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European foreword

The text of document 47A/999/FDIS, future edition 2 of |JEC 62433-2, prepared by SC 47A "Integrated
circuits", of IEC/TC 47 "Semiconductor devices" was submitted to the IEC-CENELEC parallel vote and
approved by CENELEC as EN 62433-2:2017.

The following dates are fixed:
e latest date by which the document has to be implemented at (dop) 2017-12-03
national level by publication of an identical national

standard or by endorsement

e latest date by which the national standards conflicting with (dow) 2020-03-03
the document have to be withdrawn

This document supersedes EN 62433-2:2010.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.

Endorsement notice

The text of the International Standard IEC 62433-2:2017 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards indicated:

IEC 61967 NOTE Harmonized in EN 61967 series.
EC 61967-4 NOTE Harmonized as EN 61967-4.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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

NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod),
the relevant EN/HD applies.

NOTE 2  Up-to-date information on the latest versions of the European Standards listed in this annex is
available here: www.cenelec.eu.

Publication Year Title EN/HD Year

EC/TS 62433-1 2011 EMC IC modelling - Part 1: General - -
modelling framework

CISPR 17 - Methods of measurement of the N 5501 -

suppression characteristics of passive
EMC filtering devices
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EMC IC MODELLING -

Part 2: Models of integrated circuits for EMI behavioural
simulation — Conducted emissions modelling (ICEM-CE)

FOREWORD

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

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

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

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

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

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

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

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

International Standard JEC 62433-2 has been prepared by subcommittee 47A: Integrated
Circuits, of IEC technical committee 47: Semiconductor devices.

This second edition cancels and replaces the first edition published in 2008. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

Incorporation of an XML based exchange format for model representation.

The text of this standard is based on the following documents:

FDIS Report on voting

47A/999/FDIS 47A/1007/RVD Documents
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Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62433 series, published under the general titte EMC IC modelling,
can be found on the IEC website.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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EMC IC MODELLING -

Part 2: Models of integrated circuits for EMI behavioural
simulation — Conducted emissions modelling (ICEM-CE)

1 Scope

This part of IEC 62433 specifies macro-models for an Integrated Circuit (IC) to simulate
conducted electromagnetic emissions on a printed circuit board. The model is commonly
called Integrated Circuit Emission Model — Conducted Emission (ICEM-CE).

The ICEM-CE macro-model can also be used for modelling an IC-die, a functional block and
an Intellectual Property (IP) block.

The ICEM-CE macro-model can be used to model both digital and analogue ICs.

Basically, conducted emissions have two origins:

e conducted emissions through power supply terminals and ground reference structures;

e conducted emissions through input/output (I/O) terminals.

The ICEM-CE macro-model addresses those two types of origins in a single approach.

This standard defines structures and components of the macro-model for EMI simulation
taking into account the IC’s internal activities.

This part of IEC 62433 has two main parts:

o the first is the electrical description of ICEM-CE macro-model elements along with the
specific requirements for information.

e the second part proposes a universal data exchange format called CEML based on XML.
This format allows encoding the ICEM-CE in a more useable and generic form for
simulating the conducted emissions.

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.

IEC TS 62433-1:2011, EMC IC modelling — Part 1: General modelling framework

CISPR 17, Methods of measurement of the suppression characteristics of passive EMC
filtering devices

3 Terms, definitions, abbreviations and conventions

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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3.11

external terminal

terminal of an integrated circuit (IC) macro-model which interfaces the model to the external
environment of the IC

EXAMPLE Power supply pins and input/output pins.

Note 1 to entry: In this part of IEC 62433, the name of each external terminal starts with "ET".

3.1.2

internal terminal

terminal of an integrated circuit (IC) macro-model's component which interfaces the
component to other components of the IC macro-model

Note 1 to entry: In this part of IEC 62433, the name of each internal terminal starts with "IT".

3.1.3

section

XML element placed one level below the root element or within another section and that
contains one or more XML elements, but no value

31.4
parent
keyword which is one level above another keyword

3.1.5
child
keyword which is one level below another keyword

3.1.6
parser
tool for syntactic analysis of data that is encoded in a specified format

3.1.7

S-parameter

scattering parameter

Sii

eﬂement of the S-matrix expressing the transmission and reflection coefficients of a device

Note 1 to entry: The most commonly used, each S-parameter relates the complex electric field strength of a
reflected or transmitted wave to that of an incident wave; the subscripts of a typical S-parameter Sij refer to the
output and input ports related by the S-parameter, which may vary with frequency.

[SOURCE: CISPR 17:2011, 3.1.13]

3.1.8

CEML

Conducted Emissions Markup Language

data exchange format for ICEM-CE macro-model

Note 1 to entry: This note applies to the French language only.

3.1.9

CEMLBase

Conducted Emissions Markup Language Base

abstract type from which all CEML model components are directly or indirectly derived in the
ICEM-CE macro-model definition
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3.1.10

PDN

Passive Distribution Network

component of an IC model that represents the characteristics of propagation path of
electromagnetic noises such as power distribution network

[SOURCE: IEC TS 62433-1:2011, 3.4]

3.1.11

1A

Internal Activity

component of an IC model represented by a current or voltage source, which originates in
activity of active devices in an IC or in a portion of the IC

[SOURCE: IEC TS 62433-1:2011, 3.3]

3.1.12

IBC

Inter-Block Coupling

network of passive elements that presents a coupling effect between circuit blocks within an
IC

[SOURCE: IEC TS 62433-1:2011, 3.5]

3.1.13

VNA

Vector Network Analyzer

network analyzer capable of measuring complex values of the S-parameters

[SOURCE: CISPR 16-1-4:2010, 3.1.21, modified — for VNA with two or more ports]

3.2 Abbreviations

CEM Conducted Emission Model
XML eXtensible Markup Language
SPICE Simulation Program with Integrated Circuit Emphasis

3.3 Conventions

For the sake of clarity, but with some exceptions, the writing conventions of XML have been
used in text and tables.

The symbol “p” is used in the text part to define micro = 1e-6. The symbol “u” is used in the
XML parts to define the micro = 1e-6.

4 Philosophy

4.1 General

Integrated circuits will have more and more gates on silicon and technical progress will
develop faster. To predict the electromagnetic behaviour of equipment, it is required to model
the switching of the input and output interface and the internal activities of an IC effectively.

Figure 1 depicts an example of decomposition of an IC to enable conducted emissions
analysis. The internal digital activity (culprit) is a source of electromagnetic noise that
originates in switching of active devices. The coupling path propagates the emissions to the
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IC’s external terminals: pins/pads. The coupling path is the power distribution network or I/O
lines inside the IC.

Power Distribution
Network

(Emission Digital Coupling I/0s' Coupling I/Os' Culprit

Digital Culprit "ﬁ "@ﬁ
Source) 3 path path E (Emission Source)

Ic % AVS 9 N~

Inter Block Coupling Path \/

IEC

Figure 1 — Decomposition example of a digital IC for conducted emissions analysis

4.2 Conducted emission from core activity (digital culprit)

The current transients are created in the core area on the IC-die. Due to the characteristics of
the digital coupling paths, the passive distribution network on printed circuit board (PCB) and
the availability of on-chip decoupling, a portion of these current transients will occur at the
power supply pins of the IC.

NOTE These off-chip power supply currents can be measured according to the IEC 61967 series [1]1.
4.3 Conducted emission from 1/O activity

I/Os activities may create voltage fluctuations of power and ground levels, and conducted
emissions appear at power and ground pins through the I/Os' coupling path. And the output
signals at output pins themselves are sources of conducted emissions to the printed circuit
boards.

NOTE The measurement set-up is done according to the IEC 61967 series [1].
4.4 Data exchange format

ICEM-CE macro-model data is arranged in a decipherable nested manner using XML format.
The objective of this exchange format, called Conducted Emissions Markup Language (CEML),
is to create simple and practical universal access to ICEM-CE macro-model. The preliminary
definitions for XML representation is given in Annex A. The CEML keywords and their usage
rules are detailed in Annex B. An example ICEM-CE macro-model, in CEML format, is given in
Annex C.

1 Numbers in square brackets refer to the Bibliography.
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5 ICEM-CE basic components

5.1 General

The basic components are component parts of the IC macro-model or block component or
sub-model component. The basic components of the ICEM-CE macro-model are defined in
5.2 and 5.3.

NOTE The block component and the sub-model component are defined in 6.3.1 and 6.4.1 respectively.
5.2 Internal Activity (IA)
5.2.1 General

The Internal Activity (IA) component is the electromagnetic noise source that originates in
switching of active devices in the IC or in a portion of the IC. This component is applicable for
both analogue and digital circuitry.

The IA is described using an independent current source or an independent voltage source
with two internal terminals. Figure 2 illustrates an example of an independent current source.

0

IEC

Figure 2 — |A component in the case of a current source

The characteristics of IA component are typically described in the time domain, and the
characteristics can also be described in the frequency domain.

The description of an IA component shall contain the following information.

e Name of the IA component
e Names of its internal terminals
e Operational mode or test vector
e Domain (time or frequency)
o Definition of origin of time, and cycle-time for the operational mode (for time domain)
e Definition of origin of phase (for frequency domain)
e Operational conditions and applicable ranges
a) Power supply voltage ranges
b) Temperature range
c) Frequency range
e Characteristics of the IA
a) Current or voltage waveform over the whole cycle-time (for time domain)

b) Current or voltage amplitude and phase, versus frequency over the whole frequency
range (for frequency domain)
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5.2.2 Examples of IA
5.2.2.1 Time-domain IA example
Figure 3 shows an example of characteristics of IA in the time domain. The waveform

depends on the specific operational mode of function. A simple waveform such as a triangular
waveform can be used for the component description.

A
60

Current (mA)

40

20

3,8 4 4,2 4,4 4,6 4,8 5 5,2 545,65

time (us)
IEC

Figure 3 — Example of IA characteristics in the time domain

5.2.2.2 Frequency-domain IA example

Figure 4 shows an example of characteristics of IA in the frequency domain.

80

Current (dBpA)

60

40

20

1x105 1x106 1x107 1x108 1x109
frequency (Hz)
IEC

Figure 4 — Example of IA characteristics in the frequency domain

5.3 Passive Distribution Network (PDN)
5.3.1 General
The Passive Distribution Network (PDN) component presents the characteristics of

propagation path of electromagnetic noises such as power distribution network (part of the
PDN). The PDN can be linear or non-linear.

The PDN consists of passive elements, and is equipped with internal and external tBB‘&"i'fments
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For cases when the PDN can be assumed to be linear, it can be specified by different network
parameters such as:

e Z(f): Impedance, which is the ratio of voltage and current at the disturbance input of the
PDN. It represents the electrical schematic of passive input impedance, often consisting of
parasitic elements (resistance, inductance and capacitance)

e Y(f): Admittance, which is the inverse of Z(f)

e S(f): S-parameter, which is the ratio of the reverse and forward voltage waves at the
disturbance input of the PDN. This parameter is typically used to measure the
characteristics of Radio Frequency (RF) signal ports

The conversion between the three types of parameters is described in Annex D. The
frequency validity range of the PDN is defined by the measurement conditions.

For linear or non-linear PDN, it can be described using a SPICE like netlist [2].

The description of a PDN component shall contain the following information.

a) Name of the PDN component
b) Names of its internal terminals and external terminals
c) Applicable ranges
1) Power supply voltage range
2) Temperature range
3) Applicable load conditions if the PDN is for output
4) Applicable frequency range
d) Characteristics of the PDN

5.3.2 Examples of PDN

Figure 5 shows an example of a four-terminal PDN using lumped elements. The ETVdd and
ETVss are two external terminals of the PDN. The ITO and the IT1 are two internal terminals.

IT1 ITO
| ________ e |

ETVdd ' ETVss
LPDN !

IEC

Figure 5 — Example of a four-terminal PDN using lumped elements

Figure 6 depicts the seven-terminal PDN structure using distributed elements such as
transmission lines. The ETVxx are the four external terminals, the ITVxx are two internal
terminals and the ETGnd is the common ground of the four transmission lines, connected to
the PCB ground.
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ETVddO TLD ITVddo
| |
I T |
ETVss0 |:|—|—:( ) — 1 rL11TVss0
K |
ETVdd1 mj):)—ﬂ !
I I
| I
I

ETGnd D:—_

IEC

Figure 6 — Example of a seven-terminal PDN using distributed elements

Figure 7 shows an example of a twelve-terminal PDN using scattering parameters in a matrix
format (black box). The ET1 to ET6 are external terminals. The IT1 to IT6 are internal
terminals. A ground plane below the modelled IC is taken as an ideal reference ground for
these terminals.

ETt LHs11 s12 ... .. s111 s112 LT
ET2 [} S21 S22 ... ... S211 8212 — ] 112
eT3 [ S31 .. .. .. ... ...8312 1] T3
e O— . . . . . . Om
ETs [ H— - e e e 178
- S121 .. ... ... ... 81212 ] 6

IEC

Figure 7 — Example of a twelve-terminal PDN using matrix representation

6 IC macro-models

6.1 Types of IC macro-models

An IC is modelled as an IC macro-model. Three types of IC macro-models are possible:
general model, block-based model and sub-model-based model as defined in 6.2, 6.3 and 6.4
respectively.

The description of an IC macro-model shall contain the following information for model
circulation.

e Name of the IC macro-model

e Type of the model, general model or block-based model or sub-model-based model
e Names of components that are included in the IC macro-model

e Names of its external terminals

e Connections of the internal terminals of its components
6.2 General IC macro-model

The general model consists of a single PDN and one or more IAs as shown in Figure 8. The
PDN shall include both the whole PDN on the IC die(s) and the whole PDN of the package. An
on-chip decoupling capacitor shall also be included in the PDN if it exists.

NOTE This structure is suitable for the model circulation to IC users because of the least disclosure i
information of the IC vendor. Da‘euments
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IC macro-model |

| |
| |
. 1A IA IA .
! |
| IT6 IT7 IT8 IT9 IT10 IT11 I
i ITO IT1 IT2 IT3 T4 IT5 |
! i
' PDN .
| _— - _— i
I ET1 ET3 ET5 ET7 |
- ETO 9] 5] ET9 -
! ET2 ET4 ET6 ET8 I
ET19
ET10 ET11 ET14 ET15 ET18
B B B H
ET12 ET13 ET16 ET17

PDN of PCB (out of the scope)

IEC
Figure 8 — General IC macro-model
6.3 Block-based IC macro-model
6.3.1 Block component
6.3.1.1 General

The block component represents EMC properties of a specific functional block of an IC such
as embedded memory.

The block component consists of a single PDN and one or more I1As. The PDN includes PDN
of the specific functional block, a portion of global power/ground network and a portion of
package PDN, which are directly involved in the block's functionality. The on-chip decoupling
capacitor is a part of the PDN. The component is equipped with external terminals and
internal terminals.

The description of a block component shall include the following information.

e Name of the block component
e Names of the basic components that make up the block component

e Connections of the internal terminals of its basic components
6.3.1.2 Example of block-component with a single PDN and IA

Figure 9 shows an example of block component. The block consists of an IA and a PDN. The
internal terminals of the |IA are connected to the internal terminals of the PDN.
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PDN Example f-— T
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= Do lvdd I I
| Rvdd ~ Lvdd (1 | T 173
ET1 \
[ | — {1
I
| CVdd : : \ PDN A = ;
I | | Component Component |
ETO | |
| Rvss LVss bimo | |
: o M2 |
| I
| I
| I
I ET1 ETO | IT2
| I
| I
! I

PDN & IA ICEM Components

IEC

Figure 9 — Example of block component with a single IA

6.3.1.3 Example of block-component with multiple I1As

Figure 10 depicts a three 1/Os model. The I/O PDN component describes how 1/Os are
powered and the I/O PDNA describes noise transfer characteristics among terminals. The 1/0
IA components describe the current activity. They are built up using two |IA components; one
to specify the high state behaviour and the other one to specify the low state. Figure 10
shows the two types of /O PDN components of the complete 1/0 model.

/O PDN nternal /0 IA Internal /O PDNA
Component terminals Component terminals Component
mvddn — F+— - A2 L1 —L] ETP2
I/Os PDN
ITvssn (— — +— IA1 | (1 cces— L1 ETP1
— IAO — — — | ETPO
PDN of 1/Os
1} ITOuto
ITVddo |—{ +— F—— ITVddo
ITVssO |— — ———— ITVss0
I I z 1/0 ICEM-CE model
ETP_Vdd Iil Ij ETP_Vss
ITvddo [}—— A High
ITOUtO
-

ITvssO [ —— I|ALow

IEC
Figure 10 — Example of block components for I/Os
6.3.2 Inter-Block Coupling component (IBC)
6.3.2.1 General

The Inter-Block Coupling (IBC) is a network of passive elements that presents a coupling
effect between blocks. The IBC is equipped with two or more internal terminals. Such blocks
can be used for modelling the coupling phenomena between different IC_ground)@gitHmnents
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substrate losses, mutual inductances at die-level, insulation between internal ground and
power terminals.

The description of an IBC component shall contain the following information.

a) Name of the IBC
b) Names of its internal terminals
c) Applicable ranges
1) Power supply voltage ranges
2) Temperature range
3) Applicable frequency range
d) Characteristics of the IBC

6.3.2.2 Example of an IBC and its relationship with the PDN

An example of an IBC network is shown in Figure 11. In this example, both capacitors model
the dielectric properties and the resistor models the resistive properties of the substrate.

Other properties can be modelled using more complex IBC networks.

IBC
ITVdd1 [ -|_——|:| ITVdd2
ITvss1 [ '—DJ {]1TVss2

R

IEC

NOTE 1TVdd1, ITVss1, ITVdd2 and ITVss2 are internal terminals.

Figure 11 — Example of IBC with four internal terminals

The relationship between different PDN blocks and the IBC is shown in Figure 12.

IC macro-model

ITIBC1
ITIBCO

ITIBCZLT_I—D— IBC —D—Q ITIBC3

PDN PDN
ET0OLI pigital Block Arelogie — ]eTao

ETVdd [+
ETVss [ H
ETVce [
ETVee [

IEC

Figure 12 — Relationship between blocks and IBC

6.3.3 Block-based IC macro-model structure

An example of a block-based structure is shown in Figure 13. The model consists of block
components and IBC components. The PDN of global wiring on die and the PDN on package

are incorporated into the PDNs of blocks.
Documents

NOTE 1 This structure is suitable for modelling from measurements.
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NOTE 2 By combining PDNs of block and IBCs, this structure can be converted into general structure.

| |
| |
| |
ITe 7 | IT8 o | : IT10 IT11
|
| |
| |

|
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|| : |
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X | |

! : ITO T o o 11T2 T3 | o o IT4 IT5 | |

¥ PDN E E : PDN = = PDN X
I

! l (including pkg) | | (including pkg) | (including pkg) | l

Lo © Y LLg-—L =& © o d-—b—o

' = = ET4 = = ET7 i

| ETo ET5 ET8 !

R O U= 5 . ET2) _JEmW | . BT | _|_._. |

ET10 ET14
ET11 ET12 ET15 ET16

PDN of PCB (out of the scope)

IEC

Figure 13 — Block-based IC macro-model

Figure 14 depicts an example of block-based IC macro-model. Each block has two external
terminals and three internal terminals. Three IBC blocks interconnect the internal terminals,
IT2, IT3, IT4, IT5 and IT6. In this example, IBCs are used to model the substrate coupling
caused by the sheet resistance between the three internal ground terminals.
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Figure 14 — Example of block-based IC macro-model

6.4 Sub-model-based IC macro-model
6.4.1 Sub-model component

The sub-model in Figure 16 represents the electromagnetic behaviour of specific functional
circuits of IC. Some examples include an IP block, functional circuits such as embedded
memory, Central Processing Unit (CPU) core, etc. These blocks can be modelled using the
sub-model; it can be repeatedly used in the IC and/or other ICs.

The sub-model consists of a single PDN and one or more IAs. This PDN is a PDN of the
specific functional circuits. The sub-model is equipped with internal terminals but does not
have any external terminals. An example of a simple sub-model is shown in Figure 15.

| |
| IT1 IT3 :
I — .
|
| PDN IA |
| | Component Component :
|
| |
| - |
| |
| ITO 1T2 |
| |
| |
| |
| T4 ITS :
|

Figure 15 — Example of simple sub-model
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The sub-model description shall contain the following information.

e Name of the sub-model

e Names of its internal terminals

e Names of the basic components that are included in the sub-model

e Connections of the internal terminals of basic components

6.4.2

Sub-model-based IC macro-model structure

The sub-model-based structure is shown in Figure 16. It consists of one or more sub-models,
a PDN of the die, and a PDN of the package. The PDN of the die includes the global
power/ground network of the IC die and the on-chip decoupling capacitor if it exists, but does
not include the PDNs that belong to sub-models. Some IAs such as IAs for standard cell
circuits can be directly connected to the PDN of the die (not shown in the figure).

NOTE 1

| Sub-modelA | |  SubmodelB } | Sub-model C
: IA I : IA || IA
| |l
: IT6 IT7 | : IT8 mo | | IT10 IT11
I
| 170 IT1 : | IT2 IT3 : | IT4 IT5
I I I
| PDN : . [ PDN : | PDN
I || || IT25
| 1IT20 IT21 | | 1722 IT23 | |24 IT26 IT27
IT12 IT13 IT14 IT15 IT16 qp 'T18 IT19
PDN of die excluding sub-models
IT36 IT37 1738 IT39 IT40 IT41 1T42 IT43
IT28 IT29 IT30 IT31  1T32 IT33  1T34 IT35
PDN of die package
ET1 ET3 ET5 ET7
ETO B 5] ET9
ET2 ET4 ET6 ET8
ET19
ET10 ET11 ET14 ET15 ET18
ET12 ET13 ET16 ET17

PDN of PCB (out of the scope)

Figure 16 — Sub-model-based IC macro-model

This structure is suitable for modelling using IC design information.

IEC

NOTE 2 By combining PDNs of the whole IC macro-model, a sub-model-based IC macro-model can be converted
into a general IC macro-model.
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7 CEML format

7.1 General

Data of the ICEM-CE macro-model is arranged in xml format, henceforth called as Conducted
Emissions Markup Language (CEML). The model data is separated into seven parts:

e Header containing general information

e Description of IC’s Lead or Node definitions

e Description of macro-models for use within the PDN and IBC data
e Description of the model validity conditions

e Description of the PDN

e Description of the IBC

e Description of the IA

The inheritance hierarchy is depicted in Figure 17.

Header IF

Lead
Definitions

Multi-ended Leads ]
Validity PDN [
Y //1 N\

SIZIY Circuit
[ Single or multi-ended Leads ] parameters elements

SIZI'Y Circuit
parameters elements
IEC

Figure 17 — CEML inheritance hierarchy

>» CEMLBase L‘

IA

[ Voltage ] [ Current ]

IBC
A

The top level of a CEML model definition simply consists of these components:

beginning of model definition
model header definition
DUT lead definitions
SPICE macro-models
model validity conditions
model PDN
model IBC
model IA

end of model definition

This exchange format uses eXtensible Markup Language (XML) 1.0 (Fourth Edition) to
structure the information. XML is derived from the Standard Generalized Markup Language
(SGML) [3].

The rules below ensure that the file can be correctly parsed by a Conducted Emissions Model
(CEM) parser. An example CEML file is shown in Annex C. Documents
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7.2 CEML structure
Considering all the rules defined in Annex A, and being consistent with model description

requirements in IEC TS 62433-1, a typical ICEM-CE macro-model file is represented as
shown below:

<?xml version="1.0" encoding="UTF-8"?>

<CEmodel>
<!-- HEADER -->
<Header>
</Header>
<!-- DUT LEAD DEFINTIONS-->

<Lead definitions>

</Lead definitions>
<!-- SPICE MACROMODEL DEFINTIONS -->
<Macromodels>

</Macromodels>
<!-- MODEL VALIDITY CONDITIONS -->
<Validity>

</Validity>
<!-- MODEL PDN DATA -->
<Pdn>

</Pdn>
<!-- MODEL IBC DATA -->
<Ibc>

</Ibc>
<!-- MODEL IA DATA -->
<Ia>

</Ia>
</CEmodel>

The Header, Lead definitions, Validity, Pdn, and la sections are minimum and mandatory
information of the ICEM-CE macro-model. The Macromodels and Ibc sections are optional.
Each section of the file is presented below.

7.3 Global keywords

Documentation, Notes, Unit sections are global keywords and can be placed anywhere in the
file except within an element containing a value. See B.4 for more information on usage.

7.4 Header section

Readers may wonder about the motivations for an independent Header section. A simpler
approach to creating the header information would be to place them all directly at the top level
under <CEmodel> ... </CEmodel>. It is instead chosen to group them within the XML element
<Header>, because such an approach would help to organize the components in a better
format and make visual reading of model definitions easier. It is thus proposed to define
header information within the Header tag. The minimum details are the model version number,
flename and the file version number. Other header contents are freely dimensioned as per
IEC TS 62433-1, giving information such as:

e DUT reference

e Authors’ name
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e Date

e Measurement method
e Copyright

e Disclaimer

e Documentation
EXAMPLE An example Header section may be defined as shown

<Header>

<Cem_ver>1.0</Cem_ver>

<Filename>ExampleICEMCE file.CEML</Filename>

<File_ver>1.0</File_ver>

<Author>Valeo 1</Author>

<Dut>MCYYY/Dut>

<Date>April 3, 2013</Date>

<Meas method> PDN using Netlist, IA in time-domain </Meas method>
</Header>

A detailed list of valid keywords under the Header section is available in Annex B.

7.5 Lead definitions
This section describes the various leads or terminals of the IC under test. Each lead in the

Lead_definitions section is made using the Lead tag, whose definition is shown in Table 1.
Several Lead structures are listed one after another to form the Lead definitions structure.

Table 1 — Attributes of Lead keyword in the Lead_definitions section

Lead

Id: pin identity as a valid string (required)
Name: Name of the pin as designated in the datasheet (optional). Default = "None"

Mode: Mode in which the pin is used for ICEM-CE ("GND") (optional).
Default="None"

Type: Type in which the pin is used for ICEM-CE ("internal", "external") (optional).
Default="external"

Every Lead structure in the Lead definitions section has one required field, Id, representing
the identity of the lead. The lead may be additionally defined with its Name, Mode and Type
fields. If the Name field is undefined or absent, it defaults to "None". The Mode field is
considered as "None" under the following conditions:

o |If Mode for a particular pin is absent

o |If explicitly set as "None" since the respective pin is not GND (reference return path).

The Type field is optional and can be "external" or "internal". See 3.1.1 and 3.1.2 for the
definition of these terms.

Leads with Type="external" are used to interface the model to the external environment of the
IC, such as power supply pins and I/O pins. The "internal" terminals are used for interfacing
different blocks of the block-based or sub-model-based ICEM-CE macro-model (as explained
in 6.3 and 6.4). The "internal" terminals shall be defined with Mode="None". These leads are
dedicated for interfacing the different blocks of the block-based or sub-model-based ICEM-CE
components.

Leads that are defined with Mode="GND" are considered as "external" terminals.
NOTE Internal ground terminals can be specified as any other internal node. i.e., Type="‘6etr)nal" with

Mode="None". CumentS
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Table 2 lists the compatibility between the Mode and Type fields of the Lead structure for
correct CEML annotation by the CEM parser.

Table 2 — Compatibility between the Mode and
Type fields for correct CEML annotation

Mode Type

external internal

GND Yes No

None Yes Yes

An example of the Lead_definitions section, representing Figure 5, is shown below.

<Lead definitions>
<Lead Id="1" Name="ETVdd" Type="external"/>
<Lead Id="2" Name="IT1l" Type="internal" Mode="None"/>
<Lead Id="3" Name="ITO0" Type="internal"/>
<Lead Id="4" Name="ETVss" Mode="GND"/>
</Lead definitions>

7.6 SPICE macro-models

This section described the various SPICE (Simulation Program with Integrated Circuit
Emphasis) macro-models in netlist format [2].

These sub-circuits are references within the Pdn tag under the Netlist section as explained in
7.8.3.4 and 7.8.3.5. Each SPICE macro-model in the Macromodels section is defined using
the Subckt tag, whose definition is shown in Table 3. This section is optional for the ICEM-CE
macro-model.

Table 3 — Subckt definition

Subckt

Name: Name of the macro-model (required)
Nodes: External Nodes connecting to the main circuit (required)
Kind: SPICE netlist format (optional) default: "SPICE3"

Data_files: Macro-model defined in an external file (optional)

The Subckt keyword has two required fields: Name and Nodes. The Name field consists of
letters and numbers defined in A.2.5.4. Since these definitions share the same namespace
within the CEML format, every sub-circuit shall carry a unique name

The Nodes field defines the external nodes that connect outside the sub-circuit, i.e., the
nodes through which the sub-circuit element connects to the main circuit. The different
external nodes are defined in sequence separated by a comma (",") and these nodes are
strictly local to the Subckt definition. These Nodes can be identified with either numbers

and/or characters [2].

The optional attribute Kind tells the CEM parser that the defined sub-circuit follows a specific
syntax. CEML version 1 supports industry-standard SPICE-like netlist syntaxes [2]. The Kind
field defaults to generic "SPICE3" if absent.

An example Subckt element is shown in Example 1.
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EXAMPLE 1 An example of a SPICE-like Subckt element.

<Subckt Name="PDN_pinl" Nodes="Nodel,Node2" Kind="SPICE3">
Ll Nodel intl 2.2e-9
R1 intl int2 10e-3
Cl int2 int3 800e-12
Ll int3 Node2 2.2e-9
</Subckt>

For compatibility reasons between several SPICE kinds, "0" is not allowed as an external
node. The different sub-circuit elements are listed one after another to form the Macromodels
section (see Example 2).

EXAMPLE 2 An example of a Macromodels section with several Subckt elements.

<Macromodels>
</Subckt Name="PDN examplel"” Nodes="Nodel,Node2">

</Subckt>
</Subckt Name="PDN example2" Nodes="Nodel,Node2,Node3">
</Subckt>

</Macromodels>

Once defined, the various sub-circuits are usable anywhere within the Pdn and Ibc tags using
an identifier starting with the character "X". The call shall be made under the Netlist section
and is referenced using the Name field (see 7.8.3.4 and 7.8.3.5). The number of nodes on the
call line shall match the number listed in the Nodes attribute line of the specific Subckt. For
example the above defined "PDN_pin1" (in Example 1) can be called:

<Pdn>
<Lead Id="1" Type="Ckt">

<Netlist>
Xpinl 1 4 PDN pinl
</Netlist>
</Lead>

</Pdn>

If one or more sub-circuit models is (are) defined in an external library file, then the file(s) is
(are) referenced using the Data_ files tag as shown in Example 3.

EXAMPLE 3 An example of a Macromodels section with several Subckt elements defined in external data files.
<Macromodels>
<Subckt Kind="SPICE3">
<Data_files>
subckt examplel.lib
subckt example2.lib
</Data_files>

</Subckt>
</Macromodels>

A typical sub-circuit definition is shown in Figure 18.
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*Netlist file created on Fri 27 Nov 2012

“*Time: 12:01:27

*PDN macro-model model of PIN]1 with respect to GNDL
.Subckt Pinl PDN N1 N2

¢l N1 intl 20e-5

Ll intl int2 %=-9

El intZ N2 230e-3

.ends

IEC
Figure 18 — Example of a netlist file defining a sub-circuit
While using external data files containing the SPICE model libraries, to avoid ambiguity, the
CEM parser parses only the data statements defined within the SPICE keywords: ".SUBCKT"

and ".ENDS". These keywords are not case sensitive [2]. If multiple ".SUBCKT" sections are
found, then they are parsed as independent sub-circuit elements.

7.7 Validity section
7.71 General
The Validity section shall be used to represent the conditions in which the ICEM-CE macro-

model is defined as per IEC TS 62433-1. This section is strictly informative to the user and
independent of all other sections in the CEML file.

Table 4 lists the various recognized keywords in the Validity section.

Table 4 — Definition of the Validity section

Validity

Power_supply: Power supply range as a string (required)

Temperature_range: Temperature range in which the model is extracted with units (required)
Frequency_range: Frequency range as a string with units (required for frequency-domain model data)
Phase_origin: Origin of phase for frequency-domain |IA (required for frequency-domain model data)

Time_range: Time range as a string with units (required for time-domain model data)

Time_origin: Origin of time for time-domain IA (required for time-domain model data)

This definition is not exhaustive and is open for progress and improvement.

Documentation pertaining to the IC such as datasheets, test-reports and ICEM-CE extraction
report shall be specified with the global keyword Documentation in the form of a valid string
that specifies the path to the corresponding documentation. Many file paths’ can be listed one
below another. See B.4 or more information on the usage of the Documentation keyword.

Any other specific details pertaining to the complete ICEM-CE macro-model definition, that
may be needed to understand the model, shall be defined with the Notes section in the form
of a valid string. See B.4 for more information on the usage of the Notes keyword.

This section is mandatory and is defined directly under the CEmodel root element as shown in
Example 1 and Example 2.

EXAMPLE 1 An example of the Validity section of a frequency-domain ICEM-CE macro-model is shown below.

<CEmodel>
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Document Sharing Hub

Full document details: BS EN 62433-2:2017


http://www.avadocuments.com/doc/bs-en-62433-2-2017
http://www.avadocuments.com/doc/bs-en-62433-2-2017

IEC 62433-2:2017 © IEC 2017 - 29 -

<Power supply>5V</Power supply>
<Temperature range>[20Celsius-40Celsius]</Temperature range>
<Frequency range>[1MHz - 1GHz]</Frequency range>
<Phase origin>l0degrees</Phase origin>
<Notes>Only PLL is activated</Notes>
<Documentation>
test report.pdf
ICdatasheet.pdf
</Documentation>
</Validity>

</CEmodel>

EXAMPLE 2 An example of the Validity section of a time-domain ICEM-CE macro-model is shown below:

<CEmodel>
<Validity>
<Power supply>5V</Power supply>
<Temperature range>[20Celsius-40Celsius]</Temperature range>
<Time_range>from lus to 10lus</Time_range>
<Time_origin>lus</Time_origin>
<Notes>Only PLL is activated</Notes>
<Documentation>
test _report.pdf
ICdatasheet.pdf
</Documentation>
</Validity>
</CEmodel>

7.7.2 Attribute definitions
7.7.21 Power_supply

The Power_supply attribute is used define the supply conditions for which ICEM-CE is valid.
This attribute informs the user that the ICEM-CE macro-model is extracted in the specified
supply range. This is a required field.

There is no particular format for defining the value for this attribute; it shall be easily
comprehensible for proper model usage. The value shall be a data string containing valid text
string and/or numerical values with units. See A.2.5.5 for valid units.

A few examples are shown in Examples 1 to 3.

EXAMPLE 1 The following syntax specifies that the model is defined for a supply voltage of 5 V.

<Power supply>5V</Power supply>

EXAMPLE 2 The following syntax specifies that the digital blocks of the model data are defined with a supply
voltage of 5 V and the analogue blocks are defined for a supply voltage of 12 V.

<Power supply>5V for digital blocks, 12V for analogue blocks</Power supply>

EXAMPLE 3 The following syntaxes specify that the model is defined for supply voltages between 2,5V and 18 V.

<Power supply>[2.5V-18V]</Power supply>

or

<Power supply>between 2.5V and 18V</Power supply>

7.7.2.2 Temperature_range

The Temperature _range attribute is used define the temperature range in which ICEM-CE is
extracted. This is a required field.
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