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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 st
all national electrotechnical committees (IEC National Committees). The object| of IEC \is to promote

international co-operation on all questions concerning standardization in the electfical and
this end and in addition to other activities, IEC publishes International Stand Ni e ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any C il interested
in the subject dealt with may participate in this preparatory work. i , tal and non-
governmental organizations liaising with the IEC also participate in thi . |E aborates closely
with the International Organization for Standardization (ISO) in accorda vi
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matt , possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

3)
4)
5)
6)
7) mployees, servants or agents including individual experts and
ational Committees for any personal injury, property damage or
whether direct or indirect, or for costs (including legal fees) and
tion/use of, or reliance upon, this IEC Publication or any other IEC
8) e references cited in this publication. Use of the referenced publications is
9) Attention~ to ibility that some of the elements of this IEC Publication may be the subject of

. IEC shal notbe held responsible for identifying any or all such patent rights.

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

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

FDIS Report on voting
47A/794/FDIS 47A/799/RVD

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 the parts in the IEC 62433 series, under the general title EMC IC modelling, can
be found on the IEC website.
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date.

@%
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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 ICs to simulate conducted electromagnetic
emissions on a printed circuit board. The model is commonly called egrated Circuit
Emission Model - Conducted Emission (ICEM-CE).

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

The ICEM-CE model can be used to model both digital and

Basically, conducted emissions have two origins:

This standard gives g
such as IBIS, Il@
simulation enviro

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

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

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

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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3.1

external terminal

terminal of an IC macro-model, which interfaces the model to the external environment of the
IC, such as power supply pins and I/O pins

NOTE In this document, the name of each external terminal starts with "ET".

3.2

internal terminal

terminal of an IC macro-model's component, which interfaces the component to other
components of the IC macro-model

NOTE In this document, the name of each internal terminal starts with "IT".

4 Philosophy

4.1 General

Integrated circuits will have more and more gates on rogress will
develop faster. To predict the electromagnetic behaviour of.equipment;it i quired to model
the switching of the input and output interface and i i of an integrated

circuit effectively.

Figure 1 depicts an example of de ( 3
analysis. The internal digital activit of “electromagnetic noise that

igital Coupling I/Os' Coupling 1/Os' Culprit

path path E (Emission Source)

| 1
o)
IC Inter Block Coupling Path ! \-/\' /\/\
wold

L ]

IEC 1644/08

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.
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NOTE These off-chip power supply currents can be measured according to the IEC 61967 series.

4.3 Conducted emission from I/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 1/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.
5 Basic components

5.1 General

5.2 Internal Activity (l1A)

The Internal Activity (IA) component is the electro
switching of active devices in the IC or in a porti
both analogue and digital circuitry.

IEC 1645/08
Figure 2 — IA component

The characteris
characteristics cana

IA component are typically described in the time domain, and the
0 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)
e 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
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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)

EXAMPLE 1

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.
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Figure 4 — Example of IA characteristics in the frequency domain

5.3 Passive Distribution Network (PDN)

The Passive Distribution Network component (PDN) 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.
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The PDN consists of passive elements, and is equipped with internal terminals. And the PDN
can have external terminals.

The PDN can be described using a netlist. In the case the PDN can be assumed to be linear,
some matrix formats such as the S-parameter can also present the PDN characteristics.

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

e Name of the PDN component
e Names of its internal terminals and external terminals
e Applicable ranges

a) Power supply voltage range

b) Temperature range

c) Applicable load conditions if the PDN is for output
d) Applicable frequency range
e Characteristics of the PDN

EXAMPLE 1

I ents. The ETVdd and
[@nd the IT[0] are two internal

D
P
ETV N ETVss
IIQ]
Q IEC 1648/08
le of a‘four-terminal PDN using lumped elements

Figure 5 shows an example of a four-terminal P
ETVss are two external terminals o e P
terminals.

using
he

EXAMPLE 2
Figure 6 evensterminal PDN structure using distributed elements such as
transmi Vxx are the four external terminals, the ITVxx are two internal

the PCB ground:

PDN
ETVdd[0 ITVdd[0
0] C ] 0]

ITVss[0]
]
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IEC 1649/08

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




