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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 s
all national electrotechnical committees (IEC National Committees). The obje

this end and in addition to other activities, IEC publishes International Standard Ani 2 |f|cat|ons
Technical Reports, Publicly Available Specifications (PAS) and Guides e : d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a C mittee interested
in the subject dealt with may participate in this preparatory work. ion 9
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 matte , possible, an international

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

3) IEC Publications have the form of recom

employees, servants or agents including individual experts and
atlonal Commlttees for any personal |nJury property damage or

he publi tlon use of, or reliance upon, thls IEC Publication or any other IEC

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

This bilingual version (2013-01) corresponds to the monolingual English version, published in
2008-10.

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.

The French version of this standard has not been voted upon. Documents
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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 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 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.

i bhh@ indicates
rrect understanding

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 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, I@
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

ical™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 i i of an integrated
circuit effectively.

Figure 1 depicts an example of de ifior enable conducted emissions
analysis. The internal digital activit of “electromagnetic noise that
originates in switching of active devices: propagates the emissions to the
IC’s external terminals: pins/pads. Th [ a the power distribution network or 1/0

lines inside the IC.

x etwork

bgital Coupling 1/Os' Coupling 1/Os' Culprit
path path E (Emission Source)

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 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 1/0s' 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-mod ponent or

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.

S
L)

IEC 1645/08
Figure 2 — IA component

The characteris
characteristics cana

IA component are typically described in the time domain, and the
o 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)
¢ 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 1A
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.

N
oL thlhl J ngm
TR

(ANAL N |

: W.z-m_ﬁ 5410 °

IEC 1646/08

] ]

4.10 4210

EXAMPLE 2
Figure 4 shows @a

of IA in the frequency domain.

20%Logl | CFFTIoud | £ 1 s

N \

&l \> "\I ‘

I(d

20 1l

1107 1-10

f (Hz)

1-10 1-10 1-10

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
¢ Characteristics of the PDN

EXAMPLE 1

Figure 5 shows an example of a four-terminal P ents. The ETVdd and

ETVss are two external terminals o e P [ nd the IT[0] are two internal
terminals.
(\
ETV 5 %E %% , , ETVss
Q IEC 1648/08
f a‘fou -termmal PDN using lumped elements

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] I; g ITVdd[0]
ETVss[0] I;} .§:} - g ITVss[0]
ETVdd[1] E.I
ETVss[1] I;J_ —
ETGnd E

IEC 1649/08

Figure 6 — Example of a seven-terminal PDN using distributed elemen3gcuments
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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[1]
ET[2]

T[]
2]

S11 - - - - S112

ET[3]
ET[4]
ET[5]

S121 - - - - $12 12

TTTTTT

ET[6]

Figure 7 — Example of a twelve-terminal PDN using

6 IC macro-models

6.1 General

defined in this subclause.

The description of an IC
circulation.

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
| I T
Nol=g=hiy e L1 1 ] Mol £ L1 1T |
Mo 01 £ M2 L] L1 ma D L |
PDN |
| ETolgy et ETHlgy mET] ETBly mETel

; [ ema] Tew | [ems] Jem [ [ |

ET[10)gg ggETI!] ET[14]gy gaETI5] ET(18]gy gET9]
ET[12] ET[13] ET[16] ET[17]

PDN of PCB (out of the scope)

IE

Figure 8 — General IC macro-mode

6.3 Block-based IC macro-model
6.3.1 Block component

The block component represents EM
embedded memory.

er/ground network and a portion of
block's functionality. The on-chip

hat make up the block component

erminals of its basic components

|
PDN Example :
| |
|
ET[1;L|:i—/WY\—l—4 | [1AExample
i RVdd  Lvdd | ! RIS,
| | ! |
ET[oyH:|JWY\—J—1I o] i | |
| RVss_ LVss_CVdd, | ! |
i |
! ) —
! ! 2]
|
: ET[1]  ET[0] I
LPDN & IA ICEM Components |
IEC 1652/08

Figure 9 — Example of block component
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EXAMPLE 2

Figure 10 depicts a three I/Os model. The I/OPDN component describes how I/Os are
powered and the I/OPDNA describes noise transfer characteristics among terminals. The
I/OIA 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 I/O PDN components of the complete 1/O model. The IBIS model could
be an implementation example.

I/OPDN I/0IA I/OPDNA
Component Internal Ports Component InternalPorts Component
ITVdd[n] 2] ) ETPI2]
ITVSS[n] —T[ﬂm V/Os Access | < D ETP[1]
Passive Distribution Int':f:al TO—{H Q _NETPIO]
Network of I/Os
0 Activity | | 'TOut0[0]
ITVdd[0] G —!TVad[0] \>
ITVss[0] h ITVss[0]
r r t /
1 1 /O\ICEM-GE Model
.| |
ETP_Vvdd ETP_Vss

ITvad[0] [ |AHig<\ G

N

ut

ya

e e

\/ IEC 1653/08

effect between bl /The IBC is equipped with two or more internal terminals.

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

e Name of the IBC
e Names of its internal terminals
e Applicable ranges
a) Power supply voltage ranges
b) Temperature range
c) Applicable frequency range
e Characteristics of the IBC
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EXAMPLE

Figure 11 shows an example of IBC. The relationship between the block and the IBC is shown

in Figure 12.
r—-———"™>"=""™>"™"™"™"— |
1 |
— | |
| 1
- |
IEC 1654/08
Figure 11 — Example of IBC with two internal terminals
IC macro-model
ITIBC[1] ITIBC[O]
Inter-Block
ITIBC[2] @—@- Coupling |1
vo L} Digital Block /0
| 1
HI w
K]
K
IEC 1655/08
F < ati ip between blocks and IBC
6.3.3 Block-ba; C ma :
The block-based<struc n Figure 13. The model consists of block components
and IBC companents PDN of global wiring on die and the PDN on package are

NOTE 1

NOTE 2 By combining PDNs of block and IBCs, this structure can be converted into general structure.
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e ICmodel
""" ICEM-CE Block 2\'} " ICEM-CE Block é'§ I ICEM-CEBlockC
A | LA 1A
EIT[G] IT[7] IT[8] T[] IT[10) 1 IT[1]
0 ] LT M3 TR O M5
’ T[12] IT[15] ITj16] 9
PDN \m-mgciot+ PDN imoyigcrotH  PDN
(including PKG) §|'|'[13] IT[14]§ (including PKG) ;lT[17] IT[18]§ (including PKG)
ETOlgy gaETI!] ETi]gy pETE!
ET[2] ET[3] ET[6]
CEe g gEma || Emay meal( | ey
ET[1] ET[12] EfH5
PDN of PCB (out of the scope)/\ \
\ \% 1656/08
Figure 13 — Block-based IC maécro- el
EXAMPLE

Figure 14 depicts an example of blo
terminals and three internal terminals:
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AvVCC AVSS

_________________ — ———  ——— —
| ICEM Model » ET4 ET5
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6.4.1

The submodel inNkigure \16 represents the electromagnetic behaviour of specific functional
circuits o al property (IP) shall be modelled as a sub-model, and some
specific functio cuits such as embedded memory and CPU core can be modelled using

the sub-model. The_sub-model 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.

The sub-model description shall contain the following information.

¢ 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
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EXAMPLE

Figure 15 shows a simple sub-model example.

IT[4] IT[5]

6.4.2 Sub-model-based IC macro-model structure

NOTE 1 This structure is suitable for modelling

NOTE 2 By combining PDNs of the whole IC n
into a general IC macro-model.

IT[19]

PDN of die excluding sub-models
I 36]$ ng[37] IT[38]$ $T[39] IT[40]$ |$||T[41] IT[42]$ ng[43]
T[28] IT[29] IT[30] T31]  IT[32] IT[33]  IT[34] IT[35]

PDN of die package
ET[0] ET[1] ET[4] ET[5] ET[8] ET[9]

S N 21 S A ETOL] JET | )
ET[10] ET[1] ET[14] ET[15] ET[18] ET[19]
ET[12] ET[13] ET[16] ET[17]
PDN of PCB (out of the scope)
IEC 1659/08

Figure 16 — Sub-model-based IC macro-model
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7 Requirements for parameter extraction

71 General

ICEM-CE model parameters can be extracted from either design information or measurements.
Detailed methodology for model parameter extractions are not the purpose of this standard.
This clause gives basic requirements for model parameter extractions from measurements.

NOTE Annex A gives examples of parameter extractions from design information and from measurements.

7.2 Environmental extraction constraints

The ICEM macro-model parameter extractions have to be performed
temperature conditions: 23 °C + 5 °C. There are no additional require
and humidity.

er normal room

tangent.
7.3 IA parameter extraction

IA can be derived by design data o
conditions:

7.4 PDN parameter extra

The PDN param@ S

The derived paramet ited and re-useable for conducted emission simulations
when the PV (proce nd temperature) conditions are the same.

NOTE 1
voltage will affect it.

NOTE 2 Most of the“impedance parameters can be derived from measurements using an impedance analyzer of
S-parameter VNA (Vector Network Analyser).

7.5 IBC parameter extraction

The IBC impedance can be derived from the Vdd to Vss impedance by subtracting the
impedance part that belongs to the PDN. A detailed method should be elaborated in future.
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Annex A
(informative)

Model parameter generation

A.1 Introduction

The purpose of this annex is to explain the methodologies used to extract the components.
Three different ways are possible:

e Default parameters can be used when no other data is available.

e Parameters derived from parasitic element extractor tools, whi . ed at the
design phase of the IC and/or 3D electromagnetic field simulato

e Parameters derived from measurements when the IC is alrea
A.2 Default structure and values

A.2.1 General

The PDN and IA components can be obtained

using the technologica
typical values of the p

pical parameters for CMOS logic technologies

Technology \QSMr Cell density Clock frequency Peak gate current Rise/Fall

CMOS upply time

Y /mm?® MHz mA/gate ns
1,2um 1985 5 1500 4 to 50 1,1 0,7
0,8um 1990 5 4000 4 to 90 0,9 0,5
0,5um 1993 5 7000 8 to 120 0,75 0,3
0,35um 1995 5t03,3 13000 16 to 300 0,6 0,2
0,25um 1997 5t02,5 18000 40 to 450 0,4 0,12
0,18um 1999 3,3t02,0 22000 100 to 900 0,3 0,1
0,12pm 2001 2,5t01,2 28500 150 to 1200 0,2 0,07

Table A.2 gives the default number of logic gates for typical microcontrollers.

As an example, a 16-bit RISC microcontroller is fabricated in 0,25um technology. The
microcontroller has approximately 15000 gates. The probable CPU current at each clock edge
is 15000 x 10 % x 0,4 mA = 600 mA. The rise and fall time of the peak current is 0,12 ns.
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Table A.2 — Typical number of logic gates

vs. CPU technology

CPU technology

Total number of logic cells

Synchronous switching
on clock edge

8 bits CISC 3000 to 5000 300 to 500
8 bits RISC 3000 to 5000 300 to 500
16 bits CISC 15000 to 20000 1500 to 2000
16 bits RISC 12000 to 18000 1200 to 1800
32 bits CISC 40000 to 60000 4000 to 6000
32 bits RISC 40000 to 60000 4000 to 6000

A.2.3 PDN parameters

The default structure of PDN is given in Figure 5.

The technological data given by the package suppliers el
component. The typical values of the R, L and C are summa
are used for the frequency range from DC to approximately

L C
Dual in Line pins 0,825 Q to 0,075 Q 2 nH to 1 pF to
(DIL) 15 nH 10 pF
AN
\0.025 Q10 0,1 Q 1 nH to 1 pF to

ink dualin lin 64\pins
SDiL) V 10 nH 10 pF

N
| Outline 0,025 Q to 0,05 Q 1 nH to 1 pF to
ckage 7 nH 7 pF
SO

Iat Pa 400 pins 0,035 Qto0 0,55 Q 3 nH to 2 pF to
7 nH 5 pF

BaII Grid Array 800 pins 0,05 Q1t0 0,15 Q 0,5 nH to 1 pF to

(BGA) 10 nH 10 pF

Fine Pitch Ball Grid 1500 pins 0,06 Qto0,2Q 0,5 nH to 1 pF to

Array 10 nH 20 pF
(FBGA)

Mould Chip Scale 1500 pins 0,025 Qto 0,1 Q 0,5 nH to 1 pF to

Package 5nH 15 pF

(MCSP)

A.3 Model parameter generation from design information

A.3.1 General

ICs suppliers can extract parameters from their design information using IC design tools.
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A.3.2 IA parameters

The current source is the main component in the ICEM-CE model: it summarizes the
contribution of all the logic gates on the current flowing through the power supply pins of the
component. The behavioural simulation is a statistical approach that could be done at the
early stage of the design flow (no need of the layout for example), and could take into account
a very important numbers of gates. The way to build the current source is based on a
statistical evaluation of the core elements: choice of the more representative gate (the most
frequently-used gate in the design), choice of the typical load of the gate. From this
information, a simulation can be done at the circuit level to extract the consumption current of
the typical gate. For example, in a particular 16-bit micro-controller, the most popular gate is
an inverter. Figure A.1 illustrates the test schematic to define the typical current waveform.

B

upling

; n-n CLKBUFX chain
] ¢ ;i
N

Local R & Cdec

IEC 1660/08
Figure A.1
This example shows t iption_of\ the\PDN, local and distributed on-chip decoupling
networks, and ts iption_ of \. As/the inverter has a non-symmetric structure, the
hing-on and the switching-off: the average between

current peak is not'thé
, & required in the approach given in Figure A.2.

current

IEC 1661/08

Figure A.2 — Current peak during switching transition

The second part of the methodology consists in multiplying this elementary current waveform
by the number of gates that are switching at the same time. Figure A.3 illustrates this step.
The aim is to obtain the number of logical nodes that change state in function of time for a
given software implemented in the micro-controller. The feasibility of this operation is possible
thanks to the Verilog source code, which models the micro-controller. Different types of
analysis can be done, such as Best Case Simulation (BCS), Worst Case Simulation (WCS)
and simulations at some corner cases of the technology.
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Activity
Verilog
simulation

IC

Typical
Gate Current

The comparison of th cases is given in Figure A.4. The worst
case peak is in fact dete e_Mminimum delay in the signal propagation, and it is
the opposite for the Nlhe impact is in fact that the worst case peak presents a
better synchron ¢ al and~\more gates are switching at the same time. The
current peak is thefe d the maximum value is higher than for the best case

el L L L L L L L L L LLLLLLL

LN =, Worst case
3 ST peak 11l peak
I i
5' | I il 1 3‘.1 ;| . { 'll i 11
LU VAL ML } LU J/,-““ :"r‘ 'i|[_[ | F\\..x\\m .
l RTL peak:
7738 nodes 1040 nodes Tfif{,‘_‘;’:se)s

(in 0.3ns)

IEC 1663/08
Figure A.4 — Technology Influence

The final waveform corresponding to a specific internal code embedded in the microcontroller
is given in Figure A.5.
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IEC 1664/08

The validation of this methodology
(conducted emission) on the
resistance inserted on thé
been obtained by the

ing the IEC 61967-4 measurement
W has been measured through the 1Q
passive part of the ICEM-CE model has

Noise <
dB

M
NEANSTNTIN
. \

o
eyl

] ! . F Measurement

35 ) ] Noise level

30 — Measurements {1MHz) |

25 = Simulation (1MHz) i adi WRF
_,--""" .-_'_,.-"'"-

e -] =
20
1 10 T {MHz} 100 1000

IEC 1665/08

Figure A.6 — Comparison between measurement and simulation

Documents

Document Sharing Hub

Full document details: IEC 62433-2 2008


http://www.avadocuments.com/doc/iec-62433-2-2008
http://www.avadocuments.com/doc/iec-62433-2-2008

62433-2 © IEC:2008 - 25—

It can be observed in Figure A.6 that we are able to predict the harmonic current peak up to
100 MHz. More measurements with other 16-bit micro-controllers have been done and the
same results were obtained. It can therefore be considered that the simulation methodology is
correct but needs improvement to extend the frequency range of validity. As far as this
methodology is concerned, many approximations are performed and especially for the
modelling of the interconnections, package and PCB. The need to go higher in frequency will
force to use RF methods for the passive, bonding and package extraction, like presented in
the previous paragraph.

A.3.3 PDN parameters

Package and Bonding wire modelling can be determined by using a 3D EM solver. From this
simulation, the S-parameter file of the whole path is obtained and then is reduced to a lumped
element model depending of the accuracy needed for the simulation.
use the mathematical approach, using solvers, in order to calculate

o Van
Can Ilg Grn

IEC 1666/08

e Bonding diagram
e Type of bonding (diameter, material)

e Distance to the ground plane
An example of a package netlist is given below.

.subckt package ETO ET1 ET2 ... ETn ITOIT11T2 ... ITn gnd
#Definition of the leadframe part

L1 ETO n00 1,820e-09
R1 n01 n02  2,408e-01
C1 n00 gnd 1e-12

L2 ET1 n10 1,828e-09
R2 n11 n12  2,434e-01
C2 n10 gnd 1e-12

L3 ET2 n20 1,820e-09
R3 n21 n22  2,408e-01

C3 n20 gnd 1e-12
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K01 0,2597

K12 0,1089

K02 0,0612

CO01 n00 n10 0,5e-12
C12 n10 n20 0,5e-12
C02 n00 n20 0,2e-12

# Definition of wire bonding part

L1wb ET1 IT10 1,820e-09
R1wb IT10 IT1 2,408e-01

L2wb ET2 IT20 1,828e-09
R2wb IT20 IT2 2,434e-01
KO1wb 0,2597

K12wb 0,1089

K02wb 0,0612

.ends package

Figure A.8 illustrates the previous netlist and sho

ETn]
ET[1]
ET[O]
_________________ IEC 1667/08
gure A.8 — Circuit structure of the netlist
A.4 eter generation from measurements

A.4.1 IA parameters

The IA component is described by a parameter called in. Most of the time, this parameter is
not accessible directly. The transfer function PDN (f) has already been extracted and the
current flowing externally, igx(t), has been measured. Depending on which analysis is needed,
ia can be described either in the time or in the frequency domain. It also depends on whether
iext IS measured in the time or the frequency domain.

e Frequency domain

iext(f) is described in frequency and ix(f) is modelled directly by using the formula expressed
in Figure A.9. In this figure it is assumed that the power-supply is equivalently shorted in the
frequency band of interest.

Documents

Document Sharing Hub

Full document details: IEC 62433-2 2008


http://www.avadocuments.com/doc/iec-62433-2-2008
http://www.avadocuments.com/doc/iec-62433-2-2008

62433-2 © IEC:2008 - 27 -

; I

’A(f)_> : IExtQ ;Vcc

r — =Y

; i T: §§T’:ET
: VIC(f) R L ; I

O T .
[ C | !
Ll e ()] ]
i ;_ﬁ_
IPDN _ _ _ _ _ _ _ _______1 Vg

uSed to generate the IA component.
VExt()

iga(®)=vg.(t)/ZMes

iExt(ti
FFT
L
PDN() h

ix(® = PDN(D . I, (D

i ®
FFT!

iA(ti
IEC 1669/08

Figure A.10 — Process involved to model ix(t)

First, ig,(t) is measured using either the IEC 61967-4 proposal or other techniques (magnetic
probe, ferrite probe ...). Figure A.11 presents an example in the time domain.
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Oooooooong

IEC 1671/08

Figure A.12 —ij(t)and ig,(t) profiles

In the case of multiple pairs of pins, the measurement can be performed separately on each
pair and then added to obtain the total current. The methodology described above can be
applied. The format of iy depends on the simulation tools. A common format used by most of
the tools is the ASCII format describing i, by the frequency and its amplitude or by the time
and its level.
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