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INTRODUCTION

The IEEE 802.3cg standard defines a 10 Mbit/s Ethernet communication over an unshielded single pair of
conductors and differentiates the two systems 10BASE-T1S and 10BASE-T1L. The 10BASE-T1S
implementation covers a half-duplex communication using a CSMA/CD for point to point channel and the
optional functionalities full duplex communication for a point to point channel and a half duplex
communication for a so called mixing segment (or multidrop mode) with at least 8 nodes and 25 m length of
bus lines. In any case, the bus cable is terminated with the line impedance of 100 QQ at both ends of the
channel. As an optional feature to enable a deterministic access time for each bus node in a mixing segment
the new access method PLCA is overlaid to the CSMA/CD system.

For T0BASE-T1S physical layer implementation there are different commercially solutions available:

e classical PHY with MDI and MAC interface;
e MAC-PHY as a combination of an IEEE Clause 4 MAC and a 10BASE-T1S PHY;
e PMD transceiver with 3-pin interface to the host controller.

This specification is focused on EMC evaluation of 1T0BASE-T1S transceivers in general and covers all three
types.

Due to the high communication rate of 10BASE-T1S and the intended use of unshielded twisted pair cable, a
high risk of EMC problems is expected. For this reason, an EMC optimization of all components of the
Ethernet physical layer is required. Different aspects influence the EMC behavior of the complete system:

e Ethernettransceiver hardware implementation itself;

o Ethernet transceiver software configuration (register settings);

o MDI test network (BIN);

e layout implementation of transceiver and interface network;

e other active ICs that are necessary for Ethernet communication and for function of application device
(e.g. uC);

e EMC concept of application device;

e symmetry of Ethernet wire and connector;

e transfer function from external disturbance sources to the Ethernet communication system.

For EMC tests of a 10BASE-T1S communication system on ECU level BCl and antenna measurement are
usually required test methods. But they are affected by all given aspects in parallel. An advantageous
strategy for EMC optimization of the application device is to analyze the influence of each aspect separately.

This EMC measurement specification is focused on the physical layer of the Ethernet interface using
standard EMC test methods for ICs. The intent of this specification is:

e acommon EMC evaluation of T0BASE-T1S transceiver for comparison purpose;
e checking the EMC behavior of the transceiver in combination with different MDI test networks (BINs);
e separation of emitted disturbance into disturbing source:

o MDlpins;

o voltage supplies;

o otherdigitalinterfaces (e.g. xMll or SPI);
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clock out signals;

evaluation of EMC behavior for symmetrical and unbalanced disturbances at MDI pins.

ABBREVIATION/SYMBOLS

AM

BIN

BIST

CM

cMC

CRC

coL

CSMA/CD

DM

DPI

DSO

DTT

DUT

cw

EAS

ECU

LPF

MAC

MAC-PHY

MDI

Mil

MSE

PM

PMD

Amplitude Modulation

MDI Test Network

Built In Self Test

Common Mode

Common Mode Choke

Cyclic Redundancy Check

Collision, Mll signal that indicates collision
Carrier-Sense Multiple Access with Collision Detection
Differential Mode

Direct Power Injection

Digital Storage Oscilloscope

Data Transfer Test

Device Under Test

Continuous Wave

Ethernet Access Switch

Electronic Control Unit

Low Pass Filter

Medium Access Control

Integration of IEEE Clause 4 MAC and 10BASE-T1x PHY inan IC
Media Dependent Interface

Media Independent Interface

Mean Squared Error

Pulse Modulation

Physical Medium Dependent
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PLCA Physical Layer Collision Avoidance
PHY Interface semiconductor circuit for implementation of the functions of the Ethernet

physical layer

PRBS Pseudo Random Bit Stream
RF Radio Frequency

SBC System Basis Chip

SNR Signal to Noise Ratio

SPI Serial Peripheral Interface
SQl Signal Quality Indicator
WuP Wake Up Pulse
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1 SCOPE

This document specifies test and measurement methods for EMC evaluation of Ethernet transceiver ICs
under network condition. It defines test configurations, test conditions, test signals, failure criteria, test
procedures, test setups and test boards. It is applicable for transceiver of the Ethernet system 10BASE-T1S
according to IEEE 802.3cg and covers

e the emission of RF disturbances;
e the immunity against RF disturbances;
e the immunity against impulses;

e the immunity against electrostatic discharges (ESD).

2 NORMATIVE REFERENCES

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

[1] IEEE P802.3cgTM: Physical Layer Specifications and Management Parameters for 10 Mb/s
Operation and Associated Power Delivery over a Single Balanced Pair of Conductors

[2] OPEN ALLIANCE Inc.: IEEE 10BASE-T1S EMC Test Specification for Common Mode Chokes, version
1.1

[3] OPEN ALLIANCE Inc.: IEEE 10BASE-T1S EMC Test Specification for ESD suppression devices,
version 1.1

[4] OPEN ALLIANCE Inc.: IEEE 10BASE-T1S Channel and Component Requirements for Link Segments,
version 1.0

[5] OPEN ALLIANCE Inc.: T0BASE-T1S Sleep/Wake-up Specification, version 1.0

[6] OPEN ALLIANCE Inc.: T0BASE-T1S System Implementation Specification, version 1.0

[7] OPEN ALLIANCE Inc.: T0BASE-T1S PMD Transceiver Interface, version 1.5

[8] IEC 61967-1, Integrated circuits, Measurement of electromagnetic emissions — Part 1: General and
definitions

[9] IEC 61967-2, Integrated circuits — Measurement of electromagnetic emissions — Part 2:

Measurement of radiated emissions — TEM cell and wideband TEM cell method

[10] IEC 61967-4, Integrated circuits, Measurement of electromagnetic emissions — Part 4:
Measurement of conducted emissions —1 Q/150 Q direct coupling method

[11] IEC 61967-8, Integrated circuits — Measurement of electromagnetic emissions — Part 8:
Measurement of radiated emissions — IC stripline method

[12] IEC 62132-1, Integrated circuits, Measurement of electromagnetic immunity — Part 1: General and
definitions
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[13] IEC 62132-2, Integrated circuits - Measurement of electromagnetic immunity — Part 2:
Measurement of radiated immunity - TEM cell and wideband TEM cell method

[14] IEC 62132-4, Integrated circuits, Measurement of electromagnetic immunity — Part 4: Direct RF
power injection method

[15] IEC 62132-8, Integrated circuits, Measurement of electromagnetic immunity — Part 8:
Measurement of radiated immunity — IC stripline method

[16] IEC 62215-3, Integrated circuits — Measurement of impulse immunity — Part 3: Non-synchronous
transient injection method

[17] ISO 10605, Road vehicles — Test methods for electrical disturbances from electrostatic discharge

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

[19] CISPR 16-1-1, Specification for radio disturbance and immunity measuring apparatus and methods

— Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring apparatus

3 TERMS AND DEFINITIONS

For the purposes of this document, the terms and definitions given 2 Normative references and following
apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— 1SO Online browsing platform: available at https://www.iso.org/obp;
— |EC Electropedia: available at http://www.electropedia.org.

10BASE-T1S | transceiver 10 Mbit/s via single balanced twisted pair, with a functionality according to
transceiver IEEE 802.3cg (10BASE-T1S)

pin that carries a signal or power, which enters or leaves the application board without any

globalpin active component in between

local pin pin that carries a signal or power, which does not leave the application board

mandatory components needed for proper function and/or technical requirement of IC as specified by
components,

ol the IC manufacturer

EAS IC with integrated Ethernet transceivers and switch functionality as defined in IEEE 802.3
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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 implemented
functional operation modes as defined in Table 4-1 under network conditions for conducted RF emission and
RF immunity tests and impulse immunity tests and on a 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 the PHY
transceiver pins (BI_DA+, BI_DA-), such as any pins that may be global (e.g. Vear and WAKE) as well as local
pins like power supply inputs (Vpox). The WAKE pin is given as an example, representing any global pin other
than MDI and voltage supply Vgar.

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 definitions for the standard 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 4-1.

Configuration Test Test method Evaluation Operation mode
Transceiver RF conducted 150 Q direct Spectrum Normal
network emission coupling
(EMI) (IEC 61967-4[10])
RF conducted DPI Function, Normal
immunity (IEC 62132-4[14]) DPI distortion L
(RF) (Unwanted feedbackto = 0" POWer
other Ethernet
communication if
connected to the
network)
DPI distortion Unpowered
Impulse immunity | Non-synchronous Function Normal
(IMP) transient injection L
(IEC 62215-3 [16]) ow power
ESD powered Contact discharge Function Normal
(1ISO 10605 [17])
Low power
Single transceiver | ESD unpowered Contact discharge Damage Unpowered

Table 4-1: Overview of measurements and tests

(ISO 10605 [17])

The 150 Q direct coupling, DPl 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
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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 separate, modified version of the 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.

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 different test boards as described in Annex B to ensure application like
conditions and avoid setup effects by sockets. Recommended limits for 10BASE-T1S Ethernet transceivers in
automotive application are given in Annex C.

In general, the test definition is done for Ethernet single transceiver. PMD transceiver according to [7] and
Ethernet transceiver cells embedded in EASs, 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. Specific adaptations for PMD transceivers are included
in the document.

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 document. In consequence the frequency characteristic of
these filter elements shall be taken into account for the interpretation of the test 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 12V
power supply, which is the main application of Ethernet transceivers. If a transceiver is designed or targeted
for other power supply voltages, the test conditions and test targets shall be adapted and documented
accordingly. The defined supply and ambient conditions for functional operation are given in Table 5-1.

Parameter Value
Battery voltage supply (14.0£0.2)V
Voltage supply, auxiliary supply (Unom £0.1)V

Test ambient temperature (283£5)C

Table 5-1: Supply and ambient conditions for functional operation

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

For ESD tests, the requirements of ISO 10605 [17] climatic environmental conditions shall be applied.
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5.2 Test operation modes

5.2.1 General

The Ethernet transceiver shall be tested in operation modes according to Table 4-1. Depending on the
transceiver the configuration for functional operation modes is controlled by hardware and/or software

settings.

5.2.2 Transceiver configuration for normal operation mode

To testin normal functional operation mode, a transceiver configuration according to Table 5-2 shall be used.

Operation
mode

Transceiver
configuration
for normal
mode with
PLCA for PHY
and MAC-PHY

Transceiver
configuration
for normal
mode for PMD
transceiver

Content

half duplex mode

PLCA activated with maximum node ID number of 1 (two nodes in the test
network) and transmit opportunity timer = default according to [1]

collision detection mechanism is masked as per the definitions in T0BASE-
T1S System Implementation Specification [6]

transceiver configuration as specified by semiconductor manufacturer for
reference application in datasheet, application note or comparable
documentation (to be documented in the test report)

sending TRANSMIT command, data and RESET command via TX signal
accordingto [7]

transceiver configuration as specified by semiconductor manufacturer for
reference application in datasheet, application note or comparable
documentation (to be documented in the test report)

if needed, software configuration using the CONFIG command accordingto

(7]

Table 5-2: Definition of transceiver configuration for normal operation mode
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5.2.3 Transceiver configuration for low power mode

To test in low power mode, a transceiver configuration according to Table 5-3 shall be used.

Operation
mode

Content

Transceiver
configuration
for low power
mode for PHY
and MAC-PHY

e ftransceiver configuration as specified by semiconductor manufacturer for
reference application in datasheet, application note or comparable
documentation (to be documented in the test report)

Transceiver
configuration
for low power
mode for PMD
transceiver

e sending LOWPWRRQ command via TX signal according to [7]

Table 5-3: Definition of transceiver configuration for low power mode

5.3 Definition of BIN

For test of T0BASE-T1S transceivers the following MDI test networks (BIN) are defined:

e Minimum MDI test network (Min-BIN):
DC blocking capacitor C,.1 = Cac2 = 100 nF as illustrated in Figure 5-1

e Standard MDI test network (Std-BIN):
DC blocking capacitor C,.1 = Cae2 = 100 nF and a CMC that meet the recommendations of [2] as
illustrated in Figure 5-2

e Optimized MDI test network (Opt-BIN):
DC blocking capacitor C,e1 = Cac2 = 100 nF and a CMC that meet the recommendations of [2], a Low
pass filter (LPF) and a ESD suppression devices or terminations defined by semiconductor

manufacturer as illustrated in Figure 5-3. The position of ESD suppression devices within the

interface network can either be between transceiver and CMC and / or between C,.; and C,., and MDI

port.

NOTE 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.

NOTE For DC blocking capacitors C,. and C,., the capacitance C = 7100 nF is set as default value for tests.
Other capacitor values, defined by semiconductor manufacturer, are also possible to use and need to
be documented in the test report.

NOTE The characteristics of ESD suppression device can be evaluated according to the definitions of [3].
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10BASE-TISTC Cact MDlpott
100 nF
]
Bl DA+ 1 . ]
9 BLDA I ~—q?
]
Cac2
J_ 100 nF

Figure 5-1: Minimum MDI test network (Min-BIN)

10BASE-TISTC cmc  Cact MDIpott
100 nF
I
Bl DA+ Y. I \ .

2 BDA- YV H —q?

G
Cac2

J_ 100 nF

Figure 5-2: Standard MDI test network (Std-BIN)

10BASE-T1STC Termination/ CMC Cacl  Termination/ MDIport
LPF/ESD 100 nF ESD
I I
BIDA+ 8| % o1 Y, Il n_oli—_ J,
BILDA- — 12 02 STV H r&o 92

a
5
J_ Cac2 J_
J_ 100 nF
Figure 5-3: Optimized MDI test network (Opt-BIN)

The S-Parameter Scco1, Saa21, Ssa21 and Ssa12 of CMC samples used for testing may be measured or prepared by
the manufacturer according to [2] and shall be documented in the test report.

5.4 Test configuration

5.4.1 General configuration for transceiver network

A minimal Ethernet test network consisting of two Ethernet transceivers of same type and a distributed MDI
differential line termination (without GND path) shall be used to evaluate the conducted RF emission, RF
immunity and impulse immunity as well as powered ESD immunity characteristic of an Ethernet transceiver
in functional operation mode.

The test configuration in general consists of line termination (Term 1 and Term 2), Ethernet transceivers with
external mandatory components and protection and filter components (Ethernet node) in a minimal test
network, where filtered power supplies, signals, monitoring probes and coupling networks are connected as
shown in Figure 5-4.

The definitions of different BINs are given in 5.3. Both nodes are configured according to data sheet of the
semiconductor manufacturer to establish a half-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. xMll, SPI, MDIO
TX, RX, ED for PMD transceiver

|
Test network Node 1
Coupling ports and Term 1 _
coupling networks Decoui“fng
1 =1 BIN | Transceiver n(-?twor for
stimulation and
monitoring
. . Node 2
Stimulation and
monitoring for DPI Decoupling
distortion test - L 1BIN | Transceiver | network for
stimulation and
Term 2 monitoring

Power supply with decoupling
networks

e.g. Vear, Voox

Figure 5-4: General test configuration for conducted tests of the transceiver network

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

The microcontroller or FPGA is used for configuring and monitoring the Ethernet transceiver and for
generating a test communication. For this purpose, it should be able to operate with the communication
interfaces that are supported by the tested Ethernet transceiver (e.g. xMll, or SPl or TX, RX and ED for PMD
transceiver).

If Ethernet transceivers support multiple interfaces to the host microcontroller in minimum two of them
should be used for the transceiver network. The default interface is Mll for a 10BASE-T1S PHY and SPI for a
10BASE-T1S MAC-PHY. For a 10BASE-T1S PMD transceiver the interface is defined to signals TX, RX and ED.

In most cases it is beneficial to use one microcontroller or FPGA per Ethernet node. The microcontroller or
FPGA shall be EMC decoupled from the tested transceiver (and its EMC coupling networks) using filter
networks at voltage supplies. Specific layout requirements for effective EMC decoupling shall be considered.
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A specific software implementation runs on the microcontroller or FPGA, which should be adapted to the
transceiver type, especially for configuration and monitoring.

If an EAS or an IC with more than one integrated Ethernet transceiver (e.g. Dual PHY) shall be evaluated, each
port that isintended to be used for wired Ethernet communication must be tested separately. For that
purpose, the tested port of node 1 shall be connected with the same port of node 2 (port 1 to port 1, port 2 to
port2,...).

General drawings of schematics with more details are given in Annex A.

5.4.2 General configuration for single transceiver

The general test configuration for unpowered ESD test of Ethernet transceivers consists of a single Ethernet
transceiver with external mandatory components and protection and filter components on a test board with
discharge coupling networks as shown in Figure 5-5.

Unpowered transceiver

Coupling ports and
coupling networks BIN Transceiver

Figure 5-5: General test configuration for unpowered ESD test

5.4.3 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
5-6. The values of the components are dependent on the test method and defined in Table 5-4. The tolerance
of the components shall be 1 % or less. For the resistors Repia and Rcpip used for symmetrical coupling, a
maximum mismatch of 0.1 % is recommended.

NOTE Components can be selected manually out of a larger set of resistors.
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Coupling Coupling networks

Pin networks ?

ports : !
: Rcpiap Lcpiap !
: :
1 1
! Rcp1a Ccpiap | !
| fe— ~4-4MDIP ®
CP1 MDI ¢ ! .
|-o-|: —-0 MDIN
Rcp1b |
Lcpibp !
RF :
connector RCP1bp :
Ccpibp !
Rcp2 :
1
CP2 Vear F— O Var
1 1
| Recpat !
RF 1 1
connector : — 1
1
| Ccrs  Rcps !
CP3 WAKE ( — © WAKE
1
! Rcpst :
| |
1 _— 1
1
! Ccrs Rcps :
1
CP4 Voo F—= —0 Voo
1 1
: Rcpat :
RF 1 1
connector ! g '

a The pin networks include all external mandatory components and protection and

filter components for the respective pin or pins.

b The pins MDIP and MDIN represent all pins of T0BASE-T1S transceiver that are

connected to MDI.

¢ The Components Ccp1ap, Ccpmp, LCP1ap, I—CP1bp, RCP1ap and RCP1bp are only used for RF
immunity tests with frequency selective unbalance coupling on MDI. For all other

tests, these components are unused.
Figure 5-6: Transceiver network tests - coupling ports and networks

RESTRICTION LEVEL: Public | September 16,2025 | OPEN Alliance, Inc.

Page | 22



10BASE-T1S EMC Test Specification for Transceivers

Port

CpP1 EMI1

EMIla

EMI1b

EMI1c

EMI1d

RF1

RFlc

RF1d

RFle

RF1f

IMP1

Type

Purpose

RF symmetrical emission
measurement on MDI

RF asymmetric emission
measurement on MDI (+ 5 %)

RF asymmetric emission
measurement on MDI (- 5 %)

RF asymmetric emission
measurement on MDI (+ 10 %)

RF asymmetric emission
measurement on MDI (- 10 %)

RF symmetrical coupling for
immunity test on MDI

RF asymmetrical coupling for
immunity test on MDI (+ 10 %)

RF asymmetrical coupling for
immunity test on MDI (- 10 %)

RF asymmetrical frequency
selective coupling for
immunity test on MDI — A

RF asymmetrical frequency
selective coupling for
immunity test on MDI — B

Impulse coupling on MDI

RCPl..4

RCPla = 120 Q
RCPlb = 120 Q

RCPla = 121 Q
RCPlb = 115 Q

RCPla =115 Q
RCPlb =121 Q

RCPla =127 Q
RCPlb =115 Q

RCPla =115 Q
RCPlb = 127 Q

RCPla = 120 Q
RCPlb = 120 Q

RCPla =127 Q
RCPlb =115 Q

RCPla =115 Q
RCPlb =127 Q

Rep1a =120 Q
Rep1b = 150 Q
Repiap = 270 Q
Repibp = 510 Q
Cecp1ap = 6.8 pF
Cepibp = NP
Lepiap = NP
Lep1bp = 560 NH
Repia = 150 Q
Repio = 120 O
Repiap = 510 Q)
Repibp = 270 Q
Cepiap = NP
Ccpibp = 6.8 pF
Lep1ap = 560 nH

Lepibp = NP
RCP1a =120 Q
RCP1b =120 Q

Component

CCPl..4
Ccp1a =4.7nF
Ccp1b= 4.7 nF

Ccp1a= 4.7 nF
Ccp1b= 4.7 nF

Ccpla= 4.7 nF
Ccp1b= 4.7 nF

Ccpla= 4.7 nF
Ccp1b= 4.7 nF

Ccp1a=4.7 nF
Cepib=4.7 nF

Ccp1a=4.7 nF
Cepib=4.7 nF

Ccp13= 4.7 nF
Ccp1b= 4.7 nF

Ccp13= 4.7 nF
Ccp1b= 4.7 nF

Ccp13= 4.7 nF
Ccp1b= 4.7 nF

Ccp13= 4.7 nF
CCP1b= 4.7 nF

Ccp1a =4.7nF
Ccp1b= 4.7 nF

OPEN

e e
ALLIANCE

RCP1..4t

Rep1t =51 Q2
Rep1t =51 Q2
Rep1t =51 Q
Rep1t =51 Q
Rep1t =51 Q2
not used
not used
not used

not used

not used

not used

RESTRICTION LEVEL: Public | September 16,2025 | OPEN Alliance, Inc.

Page | 23



10BASE-T1S EMC Test Specification for Transceivers

ESD1
IND

CP2 | EmI2

RF2

IMP2

CP3 | EmiI3

RF3

IMP3

CP4 | EmIa

Indirect ESD coupling on
MDI @

RF emission measurement on
VBAT

RF coupling for immunity test
on Vgt

Impulse couplingon VgaT

RF emission measurement on
WAKE

RF coupling for immunity test
on WAKE

Impulse coupling on WAKE

RF emission measurement on
VDDxX

RCP1a =120Q
RCP1b =120Q

ch2 =120 Q

ch2=0Q

ch2=OQ

ch3 =120 Q

ch3=OQ

chg =0 Q

ch4 = 120 Q

Ccria=33 pF
Ccpib=33 pF

Ccp2= 6.8 nF

Ccp2= 6.8 nF

Shorted

CCP3= 6.8 nF

CCP3= 6.8 nF

Ccp3= 1nF

Ccp4= 6.8 nF

OPEN

e e
ALLIANCE

chn =220 kQ b

Rep2t =51 Q2
not used

not used
Reps: = 51 Q

not used

not used

Recpat =51 Q

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

To ensure reliable performance, the two coupling resistors, RCP1a and RCP1b, can be implemented as

parallel combination of two resistors of the same component type.

a 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 [17].

b The resistor Repir is used optional to avoid static pre-charge of discharge point caused by the ESD
generator. A spark-over at this resistor at high test levels shall be avoided. If a static pre-charge is
prevented by the ESD generator construction these resistors are not needed. Alternatively, an
externalresistor can be used to remove pre-charges of each discharge point before each single

test.

Table 5-4: Transceiver network tests — component value definitions of coupling ports and networks

The test configurations with coupling ports and coupling networks connected to the Ethernet test network
are given in the general drawing of schematics in Figure A.1.

The characterization of the coupling ports and coupling networks is carried out as follows:

The magnitude of insertion losses (S21 measurement) between the ports (CP1 for symmetrically coupling,
CP2 to CP4) and the inputs of the respective transceiver pin network on the test board shall be measured and
documented in the test report. The connection of signal pads using 50 Q coaxial probe directly and ground
connection shall be as short as possible. For this characterization, the coupling port shall be configured for

RF immunity or emission test and the Ethernet transceivers with all components of the MDI test network

(BIN) shall be removed. All other components which are directly connected to the coupling port (e.g. filter to

power supply or loads) remain on the test board.
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5.4.4 Single transceiver tests - coupling ports and networks

The discharge points are connected by the coupling networks to the Ethernet transceiver test circuitry. The
schematic and definitions of the coupling ports, networks and pins used for unpowered ESD tests are given

in Figure 5-7 and Table 5-5.

| 1
Coupling | Coupling networks ; Pin networks ?
ports ' :
| |
I 1
CP1a MDIP > MDIP >
1
////: R1a (optional) '
Discharge : :
points : — !
' |
1
CP1b MDIN O MDIN ®
1
| R1b (optional) i
=" |
| - 1
| 1
I 1
CP2 Vgar & Vaar
1
1 . !
Discharge : R2 (optional) :
points : _L !
- 1
I 1
CP3 WAKE S WAKE
| 1
| R3 (optional) !
| 1
! 1

=

a The pin networks include all external mandatory components and protection and filter
components for the respective pin or pins.

b MDIP and MDIN represent all pins of 1T0BASE-T1S transceiver that are connected to MDI.

Figure 5-7: Coupling ports and networks for unpowered ESD tests

Port Type
CP1a ESD1a
CP1b ESD1b
CP2 ESD2
CP3 ESD3

Purpose
Direct ESD coupling on MDIP
Direct ESD coupling on MDIN
Direct ESD coupling on Vegar
Direct ESD coupling on WAKE

Components
metal trace for galvanic connection @
metal trace for galvanic connection @
metal trace for galvanic connection @

metal trace for galvanic connection @

a The optional resistors R1a, R1b, R2 and R3 with R > 200 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
avoided. If a static pre-charge is prevented by the ESD generator construction these resistors are not
needed. Alternatively, an external resistor can be used to remove pre-charges of each discharge point
before each single test.

Table 5-5: Definitions of coupling ports for unpowered ESD tests
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5.5 Test communication and signals

5.5.1 General
Depending on the functionality and type 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 signhal are defined in Table 5-6, Figure 5-8 and Figure 5-9.

Topic Content

Test e dataframe transmission initiated by host controller

communication o Ethernet packet (e.g. IEEE 802.3 Ethernet frame, TCP/IP, UDP/IP...)
for PHYs

with minimum 1000 bytes data payload
o minimum 80 % bus load
o payload data 5A+6

e dataframe transmission initiated by Ethernet transceiver itself (optional, if
available)

e activation of internal BIST or PRBS test with maximum possible performance

Test e cyclic TXtest signal TX-PMD1 for emission tests according to Figure 5-8

communication | o  cyclic combined test signal TX-PMD2 for immunity tests according to Figure
for PMD 5-9

transceiver .
o TXsignal

o additional gating signals, used for proper function evaluation on RX
and ED signals
DPI distortion Sine wave test signal

test e combination of two single ended sine wave signals, generated with 50 Q output
impedance, to a differential sine wave signal

e f=125MHz

e amplitude 1.2 Vy, (£ 60 mV) measured at central termination resistor for DPI
distortion test

e DCoffsetOV

Table 5-6: Transceiver mode configuration definition for normal operation mode
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- 1797 ps cycle time

49 times (ldle+ Beacon)

— A
Cmd = TX = high Cmd = i Symbol | Symbol | Symbol | Symbol Symbal
reset —ng transmit SYNC SYNC SSD SSD ESD ESDOK

=100 nsp|4—1 160 ns—P[4—240 ns—h| 4400 ns»4-400 ns»|4-400 nsme-400 ns 800 ps ——————p[4-400 nsPp-400 nsp|

11: Idle block: 1.5ps
12: Idle block: 7.8 us
13: Idle block: 4.5 ps
B: Beacon block: 2 ps

4400 ns-

a Free running scrambler, 4B/5B encoding and DME encoding implementation according to [1]. Each data
segment is new scrambled for the next communication cycle.

Figure 5-8: Test communication signal combination TX-PMD1 for T0BASE-T1S PMD transceiver emission tests

252 9 ps cycle time

9 ldle + 8 Beacon

Cmd= Symbol | Symbol | Symbol | Symbol
reset SYNC SYNC SSD SSD
100 ns| 4400 ns-e-400 nsp{4-400 nsp-400 ns:

Definition: /

The RX signal node 2 is de-skewed to TX signal node 1 __—
for the first falling edge of first SYNC symbol.
The RX de-skew value is also used for ED signal

de-skew.
70ns 10ns

RX gate (node 2)
(RX-TX jittertest,

RX pulse high 1

and low test)

1,65 us N
ED gate-a (node 2)
(low 290 ns test,
80 ns activation test] =
1632 ps

) . ED gate-b (node 2)
11 Idle block: 1.5ps {low 800 ns test)

12- Idle block: 7.8us
B: Beacon block: 2 ps

t = 0 s (start for data section)

a Pre-scrambled data, 4B/5B encoding and DME encoding implementation according to [1]. Usage of
same pre-scramble data for each communication cycle.

Figure 5-9: Combined test signal definition TX-PMD2 for T0BASE-T1S PMD transceiver immunity tests
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5.5.3 Test signals for low power mode

Tests of unwanted wake-up will be performed without test signal applied to DUT.

To test the wanted wake-up in low power mode, the Wake-Up Pulse (WUP) definitions in T0BASE-T1S
Sleep/Wake-up Specification [5] shall be used.

5.6 Evaluation criteria

5.6.1 General

To evaluate the immunity performance of Ethernet transceivers, different evaluation criteria are defined
during and after exposure to disturbances.

The resulting functional status of the Ethernet transceiver shall be classified in status classes Ac, Cic or Dic
according to IEC 62132-1 [12] following the definitions in 5.6.2.

5.6.2 Evaluation criteria for functional operation modes

The evaluation criteria defined in Table 5-7 shall be used for failure monitoring. The failure validation applies
to all transceivers in the test network if not otherwise defined. As soon as a transceiver under test violates the
evaluation criteria, an error event for this test case is generated. In case of monitoring analog signals, (e.g.
INH output signal) the reference values depend on the transceiver under test and shall be captured in
undisturbed conditions before the test. These reference signals combined with the boundary values are used
to generate the failure validation masks. Deviations from the defined boundary values can be agreed and
shall be noted in the test report. Additional definitions for the evaluation procedure of PMD transceivers are
given in Table 5-8.
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r
>
Z
0
m

Transceiver Purpose Test signal
d
mode Function Activity
Normal for Communi- | Ethernet test CRC?@ read out of available register for CRC status
PHY and cation and communication b . . -
MAC-PHY cross talk COoL read oyt of available register for collision
detection
DTT error check of all data which are scheduled to
be sent by microcontroller or FPGA between
the two nodes of the test network or
error check for BIST or PRBS test 9 for data
frame transmission initiate by Ethernet
transceiver itself while read out of available
register for status or result
SQI/SNR € | read out and documentation of all available
registers for indication of SQI or SNR value
other pin function validation mask using maximum
functions deviation defined by data sheet (e.g. INH)
Normal for Communi- PMD-TX2 rRx h delay measurement on falling edges between
PMD cation and TX reference signal and RX signal applied only
transceiver cross talk for payload data to determine if the
maximum pk-pk TIE jitter value of the RX
signal meets the requirement of 19ns
check for RX signal logic-high and logic-low
pulse width with a limit value 212 ns
EDh check for ED de-asserted (logic-low) time
applied only for data section with a limit
value £ 290 ns and < 800 ns respectively
check for ED being asserted (rising edge)
before 80 ns after the start of data section
other pin function validation mask using maximum
functions deviation defined by data sheet (e.g. INH or
Voox for SBCs)
Low power unwanted without wake-up function validation mask using maximum
mode for wake-up indication | deviation defined by data sheet (e.g. INH)
PHY and
MAC-PHY wanted WUP wake-up function validation mask using maximum
wake-up indication | deviation defined by data sheet (e.g. INH)
e
Low power unwanted without wake-up function validation mask on RX using
mode for wake-up indication | maximum deviation defined by data sheet
PMD and in[7]/ check for RX asserted (logic-high)
t .
ransceer wanted WUP wake-up function validation mask on RX using
wake-up indication | maximum deviation defined by data sheet
g and in[7]/ check for RX de-asserted (logic-

low) after Remote wake-up detection time
twaet = 35 ps according to [7]
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Normal, low | Unwanted Differential sine DPI function validation mask for differential sine
power mode | feedbackto @ wave distortion wave signal forced to MDI with failure criteria:
and other +100 mV and %= 2.75 ns to the initial condition
unpoweredf communi- before test
for PHY, cation if Trigger condition for DSO: separated Trigger
MAC-PHY DUTis output of function generator used for test
and PMD connected signal generation

transceiver tothe

network

Different evaluation criteria can be agreed for special cases and shall be noted in the test report.

a

If no read out of required error registers at the transceiver is possible, the error validation shall be
implemented into the microcontroller software in comparable way.

not mandatory / only possible optional failure evaluation for analysis purpose for test in normal mode
with activated PLCA

optional function, evaluation only if function is implemented

optional function. If a BIST or PRBS test is used instead of a data frame transmission, initiate by host
controller, this evaluation replaces the CRC and DTT function.

One transceiver (DUT) of the test network is configured to operate in low power mode. The second
transceiver is configured to operate in normal mode for sending out the WUP according to [5] to be
detected as wake-up request by the DUT. Only the DUT is monitored and shall wake-up at least after
4 ms (maximum of TWU_Start_quiet time + maximum of TWU_Detection time according to [5].

Both transceivers of the test network are set to unpowered mode (all power supplies off).

One transceiver (DUT) of the test network is configured to operate in low power mode. The second
transceiver is configured to operate in normal mode for sending out the WUP according to [5] to be
detected as remote wake-up request by the DUT. Only the DUT is monitored and shall wake-up at

least 35 ys after sending out the first falling edge of WUP (TX signal).

Additional definitions for PMD transceiver RX signal and ED signal evaluation in normal operation
mode are given in Table 5-8.

Table 5-7: Ethernet transceiver evaluation criteria for functional operation mode
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Function Evaluation procedure
RX signal ® 1) connectthe combined test signal definition TX-PMD2 according to Figure 5-9 to

TX pin of node 1;

2) connect RX signal of node 2 to the DSO and perform a de-skew of the RX average
value to the TX signal node 1, applied at the first falling edge of first SYNC
symbol. See Figure 5-9 for more details;

3) applythe gating signal RX gate to the de-skewed RX signal for definition of signal
evaluation window;

4) applythe evaluation measurements to the gated RX signal:

e delay measurement on each falling edge within the evaluation window
between the TX reference signal (node 1) and the gated RX signal (node 2)
with a limit of £ 9.5 ns maximum jitter to implement the check for maximum
pk-pk TIE jitter value of the RX signal meets the requirement of 19 ns;

e measurement of RX high level time starting at 200 ns after beginning of
evaluation window up to the end of the evaluation window with a limit of
12 ns;

e measurement of RX low level time for whole evaluation window with a limit of
12 ns.
ED signal ® 1) perform the RX signal de-skew measurement on RX signal;

2) connect ED signal of node 2 to the DSO and apply the measured value of RX
signal delay also for ED signal de-skew. See Figure 5-9 for more details;

3) applythe gating signals ED gate-a and ED gate-b to the de-skewed ED signal for
definition of the two evaluation windows;

4) applythe evaluation measurements to the gated-a ED signal:

e measurement of ED asserted (logic-high) time — time from start of evaluation
window to the first rising edged on ED signal with a limit of maximum 70 ns;

e measurement of ED bit time de-asserted (logic-low) in the whole evaluation
window with a limit of 290 ns for maximal low time

5) applythe evaluation measurements to the gated-b ED signal:

e measurement of ED bit time de-asserted (logic-low) in the whole evaluation
window with a limit of 800 ns for maximal low time

a If no read out of required error registers at the transceiver is possible, the error validation shall be
implemented into the microcontroller software in a comparable way.

Table 5-8: Detailed description and application procedure for RX signal and ED signal evaluation of 10BASE-T1S PMD
transceiver

5.6.3 Evaluation criteria in unpowered condition after exposure to disturbances

The input |-V characteristic (current versus voltage) of a pin under test to GND including mandatory
components and protection and filter components shall be measured using e.g. a semiconductor parameter
analyzer. If measurements with mandatory components or protection and filter components are not
applicable they shall be removed. The test voltage range should cover or exceed the maximum voltage rating
of the pin under test 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 mAto 5 mAin
order to avoid damage of IC during characteristic curve measurement.
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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 5-10 shows a principal drawing

of the maximum deviation on an |-V characteristic.

Pin current A

imax = =

H | 5% Vimax
. — [T
+5% Imax l .: H
2 ———————— Pin voltage
KT ams
Vmax

5

Figure 5-10: Principal drawing of the maximum deviation on an |-V characteristic
Alternatively, to the above described |-V characteristic test a parameter test according to data sheet of the

DUT can be used as well to verify damages of the IC.
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5.6.4 Status classes

The functional status classes for Ethernet transceivers based on the evaluation criteria are defined in Table

5-9.

Resulting
status class

Requirement

Aic

no error occurred during exposure to disturbance, evaluation criteria 5.6.2 for CRC,
DTT (PHY and MAC-PHY) or RX and ED (PMD transceiver) and other pin functions in
normal mode, for wake-up indication in low power mode and unwanted feedback to
other Ethernet communication in normal, low power and unpowered mode

no damage detected after exposure to disturbance, evaluation criteria 5.6.3, that can
be checked at the end of all functional tests

A2

no error occurred during exposure to disturbance, evaluation criteria 5.6.2 for CRC
and DTT (PHY and MAC-PHY) or RX and ED (PMD transceiver)

A3ic

no wake-up of the Ethernet transceiver operating in low power mode during exposure
to disturbance, evaluation criteria 5.6.2 for unwanted wake-up

Adc

successful wake-up of the Ethernet transceiver operating in low power mode on
receiving the WUP or link pulse from the link partner during exposure to disturbance to
disturbance, evaluation criteria of 5.6.2 for wanted wake-up

A5c

no error occurred during exposure to disturbance, evaluation criteria 5.6.2
for unwanted wake-up caused by ESD discharges during exposure, proper wake-up
functionality and correct change into normal mode on request during exposure

CIC

error occurred during exposure to disturbance, evaluation criteria 5.6.2

no error occurred after exposure to disturbance, evaluation criteria 5.6.2, DUT
automatically comes back into proper operation

no damage detected after exposure to disturbance, evaluation criteria 5.6.3

DIC

error occurred during exposure to disturbance, evaluation criteria 5.6.2

no error occurred after exposure to disturbance, evaluation criteria 5.6.2, but DUT does
not automatically come back into proper operation when disturbance is removed until
a simple operator action (e.g. re-initialization by MDIO or SPI (D1,c) or power off/on
cycle (D2ic)) has been done

no damage detected after exposure to disturbance, evaluation criteria 5.6.3

Table 5-9: Definition of functional status classes
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5.7 DUT specific information

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

e testcircuit fortypical application of transceiver;
e 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:

e EMC optimized test circuit (optimized MDI test network and optimized filter or supplier specific filter
at voltage supply pins);

e information for ESD protection devices;

e layout application hints or equivalent layout requirements;

e software configuration data for setting the transceiver in EMC optimized state.
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6 TEST AND MEASUREMENT

6.1 Emission of conducted RF disturbances

6.1.1 Test method

The measurement of the conducted RF emission shall be performed by 150 Q direct coupling method

according to IEC 61967-4 [10].

6.1.2 Test setup

The conducted RF emission measurement of transceiver shall be carried out using a setup according to

Figure 6-1 with the coupling network as defined in Table 5-4.

Spectrum analyzer /
EMI receiver

]

Coaxial Test board
connector
~
. M= EMI1 =
E . Test Host controller
:IIIIIIIIII’kEMIX oy netWOf‘k board
Coupling ports:
MDI EMI1
Vear  EMI2
WAKE EMI3 Connector——— —_ *
Voox  EMIx

VBAText, VbDx_ext, GND

Figure 6-1: Measurement test setup for conducted RF disturbances

The test equipment definitions are the following:

e spectrum analyzer / EMI receiver;
e testboard;
e host controller board;

e power supply.

Power supply
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6.1.3 Test procedure and parameters

The settings of the conducted RF measurement equipment are given in Table 6-1.

RF Measurement equipment Spectrum analyzer EMIl receiver
Detector Peak
Frequency range 0.15 MHz to 1000 MHz (2750 MHz optional)

Resolution bandwidth (RBW)

150 kHz to 30 MHz: 10 kHz 9 kHz

30 MHz to 2750 MHz: 100 kHz 120 kHz
Video bandwidth (VBW) > 3 times RBW -
Numbers of sweeps 10 (max hold) -
Measurement time per step - >100 ms
Frequency sweep time >100s -

Frequency step width

150 kHz to 30 MHz: - <5kHz

30 MHz to 2750 MHz: - <50 kHz

FFT based EMI receivers can be used as well if they meet CISPR 16-1-1 [19] definitions.

Table 6-1: Test equipment settings for conducted RF measurements

The conducted RF emission measurements shall be performed according to Table 6-2. Recommended limits
are given in Annex C.1.
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Transceiver Coupling Pin MDI test Specific mode
mode port type @ ?Belt':ln)lork PLCA €
normal mode / EMIM MDI Min-BIN X
with Ethernet Std-BIN X
test
communication Opt-BIN X
EMI1a,b Std-BIN X
Opt-BIN X
EMl1c,d Std-BIN X
Opt-BIN X
EMI2 b Vear Opt-BIN X
EMI3 D WAKE Opt-BIN X
EMI4 b Voox Opt-BIN X

X A test shall be performed.

[}

For definition of coupling ports see Table 5-4.

For transceivers with different interfaces to the host microcontroller emission measurements at both
nodes of the transceiver network with those different interface configurations are required.
Alternatively, the host interface configuration for one node can be changed between the two available
interfaces for emission measurement.

c PLCA mode is only valid for PHY and MAC-PHY.

Table 6-2: Conducted emission measurements
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6.2 Immunity to conducted RF disturbances

6.2.1 Test method
The test of the conducted RF immunity shall be performed by using the DPI test method according to
IEC 62132-4[14].

6.2.2 Test setup

In general, the conducted RF immunity tests of transceiver shall be carried out using a setup according to
Figure 6-2 with the coupling network as defined in in Table 5-4.

RF Generation Monitoring and
Stimulation
Control PC

RF generator |-+

|

RF amplifier |- ¢ C]
I
1

RF power meter |- - I | C]
__________ 1 DSO
Directional - 'K R
I
coupler Remote control I J/ l

(optional) 1 Connector
|

Coaxial Test board ! YY
connector

. RF1 [
. . Test Host controller

beernenens M={RFx [ NEIWOrK board

MDI  RF1

Vear  RF2
WAKE RF3

I \
Connector 4

VBAText, Vbbx_ext, GND Power supply

Figure 6-2: DPI general test setup

To testthe unwanted feedback to other Ethernet communication (DPI distortion test) of a transceiver in
different operation modes, connected to the Ethernet test network, the test setup given in Figure 6-3 is
defined.
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RF Generation

Control PC

RF generator |-+

1

RF amplifier |- - C]
1
1

[ RF power meter |- -o T |

Directional - -K ="

1
1
1 1
1 coupler Remote control 1
! optional
! Coupling ports: ] (op ) !
: MDI  RF1 Coaxial Test board 1
\ connector
| Monitoring and — RF1
1 Stimulation
| Test Host controll
1 Function — network 0s b°°n(;'° er
: generator oar
1
1
C] DSO / Connector’/‘é
Network for stimulation Power supply
Trigger for DPI  Differential and monitoring
distortion test  probe DPI distortion test VeaText, Voox_ext, GND

Figure 6-3: Test setup for DPI distortion test

The test equipment definitions are the following:

e RF generator;

o RF amplifier (output power P = 10 W);

e power meter with directional coupler;

e testboard;

e host controller board;

e power supply;

e control PC (optional);

e digital storage oscilloscope (DSO, optional);

e function generator, two channels, 50 Q output impedance (only used for DPI distortion test);

e high impedance, low capacitive (max. 1 pF) DSO differential probe (only used for DPI distortion test).

6.2.3 Test procedure and parameters

To determine the conducted RF immunity of the Ethernet transceiver, tests with the parameters given in
Table 6-3 shall be carried out.
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Item Parameter

Frequency Range Step
1 MHzto 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 1000 MHz 10 MHz

Minimum forward power 10 dBm (10 mW)

Maximum forward power 39dBm (8 W)

Power step size 0.5dB

Dwell time 1s

Modulation f=1MHzto 1000 MHz: CW

f =1 MHz to 380 MHz: AM 80 % 1 kHz (¥ = Fow)

A A

f = 380 MHz to 1000 MHz: PM 1 kHz, ton 500 ps (£rn = £

CW)

Test procedure for evaluation of Before each single test If shall be ensured that the transceiverisin

functional status class Aic proper function in relation to function status class A,c for the
related test case (e.g. no CRC and DTT error occur, or DUT is set
into low power mode for test of unwanted or wanted wake-up).

Searching for malfunction in relation to function status classes
Alic, A3c or Adc during the complete dwell time while power is
stepwise increased.

An optimized control 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:

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

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

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

e the immunity level at this frequency is the maximum
forward power that causes no malfunction
Evaluation procedure for Apply the test power for each frequency step and evaluate the
functional status class Cic or Dic functional status after each test.
Table 6-3: DPI test specification

The tests for functional status class Aic evaluation shall be performed according to Table 6-4. For each test
an immunity threshold curve with the forward power as the parameter shall be determined and documented
in adiagram in the test report. Recommended limits are given in Annex 0.
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>

Transceiver Coupli Pin MDI test Failure validation for
mode ng network error / function
t BIN
:)yoge g ( ) CRC, SNRor Sum DPI Other pin = Wake-
DTT sQif  orRX, dis- function  up
ED ¢ tortion
Ethernet system configuration PLCA
normal RF1 MDI Min-BIN @ X
de/
mode Std-BIN b X) X X)
Ethernet test
communication Opt-BIN b X X X
RF1c,d Std-BIN b (X) (X) X
Opt-BIN P X X X
RF1e,f Opt-BINP X X
RF2 Vear | Opt-BIN@ X X
RF3 WAKE | Opt-BIN@ X X
normal RF1 MDI | Opt-BINP xh
mode /no
communication
low power mode | RF1 MDI Opt-BIN b xh
/ DPI distorti
ISTOTON ' RF1 MDI | Min-BIN®@ X
test and
test of unwanted Std-BINP X
wakeupoI b
Opt-BIN X
RFic,d Std-BINP X
Opt-BINP X
RF1e,f Std-BINP X
Opt-BINP X
RF2 Vear Opt-BIN@ X
RF3 WAKE | Opt-BIN@ X
low power mode | RF1 MDI | Min-BIN@ X
/ test of wanted
_ b
wakeup 0: Std-BIN X
Opt-BINP X
RFic,d Std-BINP X
Opt-BINP X
RF1e,f Std-BINP X
Opt-BINP X
unpowered / RF1 MDI | Opt-BINP xh
DPI distortion
test
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X Atest shall be performed.

(X) Testis optional. It shall be performed if there is no definition of Opt-BIN for DUT.

a Test shall be done with CW and modulation (AM, PM), maximum test power 36 dBm.
Test shall be done only with modulation (AM, PM), maximum test power 39 dBm.

Sum error: CRC and DTT or BIST / PRBS tests status evaluated in parallel for PHY and MAC-PHY, RX and
ED evaluation for PMD transceiver.

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

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

Documentation of SNR value (e.g. signal quality indicator or MSE value) if implemented for PHY and
MAC-PHY. The test should be done for information only. There is no immunity limit defined.

g  For definition of coupling ports see Table 5-4.

Test shall be performed for frequency range 1 MHz to 40 MHz with two different central bus terminations
R = 50 Q (representing the transceiver when used on an end node in the application) and R =100 Q
(representing the transceiver when is used on a drop node in the application) while decentral bus
terminations Ry and Ry, are removed.

i PLCA mode is only valid for PHY and MAC-PHY.

Table 6-4: DPI tests for functional status class AIC evaluation of Ethernet transceivers

The tests for functional status class Cc or Dic shall be performed according to Table 6-5. Recommended
limits are given in Annex 0.

Transceiver Cou%ling Pin MDI test Failure validation for error / function
mode ort network
P (BIN) Sum or ED, RX ©

Ethernet system configuration pLcAf
normal RF1@ MDI Opt-BIN € X

de/
mode RF2 b Voar Opt-BIN € X
Ethernet test
communi- RF3 D WAKE | Opt-BIN © X
cation

X A test shall be performed.

a Test shall be done with modulation (AM, PM), maximum test power 39 dBm.
b Test shall be done with CW, maximum test power 36 dBm.
c

Sum error: CRC and DTT evaluated in parallel for PHY and MAC-PHY, RX and ED evaluation for PMD
transceiver.

For definition of coupling ports see Table 5-4.
e The test shall be performed with Std-BIN if there is no definition of Opt-BIN for DUT.
f PLCA mode is only valid for PHY and MAC-PHY.

Table 6-5: DPI tests for functional status class Cc or Dic evaluation of Ethernet transceivers
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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 [16].

6.3.2 Test setup

The impulse immunity tests of transceiver shall be carried out using a setup according to Figure 6-4 with the
coupling network as defined in Table 5-4.

Impulse Generation Monitoring and
Stimulation
Control PC

L

Test pulse I I
generator
—_— .K e — - , -
|
Remote control
(optional) | Connector
Coaxial Test board
connector
~~
._’ IMP1 =
: : Test Host controll
' Ll network ost controller
I--u-----.) IMPx board
MDI IMP1
Vear  IMP2 T
WAKE IMP3 Connector |
VBaText, Vobx_ext, GND Power supply

Figure 6-4: Impulse immunity test setup

The test equipment definitions are the following:

e test pulse generator (according to ISO 7637-2 [18]);
e testboard;

e host controller board;

e power supply;

e control PC (optional);

e digital storage oscilloscope (DSO, optional).

6.3.3 Test procedure and parameters

To determine the immunity of the transceiver against impulses defined in ISO 7637-2 [18], tests with the
definitions and parameters given in Table 6-6 and Table 6-7 shall be performed.
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Item
Test pulses
Amplitude step size

Dwell time

Test procedure for
functional status class AIC

Test procedure for
functional status class Cic
or D|c

Definitions and parameters
1, 2a, 3a, 3b (see Table 6-7)
10V

1 min for tests of functional status class Ac
10 min for tests of functional status class Cic or Dic

Before each single test If shall be ensured that the transceiver is in proper
function in relation to function status class Aic for the related test case
(e.g. no CRC or DTT error occur, or DUT is set into low power mode for
test of unwanted or wanted wake-up).

Searching for malfunction in relation to function status classes Alc, A3ic
or Adc during a dwell time of minimum 5 s while pulse amplitude is
stepwise increased up to the defined test pulse levels (as e.g. givenin
Table 6-7).

At the determined maximum voltage, the achieved immunity level shall
be 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.

Apply the defined test pulses (as e.g. given in Table 6-7) and evaluate the
functional status after each test.

Table 6-6: Impulse immunity test specification

Test pulse @ Vs max [V] Pulse repetition Ri [Q] Remarks
frequency (1/t1) [Hz]
1 -100 2 10 battery shall be off only
during the pulse
2a +75 2 2 -
3a -150 10 000 50 -
3b +100 10 000 50 -

a according to ISO 7637-2 [18], pulse amplitudes are defined under open load conditions,
parameters for rise time and duration of 12 V systems are set as default. Other pulse values for
target applications in other power domains as e.g. 24 V or pulses defined in IEC standards (e.g.
IEC 61000-4-4 and IEC 61000-4-5) can be used if required of the transceiver application.

Table 6-7: Impulse immunity test parameters

The tests for functional status class Aic evaluation shall be performed according to Table 6-8. For each test,
an impulse immunity level shall be determined and documented in the test report. Recommended limits are

given in Annex C.3.
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Transceiver Coupling | Pin
mode port
type d

Ethernet system configuration

normal IMP1 MDI

mode /

Ethernet test

communi-

cation IMP2 Vear
IMP3 WAKE

low power IMP1 MDI

mode /

test of

unwanted

b

wakeup IMP2 Vaar
IMP3 WAKE

low power IMP1 MDI

mode /

test of

wanted

wakeup P:C

X A test shall be performed.

MDI test
network
(BIN)

Min-BIN
Std-BIN
Opt-BIN
Opt-BIN
Opt-BIN
Min-BIN
Std-BIN
Opt-BIN
Opt-BIN
Opt-BIN
Min-BIN
Std-BIN
Opt-BIN

Failure validation for
error / function

CRC, SNR or Sum or Other pin
DTT sqif RX,ED@  function
PLCA®©
X
(X) (X) X (X)
X X X X
X X
X X

(X) Testis optional. It shall be performed if there is no definition of Opt-BIN for DUT.

a Sum error: CRC and DTT or BIST / PRBS tests status evaluated in parallel for PHY and MAC-PHY, RX and
ED evaluation for PMD transceiver.

OPEN

e e
ALLIANCE

Wake-

X X X | X | X | X | X X

b Test of wanted or unwanted wake up or Ethernet signal activity detection, depending on implemented

function.

c One node is set to low power mode, second node sends a periodic signal to be detected as wakeup by

node in low power mode.

d For definition of coupling ports see Table 5-4.

€ PLCA mode is only valid for PHY and MAC-PHY.

Table 6-8: Impulse immunity tests for functional status class Aic evaluation of Ethernet transceivers

The tests for functional status class Cc or Dic shall be performed according to Table 6-9. Recommended

limits are given in Annex C.3.
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Transceiver Cou%ling Pin MDltest  Failure validation for error / function
mode port network a
(BIN) Sum or RX, ED
Ethernet system configuration PLCAC
normal IMP1 MDI Opt-BIN € X
de/
mode IMP2 VBAT | Opt-BINC X
Ethernet test
communi- IMP3 WAKE Opt-BlN c X
cation
X A test shall be performed.
a Sum error: CRC, COL and DTT evaluated in parallel for PHY and MAC-PHY, RX and ED evaluation for
PMD transceiver.
b For definition of coupling ports see Table 5-4.
c The test shall be performed with Std-BIN if there is no definition of Opt-BIN for DUT.
d PLCA mode is only valid for PHY and MAC-PHY.

Table 6-9: Impulse immunity tests for functional status class Cic or Dic evaluation of Ethernet transceivers
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6.4 Electrostatic Discharge (ESD)

6.4.1 Test method

The ESD immunity test shall be performed in powered and unpowered mode by using the direct discharge
method according to ISO 10605 [17].

6.4.2 Test setup

6.4.2.1 Testsetup for powered test

ESD tests in powered mode tests of Ethernet transceivers shall be carried out using a test setup according to
Figure 6-5 and Figure 6-6.

ESD
generator Discharge point
’ Powered ESD

test board
' \\_/ Test Controller \
i ESD generator network board i
\ ground return !
', cable Monitoring and

A stimulation,
Connection to power supply
protective earth G dol .
including 2 series round plane connection
.. 470 KQ resistor point of powered ESD
test board e
T [ Powered ESD test
__________________________________ X Test board with host
N, network  / controller board
Monitoring and stimulation, power supply ‘y.------ r
\ e >
/ % -
2 Y \
Protective earth : :
I:I. \\ i //,’
Q‘ A | W
/ \ / /

| A
ESD generator ‘

Nonmetallic table ESD generator Connection to

ground return  protective earth

cable including two times
470 kQ resistor on
each end

Figure 6-5: Powered ESD test setup — principal arrangement

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

ESD generator (according to ISO 10605 [17], discharge storage capacitor C = 150 pF and discharge
resistor R =330 Q);

RESTRICTION LEVEL: Public | September 16,2025 | OPEN Alliance, Inc. Page | 47



10BASE-T1S EMC Test Specification for Transceivers

e powered ESD test board,;

e host 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 grounding system of the test

laboratory. An optional ground plane with a minimum size of 0.5 m x 0.5 m can be used but shall be also

connected to protective earth.

The tip of the ESD generator shall be directly contacted with the discharge point ESD1 IND of the powered

ESD test board (described in Annex B) for testing.

ESD Generation

Monitoring and

Stimulation
Control PC
C] (optional)
s | oo
generator DSO
(optional) - &
e
Remote |
Coupling port: control !
MDI  ESD1IND (optional) |
v Ground : c t
Powered ESD . return | /onnec or
test board . connection L J
: ' YY
¢
x Test
O_ network Host controller
board
A
Connector |
VBAText, VDDx_ext, GND Power SUpply

Figure 6-6: Powered ESD test setup — stimulation and monitoring
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6.4.2.2 Test setup for unpowered test

Unpowered ESD tests of Ethernet transceivers shall be carried out using a test setup according to Figure 6-7
for ESD tests itself and according to Figure 6-8 for function validation pre and post ESD test.

Ground plane of [RRN
DUt ESD test board

Connection pin GND to
ground plane of ESD .
test board K

_| Metallic test fixture |
ESD

generator

Surface connection ground

plane of ESD test board to ;
\ Discharge points metallic test fixture !

’
\
\

X Surface connection of
" ESD test board _ metallic test fixture to
ground plane
e Connector to monitoring and
stimulation
R "
/ Test fixture
, N
pa /
Protective earth
(e
1
S\ / e
v !
Ground plane Connection to
protective earth
ESD generator including two
Nonmetallic table ESD generator times 470 kQ
ground return cable resistor on each
end

Figure 6-7: Unpowered ESD test setup — principal arrangement

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

ESD generator (according to ISO 10605 [17], discharge storage capacitor C = 150 pF and discharge
resistor R=330 Q);

e ESD testboard;
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
cm?. If necessary, conductive (copper) tape can be used in addition to increase the contact area.

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.

Controller interface

i

Connector
Host 4
controller < Power supply

board

\ 2B

ESD Test board Fixture

ESD Generation Monitoring and Stimulation
and Coupling (only used for functional validation pre and post ESD test)
it T GGG LL L L L LE L P PE LR PEECEE L PO EEEPPPIFERE
I I . Control PC
ESD l:
I generator I
! , :
Coupling ports: | .
MDIP ESD1a |: I ] C]
. - DSO
l \'\;lBDAlN Egg;b |+ [__(optional) If' (optional)
| WAKE ESD3 I |
. ! Connector
I[Ground return I: LYy \;/
|| connection . : Remote control
I #rrnih | | (optional)
F-E-- L !
It T : '

VBaText, Vbpx_ext, GND

| ———11 MDlinterface

T

Ethernet
link partner

| Interface to link
partner

Ground plane

Figure 6-8: Unpowered ESD test setup — stimulation and monitoring for function validation pre and post ESD test
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The test equipment definitions for function validation pre and post ESD test are the following:

e ESD test board;
o test fixture;

e host controller board;

e board with Ethernet link partner (test board as used for RF emission, DPIl and transient tests is

proposed), and

e auxiliary equipment as power supply, monitoring and stimulation.

For tests in unpowered mode the interfaces between the ESD test board and the host controller board
(controller interface) and ESD test board and Ethernet link partner (line 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 Ethernet transceiver tests shall be carried out with the parameters given

in Table 6-10.

Item
Type of discharge
Discharge circuit

Discharge voltage levels and
voltage steps for powered ESD
tests

Discharge voltage levels
unpowered ESD tests

Table 6-10: ESD test specification

Parameter

contact

R =330, C=150 pF

start level: 0.5kV

stop level: VESD_damage or 8 kV

voltage step: 0.5 kV for VESD < 1 kV
1 kV for VESD = 1 kV

start level: 1kV
stop level: VESD_damage or 15 kV
voltage step: 1kV

The tests in powered mode for functional status class Ac, Cic and D¢ evaluation shall be performed
according to Table 6-11. For each test an ESD immunity level shall be determined and documented in the
test report. Recommended limits are given in Annex C.4.
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Transceive Coupling Pin | MDl test Failure validation for status class
r mode ort?@ network
: I A2¢ ASc Ce Dic
(CRC, DTT (unwanted
error) wake up)
Ethernet system configuration PLCAC
Test ESD1IND MDI | Opt-BIN b X
sequence
from low
power
mode to
normal
mode
X A test shall be performed with a minimum of 3 DUTs according to the following procedure:
1. disconnect DUT from power supply
2. perform areference measurement for the I/V characteristic curve (pin to GND) on all MDI 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

discharges with evaluation of unwanted wake-up according to function status class A5c during
test

5. send wake-up signal by Ethernet link partner and check for proper wake-up function according to
function status class A5c after test

6. set DUTto normal mode with Ethernet test communication
7. perform areference test for proper function according to function status class A5ic

8. perform 3 discharges with positive polarity on discharge pad DP IND with 5 s delay between the
discharges with evaluation of function status classes A2 (only valid for PHY and MAC-PHY) and
Cic according to Table 5-9 during test

9. disconnect DUT from power supply

10. connect the pin or discharge pad to the ground reference plane via a 1 MQ resistor to ensure zero
potential on the pin (only needed if resistor Repit is Not used).

11. perform the I/V characteristic curve measurement (tested pin to GND) and failure validation of
function status classes DIC according to Table 5-9

12. proceed with point 1) to 11) with negative polarity

13. proceed with point 1) to 12) with the next higher ESD test voltage up to damage of the tested pin or
maximum defined ESD test level is reached

For definition of coupling ports see Table 5-4.
The test shall be performed with Std-BIN if there is no definition of Opt-BIN for DUT.
c PLCA mode is only valid for PHY and MAC-PHY.

Table 6-11: ESD tests in powered mode for functional status class Aic, Cic and D,c evaluation of Ethernet transceivers

The tests in unpowered mode for functional status class D,c evaluation shall be performed according to Table
6-12. For each test, an ESD immunity level shall be determined and documented in the test report.
Recommended limits are given in Annex C.4.
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Transceiver Coupling @ Pin MDI test Failure validation for status class
mode port @ network (BIN) 5
IC
Unpowered ESD1a, MDI Min-BIN X
ESD1
SD1b Std-BIN X
Opt-BIN X
ESD2 Vear Opt-BIN X
ESD3 WAKE Opt-BIN X
X A test shall be performed with a minimum of 3 transceiver according to the following procedure:

1. perform reference test for proper function (check sum error) while connecting DUT to power supply
and set it to normal mode

2. perform areference measurement for the I/V characteristic of all pins to be tested (pin to GND)

apply 3 ESD pulses with positive polarity on discharge point ESD2 (VBAT) with 5 s delay in between,
after each single ESD pulse the pin or discharge point should be discharged to the ground to ensure
zero potential before the next ESD pulse (only needed if resistor R1a and R1b are not used)

perform failure validation according to 5.6.3

proceed with points 3) to 4) with discharge points ESD3 (WAKE)

proceed with points 3) to 4) with discharge points ESD1a (MDI+ network)
proceed with points 3) to 4) with discharge points ESD1b (MDI- network)
proceed with point 3) to 7) with negative polarity

w

© ©No O

proceed with point 3) to 8) with the next higher ESD test voltage up to damage of the tested pin or

maximum defined ESD test level is reached
If one pinis damaged, a new IC should be used to continue the test of the other pins.
a For definition of coupling ports, see Table 5-5.

Table 6-12: ESD tests in unpowered mode for functional status class D,c evaluation
of Ethernet transceiver ICs
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ANNEX A: TEST CIRCUITS FOR ETHERNET TRANSCEIVERS

A1 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. It defines
mandatory components, protection and filter components and optional components for Ethernet transceiver
functions and components for coupling networks, decoupling networks, which are used for power supply,
stimulation, monitoring and testing of the DUT.

The Ethernet test circuit is basic for the test results and their interpretation.

A.2 Testcircuit for functional tests

A general drawing of the test circuit diagram of the Ethernet test network for testing 10BASE-T1S transceivers
in functional operating modes for conducted tests is given in Figure A-1.

A 10BASE-T1S Ethernet node consists of transceiver (A10, A20) with external mandatory components and
protection and filter components (X11, X12, X13, X14, X21, X22, X23, X24) and the BIN (L10, L20, C12, C13,
C22,C23, R11, R12, R13, R21, R22, R23, C11, C21) and decoupling networks at monitored pins (R16, R26).

All external mandatory components and protection and filter 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 resistor values at the WAKE pin shall be set to the maximum specified value (default R = 3.3 kQ) for R14,
R24 and to the minimum specified value (default R = 33 kQ) for R15, R25.

For RF decoupling of monitored pins INH the default value for resistor (R16, R26) is setto R =1 kQ for all
tests.

In order to avoid a floating voltage at pin INH in sleep mode a pull down resistor (R17, R27) shall be used with
values according to the IC specifications (default R = 10 k€2).

For decoupling of external power supplies two-stage LCfilters (L41, L42, C41, C42 and L43, C43, C44, C45)
are used separately for Vegar and Vppx. 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 Vear during the impulse tests at Vear. In this case the voltage supply Vearis directly provided via the
IMP2 coupling network.
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Power supply decoupling networks

BAL [y
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Key Components

A10, A20 Ethernet transceiver 1T0BASE-T1S

C11, C21 capacitor C =100 nF (optional, given value is default value,
placement depends on test case)

C12,C13,C22,C23 capacitor C =100 nF

C41, C43 capacitorC=1nF

C42, C44 capacitor C = 330 pF

C45 capacitor C =22 uF

Ccp1la, Ccplhb, Ccp2, Ccp3, capacitor (value depends on test case)

Ccp4

Ccplap, Ccplbp capacitor (value depends on test case), only used for RF
immunity tests with frequency selective unbalance coupling
on MDI

D11, D21 diode, general purpose rectifier type

JP11, JP21 Jumper

L10,L20 Common mode choke that fulfills the requirements of [2]

(placement depends on test case)
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L11, L21

L41, L43
L42

Lcp1ap, Leplbp

R11, R12, R21, R22

R13, R23

R14, R24
R15, R25
R16, R26
R17, R27

Rcp1a, Rep1b, Rep2, Rep3,
Rcp4

Rcpi1pa, Rep1pb

Rcp1t, Rep2t, Rcp3t, Rep4t
Rt1, Rt2
Rt3

X11, X12, X13, X14, X21, X22,
X23, X24

OPEN

e e
ALLIANCE

inductor L = 4.7 pH (only populated for emission
measurements at Vppy)

inductor L =47 pH

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

inductor (value depends on test case), only used for RF
immunity tests with frequency selective unbalance coupling
on MDI

resistor R=1.5kQ (+ 1 %, optional, given value is default
value, placement depends on test case)

resistor R =100 kQ (optional, given value is default value,
placement depends on test case)

resistor R = 3.3 kQ

resistor R =33 kQ

resistor R=1kQ

resistor R =10 kQ

resistor (value dependent on test)

resistor (value dependent on test), only used for RF immunity
tests with frequency selective unbalance coupling on MDI
resistor (value dependent on test)

resistor R=100Q (= 1 %)

resistorR=100Q (£ 1%)orR=50Q (£ 1 %)

(only used for DPI distortion test, placement and value
depend on test case, if used: Rt1 and Rt2 needs to be
unpopulated)

Filter network or external circuitry defined by semiconductor
manufacturer

Figure A-1: General circuit diagram of conducted test network for functional test of T0BASE-T1S Ethernet
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A.3 Testcircuit for unpowered ESD test

A general drawing of the test circuit diagram for testing immunity against ESD of Ethernet transceivers in
unpowered mode is given in Figure A-1.

The test circuit for unpowered ESD tests consists of a single Ethernet transceiver (A10) with external
mandatory components and protection and filter 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. Itis
also possible to connect the Ethernet counterpart node for functional operation check after ESD test at the
line side of AC coupling capacitors (C12, C13) without using the second BIN network. In this case any
parasitic feedback to the ESD coupling path shall be avoided (e.g. spark-over to GND or other parts of the
test circuit).

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 kQ2). All external mandatory components and protection and filter
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 (EIA-198) 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) and termination (Rt2) is not connected during ESD test but is used to check the proper
functionality of the transceiver after each single ESD test. Alternatively, the connection to the Ethernet link
partner device for function check after the ESD test can be done direct at the MDI ESD discharge points and
the second BIN remains unconnected. In this case, the used interconnection shall be implemented to avoid
parasitic ESD discharge to GND up to the maximum applied ESD test voltage.

Power supply decoupling networks

VBATe ey
L4 JP#

VBAText
L42

41 42
:L Node

D1 X1 AlD | 14 Host board
I\ VBAT x VDDX — VDDXI VDDX O VDDX

GND

\”—T i
h

Coupling Network

x12
R1% oL o I WAKE xMII —— xMI_I xMIL O xMIT
ESD2 Filter XMI | xMI T XMIL O XMI
13

ESD3

ESD1a mzl i o1 | TRDP  Monitoring — Mon 1 Mon 0 Monitoring
' = Control —| Control [ Control O Contral
£SD1b cwai i @ 5 o MmN -
| LPF/ESD 5] z D
' — Filter
: - 10BASETISTC
R11 R12 i i 1 L
GND | - . -
s
z
— = cn R13 [Eal ICQQ MDI+ 8
R1b, R1a, R3, R2 . ]
T | - o
= I e MPL o
| =
w
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Key Components
A10
C11

C12,C13, C22,C23
C41

C42

D11

L11, L21

L41
L42

R1a, R1b, R2, R3
R11, R12

R13

R15
Rt2
X11, X12, X13, X14

Ethernet transceiver 10BASE-T1S

capacitor C =100 nF (optional, given value is default value, placement
depends on test case)

capacitor C =100 nF

capacitor C=1nF

capacitor C = 330 pF

diode, general purpose rectifier type

Common mode choke that fulfills the requirements of [2] (placement
depends on test case)

inductor L =47 pH

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

resistor R > 200 kQ (placement is optional)

resistor R=1.5 kQ (£ 1 %, optional, given value is default value,
placement depends on test case)

resistor R =100 kQ (optional, given value is default value, placement
depends on test case)

resistor R =33 kQ
resistor R=100Q (= 1 %)

Filter network or external circuitry defined by semiconductor
manufacturer

Figure A-1: General circuit diagram for unpowered ESD tests of Ethernet transceivers
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ANNEX B: TEST CIRCUIT BOARDS

B.1 Testcircuit 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
coupling and decoupling networks, an equal design of the circuitry for node 1 and node 2 on a minimum four-
layer PCB with a GND layer should be used. A layout example for functional conducted tests is shown in
Figure B-1.

Coupling network
MDI

Figure B-1 Example of functional conducted test board for Ethernet transceiver ICs

The traces of line network between the BIN of node 1 and the BIN of node 2 (see Figure B.1) shall have a
length of 90 (+ 10) mm with a differential line impedance of 100 (+ 5) Q. The single-ended trace impedance of
BI_DA+ and BI_DA- shall be 50 (£ 5) Q. Voiding on the reference plane used for the MDI traces underneath the
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BIN components (coupling capacitors, CM termination resistors, CMC) and termination resistors should be
avoided. This is in order to maintain a consistent parasitic capacitance from one implementation to the next.

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 IND
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

ESD Test board

Figure B-2: Example of powered ESD test board for Ethernet transceivers ICs

B.2 Testcircuit 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 shall be chosen. The pads for the discharge points ESD1a to ESD3 shall be carried outin a
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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 level. A layout example is shown in
Figure B-3 and Figure B-4

DP1: MDI+
DP2: MDI-
DP3: UBAT
DP4: Wake

MDI-

MDI+

EMC Test board

BIN (2"9) Interface to
Ethernet link partner

Figure B-4: Example of unpowered ESD test board for Ethernet transceivers ICs, bottom layer

Further requirements for the ESD test board are defined in Table B-1.

Parameter Value
Trace length between BIN and discharge point 15 (£5) mm
Trace width of the conducting path 0.254 mm

Table B-1: Parameter ESD test circuit board
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ANNEX C: RECOMMENDED LIMITS FOR TESTS

C.1 Emission of RF disturbances

For evaluation of RF emissions at the MDI (symmetrical coupling and = 5 % unbalanced coupling), other
global pins and voltage supply pins the limits given in Figure C.1 and Figure C-2 are recommended. The
required limit class depend on the application conditions and will be defined by the customer.

Limits RF Emission 150 Ohm Method B e iz
Detector: Peak '
Pins: MDI, global pins i
108
80 =
70 \C
N\
N\ 35;
N 380
60 X =
< AN e
= 50 = 5o
o =
3 N\, 1617]
o 40 o
.. N
2 —— Limit class Ill N\ Tood
§ 30 ---- Limit class IV
20 - =
10 T
0
0,1 1 100 1000

10
Frequency (MHZz)

Figure C-1: Recommended RF emission limits for MDI and other global pins
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Figure C-2: Recommended RF emission limits for local pins
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C.2 Immunity to RF disturbances

For evaluation of RF immunity at the MDI (symmetrical coupling, £ 10 % and frequency selective unbalanced
coupling) and other global pins the limits given in Figure C-3 for damage tests and Figure C-4 for malfunction
tests are recommended.

Limits RF Immunity DPI Test Method
RF coupling: MDI, other global pins

= |imit MDI / Damage

[dBm] = Limit other global pins / Damage
45
40
3 / [ —
5 — —
/ 1 \\\:\~~~ 3
30 / I 30
25 ////
20 / z
/ 18
15
8 88
10 — —
1 10 100 [MHz] 1000
Figure C-3: Recommended limits for RF immunity damage tests
Limits RF Immunity DPI Test Method = Limit MDI / Malfunction
RF coupling: MDI, other global pins
[dBm] —— Limit other global pins / Malfunction
45
40
/ —
35 ~=
T 33
30 Ay
/ // \\\\
s A |/ I
20 / // 21
15 15
8 88
10 — —t
1 10 100 [MHz] 1000

Figure C-4: Recommended limits for RF immunity malfunction tests
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C.3 Immunity to transients

For evaluation of transient immunity at the MDI and other global pins only limits for damage are
recommended:

Test pulse Vs [V]
1 -100
2a +75
3a -150
3b +100

Table C-1: Recommended voltage levels for transient immunity to damage

C.4 ESD

For ESD immunity to damage of the MDI with standard or optimized BIN in powered and unpowered mode
and other global pins in unpowered mode * 6 kV ESD test voltage is recommended.

For ESD immunity tests of the MDI with standard or optimized BIN in powered mode to function status class
A3c (no unwanted wake-up caused by ESD discharges, proper wake-up functionality and correct change into
normal mode on request) = 3 kV ESD test voltage is recommended.
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ANNEX D: (INFORMATIVE) RADIATED RF EMISSION AND RF IMMUNITY TEST
OF ETHERNET TRANSCEIVER

D.1 General

This annex describes tests of Ethernet transceiver in regards to radiated disturbances coupled via the IC
package instead of the IC pins. 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

e theradiated RF emission, and
e the radiated RF immunity.

D.2 General configuration for transceiver network

For evaluation of radiated RF emission and RF immunity characteristic of an Ethernet transceiver in
functional operation mode a minimal Ethernet test network consisting of one Ethernet transceiver (DUT) and
an Ethernet link partner of the same type (including line termination) is used. The test configuration in general
consists of line termination (Term 1), Ethernet transceivers with external mandatory components and
protection and filter components (Ethernet node) in a minimal test network, where filtered power supplies,
signals, monitoring probes and coupling networks are connected as shown in Figure D-1.

Monitoring and stimulation /
mode control

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

microcontroller or FPGA
e.g. xMll, SPI, MDIO

]
Powered transceiver

Ethernet link partner Term
Decoupling
Including termination — BIN | Transceiver network for
stimulation and
monitoring

Power supply with decoupling
networks

€.g. Vaar, Vobx

Figure D-1: General test configuration for radiated tests of the transceiver network
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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 half duplex Ethernet link with the Ethernet link partner. The
connection to the Ethernet link partner should have a length of 200 (+ 20) mm and its characteristic should
fulfill the definitions of the related Ethernet standard [4]. Multiple external link partner connections of an EAS
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 EAS itself but at least one
ports should be connected to an external link partner.

All available interfaces of the Ethernet transceiver to the host microcontroller (e.g. xMll or SPI) should be
tested separately as described in 5.4.1.

D.3 Tests

D.3.1 General

The Ethernet test circuits for radiated RF tests define the complete test circuitry details for testing Ethernet
transceivers in functional operating modes under network condition. It defines mandatory, protection and
filter components and optional components for Ethernet transceiver functions, decoupling networks, which
are used for power supply, stimulation and monitoring of the DUT. A general drawing of the test circuit
diagram of the Ethernet test network for radiated RF testing of T0BASE-T1S Ethernet transceiversin
functional operating modes is given in Figure D-1.

A 10BASE-T1S node consists of transceiver (A10) with external mandatory components and protection and
filter 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 and protection and filter 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 kQQ) for R14
and to the minimum specified value (default R = 33 kQ) for R15. 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, C45) are
used separately for Vear and Vppy.
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Power supply Node INH1
decoupling networks r&
VBAText L41 VERTe =
% 1> VBATe D11 X1 A10 X14 1 Host board
:l:c‘“ I“Z VBATc o1 o F“l; , VBAT i VDDX —— VDDX_|  VDDX_O LYY Y VDDX
VDsz L43 N I:iE X12 =
mvvmx Termination 1 [RT5 1 WAKE XMIL —— xMII_I VIe) XMl
(K2l Filter x;\/III — xrfnu | MO xl\sllll
c43 c44 [cas 5 =
:L: l: = Rn|j = X13 =
GND C12I L10 01 , 1 — TRDP Monitoring — Mon.| Mon_O Monitoring
>__|=_ &E - % o o . Control —— Control_| DContrul_o Control
LPF/ESD 3 & GND
M WL - J?_ J_1EIBASE-T1STC J_ AT J:
R13 MDI+<+— MDI+ ’g
= MDI-<+— MDI- ;
Key Components
A10 Ethernet transceiver 1T0BASE-T1S
C11 capacitor C =100 nF (default value, placement depends on test case)
C12,C13 capacitor C =100 nF
C41, C43 capacitor C=1nF
C42,C44 capacitor C = 330 pF
C45 capacitor C =22 uF
D11 diode, general purpose rectifier type
JP11 Jumper
L10 Common mode choke that fulfills the requirements of [2] (placement
depends on test case)
L11 inductor L = 4,7 uH (only populated for emission measurements at Vppy)
L41 inductor L =47 pH
R11, R12 resistor R=1.5kQ (= 1 %, default value, placement depends on test
case)
R13 resistor R =100 kQ (default value, placement depends 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, X12, X13, X14 Filter network or external circuitry defined by semiconductor
manufacturer

Figure D-2: General circuit diagram of radiated RF test network for functional test of T0BASE-T1S Ethernet

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 the definitions of IEC 61967-1
[8]and IEC 62132-1 [12]. An example for radiated RF test board is given in Figure D-3 and Figure D-4.
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Figure D-3: Example of functional radiated test board for Ethernet transceiver ICs, top layer (DUT side)
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Figure D-4: Example of functional radiated test board for Ethernet transceiver ICs, bottom layer (external circuitry side)
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D.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 [11] or by GTEM cell method according to IEC 61967-2 [9].

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

Spectrum analyzer /

EMI receiver
IC stripline
TEM cell
orG ce Test board
Controller interface
DUT
I Connector
Host «L P |
controller ower supply
board VBAText, VDDx_ext, GND
I 1 3} — MDlinterface
Ethernet
link partner
| Interface to link
partner

Figure D-5: Radiated RF emission test setup

The test equipment definitions are the following:

e spectrum analyzer / EMI receiver;

e |C stripline including 50 Q2 RF termination resistor for output or GTEM cell;

e testboard for radiated RF tests;

e host controller board;

e board with Ethernet link partner (test board as used for conducted RF emission, DPIl and transient

tests is proposed), and

e power supply.

The settings of the radiated RF measurement equipment are given in Table D-1.
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RF Measurement equipment Spectrum analyzer EMl 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
Frequency sweep time >100s -

Frequency step width

150 kHz to 30 MHz: - <5kHz

30 MHz to 6000 MHz: - <50 kHz

FFT based EMI receivers can be used as well if they meet CISPR 16-1-1 [19] definitions.

Table D-1: Test equipment settings for radiated RF measurement

The radiated RF emission measurements should be performed according to Table D-2.

Transceiver DUT MDI test Specific mode
mode orientation® network

(BIN) PLCA
normal mode / 0°, 90° Opt-BIN® X
with Ethernet
test

communication

X A test should be performed.

a DUT orientation within IC stripline or GTEM cell

b Opt-BIN is defined as default configuration. Other BINs can be tested as well.
c PLCA mode is only valid for PHY and MAC-PHY.

Table D-2: Radiated RF emission measurements

Recommended limits for evaluation using a 6.7 mm IC stripline according to IEC 61967-8 [11] are given in
Figure D-6. The required limit class depend on the application conditions and will be defined by the
customer.
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RE 6,7 mm IC Stripline

Radiated emission = = Limit class Il [M:]H1z5] Limité:[liassN Limit;:assl Limit:;ass I
6,7 mm IC stripline e=e Limi 3000 66 5 42
) P Limit class | 065 ] 2

—— Limit class N

90

80

70

60

0
o

N
o

Voltage (dBuV)

w
o

N
o

_
o

o

0,1 1 10 100 1000 6000
Frequency (MHz)

Figure D-6 Recommended limits for radiated RF emission for IC stripline with 6.7 mm active conductor height

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 [11]) can be calculated by:

Iy
X=20xlog;*

2
where
X = conversion factor (in dB) to IC stripline 6.7 mm height type results;

h1 = active conductor height (in mm) of IC stripline type or GTEM cell;
h, = active conductor height of 6.7 mm type.
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D.3.3 Immunity to radiated RF disturbances

Radiated RF immunity tests should be performed by IC Stripline method according to IEC 62132-8 [15] or by

GTEM cell method according to IEC 62132-2 [13]. The test setup for radiated RF immunity tests of transceiver
is shown in Figure D-7.

RF Generation Monitoring and
Stimulation

Control PC

RF generator |-+

1
RF amplifier |- - C]
]
1
RF power meter |- o C]
F === == === 1 DSO
Directional \ —| (optional) |'f' (optional)
1
|
|
1

coupler

- Remote control
IC stripline (optional)

or GTEM cell X N\
Test board

Connector
) —

NN\

VoA
A)

| Controller interface
DUT

I Connector

Host 4

controller — Power supply

board VBAText, VbDx_ext, GND

I — } 1 MDlinterface
Ethernet
link partner

[ Interface to link
partner

Figure D-7: Test setup for radiated RF immunity tests

The test equipment definitions are the following:

e RF generator, RF amplifier, power meter with directional coupler;

e |C Stripline including 50 QQ RF termination resistor for output or GTEM cell;

e testboard for radiated RF tests;

e host controller board;

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

e power supply, control PC (optional), digital storage oscilloscope (DSO, optional).

To determine the radiated RF immunity of the Ethernet transceiver, tests with the parameters given in Table
D-3 should be carried out.
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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 3000 MHz 10 MHz
3000 MHz to 6000 MHz 20 MHz
(optional)

Minimum test field strength 50 V/m

Maximum field strength 800 V/m

Field strength step size 50 V/m

Dwell time 1s

Modulation (including optional
frequency ranges)

Test procedure for evaluation of
functional status class Aic

f=1MHzto 6 000 MHz: CW . A
f=1MHzto380MHz:AM80%1kHz(PPM:PCW)A R

f=380 MHz to 2 700 MHz: PM 1 kHz, ton 500 ps (* ¢ = PfW)
f=2700MHzto 3100 MHz: PM 300 Hz, ton3us(Pf1M :PC;W)

f=3100 MHz to 6 000 MHz: PM 1 kHz, ton 500 ps (PPM = PCW)

Before each single test If shall be ensured that the transceiver is in proper

function in relation to function status class A for the related test case
(e.g. no CRC or DTT error occur).

Searching for malfunction in relation to function status classes A2,c during
the complete dwell time while test field 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 frequency or
test field strength steps.
EXAMPLE: Procedure for each frequency step:
e start with maximum test value or with the level that caused a
malfunction at the previous frequency step,
e incase of malfunction at this test level reduce the test value by
6dB and repeat the test,
e increase the test value stepwise until a malfunction occurs or the
maximum field strength is reached,
e the immunity level at this frequency is the maximum field strength
that causes no malfunction

Table D-3: Radiated RF immunity tests specification

The tests for functional status class Aic evaluation should be performed according to Table D-4. For each test

an immunity threshold curve with the field strength as the parameter should be determined and documented

in adiagram in the test report.
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Transceive DUT MDI test Failure validation for
r mode orientation@  network error / function
BIN
(BIN) CRC, SNRor | Sumor Other pin | Wake-up
DTT sQl RX,EDP  function
Ethernet system configuration PLCAC
normal 0°, 90° Opt-BIN € X X
mode/
Ethernet
test
communi-
cation
X A test should be performed.
a DUT orientation within IC stripline or GTEM cell
b Sum error: CRC and DTT or BIST / PRBS tests status evaluated in parallel for PHY and MAC-PHY,
RX and ED evaluation for PMD transceiver.

c Opt-BIN is defined as default configuration. Other BINs can be tested as well.
d PLCA mode is only valid for PHY and MAC-PHY.

Table D-4: Radiated RF immunity tests for functional status class AIC evaluation

Recommended limits for evaluation are given in Figure D-8. The required limit class depend on the
application conditions and will be defined by the customer.

|[MHz] | Limit class 1] Limit class II| Limit class Ill
1

Radiated immunity = = Limit class il B a0 50

== | imit class Il 6000 200 400 800

—— Limit class |

1000
900
800
700
600
500
400
300
200
100

Electrical field strength (V/m)

1 10 100 1000 6000
Frequency (MHz)

Figure D-8: Recommended limits for radiated RF immunity tests
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