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Foreword
The text of document 47A/794/FDIS, future edition 1 of IEC 62433-2, prepared by SC 47A, Integrated
circuits, of IEC TC 47, Semiconductor devices, was submitted to the IEC-CENELEC parallel vote and was
approved by CENELEC as EN 62433-2 on 2009-12-01.

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2010-09-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2012-12-01

Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 62433-2:2008 was approved by CENELEC as a European
Standard without any modification.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

EN 62433-2:2010

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.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD

applies.

Publication Year
IEC 61967 Series
IEC 61967-4 -

Full document details: BS EN 62433-2:2010

Title EN/HD

Integrated circuits - Measurement of EN 61967
electromagnetic emissions,
150 kHz to 1 GHz

Integrated circuits - Measurement of EN 61967-4
electromagnetic emissions,

150 kHz to 1 GHz -

Part 4: Measurement of conducted

emissions - 1 ohm/150 ohm direct coupling

method

Year
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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 Integrated Circuit
Emission Model - Conducted Emission (ICEM-CE).

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

The ICEM-CE 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 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 standard gives general data, which can be implemented in different formats or languages
such as IBIS, IMIC, SPICE, VHDL-AMS and Verilog. SPICE is however chosen as default
simulation environment to cover all the conducted emissions.

This standard also specifies requirements for information that shall be incorporated in each
ICEM-CE model or component part of the model for model circulation, but description syntax
is not within the scope of this standard.

2 Normative references

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 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 integrated
circuit 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
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/Os' Coupling 1/Os' Culprit

Source) path path E (Emission Source)

| 1
=)
IC Inter Block Coupling Path ! \./\' /\/\
wold

Digital Culprit _% _'ﬁ

L I

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

The basic components are component parts of the IC macro-model or block component or
sub-model component. The following subclauses define the basic components.

NOTE The block component and the sub-model component are defined in Subclause 6.3.1 and 6.4.1 respectively.
5.2 Internal Activity (l1A)

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 as shown in Figure 2.

ma-o1 L

=

ITA+o1 [}
IEC 1645/08

Figure 2 — IA component

| a——g

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)
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.

w_thildil, mwlm TR
A AN,

(1

<]

410 % 4240 % 4440 % 4510 % 458.10°% 540°° s5240°° 54400

time (s
( ) IEC 1646/08

Figure 3 — Example of IA characteristics in the time domain
EXAMPLE 2
Figure 4 shows an example of characteristics of IA in the frequency domain.

20*Logy | CFFTIous | £ 1ps)

I (dBuA) | . ‘

20

i)

20 il

1107 1-10

f (Hz)

110 110 110

IEC 1647/08

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

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 IT[1] and the IT[0] are two internal

terminals.

mi o]

-]

PDN
ETVdd ETVss
. 1
IEC 1648/08
Figure 5 — Example of a four-terminal PDN using lumped elements

EXAMPLE 2

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.

PDN
ETVdd[0 ITVdd[0
0] n W 0]

ITVss[0]
]

ETVss[0] E
\

i
|

ETVdd[1] u
|

ETVss[1]
Eréj 3
ETGnd E
IEC 1649/08

Figure 6 — Example of a seven-terminal PDN using distributed elemenBBocuments
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EXAMPLE 3

Figure 7 shows an example of a twelve-terminal PDN using scattering parameters in a matrix
format (black box). The ET[x] are external terminals. The IT[1] to IT[6] are internal terminals.
A ground plane below the modelled IC is taken as an ideal reference ground for these

terminals.
ET T sn - S . s )
ET[2] @_ _@ IT[2]
ETBl [ }— — 0 ma
ET4] [ —
ET[5] @—' _@ IT[5]
ET[6] @_ s121 - - - - s1212-—|;n IT[6]
IEC 1650/08

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

6 IC macro-models

6.1 General

An IC is modelled as an IC macro-model. Three types of IC macro-models, general model,
block-based model and sub-model-based model, are possible. These IC macro-models are
defined in this subclause.

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 of proprietary
information of the IC vendor.
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IC model

IA A ||

IT[8] IT[9] IT[10] IT[11] :
IT[2] IT[3] IT[4] IT[5] :

| PDN

ETI0] ETH] ETH4] *ET[S] ET[8] *ET[Q]

______________ BT | JETO | | ETeI] [ET7 | |

ET[10] ET[1] ET14gg mETIS] ET(18]gg mETI9]
ET[2] ET[13] ET[16] ET[7]

PDN of PCB (out of the scope)

IEC 1651/08

Figure 8 — General IC macro-model

6.3 Block-based IC macro-model
6.3.1 Block component

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

The block component consists of a single PDN and one or more IAs. 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 into 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

EXAMPLE 1

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.

PDN Example

|
ET[ﬂ?‘l:‘/WY\T 1AExample
| RVAd v ==

ET[1]  ET[0]
| PDN & IA ICEM Components

I N

IEC 1652/08

Figure 9 — Example of block component
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