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1.2.3 Conducted emissions through input/output lines (I/O)

The internal voltage drops generated by the current spikes create noise on the I/Os through direct
connection, parasitic capacitive and inductive couplings and/or through common impedance. The PCB
wires connected to the I/O can act as antennas and propagate electromagnetic emissions. The
measurement set-up is done according to IEC 61967 standard.

1.2.4 Direct radiated emissions

The internal current flowing in low impedance loops generates electromagnetic fields which can be
measured in near field according to the IEC 61967 standard.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this International Standard. At the time of publication, the editions indicated were valid. All
normative documents are subject to revision, and parties to agreements based on this International
Standard are encouraged to investigate the possibility of applying the most recent editions of the
normative documents indicated below. Members of IEC and ISO maintain registers of valid International
Standards.

IBIS - I/O Buffer Information Specification version 3.2
IEC 62014-1 : 93/91/CDV, Electronic behavioral specifications of digital integrated circuits I/O Buffer
Information Specification (IBIS, Version 2.1)
IEC 93/67/NP : Models of integrated circuits for EMI behavioral simulation
IEC 62200 : 47A/575/NP, Integrated circuits, I/O Interface Model for Integrated Circuit (IMIC)
IEC 61967 part 1: Integrated Circuits, Measurement of electromagnetic emissions, 150KHz to 1GHz.
General and definitions.
IEC 61967 part 2: Integrated Circuits, Measurement of radiated emissions, TEM cell method.

IEC 61967 part 4: Integrated Circuits, Measurement of conducted emissions, 1Ω / 150Ω method.
IEC 61967 part 6: Integrated Circuits, Measurement of RF current, Magnetic Probe Method.

3 Definitions

3.1 Electro Magnetic Compatibility EMC

Ability of an equipment or system to function satisfactorily in its electromagnetic environment without
introducing intolerable electromagnetic disturbance to anything in that environment.

3.2 Electro Magnetic Emission

Phenomenon by which electromagnetic energy emanates from a source.

3.3 Electro Magnetic Radiation

1. The phenomena by which energy in the form of electromagnetic waves propagates from a source into
space.

2. Energy transferred through space in the form of electromagnetic waves.

4 ICEM models description

The proposed model includes 3 sections which describe the 3 coupling mechanisms of the internal
activities for emission introduced in part 1:
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 ICEM power-supply line model for conducted emissions through supply lines
 ICEM Input/Output  for conducted emissions through input/output lines
 ICEM direct radiation  for direct radiated emissions

Models are defined with electrical schematics described below for each IC pin.

4.1 ICEM power-supply line model

The I.C equivalent model shown in figure 4 is able to determine the peak harmonics spectrum and main
resonances.

This model consists in:
- Ib:  current generator,
- LpackVdd: package inductance of the positive supply Vdd,
- LpackVss: package inductance of the ground Vss,
- RpackVdd: package resistor of the positive supply Vdd,
- RpackVss: package resistor of the ground Vss,
- Cd: parasitic capacitor between Vdd and Vss package pins,
- Rvdd, series resistor of Vdd, bonding and die connection,
- Rvss, series resistor of Vss , bonding and die connection,
- Lvdd: inductance of Vdd, bonding and die connection,
- Lvss: inductance of Vss, bonding and die connection.
- Cb:  internal die capacitor.

Figure 4 - Model of the IC supply lines

4.1.1 First and second order effects

The inductance of the package LpackVdd, LpackVss, in series with the capacitance Cd create a first
resonance, while the serial inductances Lvdd, Lvss, in series with the local block capacitance Cb create a
second resonance (Figure 5).

Ib

Rvdd

Cd

Lvdd

Rvss Lvss

Cb

(R, L) PackVdd

(R, L) PackVss

External
VDD

External
VSS

IC modelPackage model

First
resonance

Second
resonance

Figure 5 - Origin of primary and secondary resonance in the IC model
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Taking into account second order effects in the proposed model give more accurate simulation results
regarding measurement results, as shown in figure 6.
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Figure 6 - Comparison between simulation and measurements (IEC 61967-4, 1Ω Ω Ω Ω method)

4.2 ICEM Input/Output

4.2.1 Single supply structure

Disturbances on I/O are mainly due to the current flow in the supply and ground impedances added to
I/O stage. The ICEM Input/Output is modeled by the superposition of that internal current noise with
functional signals.

Functional signals are described with model as IBIS, IMIC or SPICE. The I/O on which the simulation is
performed could be active or not. When other I/O's are activated on the same power lines a new
equivalent current generator, Ii/o, representing peripheral activity, must be added in parallel to the
generator representing the internal activity Ib.

The schematic of the model is reported in figure 7.

Ib

Rvdd

VDD of the IC

VSS of the IC

Cd

Lvdd

Rvss Lvss

Cb I/O
model

Ii/o

LPackVdd

LPackVss

R Pack Vdd

R Pack Vss I/O stage

I/O pin

Figure 7 - Coupling between core and I/Os

Note: Frequency limits of functional I/O models would be take into account for EMC high frequency
simulation. For instance a second order model would be defined, bonding and package elements, to
simulate the resonances.
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4.2.2 Multiple supplies structure

In many cases, the core supply and the I/O supply have separate internal networks. The core model is
still identical, but two supplementary components are inserted, as illustrated in figure 8. The first
parameter, named Zsub, accounts for the substrate coupling path between the core Vss and the I/O Vss.
The second parameter is the decoupling capacitance between I/O supplies, named Cio.

When other I/O's are activated on the same power lines a new equivalent current generator, Ii/o,
representing peripheral activity, must be added to the generator representing the internal activity Ib.

Figure 8 - Coupling between core and I/Os in the case of separate supplies

Note: Frequency limits of functional I/O models would be take into account for EMC high frequency
simulation. For instance a second order model would be defined, bonding and package elements, to
simulate the resonances.

4.3 ICEM direct radiation

Electromagnetic emission could radiate directly from IC itself. The level is closely linked to current
flowing in internal loops on package and on die.

The radiated electromagnetic emission will be characterised by measurement methods which measure
direct radiation as for instance described in IEC 61967-2 in TEM cell.

Figure 9 shows measurement results in TEM cell with 2 microcontrollers
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Part 2
MUNICH IBIS SUMMIT MEETING

IBIS Summit meeting / Munich, march 2001 PERRIN Jean Claude / HUET Claude
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IEC 62014 - 3

1

ICEM
Integrated Circuits 

Electromagnetic Model

PROPOSAL :  IEC 62014 - 3
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PLAN

• ICs AND EMC SIMULATION NEEDS

• UTE EMC TASK FORCE

• ICEM MODELS

- Power lines contribution

- I/Os  contribution

• ICEM IMPLEMENTATION IN IBIS DATABASE 

• CONCLUSION
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ICs AND EMC 

SIMULATION NEEDS
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• INTEGRATED CIRCUITS MANUFACTURERS.

– New ICs design have to take into account EMC/EMI 
– To include EMC in development phenomena need to be simulated.

• PRINTED CARD BOARD DESIGN

• COMPLY  EMC DIRECTIVES AND STANDARDS.
– Predict and improve EMC performances requires to be able to simulate 
phenomena

• SIMULATION TOOLS or behavioural model (like IBIS ) available on the market  

for PCB simulation  do not take into account EMC phenomena, mainly signal 

integrity.

ICs AND EMC SIMULATION NEEDS 

IBIS Summit meeting / Munich, march 2001 PERRIN Jean Claude / HUET Claude

MODEL PROPOSAL
IEC 62014 - 3

5

UTE  EMC  TASK  FORCE
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PROGRAM  STATUS
• 1994  : WORKING GROUP  UTE/CEF 93GT5 EMC
• 06 / 1997 : IEC 93 / 67 NP
• 1998 : DATE 98 / INTERNATIONAL TASK FORCE
• 2000 : DATE 2000 / IEC INTERNATIONAL  EXPERTS 

MEETING

• 03 / 2001 : IEC 62014 - 3  
CDV proposal sent to IEC
for standard approval

• 03 / 2001 : DATE 2001 MUNICH IBIS SUMMIT MEETING
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ICEM  MODEL

Integrated Circuits 
Electromagnetic Model
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ELECTROMAGNETIC AND HF NOISE SOURCES
• Power supply lines emission :

Switching activity in different modules (Internal/peripheral)

High frequency current through package connections

• I/O connections noise emission :
Noise due to output fast signals and package characteristics

Noise coupling through package to the other I/O pins

Noise coupling through package to other powers supplies

• IC Direct emission :

Package Bonding and metal die connections 
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ICEM model

Mechanisms for parasitic emission covered by ICEM model
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Power lines contribution
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I/Os contribution, single supply structure
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I/Os contribution, multiple supply structure
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ICEM IMPLEMENTATION 

IN  IBIS DATABASE
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PACKAGE MODELING

Keyword [ define package model]

Keyword [manufacturer]

Keyword [second order]

Keyword [description]

Keyword [number of pins]

Keyword [pin numbers]
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PACKAGE L, R, C DESCRIPTION

Keyword [pin numbers]

Keyword [All]

Keyword [bonding]

Keyword [package pin]
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Example of Package description from manufacturers
[Package]

| Variable     Typ           Min           Max

R_pkg          0.1034        0.048         0.2592      

L_pkg          2.263e-09     1.098e-09     4.827e-09   

C_pkg          2.045e-13     8.363e-14     3.75e-13    

|

[Pin]   signal_name             R_pin         L_pin         C_pin

1       PIN_1        NC          0.07963       1.849e-09     1.187e-13   

2       PIN_2        NC          0.08791       2.116e-09     1.73e-13    

3       PIN_3        NC          0.1445        3.071e-09     2.239e-13   

4       PIN_4        NC          0.08285       1.841e-09     1.315e-13   

IBIS Summit meeting / Munich, march 2001 PERRIN Jean Claude / HUET Claude

MODEL PROPOSAL
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Example of Package description from manufacturers

* CONDUCTOR LAYER NAME   TYPE     HEIGHT(MM)     THICKNESS(MM) *

********************************************************************
*     11                 LF       0.46000        0.01000

*     10                 BW       0.47000        0.02540
********************************************************************

* MISC

Electrical Data By Pin (at DC):
Pin  R (ohms)  L (nH)   C (pF)

Whole     BW                  Whole    BW                     Whole     BW
1.               0.080      0.072                1.849     1.643                    0.119     0.105

2.               0.088      0.065                2.116     1.489                    0.173     0.108
3.               0.144      0.063                3.071     1.432                    0.224     0.107

4.               0.083      0.061                1.841     1.390                    0.132     0.106

5.               0.060     0.060                 1.372     1.372                    0.105     0.105
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CURRENT GENERATOR DESCRIPTION

[Ib generator]

[Cb capacitor]

| Variable         Typ           Min           Max

C_pkg          2.045e-13     8.363e-14     3.75e-13 

[Vdd Vss Pin]

[Ib current]

Variable 

Ib (mA)     1     10     50   100  80   60   40   20 

t  (nS)         .5      1    1.5   2   2.5     3   3.5    4

[Frequency]

| Variable         Typ           Min           Max

F(MHz)             13          6            50

IBIS Summit meeting / Munich, march 2001 PERRIN Jean Claude / HUET Claude
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INTER COUPLING POWER SUPLIES Zsub 

[Zsub ]

[Csub capacitor]

| Variable         Typ           Min           Max

C_pkg          2.045e-13     8.363e-14     3.75e-13 

[vss1 vss2 pins]

[z impedance]

Variable s

dI(mA)       .01    1       2        5     10     50     100

dv  (nS)       .1       .2      .3       .4    .5      .6      .7

[Frequency]

| Variable         Typ           Min           Max

F(MHz)             13          6            50

IBIS Summit meeting / Munich, march 2001 PERRIN Jean Claude / HUET Claude
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DIRECT IC ELECTROMAGNETIC EMISSION

Emission Mainly due to 
package 

Variables 

Pin length

Frequency

RLC ( Resonances )
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CONCLUSION
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CONCLUSION
• ICEM  Gives a  capability to simulate EMC due 
to internal activity and of I/Os noise coupling

•ICEM model easy to add as modification od add 
on files to standards like IBIS

•ICEM model parameter can be  obtained  if data 
are not available from ICs manufacturers.  
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CONCLUSION
ACTIONS PLAN TO PERFORM

• COOK BOOK to be writen to explain how to obtain

ICEM Model parameters. (First draft is on going)

• Evaluation through IBIS forum

• Integration in  standard models database ( For ex IBIS)   

• PCB simulation  tools integration to provide EMC 
simulation capability.

• Softwares Validation 
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A N N E X E

IBIS Summit meeting / Munich, march 2001 PERRIN Jean Claude / HUET Claude

MODEL PROPOSAL
IEC 62014 - 3

26

STUDY REASON
Mise en évidence de l’importance de l’activité interne sur le rayonnement 
du composant.

Il faut modéliser l’activité interne pour simuler le rayonnementIl faut modéliser l’activité interne pour simuler le rayonnement
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Les  modèles actuels entraîne une erreur de simulation de 15 dB dans ce cas.


