Functional operation
mode
eRrii(s:gir:)dnUCted ZI%%%?Q":;};;OUF’“”Q Spectrum Normal
(EMI)
RF conducted DPI Normal
immunity Function
. (RF) (IEC 62132-4) Low power
Transceiyer network
Imbulse immunit Non-synchronous Normal
(IMpP) y transient injection Function
(IEC 62215-3) Low power
ESD powered Contact discharge Function Normal
(SO 10605) Cow power
. . Contact discharge
Single transceiver ESD unpowered (ISO 10605) Damage Unpowered

The 150 Q direct coupling, DPIl and impulse immunity test methods are chosen for the
evaluation of the conducted EMC characteristic of transceivers in network condition. These
three test methods are based on the same approach using conductive coupling. Therefore, it is
possible to use the same test board for all tests in functional operation mode, which reduces
the effort and increases the reproducibility and comparability of test results.

Powered ESD test will be performed using the same approach of testing the Ethernet
transceiver under network conditions but a modified test board is used because of RF and ESD
tests cannot be combined on one test board if all specific test conditions of each test method
should be covered.
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The unpowered ESD test is performed on a separate test board with a single transceiver.

All measurements and tests should be done according to the general drawings of schematics
given in Annex A with soldered transceivers on special test boards as described in Annex B to
ensure application like conditions and avoid setup effects by sockets. Recommended limits for
Ethernet transceivers in automotive application are given in Annex D.

In general, the test definition is done for Ethernet single transceiver (PHY). Ethernet transceiver
cells embedded in switches, SBCs or ASICs shall follow the test methods for PHYs, adapting
test conditions and targets as necessary. Such adaptations shall be done individually for the
dedicated IC but shall follow the general definitions.

If an Ethernet transceiver supports more than one Ethernet system (e.g. 100BASE}T1 and
1000BASE-T1), all tests for the implemented Ethernet systems shall be performed:separately.

In order|to verify filter effects on the EMC performance of Ethernet transceivers) configurations
with different bus interface networks for MDI are defined in this documentnlfconsequégnce the
frequency characteristic of these filter elements shall be taken into account for the interpgretation
of the tgst results.

5 Test and operating conditions

5.1 Supply and ambient conditions

For all tests and measurements under operating conditions, the settings are based on systems
with 12 V power supply, which is the main application’ of Ethernet transceivers. If a trapsceiver
is designed or targeted for other power supply-voltages, the test conditions and tesf targets
shall be[ adapted and documented accordingly-~The defined supply and ambient conditions for
functionjal operation are given in Table 2.

Table 2 — Supply and ambient conditions for functional operation

Parameter Value
Voltage supply Vgarept (14 £ 0,2) V (default)
Voltage supply Vi, Viominal £ 2 %
Test temperature (23 £5)°C

For RF ¢mission-measurements, the ambient noise floor shall be at least 6 dB below thef applied
target limit-and documented in the test report.

For ESD tests, the requirements of ISO 10605 climatic environmental conditions shall be
applied.

5.2 Test operation modes
5.2.1 General

The Ethernet transceiver shall be tested in functional operation modes and unpowered mode
according to Table 1.

Depending on the transceiver the configuration for functional operation modes is controlled by
hardware and/or software settings.
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5.2.2

Transceiver configuration for normal operation mode

For test in normal functional operation mode, a transceiver configuration according to Table 3

shall be

used.

Table 3 — Definition for transceiver configuration for normal operation mode

Topic Content

Transceiver

— full duplex mode with maximum data rate for DUT

— automatic polarity detection enabled

configuration — transceiver configuration as specified by semiconductor manufacturer for reference
application in datasheet application note or comparable documentation (o be docuymented
in the test report)
5.2.3 Transceiver configuration for low power mode
For test|in low power mode a transceiver configuration according to Table 4 shall be used.
Table 4 — Definition for transceiver mode configuration for low power modeg
Topic Content

configura

Transceijer

— transceiver configuration as specified by semiconductor manufacturer for referenc¢

tion in the test report)

application in datasheet, application note or comparable documentation (to be docpmented

5.3 DO

For test

e Minimum MDI interface network\(Min-BIN):
DC blocking capacitor C,.41 =€5:» = 100 nF as illustrated in Figure 1.

e Stan

DC blocking capacitor €4:4 = C4.o = 100 nF and a CMC that meet the recommenda

Anng
e Opti

DC blocking capacitor C,.4 = C,.», = 100 nF and a CMC that meet the recommendz

Anng
sem
devi

efinition of BIN

dard MDI interface (Std-BIN):

bx E as illustrated-in Figure 2.
mized MDI interface (Opt-BIN):

bx E, a'Low pass filter (LPF) and a ESD suppression devices or terminations d

betw

NOTE 1

NOTE 2

Fal M aY ol AAML ol
CCIl1 \Jac1 [1R1°] \Jacz altu wviJi 1mMOuc.,

of 100BASE-T1 and 1000BASE-T 1ctransceivers, the following MDI test networks (BIN)
are defiped:

tions of

tions of
ined by

conductor manufacturer as illustrated in Figure 3. The position of ESD suppression
ce's’ within the interface network can either be between transceiver and CMC pnd / or

Min-BIN and Std-BIN are defined to provide data for comparison of the EMC characteristics of different
Ethernet transceivers. Opt-BIN is intended to use for evaluation of EMC characteristics of the tested Ethernet
transceivers.

For DC blocking capacitors C_, and C the capacitance C = 100 nF is set as default value

ac2’

Other capacitor values, defined by semiconductor manufacturer, are also possible to use.

for tests.

NOTE 3 As an alternative to the DC blocking capacitors C_, and C__, in combination with a CMC, a magnetics

according

to ISO/IEC/IEEE 8802-3, defined by semiconductor manufacturer, is also possible to use.

NOTE 4 The characteristics of ESD suppression device can be evaluated according to the definitions of Annex F.
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100(0)BASE-T1 TC C.., MDI Node
106°nF
1
TRD_N | .
S TRD_P I} -
)
CacZ
106'nF

IEC

Figure 1 — Minimum MDI interface test network (Min-BIN)

100(0)BASE-T1 TC cMCc  C,, MDI Node
I\JI\JI LLL
TRD_N AN 11 N—=0 1
2 TRD_P e p—— 2
o c
“ac2
J_ 106 nF

IEC

Figure 2 — Standard MDI interface test network (Std-BIN)

100(0)BASE-T1 TC LPF/ESD ~ CMC  C,_, Termingtion’/  MDI Node
106'nF _ESD
TRON—11 o o1—fFoad— K 01—~

S TRD P12 o2—t NI o2~
e

[m]

=z

)
o

_|_ _ac2 _I_
J_ 100 nF

N —

IEC
Figure 3 — Optimized MDbinterface test network (Opt-BIN)

The S-parameter Sccoq, Spp21, Spesrand Sgpoq of CMC samples used for testing [may be

measure¢d or prepared by the manufacturer according to Annex E and shall be documgnted in
the test|report.

For test of 100BASE-TX- transceivers, there is only an optimized MDI interface (Qpt-BIN)
defined| The Opt-BIN network as defined by the semiconductor manufacturer shall be used.

5.4 Test configuration

5.4.1 General configuration for transceiver network

For evgluation of conducted RF emission and RF immunity as well as impulse i||nmunity
characteristic of an Ethernet transceiver in functional operation mode, a minimal Ethernet test
network consisting of two Ethernet transceivers of same type shall be used.

The test configuration in general consists of Ethernet transceivers with external mandatory
components (Ethernet node) in a minimal test network, where filtered power supplies, signals,
monitoring probes and coupling networks are connected as shown in Figure 4. The definitions
for BIN are given in 5.3.

Both nodes are configured according to the data sheet of the semiconductor manufacturer to
establish a full duplex Ethernet link. This connection is carried out as line impedance controlled
PCB traces and not a wire connection.
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Monitoring and stimulation /
mode control

proper function and error indication
(e.g. GPIO)

microcontroller or FPGA
e.g. Mll, RGMII, SGMII, SPI, MDIO

]
Test network Node 1

Decoupling
network for
stimulation.and
Coupling ports and monifering

coupling networks

—1 BIN Transceiver

Node 2

Decoupling
network for
stimulation and
monitoring

—1 BIN Transceiver

Power supply with decoupling
networks

€.g. VBAT’ VDDX

IEC

Figure-4 — General test configuration for tests
inctransceiver network for conducted tests

NOTE 1 |In specific cases ‘or for analyses a deviation from this setup can be agreed between the usgrs of this
document and will be noted*in the test report.

The midrocontraller or FPGA is used for configuring and monitoring the Ethernet trapsceiver
and for generating a test communication. For this purpose, it should be able to operate jwith the
communication interfaces that are supported by the tested Ethernet transceiver (e.g. MI|, RGMII
and SGMI)

If Ethernet transceivers support multiple Mll interfaces in minimum two of them should be used
for the configuration of the transceiver network. The selection recommendation is given in
Table 5.

NOTE 2 Other Mll interfaces e.g. RMIl and GMII can be used for testing in addition but this is not required.
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Table 5 — Selection recommendation of MIl interfaces
for transceiver network configuration

Ethernet system MIl interface type 1 MIl interface type 2
100BASE-T1 MIl RGMII
100BASE-TX MII RGMII
1000BASE-T1 RGMII SGMII

Node 1 should be configured with MIl interface type 1 and node 2 with MII interface type 2. If
only one interface type is implemented, both nodes are configured with the same available

interfac

In most
microco
coupling
be cons
should |

If a swit
evaluatg
tested s
port of

General

5.4.2

The gen
single E
coupling

e (IVITT O RGIMITT or SGIVIIT).

cases, it is beneficial to use a microcontroller or FPGA per Etherngt no
htroller or FPGA shall be EMC decoupled from the tested transceiver-(and
networks) using filter networks at voltage supplies. Specific layoutrequireme
idered. A specific software implementation runs on the microcontroller or FPG
e adapted to the transceiver type, especially for configuration.@nd monitoring.

ch or an IC with more than one integrated Ethernet transgeiver (e.g. Dual PHY)
bd, each port that is intended to be used for wired Ethernet communication

ode 2 (port 1 to port 1, port 2 to port 2, etc.).
drawings of schematics with more details aré.given in Annex A.

General configuration for single transceiver

eral test configuration for unpowered ESD test of Ethernet transceivers cons
thernet transceiver with external-mandatory components on a test board with di
networks as shown in Figure5.

Unpowered transceiver

Coupling ports and
coupling networks BIN Transceiver

IEC

He. The
ts EMC
nts shall
A which

shall be
shall be

eparately. For that purpose, the tested port of node,1 shall be connected with the same

sts of a
scharge

5.4.3

£t 56 , i o FESD

Transceiver network tests — coupling ports and networks for conducted tests

The coupling ports and coupling networks are used to transfer disturbances to or from the test
network with a defined transfer characteristic. The schematic of the coupling ports, networks
and pins are shown in Figure 6. The values of the components are dependent on the test
method and defined in Table 6. The tolerance of the components shall be 1 % or less. For the
resistors Rgpy, @and Repqp Used for symmetrical coupling, a maximum mismatch of 0,1 % is

recomm

NOTE C

ended.

omponents can be selected by measurement of their value.
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Coupling
ports

Coupling networks

- 19—

Pin networks 2

| CCP1a RCP1a

'I—l:I-—+MDIPb

2 Thep
b Thep
1000H
the s¢

b 1
CP1 MDI /(lj—<:__l .
- | R Cepio Repn |
domnecor | cPt |
| Cepo Repy |
CP2 VBAT I_D_? VBAT
RE | Repat |
connector I — |
CCP3 RCP3 i
CP3 WAKE |—|:|—? WAKE
| Repat |
| = I
| CCP4 RCP4 |
CP4 VDDX I_D_¢ VDDX
RE ! RCP4t !

connector —

n networks include all external mandatory co

cond path of the Ethernet link.

IEC

mponents for the<respective pin or pins.

ns MDIP and MDIN represent all pins of the transceiver that afe connected to the MDI of 100BA{
ASE-T1 transceivers. For 100BASE-TX transceivers a second MDI coupling network is required

Figure 6 — Transceiver network tests’— coupling ports and networks

E-T1 and
or testing
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Table 6 — Transceiver network tests — component value definitions

of coupling ports and networks

Port Type Purpose Component
Repi1.a Ccpr.a Rep1.at
RF symmetrical emission Repia =120 Q Ccpra =470 pF =
EMI1 Repi =51 Q
measurement on MDI Repip = 120 Q Cepyp = 470 pF
RF asymmetric emission Rep1a =121Q | Copq, = 470 pF R =51
EMI1a o - - CP1t Q
measurement on MDI (+ 1,25 %) |Rgpq, = 119,5Q | Crpyy, =470 pF
i issi R =119,5Q |C =470 pF
EMI1b RF asymmetilc erpnlf\sll?na AL 0/ hCP1a 494 O r\CP1a [ R(‘P‘H =510
feastrementonrMBH—+25-%r—Repp="+24 Sepp =470t
RF asymmetric emission Rep1a =121Q | Cppq, = 470 pF R L g1
EMI1c o - - GP1t Q
measurement on MDI (+ 2,5 %) Repip = 118 Q Ccpyp = 470 pF
RF asymmetric emission Repra =118 Q1 Cppy, = 4700F. R %10
EMI1d o - - CP1t
measurement on MDI (- 2,5 %) Repip = 121 Q Cepyp = 470 pF
RF asymmetric emission Repra =121 Q| Cppyg= 870 pF R %10
EMI1e o - = CP1t
measurement on MDI (+ 5 %) Repip = 115 Q Cgpp = 470 pF
RF asymmetric emission Repia =115 Q2 10€pq, = 470 pF R = §1
EMI1f 0 - - cPit Q
measurement on MDI (- 5 %) Repip = 121 Q Ccpyp = 470 pF
RF1 RF symmetrical coupling for Repia i 120Q | Cepyy i 470 pF not used
immunity test on MDI Repip® 120 Q Ccpyp = 470 pF
CP1
RF1a RF asymmetrical coupling for Répia i 121Q | Cepyq i 470 pF not used
immunity test on MDI (+ 1,25 %) (Rgpq, = 119,5 Q | Crpqy, = 470 pF
; i R =119,5Q |C =470 pF
RF1b RF asymmetrlcal coupling for0 CP1a _ CP1a _ not used
immunity test on MDI (- 1,25,%) Repip = 121 Q Cepyp = 470 pF
; g R =121Q |C =470 pF
RF1c RF asymmetrlcal coupling f0£ CP1a _ CP1a _ not used
immunity test on MDIN+ 2,5 %) Repip = 118 Q Cepyp = 470 pF
T i R =118Q |C =470 pF
RF1d _RF asy_mmetrlcal coupling fclr CP1a B CP1a _ not used
immunity test-on MDI (- 2,5 %) Repip = 121 Q Ccpyp = 470 pF
i i R =121Q |C =470 pF
RF1e _RF asy_mmetrlcal coupling zor CP1a B CP1a _ not used
immunity test on MDI (+ 5 %) Repip = 115 Q Ccpyp = 470 pF
; i R =115Q |C =470 pF
RE1f RF asymmetrlcal coupllngofor CP1a _ CP1a _ P not used
immunity test on MDI (- 5 %) Repip = 121 Q Cepyp = 470 pF
R =120Q |C =470 pF
. CP1a CP1a
IMP 1 Impulse coupling on MDI _ _ not used
Repip =120 Q| Cppyp = 470 pF
Indirect ESD coupling on MDIP, Rep1a = 16U 32 Ccp1a - 99 PP _ b
ESDTIND by = Ropis =120 Q  |Copyy = 33 pF | op1e = 220K
RF emission measurement on
EMI2 v Rep, = 120 Q Cepy, = 6,8 0F Repoy =51 Q
BAT
CcP2 RE2 SF coupling for immunity test on Rgpy = 0 Q Cepy = 6,8 NF not used
BAT
IMP2 Impulse coupling on Vg, Repp =0 Q Shorted not used
RF emission measurement on - - -
EMI3 WAKE Reps = 120 Q Ceps = 6,8 nF Reps =51 Q
CP3 RF3 RF coupling for immunity test on Reps = 0 Q Ceps = 6,8 nF not used
WAKE
IMP3 Impulse coupling on WAKE Repsz =0 Q Cecpsz = 1,0 nF | not used
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Port Type Purpose Component
Repi..a Ccpi..a Repi..at
cpa4 EMI4 \IjF emission measurement on Rgpy = 120 © Cepy = 6,8 nF Ropy = 51 0
DDX

The parasitic inductance value of all resistors and capacitors used for RF emission and immunity coupling networks
shall be less than 2 nH.

R and

CP1a

R can be combined out of two resistors of the same type.

CP1b

a8 All used resistors of the ESD coupling network shall be specified as ESD-robust up to the maximum used
discharge voltage level. The specified peak voltage of used capacitors shall be at least 3 kV. The value for the
coupling capacitance is estimated related to the test setup for indirect ESD test defined in ISO 10605.

b The rdsistor Rcpyt I8 used optional to avoid static pre-charge of discharge point caused by the ESD ge

spark
gener
pre-ch

pver at these resistors at high test levels shall be avoided. If a static pre-charge is prevented b
htor construction, these resistors are not needed. Alternatively, an external resistor can be used
arges of each discharge point before each single test.

herator. A

the ESD
0 remove

The tes
test net

The chdracterization of the coupling ports and coupling networks\is carried out as follo

The ma
inputs d

documepted in the test report. The connection of signal pads using 50 Q coaxial probe|

and gro
shall be

compongnts of the MDI test network (BIN) shalt be removed. All other components w

directly
board.

5.4.4

The dis
circuitry
unpowe

configurations with coupling ports and coupling networks connected to the
vork are given in the general drawing of schematics in FigureVA.1.

hnitude of insertion losses (S,, measurement) between the ports (CP1 to CP4)
f the respective transceiver pin network on_the test board shall be measu

ind connection shall be as short as possible:For this characterization the coup
configured for RF immunity or emissiot’test and the Ethernet transceivers

connected to the coupling port (e.g; filter to power supply or loads) remain on

Single transceiver tests ~coupling ports and networks

charge points are connected by the coupling networks to the Ethernet transce
. The schematic and definitions of the coupling ports, networks and pins |
fed ESD tests aregiven in Figure 7 and Table 7.

Fthernet

WS

and the
red and
directly
ing port
with all
hich are
the test

ver test
sed for
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I
Coupling Coupling networks Pin networks 2
ports |
I
I
CP1a MDIP MDIP ®

| o (optional)

Discharge
points |

CP1b MDIN MDIN

| Innhnn:l\

I
I
I
|
0
I
I
I
I
|
|
1 T
A |

| |
CP2V,, % v,

Discharge Optional) |

points |

R |

CP3 WAKE ?
5 (optional) :
[

a8 The pin networks include all external mandatory componentssand for the respective pin or pins.

WAKE

IEC

b The pins MDIP and MDIN represent all pins of the transcgiyer that are connected to the MDI of 100BASE-T1 and
10008ASE-T1 transceivers. For 100BASE-TX transceivers a second MDI coupling network is required for testing
the selcond path of the Ethernet link.

Figure 7 — Coupling ports ahd networks for unpowered ESD tests

Table 7 — Definitions of coupling ports for unpowered ESD tests

Port Type Purpose Components
CP1a ESD1a Direct ESD.coupling on MDIP metal trace for galvanic connecfion @
CP1b ESD1b Direct-ESD coupling on MDIN metal trace for galvanic connecfion @
CP2 ESD2 Direct ESD coupling on Vg, metal trace for galvanic connecfion 2
CP3 ESD3 Direct ESD coupling on WAKE metal trace for galvanic connection @

2  The ¢ptiopal resistors R, Ryp R, @and Ry with R < 220 kQ are used to avoid static pre-charge of discharge

point|caused by the ESD generator. A spark over at these resistors at high test levels shall be avolded. If a
statid pre-charge is prevented by the ESD generator construction, these resistors are not needed. Altefnatively,
an external resistor can be used to remove pre-charges of each discharge point before each single test.

5.5 Test communication and signals
5.5.1 General

Depending on the functionality of the Ethernet transceiver, different test signals are defined for
communication in normal operation mode and wake-up from low power mode.

5.5.2 Test signals for normal operation mode

The communication test signal shall be used for testing Ethernet transceivers in normal
operation mode. The parameters of this periodical signal are defined in Table 8.
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Table 8 — Definition for transceiver mode configuration for normal operation mode

Topic Content

— data frame transmission initiated by host controller

» Ethernet packet (e.g. ISO/IEC/IEEE 8802-3 Ethernet frame ,TCP/IP, UDP/IP...)
minimum 1000 byte data payload

with

Test *  minimum 80 % bus load
communication

* payload data 5A,4

— data frame transmission initiated by Ethernet transceiver itself (optional)

« activation of internal BIST or PRBS test with maximum possible performance
5.5.3 Test signals for low power mode
Tests of unwanted wake-up will be performed without test signal.
For test|of wanted wake-up in low power mode, the definition of test communication irf normal
operatign mode is used for initiate the wanted wake-up event for the(DUT. Depending on the
transceiver type, specific definitions for wanted wake-up events. may exist. In this case, the
definition of the semiconductor manufacturer is used.
5.6 Evaluation criteria
5.6.1 General
For immunity performance evaluation of Ethernet-iransceivers, different evaluation criferia are
defined [during and after exposure to disturbances:
The resllting functional status of the Ethernet transceiver shall be classified in status|classes
Aic, Cclor D¢ according to IEC 62132-1"following the definitions in 5.6.2.
5.6.2 Evaluation criteria for functional operation modes
The evdluation criteria for functional operation modes for Ethernet transceivers are défined in
Table 9

For faillre monitorjng,-the evaluation criteria defined in Table 9 shall be used. The failure

validatig
transcei
generat
depend
the test

n appliesdtorall transceivers in the test network if not otherwise defined. As sg
ver undern test violates the evaluation criteria, an error event for this test

ow the transceiver under test and shall be captured in undisturbed condition

on as a
case is

bd. Inscase of monitoring analog signals, (e.g. INH output signal) the referencg¢ values

5 before

Thése reference signals combined with the boundary values are used to gengrate the

failure validation masks. Deviations from the defined boundary values can be agreed and shall
be noted in the test report.
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Table 9 — Evaluation criteria for Ethernet transceiver

2 Ifno
imple
b Optio
¢ Optio
IfaB

replag

d One tr
transc

Transceiver Test
de Purpose signal ; iy
mo 9 Function Activity
Link read out of register(s) for link status defined by the
semiconductor manufacturer
error check of all transferred data between the two nodes of
DTT the test network by microcontroller or FPGA or
error check for BIST or PRBS test for data frame
transmission initiated by Ethernet transceiver itself
Communi- Ethernet |CRC read out of available register for CRC status @
Normal cation and tost d out and d tati f all ilabl ist f
rose talk communi- [sQI/SNR read out and documentation o 2 available registefs for
cation indication of SQI or SNR value
RS-FEC read out and documentation of available régisters flor
indication of RS-FEC events °
BIST or read out of available register for status’or result of [BIST or
PRBS test ¢ | PRBS tests
other pin function validation mask using{maximum deviation defined
functions by data sheet (e.g. INH)
unwanted without wake-up function validation mask using maximum deviation defined
Low powgr wake-up indication by data sheet (e.g. INH)
mode wanted link pulse |Wake-up function validation’mask using maximum deviation defined
wake-up 9 P indication by data sheet.(e.g. INH)
Different evaluation criteria can be agreed for special cases and\shall be noted in the test report.

ead out of required error registers at the transceiver is possible, the error validation shall be
mented into the microcontroller software in comparable way.

hal function, evaluation only if function is implémented.

hal function.
ST or PRBS test is used instead of a data frame transmission, initiated by host controller, this e
es the CRC and DTT function.

ansceiver (DUT) of the test network is configured as Slave and is set to low power mode. The sg
biver is configured as Masterand will be set into normal mode for sending out link pulses to be d

valuation

cond
etected

as wale-up by the DUT. Only the, DUT is monitored and shall wake up at least after 100 ms (see definifion in
1ISO 21111-2).
5.6.3 Evaluation.criteria in unpowered condition after exposure to disturbancds
The inplut 1-V ¢characteristic (current versus voltage) of a pin under test to GND ipcluding
mandatpry components shall be measured using e.g. a semiconductor parameter anglyzer. If
measur¢ments with mandatory components are not applicable they shall be removed. [The test
voltage [range should cover or exceed the maximum voltage rating of the pin under tdst up to
the level where e.g. break down, snap back or clamping occurs.

NOTE Commonly used test voltages are + 50 V to £70 V with test current limitations of £ 0,5 mA to + 5 mA in order

to avoid d

amage of IC during characteristic curve measurement.

Any significant change of |-V characteristic (e.g. more than £ 5 % of maximum applied test
voltage or current) measured before and after the immunity test is considered as a failure.
Figure 8 shows a principle drawing of the maximum deviation on an |-V characteristic.
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Pin current

Pin voltage

IEC

Figure 8 — Principle drawing of the maximum deviation on an |-V characteristic
Alternatjvely to the above described I-V characteristic test, a parameterdest according to data
sheet of the DUT can be used as well to verify damages of the IC.

5.6.4 [ Status classes
The functional status classes for Ethernet transceivers baséd on the evaluation criteria are
defined|in Table 10.
Table 10 — Definition of functional status classes
Resulking Requirement
status flass
no error occurred during exposure to disturbance, evaluation criteria of 5.6.2
for Link, DTT, CRC and otherpin functions in normal mode and wake-up indication ip low
A power mode
no damage detected after exposure to disturbance, evaluation criteria of 5.6.3, that ¢an be
checked at the end.of all functional tests
A1 no error occurred-during exposure to disturbance, evaluation criteria of 5.6.2
Ic for Link
A2 no error(occurred during exposure to disturbance, evaluation criteria of 5.6.2
Ic for DT(T and CRC
noserror occurred during exposure to disturbance, evaluation criteria of 5.6.2
A3c for-unwanted wake-up caused by ESD discharges during exposure, proper wake-up
functionality and correct change into normal mode on request during exposure
error occurred during exposure to disturbance, evaluation criteria of 5.6.2
I no error occurred after exposure to disturbance, evaluation criteria of 5.6.2, DUT
Ic automaticatly-cemes-backinte—properoperation
no damage detected after exposure to disturbance, evaluation criteria of 5.6.3
error occurred during exposure to disturbance, evaluation criteria of 5.6.2
no error occurred after exposure to disturbance, evaluation criteria of 5.6.2, but DUT does
D not automatically come back into proper operation when disturbance is removed until a
IC

simple operator action (e.g. re-initialization by MDIO or SPI (D1,.), power off/on (D2
been done

no damage detected after exposure to disturbance, evaluation criteria of 5.6.3

ic)) has
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5.7 DUT specific information

The following information is required for setting up and conducting the EMC tests at Ethernet
transceivers and shall be supported by the semiconductor manufacturer:

e test circuit for typical application of transceiver;

o software configuration data for setting the transceiver in typical application;

e detailed information for data transmission and error register read out activity.

The following additional information should be supported by the semiconductor manufacturer,
if available or needed respectively:

o EMQ opfimized test circuit (opfimized MDT fest network and opfimized filter or supplier
spegific filter at voltage supply pins);

e inforqmation for ESD protection devices;
o layopt application hints or equivalent layout requirements;

o software configuration data for setting the transceiver in EMC optimized state.

6 Test and measurement

6.1 Emission of conducted RF disturbances
6.1.1 Test method

The megasurement of the conducted RF emission shall*be performed by 150 Q direct ¢oupling
method|according to IEC 61967-4.

6.1.2 Test setup

The conducted RF emission measuremehnt of transceiver shall be carried out using|a setup
according to Figure 9 with the coupling-network as defined in Table 6.
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I.-------.)’— EMix ™
5 2
7
IEC
Key
1 Ypectrum analyzer / EMI receiver 5 Connector
2 Goupling ports (MDI: EMI1, Vg, ;: EMI2, WAKE: 6 Controller board
BMI3, V. EMIX), coaxial connector
3 Tlest board 7 Powep supply (Vgatextr Voox extr CND)
4 Tlest network

The tes{ equipment definitions are the following:

e spedgtrum analyzer / EMI receiver;

e testpoard;
e contfoller board;

e power supply.

6.1.3 Test procedure and parameters

Figure 9 — Test setup for measurement of conducted RF disturbances

The setlings of theyconducted RF measurement equipment are given in Table 11.

Table 11 — Settings of the conducted RF measurement equipment

RF Measurement equipment

Spectrum analyzer

EMI receiver

Detector

Peak

Frequency range

0,15 MHz to 1 000 MHz (2 750 MHz optional)

Resolution bandwidth (RBW)

150 kHz to 30 MHz: 10 kHz 9 kHz
30 MHz to 2 750 MHz: 100 kHz 120 kHz
Video bandwidth (VBW) 2 3 times RBW -
Numbers of sweeps 10 (max hold) -
Measurement time per step - =100 ms

Frequency sweep time

2100 s
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RF Measurement equipment Spectrum analyzer EMI receiver

Frequency step width
150 kHz to 30 MHz: - < 5 kHz
30 MHz to 2 750 MHz: - < 50 kHz

FFT based EMI receivers can be used as well if they meet CISPR 16-1-1 definitions.

The conducted RF emission measurements shall be performed according to Table 12.

Table 12 — Conducted emission measurements

Coupling Pin MDI test Ethernet system
Transcg¢iver mode port 2 network
(BIN) 1000BASE-T1 | 100BASE-T1 100BASE-TX
Min-BIN X X
EMI1 Std-BIN X X
Opt-BIN X X X
Std-BIN X
EMI1a,b
MDI Opt-BIN X
normal mode / Std-BIN X X
) EMI1c,d
with Ethernet test Opt-BIN X X X
commjunication
Std-BIN X
EMl1e,f
Opt-BIN X X
EMI2 b VBAT Opt-BIN X X
EMI3 b WAKE Opt-BIN X X X
EMI4 P Vbox Opt-BIN X X X

X A tesf shall be performed.
a8  For definition of coupling ports see"Table 6.

b For transceivers with differentMil.interfaces emission measurements at both nodes of the transceiver jnetwork
with the MII configuration aceerding to Table 5 are required. Alternatively the MIl configuration for one[node
can b¢ changed between the)two defined MII interfaces for emission measurement.

6.2

mmunityto conducted RF disturbances

6.2.1 Test method

f th d ted - RE | it hall b
The test—ofthe—-condusted Hamunity-shall-be

oo T~ — T

according to IEC 62132-4.

f d b I th DPl ¢ t
orformed—by—using—the—DBPltest! method

6.2.2 Test setup

The conducted RF immunity tests of transceiver shall be carried out using a setup according to
Figure 10 with the coupling network as defined in Table 6.
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l

] 5 : 9
| ] | ] 11
I-------.))— RFx ™
8
A
10 4‘
12
IEC
Key
1 RF generator 8 Test boéard
2 RF amplifier 9 TesSt hetwork
3 RF power meter 10 Eonnector
4  Dirgctional coupler 14 Controller board
5 Coupling ports (MDI: RF1, Vg, ;: RF2, WAKE: RF3),% 12 Power supply (Vgarext Vopx extr GND)

coaxial connector

(]

Conftrol PC (optional) 13 DSO

7 Renpote control (optional)

Figure 10 — Test setup for DPI tests

The tes{ equipment definitions are the following:
e RF generator;
e RF amplifier{(output power P = 10 W);

e power meter with directional coupler;

e test poafd;

e controller board;
e power supply;
e control PC (optional);

o digital storage oscilloscope (DSO, optional).
6.2.3 Test procedure and parameters

To determine the conducted RF immunity of the Ethernet transceiver, tests with the parameters
given in Table 13 shall be carried out.
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Table 13 — Specifications for DPI tests

Item Parameter
Frequency Range Step
1 MHz to 10 MHz 0,25 MHz
10 MHz to 100 MHz 1 MHz
100 MHz to 200 MHz 2 MHz
200 MHz to 400 MHz 4 MHz
400 MHz to 1 000 MHz (2 000 MHz optional) @ 10 MHz

Minimum forward power 10 dBm (10 mW)

Maximum forward power 39 dBm (8 W)

Power step size 0,5dB

Dwell tinje 1s

Modulatipn (including optional f=1MHz to 2 000 MHz: CW

frequencly ranges . -
y ranges) /=1 MHz to 800 MHz: AM 80 % 1 kHz (p, £)P1))

/=806 MHz to 915 MHz: PM 217 Hz, ton 577 us (fDPM :ﬁCW)

f=1200 MHz to 1400 MHz: PM 300:Hz, ton 3 us (ﬁPM = p.

(,W)

f=1710 MHz to 1910 MHz: PN\217 Hz, ton 577 ps (ﬁPM :136,”/

Test progedure for evaluation of Searching for malfunction during the complete dwell time while power is
functiondl status class A stepwise increased.

An optimized contral’procedure can be used to reduce the test time but
ensuring that there“are no artifacts in the RF inputs during frequency or
power steps.

EXAMPLE: Procedure for each frequency step:

— start with maximum forward power or with the level that causgd a

malfunction at the previous frequency step,

9%

=\ in case of malfunction at this power level reduce the power Igvel by
6dB and repeat the test,

— increase the power stepwise until a malfunction occurs or thg
maximum forward power is reached,

— the immunity level at this frequency is the maximum forward power
that causes no malfunction

Test pro¢edure for evaluation of Apply the test power for each frequency step and evaluate the fupctional
functiondl status class'C,; or D, status after each test.

a8 Test Yp to £ =)2000 MHz is optional and only recommended for coupling to MDI of 1000BASE-T1 transgeivers.

In this] case,the requirements of IEC 62132-4 for transfer characteristic of coupling network should als¢ be
fulfillelj ih this frequency range. For all other configurations tests up to =1 000 MHz are defined

The tests for functional status class A evaluation shall be performed according to Table 14.

For each test, an immunity threshold curve with the forward power as the parameter shall be
determined and documented in a diagram in the test report.
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Table 14 — DPI tests for functional status class A,c evaluation
of Ethernet transceivers

Transceiver | Coupling Pin MDI test Failure validation for
mode port 9 network error / function
BIN
( ) CRC, SNR or RS- Sum ¢ Other Wake-
Link, salf FECf pin up
DTT function
Ethernet system 00OOBASE-T1 / 100BASE-T1 / 100BASE-TX
Min-BIN @ XIXi—
RF1 Std-BIN P XIX|—
Opt-BIN P XIXIX | Xi—=I— XIXIX XIXIX
Std-BIN P Xi—I—
| RF1&P
norma MDI | Opt-BIN® Xi—I— | Xi—=— | Xi—I—
mode /
Ethernet|test d Std-BIN © XIXl7
RF1¢
communi Opt-BIN® | X/—/— | —IXIX XIXIX%
cation
Std-BIN P XIXI—
RF1ef
Opt-BINP | —/X/X X/IXI—
RF2 Vear Opt-BIN @ XIXIX XIXIX
RF3 WAKE | Opt-BIN 2 XIXIX XIXIX
Min-BIN @ XIXI—
RF1 Std-BIN P XIXI—
Opt-BIN P XIXIX
) Std-BIN P X —/—
RF12:
low power b e
mode / MDI Opt-BIN X =/
test of RE{ed StdtBIN P XIXI—
unwantegl Opt-BIN P XIXIX
wakeup 9
Std-BIN P XIXi—
RF1ef
Opt-BIN P XIX|—
RF2 Vear Opt-BIN @ XIXIX
RF3 WAKE | Opt-BIN 2 XIXIX
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Transceiver | Coupling Pin MDI test Failure validation for
mode port 9 network error / function
BIN
( ) CRC, SNR or RS- Sum © Other Wake-
Link, salf | FECf pin up
DTT function
Min-BIN @ XIXI—
RF1 Std-BIN ? XIXI—
Opt-BIN P XIXIX
low power Std-BIN P X /—I—
mode / RF1a.b
MDI Opt-BIN P X /—I—
test of wanted
wakeup {-° Std-BIN P X/X/—
RF1¢d
Opt-BIN ® XIXIX
Std-BIN P XIX/—
RF1ef
Opt-BIN P XIX/—

X A test[shall be performed.

a8 A tept shall be done with CW and modulation (AM, PM), maximum test powep-36-dBm.

b A tept shall be done only with modulation (AM, PM), maximum test power39,.dBm.

¢ Sum error: Link, CRC, and DTT or Link and BIST / PRBS tests status @valuated in parallel.

4 Tesf of wanted or unwanted wake up or Ethernet signal activity detéction, depending on implemented
funcfion.

€  One|node is set to low power mode, a second node sends periodically a signal to be detected as wakeup by
the node in low power mode.

f Doctimentation of SNR value (e.g. signal quality indicator or MSE value) or RS-FEC counter, if implgmented.
A tept should be done for information only. There is ho immunity limit defined.

9 Fo

=

b definition of coupling ports, see Table 6.

The tests for functional status class,C,c or D, shall be performed according to Table 15.

Table 15 — DPI tests for functional status class C|c or D|c evaluation
of Ethernet transceivers

Transceiver Coupling Pin MDI test Failure validation for error / function
mode port network
(BIN) Sum ¢

Ethernet|system 1000BASE-T1 / 100BASE-T1/ 100BASE-TX
normal RF1 2@ MDI Opt-BIN XIXIX
mode / v

RF2b Opt-BIN XIXIX
Ethernet test BAT P
communi-

b -

cation RF3 WAKE Opt-BIN XIXIX

X A test shall be performed.
2 A test shall be done with modulation (AM, PM), maximum test power 39 dBm.
b A test shall be done with CW, maximum test power 36 dBm.

¢ Sum error: CRC, Link and DTT evaluated in parallel.
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6.3 Immunity to impulses
6.3.1 Test method

The test of the impulse immunity shall be performed by using the non-synchronous transient
injection method according to IEC 62215-3.

6.3.2 Test setup

The impulse immunity tests of transceiver shall be carried out using a setup according to
Figure 11 with the coupling network as defined in Table 6.

X

<) IMP1 ™
. 2 . 6
i 8

L ]
------..) IMPx

5
7 —2
9
IEC
Key
1 Tlest pulse generator 6 Test network
2 CGoupling ports (MDI: IMP4, 7 Connector
Mgar: IMP2, WAKE: IMP3);
goaxial connector
3 CGontrol PC (optional) 8 Controller board
4 Remote contrel~(optional) 9 Power supply (Vgatextr Vbox extr GND)
5 Tlest board 10 DSO

Figure 11 — Test setup for impulse immunity tests

The test equipment definitions are the following:

e test pulse generator (according to ISO 7637-2);
e test board;

e controller board;

e power supply;

e control PC (optional);

e digital storage oscilloscope (DSO, optional).
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Test procedure and parameters
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To determine the immunity of the transceiver against impulses defined in ISO 7637-2, tests with
the definitions and parameters given in Table 16 and Table 17 shall be performed.

Table 16 — Specifications for impulse immunity tests

Item

Definitions and parameters

Test pulses

(see Table 17)

1, 2a, 3a, 3b at coupling port IMP2: test pulse generator provides impulses and

voltage supply Vg, for DUT

3a, 3b, (1, 2a optional) at coupling port IMP1, IMP3: test pulse generator
provides impulses but no voltage supply

Amplitude step size

10V

Dwell time

1 min for tests of functional status class AIC

10 min for tests of functional status class CIC or ch

Test progedure for functional
status cliss A

Searching for malfunction during a dwell time of minimum 5°s while pulsg
amplitude is stepwise increased up to the defined test\pulse levels (as e
in Table D.4).

g. given

At the determined maximum voltage the achieved immunity level shall bg proved
with a dwell time of 1 min.

An optimized control procedure can be used to reduce test time.

The immunity level is the maximum amplitude that causes no malfunction.

Test progedure for functional | Apply the defined test pulses (as g=guwgiven in Table D.4) and evaluate the

status clgss C, or D ¢ functional status after each test.
Table 17 — Parameters for impulse immunity test
Maximum pulse Rulse repetition Internal resistance
Test pulse @ amplitude V_ frequency (1/t,) R, Rematks
Vv Hz Q
1 -100 2 10 battery sha]l be off
only during fhe pulse
2a +\75 2 2 -
3a 5150 10 000 50 -
3b +100 10 000 50 -

2 accotding to ISO(7637-2, pulse amplitudes are defined under open load conditions, parameters for fise time
and duration for 12 V- systems are set as default. Other pulse values for target applications in othpr power
domdins as €-g. 24 V or pulses defined in IEC standards (e.g. IEC 61000-4-4 and IEC 61000-4-5) canl be used
if required for‘the transceiver application.

The tests for functional status class A, evaluation shall be performed according to Table 18.
For each test an impulse immunity level shall be determined and documented in the test report.
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Table 18 — Impulse immunity tests for functional status class A,c evaluation
of Ethernet transceivers

wakeup §-°

Transceiver | Coupling Pin MDI test Failure validation for
mode port © network error / function
BIN
( ) CRC, SNR ¢ RS- Sum 2 Other Wake-
Link, FEC d pin up
DTT function
Ethernet system 1000BASE-T1/ 100BASE-T1/ 100BASE-TX
Min-BIN XIX/—
normal IMP1 MDI Std-BIN XIXI—
mode /
Ethernet|test Opt-BIN XIXITX XIXITX X [—/— XIXIX XIXIX
communi- IMP2 Vgat Opt-BIN XIXIX XIXIX
cation
IMP3 WAKE Opt-BIN XIXIX XIXIX
Min-BIN XIXI—
low power
mode / IMP1 MDI Std-BIN XIX/—
test of Opt-BIN XIXIX
unwantedg
IMP2 \% Opt-BIN XIXIX
wakeup BAT
IMP3 WAKE Opt-BIN XIXIX
low power Min-BIN XIXI—
mode /
IMP1 MDI Std-BIN XIXI—
test of wanted
Opt-BIN XIXIX

X A test|shall be performed.

€ For a fefinition of coupling perts, see Table 6.

a8 Sum drror: Link, CRC, and DTT or Link and BIST / PRBS tests status evaluated in parallel.

b Test gf wanted or unwanted wake up or Ethernet'signal activity detection, depending on implemented function.

¢ One npde is set to low power mode, a secofid node sends periodically a signal to be detected as wakdgup by
the ngde in low power mode.

4 Docurpentation of SNR value (e.g.,sighal quality indicator or MSE value) or RS-FEC counter, if implemfented.
Test ghould be done for information.only. There is no immunity limit defined.

The tests for functional status class Cc or D, shall be performed according to Table 19.

Table 19~ Impulse immunity tests for functional status class C|; or D¢ evaluation

of Ethernet transceivers

Transceiver Coupling Pin MDI test Failure validation for error / function
mode port ® network
(BIN) Sum ?

Ethernet system 1000BASE-T1 / 100BASE-T1/ 100BASE-TX
normal IMP1 MDI Opt-BIN XIXIX
mode / v

IMP2 Opt-BIN XIXIX
Ethernet test BAT P
communi-
cation IMP3 WAKE Opt-BIN XIXIX

X A test shall be performed.

b For a definition of coupling ports, see Table 6.

a8 Sum error: CRC, Link and DTT evaluated in parallel.
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The ESD immunity test shall be performed in powered and unpowered mode by using the direct

discharge method according to ISO 10605.

6.4.2 Test setup

6.4.2.1 Test setup for powered test

ESD tests in powered mode of Ethernet transceivers shall be carried out using a test setup

according to Figure 12 and Figure 13.

10
p) 3 =
12 ! ;
e ) .
*‘ < f\ .-
| \ / /
S
1
1
11 2 3
L | L] IEC
Key
1 ESD generator 7 Test network
2 ESD generator ground return cable 8 Controller board
3 Connection to protective earth including two 9 Monitoring and stimulation, power supply
470 kQ resistors on both ends
4 Ground plane connection point of powered ESD 10 Powered ESD test board with controller board
test board
5 Discharge point 11 Nonmetallic table
6 Powered ESD test board 12 Protective earth

Figure 12 — Test setup for powered ESD tests — principle arrangement
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The test equipment definitions for powered ESD tests are the following:

e ESD generator (according to I1SO 10605, discharge storage capacitor C = 150 pF and
discharge resistor R = 330 Q);

e powered ESD test board;
e controller board;

e auxiliary equipment as power supply, monitoring and stimulation (optional, only needed for
tests in powered mode and functional pre/post validation).

The ESD generator ground return cable shall be directly connected to ground plane of the
powered ESD test board. This point shall be connected to protective earth of the electrical

groundi Y OyOtUIII Uf thc tUOt :abulatuly. I’_\\II UPt;UIIG: 3|uu||d P:GIIU VV;th d III;II;IIIUIII Size Of

0,5 m x|0,5 m can be used but shall be also connected to protective earth.

The tip pf the ESD generator shall be directly contacted with the discharge poinf'ESD{ IND of
the powgred ESD test board (described in Annex B) for testing.

2 9
Ly
Y
3 —
O— S 10
4
9 2
11
IEC
Key
1 HSD/generator 7 Remote control (optional)
2 round return connection 8 DSO (optional)
3 Coupling port (MDI: ESD1 IND) 9 Connector
4 Powered ESD test board 10 Controller board
5 Test network 11 Power supply (Vgatextr Vbox extr GND)
6 Control PC (optional)

Figure 13 — Test setup for powered ESD tests — stimulation and monitoring

6.4.2.2 Test setup for unpowered test

ESD tests in unpowered mode of Ethernet transceivers shall be carried out using a test setup
according to Figure 14 for ESD tests itself and according to Figure 15 for function validation pre
and post ESD test.
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1 —
3
1
12 2
L | L IEC
Key
1 HSD generator 8 Metallic test fixture
2 HSD generator ground-return cable 9 Surface connection ground plane of BSD test
board to metallic test fixture
3 CGonnection to protéctive earth including two 10 Surface connection of metallic test fixture to
470 kQ resistors;on both ends ground plane
4 Discharge (poijnts 11 Connector to monitoring and stimulatior]
5 HSD test\board 12 Nonmetallic table
6 Ground plane of ESD test board 13 Ground plane
7 Connection pin GND to ground plane of ESD test 14 Protective earth

board

Figure 14 — Test setup for unpowered ESD tests — principle arrangement

The test equipment definitions for unpowered ESD tests are the following:

e ESD generator (according to I1SO 10605, discharge storage capacitor C = 150 pF and
discharge resistor R = 330 Q);

e ESD test board;

e test fixture;

e ground plane.
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The ground plane with a minimum size of 0,5 m x 0,5 m shall be connected to protective earth
of the electrical grounding system of the test laboratory. The ESD generator ground return cable
shall be directly connected to this ground plane.

The metallic test fixture positions the ESD test board and directly connects the ESD test board
ground plane to the reference ground plane. The ground connection of the test fixture shall be
connected to ground plane with low impedance and low inductance. This surface connection
should have a contact area of at least 4 cm2. Copper tapes can be used in addition.

The tip of the ESD generator shall be directly contacted with one of the discharge points ESD1a,
ESD1b, ESD2 and ESD3 of the ESD test board (described in Annex B) for testing.
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HSD Generation and Coupling 10 Interface to link partner
Monitoring and Stimulation (only used for 11 MDI interface
functional validatiof pre and post ESD test)
HSD generator 12 Controller board
CGoupling ports (MDIP: ESD1a, MDIN: ESD1b, 13 Power supply (Vgatextr Vbox extr GND)
Mgat: ESD2;WAKE: ESD3) -
Ground-return connection 14 Connector
HSD-test board 15 Controllerinterface
Metallic test fixture 16 Control PC (optional)
Ethernet link partner 17 DSO (optional)
Ground plane 18 Remote control (optional)

Figure 15 — Test setup for unpowered ESD tests — stimulation and monitoring for
function validation pre and post ESD test

The test equipment definitions for function validation pre and post ESD test are the following:

e ESD test board;

e test fixture;

e controller board;
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e board with Ethernet link partner (test board as used for RF emission, DPI and transient tests
is proposed), and

e auxiliary equipment as power supply, monitoring and stimulation.

For tests in unpowered mode, the interfaces between ESD test board and controller board
(controller interface) and ESD test board and Ethernet link partner (MDI interface) are
disconnected during test. For functional pre and post validation they are connected.

6.4.3 Test procedure and parameters

To determine the ESD robustness of the Ethernet transceiver, tests shall be carried out with
the parameters given in Table 20.

Table 20 — Specifications for ESD tests

Item Parameter
Type of discharge contact
Dischargle circuit R =330 Q, C = 150 pF
Dischargle voltage levels and start level: 0,5 kV
voltage qteps for powered ESD tests | stop level: Vesp damage ©F 8 kV
voltage step: 0,5 kV, 1 kV (startingat Vg = 1 kV)
Dischargle voltage levels unpowered | start level: 1kV
ESD tesfs stop level: Vesp damagél Of 15 kV
voltage step: 1kV

The tesfs in powered mode for functional statds’class A, C,c and D,; evaluation phall be

performpd according to Table 21. For each_test, an ESD immunity level shall be detprmined
and documented in the test report.
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Table 21 — ESD tests in powered mode for functional status class A|¢, C\c
and D, evaluation of Ethernet transceivers

Transceiver | Coupling Pin MDI test Failure validation for status class
mode port @ network
(BIN) Al A2 A3c Cic Dic
(Link (CRC, (unwanted
error) DTT error) | wake up)
Ethernet system 1000BASE-T1 / 100BASE-T1/ 100BASE-TX
Test sequence
from low
power mode ESD1 IND MDI Opt-BIN XIXIX
to normaf
mode
X A tesf shall be performed with a minimum of 3 DUTs according to the following procedure:
1) djsconnect DUT from power supply;
2) perform a reference measurement for the I/V characteristic curve (pin to GND) onalltMDI pins;
3) connect DUT to power supply and set it to low power mode;
4) perform 3 discharges with positive polarity on discharge pad DP IND with 5 s'delay between the
d{scharges with evaluation of function status class A3, according to Table_10 during test;
5) sénd wake-up signal by Ethernet link partner and check for proper wake-up function;
6) set DUT to normal mode with Ethernet test communication;
7) perform a reference test for proper function;
8) perform 3 discharges with positive polarity on discharge pad DP IND with 5 s delay between the
d{scharges with evaluation of function status classes Ald, A2, and C . according to Table 10 dufing test;
9) disconnect DUT from power supply;
10) cpnnect the pin or discharge pad to the ground.teference plane via a 1 MQ resistor to ensure zerg
pptential on the pin;
11) perform the 1/V characteristic curve measurement (tested pin to GND) and failure validation of funktion
s{atus classes DIC according to Table<10;
12) pfoceed with point 1) to 11) with.-n€gative polarity;
13) pfoceed with point 1) to 12) with)the next higher ESD test voltage up to damage of the tested pin ¢r
mlaximum defined ESD test leyel is reached.
a For g definition of couplingyports, see Table 7.
The tesfs in unpowered mode for functional status class D|c evaluation shall be pgrformed
according to.Table 22. For each test, an ESD immunity level shall be determined and
documented in“the test report.
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Table 22 — ESD tests in unpowered mode for functional status class D,c evaluation

of Ethernet transceiver ICs

Transceiver | Coupling Pin MDI test Failure validation for status class
mode port 2 network
(BIN) Dic
Ethernet system 1000BASE-T1 / 100BASE-T1 / 100BASE-TX
Min-BIN XIXI—
ESD1a,
ESD1b MDI Std-BIN XIXI—
Unpowered Opt-BIN XIXIX
ESD2 Vet Opt-BIN XIXIX
ESD3 WAKE Opt-BIN XIXIX

np

2)
3)

4)

6)
7)
8)
9)

X A tesf shall be performed with a minimum of 3 transceiver according to the following procedure:
p
a
e
p
p
5) pfoceed with points 3) to 4) with discharge points ESD3 (WAKE);
p
p
p
p
n

a8  For definition of coupling ports, see Table. 7.

brform reference test for proper function (check sum error) while connecting DUT to power suppl
bt it to normal mode;

erform a reference measurement for the 1/V characteristic of all pins to be testéd (pin to GND);

btential before the next ESD pulse;

erform failure validation;

oceed with points 3) to 4) with discharge points ESD1a (MDIP);
oceed with points 3) to 4) with discharge points ESD1b\MDIN);
oceed with point 3) to 7) with negative polarity;

oceed with point 3) to 8) with the next higher ESD 'test voltage up to damage of the tested pin o
aximum defined ESD test level is reached;

one pin is damaged, a new IC should be\used to continue the test of the other pins.

and

bply 3 ESD pulses with positive polarity on discharge point ESD2 (VBAT) with 5 s delay in betwelen, after
hch single ESD pulse the pin or discharge point should be discharged to’the ground to ensure zqro

7 Test report

The foll

e schgmatic diagram of test configurations;

e failu

e pictyresor-drawing of test circuit boards;

bwing items should be included in the test report:

Fe criteria; used at immunity tests;

e tran

ataricting fomninlina onA A
eSS UT oo pTmiTy—arra—uc

e description of test equipment;

e description of the software configuration;

e description of any deviation from previously defined test parameter;

e test

results.
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Annex A
(normative)

Ethernet test circuits

A.1 General

The Ethernet test circuits define the details of the complete test circuitry for testing Ethernet
transceivers in functional operating modes under network condition and for a single transceiver
for ESD. They define mandatory components and optional components for Ethernet transceiver
functions and components for coupling networks, decoupling networks which are used f

r power

supply,

The Eth

A.2 Test circuit for Ethernet transceivers for functional tests

A generpl drawing of the test circuit diagram of the Ethernet test nétwork for testing 10

T1 and

is given in Figure A.1. A general drawing of the conducted-test circuit diagram for
100BASE-TX Ethernet transceivers is given in Figure A.2.

A 100B
externa
L21, C1

at monifored pins (R16, R26).

All exte
the spe
specific

The resfistor values at the WAKE pin shall be set to the maximum specified value

R=3,3

For RF
tests.

In order| to avoid_a floating voltage at pin INH in sleep mode, a pull down resistor (R1

shall be

For dec

stimulation, monitoring and testing of the DUT.

ernet test circuit is basic for the test results and their interpretation.

1000BASE-T1 Ethernet transceivers in functional operating modes for conduct

ASE-T1 and 1000BASE-T1 Ethernet node cofsists of transceiver (A10, Al
mandatory components (X11, X12, X13, X14, X21, X22, X23, X24) and the B
P, C13, C22, C23, R11, R12, R13, R21, R22; R23, C11, C21) and decoupling n

‘nal mandatory components (excep? components for MDI) shall be used acco
cification of the Ethernet transceiver. If special components for MDI are defing
htion, this circuitry should be tested in addition.

kQ) for R14, R24 and to the minimum specified value (default R = 33 kQ) for R

decoupling of manitored pins INH, the default resistor value is set to R=1 k

used with values according to the IC specifications (default R = 10 kQ).

OBASE-
ed tests
testing

P0) with
N (L11,
etworks

rding to
d in the

(default
5, R25.

D for all

7, R27)

ouptimgof extermat powersuppties,; two-stage tC-fitters{ta 1+ 1t42,C4 1, C42=

nd L43,

C43, C44, CA45) are used separately for Vgat and Vpp,. The impedance of L42 should be

greater than 400 Q in the frequency range of interest. Jumper JP41 is opened to disconnect the
supply voltage and the RF decoupling filter network at Vg1 during the impulse tests at Vgat.

In this case, the voltage supply Vgat is directly provided via the IMP2 coupling network.
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Power supply decoupling networks
VBATe
| reyn |
VBAText L41 JP41 L42
L~~~ veath
INH1
c41 c42
= = Node 1 — VDDxm
VDDxext
L43 Host board
e D11 X11 A10 X14 L1
+ VBATh Q—H— o1 o I VBAT I VDDX—VDDX_| VDDX_O -~ VDDX
c43 C44 |C45 Filter
=l I et O VBATc 5
GND ; " x12
>—_|_ WK o1 o I WAKE XMl —— xMIl_ xMII_O xMil
= [ N4 Filter y : : y
= xMIl xMIL_I xMII_O xMIl
Coupling networks - = - M
I —t O1 1 ——TRD_P  Monitoring —— Mon_I Mon_O Monitoring
CP1 Ccpla Repla e Control —— Control_I Control_O Control
~ 1l c13ll 9 F 12— TRD N
T Q [=]
Regit ! L LPF / ESD| % % GND
= Ceptb Replb R11 R12 = 100(0)BASE-T1 TC Filter
CP2 Ccp2 Rep2 = = =
Q—”—:}—D VBATh
Reg2t R13
= Node 2 o VDDxm
CP3 Ccp3 Rep3 = o
WK
Reat D21 X21 A20 X24 . Host board
VBATCQ—”— o1 o I VBAT I VDDX [—VDDX_I (;-VBBX_O AN VDDX
= Filter -
VBATc L
CP4 Ccp4 Repé X22 -
= Q’H F————vooxm 01 o I —{wakE il i xMi_o XMl
JP21 i : : : :
B _J:' Fiter xMI{ ] xMILI XMIL_O XMl
C22 L20 \
| TRD_P__“\Monitoring —— Mon_| Mon_O Monitoring
e Control —— Control_I Control_O Control
C23| 1 TRD_N
1
GND

R21

c21

R22

= ond
o

0(0)BASE-T1 TC

|”__ GND

Filter

|||___|

R23

IEC

\

DDx)

Key

Components

A10, A2 Ethernet transceiver 100BASE-T1 or 1000BASE-T1

C11, C2t capacitor C = 4,7 nF (default value, placement depend on test casg)

C12, C1B, C22, C23 capacitor C = 100 nF

C41, C4B, C46 capacitor C = 1 nF

C42, C4p, C47 capacitor C = 330 pF

C45 capacitor C = 22 yF

Ccp1a, Ccp1b, Ccp2, €cp3, Ccps capacitor (value dependent on test)

D11, D2ft diode, general purpose rectifier type

JP11, JR21 Jumper

L10, L2¢ Common mode choke which satisfying the requirements in Annex E
(placement depend on test case)

L11, L21 inductor L = 4,7 pH (only populated for emission measurements at

L41, L43 inductor L = 47 pH

L42 impedance should be greater than 400 Q in the frequency range of interest

R11, R12, R21, R22 resistor R = 1 kQ (x 1 % for 100BASE-T1, + 0,5 % for 1000BASE-T1,
default value, placement depend on test case)

R13, R23 resistor R = 100 kQ (default value, placement depend on test case)

R14, R24 resistor R = 3,3 kQ

R15, R25 resistor R = 33 kQ

R16, R26 resistor R = 1 kQ

R17, R27 resistor R = 10 kQ

Rcp1a, Rep1b, Rep2, Rep3, Repé
Rcp1t, Rcep2t, Rep3t, Rep4t

X11,

X12, X138, X14, X21,

X23, X24

X22,

resistor (value dependent on test)
resistor (value dependent on test)
Filter network or external circuitry defined by semiconductor manufacturer

Figure A.1 — General drawing of the circuit diagram of test network
for 100BASE-T1 and 1000BASE-T1 Ethernet transceivers for functional
test using conducted test methods
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:: ;;g T INH1
::[041 ::E:‘Q Node 1 == VDDxm
voDxext 143 . D11 x11 A10 x14 L10 Host board
’ + B VBATh Q—N—A(iji_n'f VBAT 2 VDDX ——VDDX_|  VDDX_O YY" VDDX
:_[043 1:04 ]_:045 o _Fllter
GND ~ e x12 ~
WK o1 o I WAKE XMl — xMII_ xMI_O xMil
>__I?_ jupn r ) I : y
= xMil xMII_I xMII_O xMll
= X13?
o1 11 ——TX_P Mogitor{ngI — '\Cﬂont_ll 1 @ N:onl_g I\C/Iontitolring
& 02 12 —TX_N ontrol —— Control_| ontrol_¢ ontrol
Coupling petworks e R clm—To g e
CP1 Ccpla Repla 04 @0 M ——RXN [0] 0] GND
" I'_‘: JE'N 100BASE-TX _tooBASE-TXTc J_ Filter _[
= Ceptb Replb
cP2 Ccp2 Rep2 :%(wm
Rep2t FEA Node 2 — VDDxm
= D21 X21 A20 X24 120 Host board
CP3 Ccp3 Rep3 VBATCQ—N— o1 o I VBAT % VDDX —— VDDX_| VDDX_O YN __{ yDDX
)iém WK o 1 Filter
L x22
- WAKE XM ML xMILO XMl
e CoPt Repd . _;lJFm 1 Filter XMl B xmi_i XMILO XMl
i Reédt =d X23 -
—— o1 11 ——TX_P Monitoring —— Mon_I lon_( Monitoring
b 02 12 —TX_N Control —— Control_| Control_O Control
oA i G 2 oND
L1 T il
; : : . IEC
Key
Components
A10, A2 Ethernet transceiver 100BASE-TX
C41, C4B capacitor C = 1 nF
C42, C4p capacitor C = 330 pF
C45 capacitor C = 22 yF
Ccp1a, €Ccp1b, Ccp2, Ccp3, Ccpd Capacitor (value dependent on test)
D11, D2fi diode, general purpose rectifier type
JP11, JB21 Jumper
L10, L2d inductor L = 4,7 uH (only populated for emission measurements at|V,, )
L41, L43 inductor L = 47 uH
L42 impedance should be greater than 400 Q in the frequency range of| interest
R14, R24 resistor R = 3,3 kQ
R15, R2p resistor R = 33 kQ
R16, R2p resistor R = 1 kQ
R17, R2)y resistor R = 10 kQ
ch1a, ‘bp‘lb, R\.,pz, R\.,ps, R\.p-‘r resistor (va:uc deUIIdCIIt of tt:at)
Rcp1t, Rcep2t, Rep3t, Rep4t resistor (value dependent on test)
X11, X12, X14, X21, X22, X24 Filter network or external circuitry defined by semiconductor manufacturer
X13, X23 Specific BIN defined by semiconductor manufacturer for 100BASE-TX

A3

mode (e.g. magnetics, termination, LPF)

Figure A.2 — General drawing of the circuit diagram of test network
for 100BASE-TX Ethernet transceivers for functional test using conducted test methods

Test circuit for Ethernet transceivers for ESD test

A general drawing of the test circuit diagram for testing immunity against ESD of Ethernet
transceivers is given for powered mode in Figure A.3 and for unpowered mode in Figure A.4.
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Power supply decoupling networks
INH1
VBATC oy ggg
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GND T S
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ESD 1IND Copta gonta D21 x21 A20 x24 Host board
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WAKE il — it (o XMl
= _ElJP21 Filter XMl — xMiLI XMIL_O XMl
= x23 =
c22| 120 . "
. . —— O1 1 ——TRD_P  Monitoring — Mon_| Mon_O Monitoring
Ground plane connection point | SANAS 2 Control— Confrol_I Control_O Control
oD c23| 1 02 § 2 —TRON _ o
| LPF/ESD z % GND
= R21 R22 = —Em(o)BASE_ﬂ T L Filter J:
R23
c21
= IEC
Key
Components
A10, A20 Ethernettransceiver 100BASE-TX
C11, C2t capagitor C = 4,7 nF (default value, placement depend on test casg)
C12, C1B, C22, C23 capacitor C = 100 nF
C41, C4B capacitor C = 1 nF
C42, C4p capacitor C = 330 pF
C45 capacitor C = 22 yF
Ccp1a, Ccp1b capacitor C = 33 pF
D11, D2ft diode, general purpose rectifier type
JP11, JB21 Jumper
L10, L2d Common mode choke which satisfying the requirements in Annex k
(placement depend on test case)
L41, L43 inductor L = 47 uH
L42 impedance shoutdbegreater thram 466 mthefrequency rangeof interest

R11, R12, R21, R22

R13, R23

R14, R24

R15, R25

R16, R26

R17, R27

Rcp1a, Rcp1b
Rcp1t

X11, X12, X14, X21,
X13, X23

X22, X24

resistor R = 1 kQ (x 1 % for 100BASE-T1, + 0,5 % for 1000BASE-T1,
default value, placement depend on test case)

resistor R = 100 kQ (default value, placement depend on test case)
resistor R = 3,3 kQ

resistor R = 33 kQ

resistor R = 1 kQ

resistor R = 10 kQ

resistor R = 120 Q

resistor R = 220 kQ

Filter network or external circuitry defined by semiconductor manufacturer

Specific BIN defined by semiconductor manufacturer for 100BASE-TX
mode (e.g. magnetics, termination, LPF)

Figure A.3 — General drawing of the circuit diagram for
ESD tests of Ethernet transceivers in powered mode
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The test circuit for powered ESD tests is similar to the test circuit for functional test except the
coupling network and the ground plane connection point. For tests in powered mode the
coupling port ESD1 IND is used.

Power supply decoupling networks

VBATc
=

VBAText 41 P41 e
LNVV\_obvBATh

GND = D11 X11 A10 | X14 Host board
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= Filter -
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 — oT o N WAKE XMIT — xMI_T XMIT_O xMmil
ESD2 T : : : :
Filter XMIL ] xMIL_I XMI_O xMil
ESD3 =
X13
c12) L1 — L o
ESD1a | ) o1 1 ——TRD_P  Monitoring —— Mon_I Mon_O Monitoring
| g Control —— Control_| Control .O Control
E£SD1b c13} } 02 § R2p—TRON _ -
LPF /ESD 3 Z GND
R11 R12 = 100(0)BASE-T1 TC Filter
R1to R4 L —

GND >—
_‘J—: = R13

L21 | C22
cn I MDI+
| C23
= I MDI-

ETN Counter part

IEC

Key

Components

A10 Ethernet transceiver 100BASE-T1 or 1000BASE-T1

C11 capacitor C = 4,7 nF (default value, placement depend on test casg)

C12, C1B, C22, C23 capacitor C = 100.1F

C41 capacitor C = 1,.AF

C42 capacitor C. 5330 pF

D11 diode, general purpose rectifier type

L11, L21 Commeh_mode choke which satisfying the requirements in Annex k
(placement depend on test case)

L41 intductor L = 47 uH

L42 impedance should be greater than 400 Q in the frequency range off interest

R1, R2, R3, R4 resistor R > 220 kQ (placement is optional)

R11, R1R resistor R = 1 kQ (x 1 % for 100BASE-T1, + 0,5 % for 1000BASE-T[1,
default value, placement depend on test case)

R13 resistor R = 100 kQ (default value, placement depend on test case

R15 resistor R = 33 kQ

X11, X182, X13, X14 Filter network or external circuitry defined by semiconductor manujacturer

Figure A.4 — General drawing of the circuit diagram for
ESD tests of Ethernet transceivers in unpowered mode

The test circuit for unpowered ESD tests at Ethernet transceiver consists of a single Ethernet
transceiver (A10) with external mandatory components (X11, X12, X13, X14), the BIN (L11,
C12, C13, R11, R12, R13, C11) and a second BIN (L21, C22, C23) for connection to the
Ethernet counterpart node. The value for the series resistor on the pin WAKE (R15) should be
chosen according to the IC specification with minimum value (default R = 33 kQ). All external
mandatory components (except components for MDI) shall be used according to the
specification of the Ethernet transceiver. If special components for MDI are defined in the
specification, this circuitry should be tested in addition. The default parameters of the passive
components in ESD coupling paths are for capacitors a tolerance of 10 %, material X7R
according to electronic industry association (see EIA-198-1) or similar, voltage rating = 50 V
and dimension 1206 or 0805. The default parameters for resistors are +1 % tolerance and
dimension 1206 or 0805. For tests in unpowered mode, the discharge points ESD1a, ESD1b,
ESD2 and ESD3 and optional discharge resistors (R1, R2, R3, R4 with R =200 kQ) will be
used for ESD coupling. The second BIN (L21, C22, C23) is not connected during ESD test but
is used to check the proper functionality of the transceiver after each single ESD test.
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Annex B
(normative)

Test circuit boards

B.1 Test circuit board for transceiver network configuration

For functional conducted and powered ESD tests of Ethernet transceivers the test network shall
be designed on a printed circuit board. To ensure good RF characteristics of transceiver with
external circuitry and the coupllng and decouplmg networks an equal design of the circuitry for

Coupling path MDI

—

- / UBAT

MDI network
S

EMC Test board

IEC

Figure B.1 — Example of functional conducted test board
for Ethernet transceiver ICs (100BASE-T1)
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The traces of MDI network between the BIN of node 1 and the BIN of node 2 (see Figure B.1)
should have a length of 90 (£ 10) mm with a differential line impedance of 100 (+ 5) Q. The
length of the coupling paths on the test board should be kept as short as possible to ensure a
parasitic inductance value of traces less than 5 nH. The DUT shall be soldered on the test board
to minimize parasitic effects. For proper shielding, all connections from the test board to
peripheral devices should be connected via coaxial printed circuit board sockets except for the
filtered power supplies and GND.

A layout example for powered ESD tests is shown in Figure B.2. The pad for the discharge
points ESD1 IMD shall be carried out in a way that a proper contact to the discharge tip of the
test generator is ensured (e.g. by rounded vias in the layout of the ESD test board).

DP IND: MDI

. ESD MDIZIND ~

Ro1b

'm’;- Z C :
o
+cm

ESD Test board

IEC

Figure B.2 — Example of powered ESD test board
for Ethernet transceivers ICs (100BASE-T1)
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B.2 Test circuit board for single transceiver configuration

For unpowered ESD tests, a printed circuit board shall be used. At least a four-layer
construction of the PCB with GND layer is recommended. The pads for the discharge points
ESD1a to ESD3 shall be carried out in a way that a proper contact to the discharge tip of the
test generator is ensured (e.g. by rounded vias in the layout of the ESD test board). The
discharge point shall be directly connected by a trace to the respective pin under test of the
transceiver. The passive components of the network shall be placed close to the transceiver to
reduce parasitic effects. The DUT should be soldered on the test board to ensure application
like conditions and avoid parasitic setup effects by sockets. The insulation distance between
the signal lines and pads of the passive components and the extensive ground area should be
designed in a way that a spark over at these points can be prevented up to the intended test

voltage N
v
>

C ) moi-
feg| X X
e JNDI-P
NG

EMC Test board

IEC

Figure B.3 - Examp-lb\of unpowered ESD test board
for Ethernet trans@vers ICs (100BASE-T1), top layer

BIN (2"
Interface to Ethernet
link partner

IEC

Figure B.4 — Example of unpowered ESD test board
for Ethernet transceivers ICs (100BASE-T1), bottom layer

Further requirements for the ESD test board are defined in Table B.1.
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Table B.1 — Parameter ESD test circuit board

Parameter Value

Trace length between BIN and discharge point 15 (£5) mm

Trace width of the conducting path 0,254 mm
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Annex C
(informative)

Test of Ethernet transceiver for radiated RF emission and RF immunity

C.1 General

This Annex C describes tests of Ethernet transceiver in regards to radiated disturbances. It
contains definitions for test methods, test conditions, performance criteria, test procedures, test
setups, test boards and recommended limits. The test methods covered by this annex include

¢ Rad
¢ Rad

C.2 (

For evd
transcei
Etherne
configun

probes

ated RF emission, and

ated RF immunity.

5eneral configuration for transceiver network

luation of radiated RF emission and RF immunity characteristic of an |
ver in functional operation mode, a minimal Ethernet test-network consisting
t transceiver (DUT) and an Ethernet link partner of the(same type is used. ]
ation in general consists of Ethernet transceivers with external mandatory com
(Etherng¢t node) in a minimal test network, where filtered power supplies, signals, ma
hnd coupling networks are connected as shown in-Figure C.1.

Monitoring and stimulation /
mode control

proper function and error indication
(e.g. GPIO)

microcontroller or FPGA
e.g. Mll, RGMII, SGMII, SPI, MDIO

Ethernet link partner

Powered transceiver

Decoupling

network for

BIN Transceiver

stimulation and

Fthernet
of one
[he test
ponents
nitoring

| monitoring

Power supply with decoupling
networks

e.g VBAT’ VDDX

Figure C.1 — General test configuration for tests
in transceiver network used for radiated tests

IEC
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NOTE In specific cases, or for analyses a deviation from this setup can be agreed between the users of this
document and will be noted in the test report.

The BIN configurations are described in 5.3. The DUT node is configured according to data
sheet definitions of the semiconductor manufacturer to establish a full duplex Ethernet link with
the Ethernet link partner. For the purpose of reproducibility of test results, the connection to the
Ethernet link partner should have a length of (250 £+ 20) mm and its characteristic should fulfill
the definitions of the related Ethernet standard (ISO/IEC/IEEE 8802-3/AMD4 or ISO/IEC/IEEE
8802-3/AMD1 or ISO/IEC/IEEE 8802-3). Multiple external link partner connections of Ethernet
switches with a higher number of MDI ports (e.g. 6 and more) could be limited because of test
board constrains. In this case the Ethernet test links can be realized between different MDI
ports of the switch itself but at least one port should be connected to an external link partner.

All available MIl interfaces for the Ethernet transceiver (e.g. RGMII, SGMII) should,be tested
separatgly as described in 5.4.1.

C.3 Tests

C.3.1 General

The Ethlernet test circuits for radiated RF tests define the details’of-the complete test ircuitry
for testing Ethernet transceivers in functional operating modesunder network condlition. It
defines mandatory and optional components for Ethernet transceiver functions and components
for coupling networks, decoupling networks which are used for power supply, stimulation and
monitoring of the DUT.

A genefal drawing of the test circuit diagram ‘0f" the Ethernet test network for| testing
100BASE-T1 and 1000BASE-T1 Ethernet tran§ceivers in functional operating mqdes for
radiateq RF tests is given in Figure C.2. Theltest circuit diagram for testing 100BASE-TX
Ethernef transceivers should follow the definitions of Figure C.2 and Figure A.2.
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Power supply decoupling networks

VBAText L41
>TNW\3_—‘>VBATC R16
Ef(wm
C41 C42
:r[ L R17 —= VDDxm
PR, a3 Fie D11 x11 A10 X14 T e Host board
I I ;*' VBATCQ—N— o1 o I VBAT I VDDX[—VDDX_ VDDX_O VYY" — yDDX
Eﬂ ca4 |[cas Filter -
<l i= IS . VBATc |
GND = = = X12 =
bl ﬁj— WAKE XMIL ML xMILO i
= _E"JPﬁ Filter XMl —xMILI XMIL_O XMl
c12|- L10 XISRRE " i
MDI+ < ]i—-: [ —t O1 11 ——TRD_P  Monitoring ——Mon_l Mon_O Monitoring
e — g Control —— Control_I Control_O ontrol
MD— C13]( . 02 7 12+——TRD N = =
| LPF/ESD % 5 GND
R11 R12 = _bm(o)BASE-ﬂ Tc _L Filter J:
R13 g
c11 MDI+ <+—{MDI+ &
—— MDI- <+—{MDI- 5
=
IEC
Key
Components
A10 Ethernet transceiver 100BASE-T1 of 1000BASE-T1
C11 capacitor C = 4,7 nF (default valug, placement depend on test casg)
C12, C1B capacitor C = 100 nF
C41, C4B capacitor C = 1 nF
C42, C4p capacitor C = 330 pF
C45 capacitor C = 22 pE
D11 diode, general purpose rectifier type
JP11 Jumper
L10 Common made choke which satisfying the requirements in Annex k
(placemént depend on test case)
L11 inductor L = 4,7 pH (only populated for emission measurements at|V )
L41 inductor L = 47 pH
R11, R1p resistor R = 1 kQ (+ 1 % for 100BASE-T1, + 0,5 % for 1000BASE-T|1,
default value, placement depend on test case)
R13 resistor R = 100 kQ (default value, placement depend on test case
R14 resistor R = 3,3 kQ
R15 resistor R = 33 kQ
R16 resistor R = 1 kQ
R17 resistor R = 10 kQ
X11, X182, X183, X14 Filter network or external circuitry defined by semiconductor manujacturer

Figure C.Z — General drawing of the circuit diagram of test network
for 100BASE-T1 and 1000BASE-T1 Ethernet transceivers for functional test using
radiated RF test methods

A 100BASE-T1 and 1000BASE-T1 Ethernet node consists of transceiver (A10) with external
mandatory components (X11, X12, X13, X14) and the BIN (L11, C12, C13, R11, R12, R13) and
the decoupling network at monitored pins (R16).

All mandatory external components (except components for MDI) should be used according to
the specification of the Ethernet transceiver. If special components for MDI are defined in the
specification, this circuitry should be tested in addition.

The resistor values at the WAKE pin should be set to the maximum specified value (default
R = 3,3 kQ) for R14 and to the minimum specified value (default R = 33 kQ) for R15.
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For RF decoupling of monitored pins INH, the default resistor value is set to R = 1 kQ for all
tests.

In order to avoid a floating voltage at pin INH in sleep mode, a pull down resistor (R17) should
be used with values according to the IC specifications (default R = 10 kQ).

For decoupling of external power supplies two-stage LC-filters (C41, L41, C42 and C43, L43,
C44, C43) are used separately for Vga1 and Vpp,.

For radiated tests of Ethernet transceivers the test network should be designed on a printed

circuit board that is different to the test board for conducted RF and transient tests and follows
O C 821321

the defipitie

N
An example for radiated RF test board is given in Figure C.3 and Figure C.4. (19(1/

Figure C.3 — Example of functional radiated test board for Ethernet
transceiver ICs (100BASE-T1), top layer (DUT side)
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IEC

Q~

E& C.4 — Example of functional radiated test board for Ethernet

ansceiver ICs (100BASE-T1), bottom layer (external circuitry side)

NS
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C.3.2 Emission of radiated RF disturbances

The measurement of the radiated RF emission should be performed by IC stripline method
according to IEC 61967-8 or by GTEM cell method according to IEC 61967-2.

The test setup for radiated RF emission measurement of transceiver is shown in Figure C.5.

.

7 o
o
— 10
DUT
I 9
, I
I 1 —<—71—6
4
— 5
IEC
Key
1 Ypectrum analyzer / EMI receiver 6 MDI interface
2 IC stripline or GTEM cell 7 Controller board
3 Tlest board 8 Power supply (Vgatextr Vbox extr GND)
4 Hthernet link parther 9 Connector
5 Interface tolink partner 10 Controller interface
Figure C.5 — Test setup for measurement of radiated RF emission

The test equipment definitions are the following:

e spectrum analyzer / EMI receiver;

e |C stripline including 50 Q RF termination resistor for output or GTEM cell;
e test board for radiated RF tests;

e controller board;

e board with Ethernet link partner (test board as used for conducted RF emission, DPI and
transient tests is proposed), and

e power supply.

The settings of the radiated RF measurement equipment are given in Table C.1.


https://iecnorm.com/api/?name=1e50ff981a6c9bfde72cda35fda49728

IEC 62228-5:2021 © IEC 2021

— 59 —

Table C.1 — Settings of the radiated RF measurement equipment

RF Measurement equipment

Spectrum analyzer

EMI receiver

Detector

Peak

Frequency range

0,15 MHz to 3000 MHz (6000 MHz optional)

Resolution bandwidth (RBW)

150 kHz to 30 MHz: 10 kHz 9 kHz
30 MHz to 6000 MHz: 100 kHz 120 kHz
Video bandwidth (VBW) = 3 times RBW -
Numbers of sweeps 10 (max hold) -
Measurement time per step - =100 ms
Frequengy sweep time 24000 s -
Frequengy step width

150 kHz [to 30 MHz: - =<5 kHz
30 MHz §o 6000 MHz: - < 50 kHz

FFT bas¢d EMI receivers can be used as well if they meet CISPR 16-1-1 definitions.

The rad|ated RF emission measurements should be performed’according to Table C.2

Table C.2 — Radiated RF emissioh measurements

DUT MDI test Ethernet system
Transce¢iver mode i jon 2 network
orientation (BIN) 1000BASE-T1 100BASE-T1 100BASE-TX
normal mode /
with Ethgrnet test 0°, 90° Opt-BIN X X X
communication

X A tesf should be performed.

a8 DUT prientation within IC striplineg”or"GTEM cell

C.3.3

The tes

The tes{ setup for radiated RF immunity tests of transceiver is shown in Figure C.6.

Immunity to radiated RF disturbances

of the radiated RF immunity should be performed by IC Stripline method acca
IEC 621]32-8 or by‘GTEM cell method according to IEC 62132-2.

rding to
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Aﬂs

I 12
0 —<4 11
I 1 =9
7
[ 8
IEC
Key
1 RF generator 9 MDI interface
2 RF amplifier 10 Controller board
3 RF power meter 11 Power supply (Vgatextr Voox extr GND)
4 Directional coupler 12 Connector
5 IC stripline or GTEM_cell 13 Controller interface
6 Tlest board 14 DSO (optional)
7 Hthernet link¢partner 15 Control PC (optional)
8 Interface to.ink partner 16 Remote control (optional)

Fi 66— Test ¢ H FRE vt
The test equipment definitions are the following:

e RF generator;

e RF amplifier;

o power meter with directional coupler;

e |C Stripline including 50 Q RF termination resistor for output or GTEM cell;
o test board for radiated RF tests;

e controller board;

e board with Ethernet link partner (test board as used for conducted RF emission, DPI and
transient tests is proposed);

e power supply;
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e control PC (optional);

o digital storage oscilloscope (DSO, optional).

To determine the radiated RF immunity of the Ethernet transceiver, tests with the parameters
given in Table C.3 should be carried out.

Table C.3 — Specifications for radiated RF immunity tests

Item Parameter

Frequency Range Step
1 MHz to 10 MHz 0,25 MHz
10 MHz to 100 MHz 1 MHz
100 MHz to 200 MHz 2 MHz
200 MHz to 400 MHz 4 MHz
400 MHz to 3 000 MHz 10 MHz
3 000 MHz to 6 000 MHz (optional) |20 MHz

Minimum test field strength 50 V/Im

Maximum field strength 800 V/m

Field str¢ngth step size 50 V/Im

Dwell tinje 1s

Modulatipn (including optional f=1MHz to 6 000 MHz: C\W

frequencly ranges . .
y ranges) /=1 MHz to 800 MHz: AM'80 % 1 kHz (p, =P, )

/=806 MHz to 946MHz: PM 217 Hz, ton 577 us (PPM :ﬁCW)

>

f=1200 MHzt0 1 400 MHz: PM 300 Hz, ton 3 ps (13PM =

,)

(o}

f=1710,MHz to 1 910 MHz: PM 217 Hz, ton 577 ps (13PM :130W

/= 2700 MHz to 3 400 MHz: PM 300 Hz, ton 3 us (p, = 7., )

=3 400 MHz to 6 000 MHz: PM 1600 Hz, ton 312,5 ps (13PM =r.,)
Test progedure for evaluation-of Searching for malfunction during the complete dwell time while tejst field
functiondl status class A strength is stepwise increased.

An optimized control procedure can be used to reduce the test time but
ensuring that there are no artifacts in DUT response during frequgency or
test field strength steps.

EXAMPLE: Procedure for each frequency step:

— start with maximum test value or with the level that caused a
malfunction at the previous frequency step,

— in case of malfunction at this test level reduce the test value by 6dB
and repeat the test,

— increase the test value stepwise until a malfunction occurs or the
maximum field strength is reached,

— the immunity level at this frequency is the maximum field strength that
causes no malfunction.

The tests for functional status class A|¢ evaluation should be performed according to Table C.4.

For each test, an immunity threshold curve with the field strength as the parameter should be
determined and documented in a diagram in the test report.
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Table C.4 — Radiated RF immunity tests for functional
status class AIC evaluation of Ethernet transceivers

Transceiver DUT orientation 2 MDI test Failure validation for
mode network error / function
(BIN)
CRC, SNR or RS- Sum P Other Wake-
Link, sal FEC pin up
DTT function
Ethernet system 1000BASE-T1/ 100BASE-T1/ 100BASE-TX

normal mode /

Ethernet test 0°, 90° Opt-BIN XIXIX XIXIX
communi-
cation

X A test should be performed.
@ DUT Jrientation within IC stripline or GTEM cell

b Sum ferror: Link, CRC, and DTT or Link and BIST / PRBS tests status evaluated in paraftel
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Annex D
(informative)

Examples for test limits for Ethernet transceiver
in automotive application

D.1 General

The purpose of this Annex D is to show examples of limits for Ethernet transceivers used in
automotive applications. Because of possible different cable implementation for 1000BASE-T1

i nehialded twisted nair (LITP) ar shielded twisted nair (STP) different limits ar i
using u pair{ ) pa—{ ) given.
For specific limit selection, refer to the applicable test method documents.

D.2 Emission of conducted RF disturbances
Figure .1 and Figure D.2 give an example of limits for conducted RF emission measufements
at the p|ns MDI (using Opt-BIN), Vga1, WAKE and Vppy for the 150 @,direct coupling|method
according to IEC 61967-4. Test cases with recommended limit classes are given in Table D.1.
—— Limit class Illb A e e
MDI _()pt_BIN |TM(;—’|1£ Li tatj 1] Li |7:3 Il ] Li |7I2 I11; Li I;z I1lb
V.., WAKE = - Limitclass llla Fage—or & % %
BAT’ L. 2067 61 55 55
=-=== Limit class Il 76| 45 3
o 76
=z A —— Limitclass | o — g
S 90 ‘ — - &
o [ } e : B - 1 1 j g 23
%80 \‘7 1 } 1 1 71 — T T 11 35 29 23 23
5 V=N < ! ] > 5 o s
> [N \] A Y 1 7 35 29 23 23
N\ ; o 5 i 5
70 T Y X D= } : 960] 27 21 o
! ™ S NG TR
o0 S e ES
- ~ N | 1291 5 23
! NN S o o 2
> < | N e =
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10 — 1 : :
N ] ! ! ] | —H
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Frequency (MHz)
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Figure D.1 — Example of limits for conducted RF emission —
MDI Opt-BIN, Vgat and WAKE
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Figure D.2 — Example of limits for condu¢ted RF emission — local supplies

Table D.1 — Example of limits for conducted RF emission —
test cases with recommended limit classes

Coupling Pin MDI test Ethernet system
Transdeiver port network
mode (BIN) | 1000BASE-T1 | 1000BASE-T1 | 100BASE-T1 | 100BASE-TX
uTP @ STP b
EMIT Opt-BIN specific Class | Class Illb Class |
(symmetric) requirement /
EMI1a.b to be defined
(1,25% MDI | OPt-BIN | Dy system Class | - -
unbalance) implementer
normal njode /
. EMI7Tc,d
with Ethgrnet 12,5% Opt-BIN - Class llIb Class |
test ) unbalance)
communication
EMI2 Vgar | Opt-BIN Class Illb Class Illb Clqss b
]
EMI3 WAKE | Opt-BIN Class IlTb Class IlTb Class Illb
EMI4 Vopx | Opt-BIN Class Il Class Il Class Il

a8 For 1000BASE-T1 systems using unshielded twisted pair (UTP) cables.
b For 1000BASE-T1 systems using shielded twisted pair (STP) cables.

D.3 Immunity to conducted RF disturbances

Figure D.3, Figure D.4, Figure D.5 and Figure D.6 give an example of limits for conducted RF
immunity tests at the pins MDI (using Opt-BIN), Vgat and WAKE for the DPI test method

according to IEC 62132-4. There are different target levels for functional tests related to
functional status class A|¢ and functional status class C|¢ or D,c. Test cases with recommended

limit classes are given in Table D.2and Table D.3.
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[MHz] | Limit class | (A_IC) Limit class Il (A_IC) Limit class Il (A_IC) Limit class IV (A_IC)
MDI - Opt-BIN 1 12 15 18 21
8 30 33 36 39
88 30 33 36 39
1000 24 27 30 33
2000 22,25 25,5 28,25 31,25
E A
m
T 40
=
[
3
& /- d
35 3 =~ ~
; <= ~
71, el == T
30 y rees TSI
/I T ‘ ~ it T S~ o
Sy <
PG 4 SsL
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25 y A P, i ~ N
y4 /| P N
/) 17 1/ N/
) 7 7 //(
201~ /’ 7 = Limit class I%A_ C) [
ra  E—
7 - - Limitcla$sili(A_Ic) |
,/ // (A_IC)
15 // -=-== Limi s Il (A_IC) 7
— et class | (A_IC) —
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N
Figure D.3 — Example of limits féf\\}onducted RF immunity
for functional status c.[Q\Qs A,c - MDI Opt-BIN
\
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Figure D.4 — Example of limits for conducted RF immunity
for functional status class A|c — Vgat and WAKE
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Table D.2 — Example of limits for conducted RF immunity -
test cases with recommended limit classes for functional status class A|c

Coupling Pin MDI test Ethernet system
Transceiver port network
mode (BIN) 1000BASE- 1000BASE- | 100BASE-T1 | 100BASE-TX
T1 UTP ® T1STP?®
RF1. Opt-BIN | Class IV Class | Class IV Class |
(symmetric)
RF1a,b
(1,25% MDI Opt-BIN Class IV Class | - -
normal mode / unbalance)
with Ethernet test | RF1c,d Oot-RIN - N o
communjcation um’;l‘;‘r’we) pi- = ass ass |
RF2 Vgar | Opt-BIN Class Il Class Il Class |
RF3 WAKE | Opt-BIN Class Il Class I} Class |
RF1 Opt-BIN Class IV Class | Class v Class |
(symmetric)
RF1a,b
(1,25% MDI Opt-BIN Class IV Class | - -
low powgr mode / | unbalance)
test of upwanted RF1c,d
wakeup (2,5% Opt-BIN - Class IV Class |
unbalance)
RF2 Vgar | Opt-BIN Class Class Il Class 1l
RF3 WAKE | Opt-BIN Class, Il Class Il Class 1l
RF1. Opt-BIN | Class I¥. Class | Class IV Class |
(symmetric)
low powgr mode / | RF1a,b MDI
(1,25% Opt-BIN Class IV Class | - -
test of wanted unbalance)
wakeup
RF1c,d
(2,5% Opt-B#N - Class IV Class |
unbalance)
@ For 1000BASE-T1 systems using unshielded twisted pair (UTP) cables.
b For 1000BASE-T1 systems using ‘shielded twisted pair (STP) cables.
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[MHZ] | Limit class | (C_IC/D_IC) Limit class Il (C_IC/D_IC) | Limit class Ill (C_IC/D_IC) Limit class IV (C_IC/D_IC)
MD' - 0pt_B|N 1 12 15 18 21
8 30 33 36 39
88 30 33 36 39
1000 24 27 30 33
- 2000 22,25 25,25 28,25 31,25
e A
m
S 40
0]
3 /
o / <=
35 v 42 ==
d =~ ~
4 /| re N
'/ re ," BEN = R ~
30 S — St ==
/ 2 ) / ~do ~
P, 7 pd Sk
- z ’ L S
pd ’ — =<
25 / 7 bl T~ N
J P N
ARy 4 N1/
vd A . .
M e e = Limit class IV (C_IC/DJ?)J
- — Limitclass Il (C % -1C)
.5 A ---- Limit class II D_IC)
7
/ —— Limit cla@c_lcm_lc;)
71 T T T 111
10 72N, N -
10 100 \$ 1000
$\ Frequericy (MHz)

O

Q IEC
\\Q
Figure D.5 — Example of limits féf\\}onducted RF immunity
for functional status class(@C or D,c — MDI Opt-BIN
Q\'

MHzZ] |_Limit class I (C_IC/D_IC) | Limit class Il (C_IC/D_IC) ]| _Limit class 1§ (C_IC/D_IC)
Vour —— Limit class Il (C/lC/D_Q\Q) 7 7 E 5
WAKE 8 30 33 6
P 88 30 33 6
--=- Limit class Il (C/IC/D_IC) - 2 2 2
= —— Limitclass | (O&D_IC)
E XN
240 )
‘6 0
3 W\
o N
25 )
S ¢ :
NS 7 BT ~——
30 — - < — T
Vil I Sl
YL <=L
7/ ; 4 G [
=t /1 iy
25 (N4 "4 o~
VO p ~
N/ 2
AY y4 7 /
/ X
20 // . ’ //
DU 4
1544~
/
10 >
1 10 100 1000
Frequency (MHz)

IEC

Figure D.6 — Example of limits for conducted RF immunity
for functional status class C,c or D|c — Vgat and WAKE
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Table D.3 — Example of limits for conducted RF immunity -

test cases with recommended limit classes for functional status class Cc or D,¢

Coupling Pin MDI test Ethernet system
Transceiver port network
mode (BIN) | 1000BASE-T1 | 1000BASE-T1 | 100BASE-T1 | 100BASE-TX
UTP 2 STPP
normal mode / RF1T | MDI | Opt-BIN | Class IV Class | Class IV Class IV
(symmetric)
ith Ethernet
tost e RF2 Vgar | Opt-BIN Class III Class III Class III
communication RF3 WAKE | Opt-BIN Class IlI Class IlI Class IlI

2 For 1000BASFE-T1 systems using unshielded twisted pair (UTP) cables

b For 1000BASE-T1 systems using shielded twisted pair (STP) cables.

D.4 Immunity to impulses

Table D

4 gives an example of limits for impulse immunity tests at the pins MDI (Opt-BIN), Vgt

and WAKE using the non-synchronous transient injection methgd-according to IEC §2215-3.
Test cagses with recommended limit classes are given in Table/Dy5"

Table D.4 — Example of limits for impulse‘immunity — Class |

Test pulse Vemax
\Y

1 - 100

2a +75

3a - 150

3b +100

Table D.5 — Example of limits for impulse immunity —

test cases with recommended limit classes for functional status class C,c or[D\c
. Coupling Pin MDI test Ethernet system
Transcdiver mode port network (BIN)
1000BASE-T1 | 100BASE-T1 | 100BASE-TX
IMP1 MDI Opt-BIN Class | Class | Clpss |
normal mode {
with Ethérn&ttest IMP2 Vear Opt-BIN Class | Class | Clpss |
communicatiomn IMP3 WAKE Opt-BIN Class | Class | Class |

D.5

Electrostatic discharge (ESD)

Table D.6 gives an example of limits for powered and unpowered ESD tests defined for
functional status class A, C|c or D|¢ evaluation at the pins MDI (Opt-BIN), Vga1 and WAKE.
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Table D.6 — Example of limits for powered and unpowered ESD tests — test cases with
recommended limits for functional status class A1, A2,c A3|c C\c or D¢

Transceiver | Coupling Pin MDI test Failure validation for status class
mode port network
(BIN) Al A2 A3c Cic Dic
(Link (CRC, (unwanted (Damage)
error) DTT error) | wake up)
Ethernet system 1000BASE-T1 / 100BASE-T1 / 100BASE-TX
Powered /
Test sequence
from low ESD1 IND MDI Opt-BIN 3 kV - 3 kV 3 kV 6 kV
power mpde
to normal
mode
ESD1a,
ESD1b MDI Opt-BIN 6 kV
Unpowered ESD2 | Vgar | Opt-BIN 6 kV
ESD3 WAKE Opt-BIN 6 kV
D.6 Emission of radiated RF disturbances
stripline

according to IEC 61967-8 are given in Figure D.7. Test cases with recommended limit|classes

Exampljs of limits for radiated RF emission measurements using a 6,7 mm IC

are giv

nin Table D.7.

Radiatgd emission
6,7 mm|IC stripline

A

= =|imit class’ll

=== Limitclass |

— bimit class N

RE 6,7 mm IC Striplije

[MHZ]

Limit class N Limit class |

Limit class Il

0,15

66

54

42

3 000

66

54

42

6 000)

66

54

42

[(e]
o

T

[o]
o

Voltage (dBpV)

~
o

60

50

40

30

20

10

0,1

Figure D.7 — Example of limits for radiated RF emission

10

100

for IC stripline with 6,7 mm active conductor height

1000

6000

Frequency (MHz)

IEC
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A conversion factor (X) to correlate measuring results of IC striplines with different heights or
GTEM cells to the default IC stripline height of 6,7 mm (IEC 61967-8) can be calculated by:

where

X = conversion factor (in dB) to IC stripline 6,7 mm height type results;
h4 = active conductor height (in mm) of specific IC stripline type or GTEM cell;

hy
X =20 x Iogh—
2

h, = active conductor height of 6,7 mm type.

Table D.7 — Example of limits for radiated RF emission — |
test cases with recommended limit classes

Transceiver mode

MDI test
network (BIN)

Ethernet system

1000BASE-T1 100BASE-T1 100BASE-TX
normal njode /
with Ethérnet test Opt-BIN Class Il Class Il Class|ll
communication
D.7 Immunity to radiated RF disturbances
Figure .8 gives an example of limits for radiated® RF immunity tests. Test cases with
recommliended limit classes are given in Table D.§,

Radiate

d immunity

-
o

Electrical field strength (V/m)

== = |imit classl

=== Limitelass Il

—— Limit class |

Limit class |

Limit class Il

Limit class IlI

200

400

800

200

400

800

200

400

800

300

200

100

10

100

1000

Figure D.8 — Example of limits for radiated RF immunity

Frequen

6000
cy (MHz)
IEC
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Table D.8 — Example of limits for radiated RF immunity —
test cases with recommended limit classes

MDI test Ethernet system
Transceiver mode network (BIN)
1000BASE-T1 100BASE-T1 100BASE-TX
normal mode /
with Ethernet test Opt-BIN Class Il Class Il Class Il
communication



https://iecnorm.com/api/?name=1e50ff981a6c9bfde72cda35fda49728

-72 - IEC 62228-5:2021 © IEC 2021

Annex E
(informative)

Characterization of common mode chokes
for EMC evaluation of Ethernet transceivers

E.1 General

Common mode chokes can have a significant effect on EMC test results in communication
networks due to e.g. core saturatlon differential mode |mpedance mismatch and asymmetnc

winding
the chal

In this

Etherne
for test

and rec
e S-pg
e ESD
e satu
e satu
e TDR

This
ISO/IEQ

E2 7

E.2.1

In genej
To enslu
refereng
single e
and the
the rela
specific

acterlstlcs of the used common mode chokes should be known and ver|f|ed.

Annex E, test procedures for the characterization of CMCs intended ‘to” be

methods, test conditions, performance criteria, test procedures, test setups, tes
bmmended limits. The test methods covered by this annex include

rameter measurement mixed mode;

damage test;

ration test at RF disturbances;

ration test at ESD;

measurement of differential mode impedance.

annex does not cover devices that are intended for u
/IEEE 8802-3:2017/AMD8 power over data line applications.

est

General

al, a printed circuit board with RF board-to-coax connectors should be used for
re reliable RF parameters, a test board with at least two layers with enlarg
e plane is required. The traces on the test board should be designed as 50
hded transmission lines with a length as short as possible. For design of CMC
definition ef:minimal distance of CMC housing and CMC terminals to the GN
ed specification of CMC manufacturer should be used, if not otherwise specifig
tests.

ceivers,

sed for

t interfaces for 100BASE-T1 and 1000BASE-T1 are described. It contains deffinitions

[ boards

all tests.
ed GND
(£5)Q
ootprint
D plane
d in the

The test

bodrd design and the method of connecting the CMC with the test board is intg

nded to

provide high accuracy and reproducible test results and is with more details described in the

respecti

ve measurement chapters.

A general electrical drawing with winding and pin definitions of a CMC is shown in Figure E.1.

P

=

3 4

Figure E.1 — General electrical drawing of a CMC

For the measurements described below the CMC line 1 is defined as the CMC winding between

pin 1 an

d pin 2 and line 2 is defined as the winding between pin 3 and pin 4.
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E.2.2 S-parameter measurement mixed mode

The test setup for measuring the mixed mode S-parameters consists of a 4-port VNA in
combination with a special test board (adapter test board). The test board is included into the
test setup during VNA calibration. The reference points for calibration are defined to the pads
of the CMC at the test board.

CMC

AV

IEC

Key
1 \fector network analyzer 3 Reference points for calibration
2 Tlest board

Figure E.2 — Test setupfor S-parameter measurements at CMC

The tes{ equipment definitions are.the following:

e 4-port vector network analyzer;
e test poard S-parameterymixed mode (4-port);
o testpoard S-parameter single ended (3-port).

For the [S-parameter 3-port test board, additional specific requirements are defined. Thie 3-port
test boalrd with-soldered RF connectors used for balance measurement should have a very high
grade df sélfsbalance. To ensure the test board self-balance characteristic of symmetrical
network|atdogical port 2 (common mode), the traces between the DUT and all resistors|(R1, R2

and R3)mustbekepthighty symmetricand—asshortaspossibteTo verify thetestboard self-

balance characteristic, the test parameter and requirements given in Table E.1 are defined.

Examples for test boards are given in Figure E.3 and Figure E.4.
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\,\"}/ CMC TPL 4P i

&Y
v 240

Figure E.3 — Example of test board 4-port S-parameter measurement at CM(Q —
mixed mode, top layer

“» CMC TPL 3P

e

IEC

Figure E.4 — Example of test board 3-port S-parameter measurement at CM(Q —
single ended, top layer

The refgrence points for calibration arethe pads of the CMC footprint at the test board|
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Table E.1 — Test procedure and parameters
for 3-port test board characterization for CMC

Parameter

Description

Frequency range:

0,3 MHz to 1 GHz

S-parameter:

S4c11 (LCL), logarithmic magnitude in dB / differential port side of 3-port test board.

VNA measurement
circuit:

port definitions:
mixed mode logic port 1:
differential mode input (logical port 1): 50 Q impedance each

3-port test board

physical port 1a and port 1b

VNATport ta
(50 Q) Ri
Logical :gj Rs
port 1 :> )
R2
VNA port 1b
(50 Q) CMC not soldered

R =499 Q for R, and R,
R =124 Q for R,

The CMC should not be populated at the test board for self-balance measurement.

IEC

Requirement for
3-port CMC fixture:

100BASE-T1

[MHz]

T0(OBASE-T1

S — Parameter/CMC for Ethernet 100BASE-TAY, _[M1H21

-75

=75

1 000BASE-T1 10

10

-70

—-55

80

-70

100
Self-balance requirement for 3-Port test fixture 1000 55

600

=525

Longitudinal Conversion Loss / LCL (Scd11)

-10 ;

— 100BASE-T1 | R[S

“20 1 .1 000BASET1 LSS

-30 1 =

-50

-60

=70

=80

-90

-100

10

LCL (dB)

-

100

Frequency

1000

—

MHz)
IEC

The test procedure and parameters are defined in Table E.2.
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Table E.2 — Test procedure and parameters for S-parameter measurements at CMC

Item

Parameter

Frequency range:

0,3 MHz to 1 GHz

S-parameter per
single path:

4-port parameters
Sq4q11 (RL), logarithmic magnitude in dB / CMC orientation 1

Sq4q22 (RL), logarithmic magnitude in dB / CMC orientation 2
Syq21 (IL), logarithmic magnitude in dB
S.c21 (CMR), logarithmic in dB

cc2

3-port parameters

Sttt togarithmicmagnitode i dB+-EMECorrentation
Sy4c22 (LCL), logarithmic magnitude in dB / CMC orientation 2
S.q21 (DCMR), logarithmic magnitude in dB / CMC orientation 1
S.q12 (DCMR), logarithmic magnitude in dB / CMC orientation 2
S4s21 (CDMR), logarithmic magnitude in dB / CMC orientation 1
S4s12 (CDMR), logarithmic magnitude in dB / CMC orientation |2

For Sy.p0s Sgqq2 @nd Sy, measurement the terminal orientdtion of the CMC is rotatgd by
180° on the test board.

VNA me
circuit:

surement

port definitions:

mixed mode logic port 1: physical port 1a and-port 1b
mixed mode logic port 2: physical port 2a and _port 2b

pin 1 of CMC is placed on logic port 1.

4-port measurements / Sad117 Sqa22' Sga21 and See21 mixed mode:

50 Q input impedance at each measurement port

Test board
VNA port 12 CMC VNA port 2a
(o0 Unyyow: o
meeyeieD G =) S (==t
port 1 )\ )\ port 2
el
VNA port 1b VNA port 2b
(50 Q) (50 Q)
IEC
3-portumeasurements / Sy_14, Syco2 Ssd21: Sas217 Sqs12 @Nd Syeq, Single ended:
differential mode input (logical port 1): 50 Q impedance each
common mode output (logical port 2): single ended network wi impe(dance
d tput (logical t2 ingl ded network with 200 Q i d
R=(Ry || Ry) + Ry + Ryna port 2a
Test board
VNA port 1a eMe
(50 Q) 1 2 R
Logical Y Rs Logical
S S i S
3 4 :
VNA port 1b Re \S/"\fl‘g'i;rt“;‘zd
(50 Q) (50 Q)
IEC

R =49,9 Qfor R, and R,
R =124 Q for Ry

The accuracy of resistor values should be < 1 %. The difference between matching resistors

should be < 0,1 %.
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The measurements should be performed and documented according to the scheme given in
Table E.3.

Table E.3 — Required S-parameter measurements for CMC

Test S-parameter Sample
S1 Sqq11 (RL)

S2 Syq22 (RL)

S3 Sqq21 (IL)

S4 S.c21 (CMR)

S5 Sycqq (LCL)

10 samples each

S6 Syc22 (LCL)

S7 S.421 (DCMR)

S8 S.412 (DCMR)

S9 S4s21 (CDMR)

S10 S4s12 (CDMR)

For each test case, the results for all 10 samples should, be documented as diagram in the CMC
characterization report. Recommended limits for evaluation are given in Figurg E.5 to
Figure E.9.

S _ Parameter/CMC for Ethernet 100BASE-T1/ S B e B I
1 000BASE-T1 10 27 g ==
tem: Return Loss (RL) / de11* de22 = - o0 e
0 - -
|| == 100BASE-T1
| | ==« 1000BASE-T1
-10 . i
| I o
\ | ,4'
[ | P |
-20 ‘ — L |
KR\ R T T T T e I
-30
<40 1 | _ T
— -50 B N N N N Y _ _ 1
% 1 10 100 1 000
it ‘ Frequency (MHz)
o IEC

Figure E.5 — Recommended characteristics for Sy441, Sqq22 (RL) for CMC
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S — Parameter/CMC for Ethernet 100BASE-T1/ L= sl e
1 000BASE-T1 i 2 0 B
Iltem: Insertion Loss (IL) / de21 66 —1 400 -1,5
A
1 | | L 1 L L
| | e 100BASE-T1
0 1| ==- 1000BASE-T1
-1 S “‘s
)
T -2
=
_3 :
N
|- Vi
_4 s
a X
P2 D]
ll
-5 nv
1 10 100 (Ol/ 1000
‘ C) Frequency (MHz)
\Q/ EC
o)
Figure E.6 — Recommended characteris{iéafor S4q21 (IL) for CMC
<
\\'Q MHZ] T00BASE-T1 MHZ] 1 000BASE-1_|
S — Parameter/CMC for Ethernet 1OOBASE-T1I$ 1 25
1 000BASE-T1 . @ 10 45 10 825
o N\ 80 —45 30 —42
tem: Common Mode Rejection (CMR)/ S__,, A 100 43 200 -42
200 =37 600 -32,5
xO
0 [ B E—— — \i.~
i e 100BASE-T1 ‘Q
|| =< 1000BASE-T1
-10 T .
“ +
K\
N
-20 7 “_')
“ L 3
)
-30 A’Q\
C TSN ~ | Ll
\ \ So L
tT= NN So P, e
_ AY SN So ~ P
~< — -
-50
2 60 >
E 1 10 100 1000
s ¢ Frequency (MHz)
o IEC

Figure E.7 — Recommended characteristics for S .,4 (CMR) for CMC
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S — Parameter/CMC for Ethernet 100BASE-T1/ — e e R S —
1 000BASE-T1 = E 3 5 =
Iltem: Longitudinal Conversion Loss (LCL) / (de11’ dezz)
-10 —
E e 100BASE-T1
-20 +
|| == 1 000BASE-T1
-30
e
-40
-50 i o=t
II:EIIJII:J:: -
-60 :
T 5
-70 [\
Si)
-80 =
‘L\' LW J
=|-100 v
g 1 10 100 61/ 1009
6‘ ‘ Frequency (MHz)
— @C}

CDMR, DCMR (dB)

N

\\(\Q)

S — Parameter/CMC for Ethernet 100BASE-T1®
1 000BASE-T1

"‘%MR) ! Sgs217 Sast2

N

Figure E.8 — Recommended characteristics QQ‘

S

dc11s Sdc22 (LCL) for CMC

tem: Common to Differential Mode conversion Ra
Differential to Common Mode conversioki@io (DCMR) / Sd521, Sds12
-10 —T—T 4 - — - -
| ~ MHz] 100BASE-T1 [MHz] 1 000BASE-T1
|| = 100BASE-T1 1 =70
-20 4+ 10 -70 10 -65
| | ==« 1000BASE-T1 100 -50 80 -65
[ 200 -40 600 -47.
v
-30 ~N
A AW
Ko
-40 7~
| W) | 7
7 P
-
-50 o \N" iy
Va) -
L 4 P N
= 4 -
-60 > ==
— - - - - - -
!
70~ —
\S ‘
-90 5
E
-100 L -
1 10 100 1000
* Frequency (MHz)

IEC

Figure E.9 — Recommended characteristics for Sg45¢, Sgq12 (DCMR)
and Sd821’ Sds12 (CDMR) for CMC
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E.2.3 ESD damage

The test setup given in Figure E.10 is used for testing the ESD robustness of CMC.

1
4 12
IEC

Key

1 HSD generator with contact discharge medule 7 Ground plane ESD test board

2 HSD generator ground return cable 8 Connection load resistor to ground plgne ESD
test board

3 Discharge points 9 Metallic test fixture

4 Connection point ground plane 10 Surface connection ESD test board to tgst board
fixture

5 HSD test board 11 Surface connection test board fixture t¢ ground
plane

6 Load resistor 12 Ground plane (minimal 0,5 m x 0,5 m)

Figure E.10 — Test setup for ESD damage tests at CMC

The ground plane with a minimum size of 0,5 m x 0,5 m is connected to protective earth of the
electrical grounding system of the test laboratory. The ESD generator ground return cable is
directly connected to this ground plane.

The metallic test fixture positions the ESD test board and directly connects the ESD test board
ground plane to the reference ground plane. The ground connection of the test fixture is
connected to ground plane with low impedance and low inductance. This surface connection
should have a contact area of at least 4 cm2. Copper tapes can be used in addition.

The tip of the ESD generator is directly contacted with one of the discharge points DP1 and
DP2 of the ESD test board for testing. For this purpose, the discharge points are implemented
as rounded vias in the layout of the ESD test board and are directly connected by a trace
15 (£5) mm with the respective pin of the CMC.
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The test equipment definitions are the following:

e ESD generator (according to ISO 10605, discharge storage capacitor C = 150 pF and
discharge resistor R = 330 Q);

e ESD test board;

e ground plane;

e test

board fixture.

An example for ESD test board is given in Figure E.11.

For che

the input of RF connector (SMA) at the test-board.

To achi

CMC TPL 4P ESD

S\
. DP1
JP1

IEC
Figure E.11 — Example of ESD test-board for CMC, top layer

Ck of damage evaluation criteria (S-parameter), the reference points for calibrg

eve a high grade of accuraey of required S-parameter measurements for

tion are

damage

evaluatipn, it is recommended to use the same test board for S-parameter and ESD tests
without fre-soldering the DUT.
NOTE Fpr ESD tests, the serial jumpers JP1 and JP2 are left open and the resistors R1 and R2 are popylated.
For S-parpmeter measurementthe jumpers JP1 and JP2 are closed and the resistors R1 and R2 are not populated.
The reqlired tests and procedure are defined in Table E.4 and should be done on one jsample.
Table E.4 — Test parameters for ESD damage tests at CMC
Ifem Parameter
COUpIin of ESB Birect d;ouhalyc method auuuld;lly to+50-16665 (d;ouhalgc otulagc uapau;tul =150 pF
and discharge resistor R = 330 Q)
Test circuit: Test board

DP1
DP2

IEC

R=2(2forR1 and R,

All resistors have SMD design 1206 or larger with a maximum tolerance of 2 %. The exact
type and manufacturer of the used resistors should be documented in the test report.

ESD test voltage: + 8 kV
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Item Parameter
Number of 10 per polarity
discharges:
Time between 5s
discharges:
Damage evaluation |- degrade by more than 0,1 dB from the initial value after performing the tests for S-
criteria: parameter S,,, for frequencies /< 200 MHz

— degrade by more than 1 dB from the initial value after performing the tests for S-

parameter S Syqo0 @Nd S for frequencies < 200 MHz

dd11’ cd21

The S-parameter measurements should be done according to E.2.2. Frequency ranges or
frequency spots with a level at noise floor or below the related limits of E.2.2 should not be

waiahtad for annluina thao daomaog avaliation oritoria
9 Ladl S 4 9 J *

For simplification of measurement for check of mode conversion loss the S-parameter S,
is used instead of S_,,. The setup for S-parameter S_,, is same as used for\the other
required S-parameter. Because of different test circuitry for S-parametersS_ 5, and [S .,
the related limit for S-parameter S_,,, is corrected by +10 dB.

cd2

Test progedure: 1 S-parameter reference measurement before ESD test

2  apply ESD discharges at DP1 (£ 8 kV, 10 per polarity, 5 s\delay)
3 apply ESD discharges at DP2 (+ 8 kV, 10 per polarity, 5-s delay)
4  demagnetization of CMC (if needed)

5 evaluate damage using damage evaluation criteria

If a damage occurs at + 8 kV the test should bewrepeated with a reduced ESD test Joltage
to find out the immunity threshold of the DUTNevertheless, applying an ESD test Joltage
of £ 8 kV without damage for DUT is required to pass the test.

The mepsurements should be performed and documented according to the scheme given in
Table E|5.

Table E.5 — Required ESD tests for damage for CMC

Test Discharge,point Comment Sample
E1 DP1 Line 1

1 sample
E2 DP2 Line 2

The CMC should¥withstand the ESD discharge without damage according to the damage
evaluatipn criteria’ up to + 8 kV.

E.2.4 Saturation test at RF disturbances

The test setup for measuring the saturation effect at RF immunity tests consists of a 4-port VNA
or 2-port VNA in combination with a RF amplifier, RF attenuator and a special test board. The
test setup is given in Figure E.12.
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Figure E.12 — Test setup for RF saturation measurements at CMC

The tes{ equipment definitions are the following:

e 4-port or 2-port vector network analyzer;
e RF gmplifier (impedance 50 Q, gain app. 40~dB, Pgy, 2 10 W);

e RF attenuator (impedance 50 Q, attenuation 40 dB), and
o testpoard RF saturation / S-parameter (2-port).

An example for RF saturation / S-parameter test board is given in Figure E.13.

@ 0 o o
1812,1210 Saturation

IEC

Figure E.13 — Example of RF saturation / S-parameter test board for CMC, top layer

The required test procedure and parameters are defined in Table E.6. The test should be done
on one sample.
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Table E.6 — Test procedure and parameters for RF saturation tests at CMC

Item

Parameter

Frequency range:

1 MHz to 1 GHz

S-parameter power level:

S,4 (CMR), logarithmic magnitude in dB

Measurement test circuit:

port definitions:
logic port 1: physical port 1
logic port 2: physical port 2
line 1 of CMC is placed on transceiver side (logic port 1)

S,, measurement:

50 Q input impedance at each measurement port

Test board

Single ended Single ended
VNA port 1 CMC VNA port 2

(50 Q) 12 (50 Q)
e
3K

IEC

33 dBm and 36 dBm with replacement of DUT by short connections on t
board

test with power level 24 dBm for setting the reference value
test with power level 30 dBm and evaluation

test with power level 33 dBm and evaluation

g AW W

test with power level 36 dBm and evaluation

Test power level: forward power:
24 dBm, 30 dBm, 33 dBm, 36 dBm
These test levels are obtained from:test level measurement into a 50 Ohm Igad.
Dwell tinje per power 260s
level:
Evaluatign of saturation maximum deviation of 1 dB from the CMR reference value at 24 dBm for power level
effect: 30 dBm
maximum deviation-of 1 dB from the CMR reference value at 24 dBm for power level
33 dBm above 5 MHz
maximum deyviation of 1 dB from the CMR reference value at 24 dBm for power level
36 dBm above 7 MHz
Test progedure: 1 define’the test equipment settings for test power levels 24 dBm, 30 dBm,

he test

The tests should be performed and documented according to the scheme given in Table E.7.

Table E.7 — Required RF saturation tests for CMC

Test S-parameter Sample

RFS1 S,, (CMR) 1 sample

The CMC should withstand the RF power saturation test according to the evaluation criteria up
to a power amplitude of 36 dBm.
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E.2.5 Saturation test at ESD

The test setup for measuring the saturation effect at ESD tests consists of a TLP test system,
digital storage oscilloscope and a special test board. The test setup is given in Figure E.14.

@)
4 —]
e
/
2
Key
1 0so 4 '@Jrrent
2 TLP test system 5 \\I'L voltage
3 Tlest board 6 ‘\QTLP pulse
7
&

The tes{ equipment definitions are Qf@llowmg

o TLP|test system accordlnt}b IEC 62615, including TLP generator, current prq

voltgge probe;

o digitpl storage oscill@e (DSO, 50 Q input impedance, minimum 4GHz analq

bandwidth);
e test poard CMC@D saturation.

An example f% C ESD saturation test board is given in Figure E.15.

\Q/O @ 2 0 06 06 06 06 0 06 06 0 @

Tact bhoard EQN Qatuwation CMC e

Figure E.14 — Test setup fo&@% saturation measurements at CMC

be and

bg input

Figure E.15 — Example of ESD saturation test board for CMC, top layer
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The required test procedure and parameters are defined in Table E.8. The test should be done

on one sample.

Table E.8 — Test procedure and parameters for ESD saturation tests at CMC

Item

Parameter

Coupling of ESD:

TLP test system according to IEC 62615

Test circuit: Test board
; CcMC 5
DP1 ."
=] =
3—m—4 =
IEC
TLP test|parameter: Current pulse width: 100 ns
Current rise time: <1ns
Measurement time window: 70 ns to 90 ns
Maximum test voltage: 500 V
Test voltage step size: <2V
Maximum test current: 15 A

effect:

Evaluatign of saturation

CMC ESD saturation break down voltage Vo ,, derived from measured TL
characteristic and limits according te_Table E.10.

P IV

The tesis should be performed and documentedraccording to the scheme given in Tab

Table E.9 — Required ESD saturation tests for CMC

Test Discharge point Comment Parameter Sample
ES1 DP1 Line 1 CMC ESD

- saturation break 1 sample
ES2 DP2 Line 2 down voltage

For each test case,the TLP I/V characteristic should be recorded and documented in a
in the tgst report{Fhe derived CMC ESD saturation break down voltage should be ¢

according to the.recommended limits given in Table E.10.

Table E.10 — ESD saturation break down voltage classes for CMC

e E.9.

diagram
assified

Ethernet system Class

v

ESD_br
| 125V to 325V
100BASE-T1
I 2325V
| 50 Vto 125V
1000BASE-T1
I 2125V

An example of measurement results for typical CMCs is shown in Figure E.16.
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in Figure E.17.

Key
1

Figure E.16 — Example of ESD saturation tests results for CMC

TDR measurement of differential modé impedance

{t is only for information purpose and-€an be used for additional interpretation o
ameter measurements. The test se€tup for measuring the differential mode impedance
of a two-channel TDR test equipment and a special test board. The test setup

TDR test equipment

2

IEC

Test board

Figure E.17 — Test setup for TDR measurement at CMC

f results

is given
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