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The committee has decided that the contents of this publication will remain unchanged until
2005. At this date, the publication will be

e reconfirmed,;

e withdrawn;

« replaced by a revised edition, or
< amended.
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ELECTRONIC DESIGN AUTOMATION LIBRARIES —

Part 3: Models of integrated circuits
for EMI behavioural simulation

cope

pjective of this Technical Report (1R) ICEM (Integraied Circuit Electrical Mod¢
onents is to propose electrical modelling for integrated circuit internal activities
will be used to evaluate electromagnetic behaviour and performances @f _gled
ment.

General

ated circuits integrate more and more gates on silicon and the technologies are
ster. To predict the electromagnetic behaviour of equipmeng; it is required to mo
ce switching and their internal activities as well. Indeed- IBIS and IMIC mode
bd mainly on interface activity predictions (cross-talk, ovetshoot, etc.). See IEC 62(

eport describes a model for EMI simulation due to JC iaternal activities. This model
accurately the electromagnetic emissions of electronic equipment by taking into ad
fluence of internal activities. This model gives general data which could be implem
erent format such as IBIS, IMIC, SPICE, etc.

j the design stage of the application thatwill exploit the IC, it becomes useful to g
b prevent electromagnetic risks with_the CAD tool. Accurate IC modelling is necd
on these simulation tools.

coupling mechanisms of thécinternal activities for emission (Figure 1) are pro
ICEM model:

nducted emissions through supply lines;

nducted emissions_through input/output lines;

rect radiated emissions.
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Figure 1 — Mechanisms for parasitic emission covered by ICEM


https://iecnorm.com/api/?name=7c73beeefff0b03dd97cc2cecc8cec62

-6 - TR 62014-3 O IEC:20

02(E)

This report proposes a model that addresses those three types of coupling in a single
approach. The elements of the model would be kept as simple as possible to ease the
identification and simulation process.

1.2 Philosophy

The purpose of this report is to provide data to enable printed-circuit-board level (PCB)
electromagnetic tools to compute the electromagnetic fields produced by integrated circuits
and their associated PCB. These data can be extracted from measurement methods, as
described in IEC 61967, or obtained from IC simulation tools.

1.2.1

The o
and |

The ¢

currept, mainly at rise and fall edges of the clock circuit. For example Figure 3 plo

numb

Consgquently, high curnent spikes are created inside the die and induce voltage drd

the in

~o: L " . .
UTTYTim ur Jgarasitiv TITs oSTuTl

rigin of parasitic emission in IC is due to the current flowing through all the IC gat
) during high to low or low to high transitions as shown in Figure 2.

Gate 1 Gate N

- N gates (o

IEC 3028/02

Figure 2 — The basic mechanism for parasitic emission is due
to the current driving by all the gates

ombination of several-hundred thousands of gates lead to very important peg
br of gates switching versus the time for an IC integrating 1000000 trans

fernal voltage references.
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Figure 3 — Number of switching gates versus time
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1.2.2

Conducted emission through power-supply lines

The current spikes created inside the die are partially reduced thanks to the on-chip
decoupling capacitance. Anyhow, a significant portion of the current spikes is present at the
power-supply pins of the chip. This current could be measured according to IEC 61967 or

other

1.2.3

methods permitting to have the power-supply currents.

Conducted emissions through input/output lines (1/0)

The internal voltage drops generated by the current spikes create noise on the 1/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 pro

electr

1.2.4

The i
canb

2 Normative references

The f
For d
of the

IEC 6
1 GH{

IEC ¢
to1d

IEC §
1 GH{

IEC 6

specifications (IBIS version 3.2)

3 T

For th

3.1

agate

bmagnetic emissions. The measurement set-up is done according to IEC 61967.

Direct radiated emissions

nternal current flowing in low impedance loops generates electromagnetic fields
e measured in near field according to IEC 61967.

bllowing referenced documents are indispensable for the application of this docu
hted references, only the edition cited applies. For undated references, the latest ¢
referenced document (including any amendments) applies.

1967-1, Integrated circuits — Measurement_ of‘electromagnetic emissions, 150 K
— Part 1: General conditions and definitions

1967-4, Integrated circuits — Measurement of electromagnetic emissions, 15

1967-6, Integrated circuits —.Measurement of electromagnetic emissions, 150 K
— Part 6: Measurement ofcanducted emissions — Magnetic probe method

2014-1, Electronic design automation libraries — Part 1: Input/output buffer inforn

erms and definitions

e purpeses of this document,the following terms and definitions apply.

which

ment.
dition

Hz to

kHz

Hz — Part 4: Measurement of conducted emissions, 1 Q2 /50 @ direct coupling method

Hz to

hation

ElectroMagnetic 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

electromagnetic emission
phenomenon by which electromagnetic energy emanates from a source

3.3

electromagnetic radiation

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

b) energy transferred through space in the form of electromagnetic waves
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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:

= |ICEM power-supply line model for conducted emissions through supply lines;
= |CEM input/output for conducted emissions through input/output lines;
= |CEM direct radiation for direct radiated emissions.

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

4.1 |CEM power-supply line model

The I€ equivalent model shown in Figure 4 is able to determine the peak harmoni¢s spgctrum
and njain resonances.

This model consists of:

l, cyrrent generator,

LpacKV,y package inductance of the positive supply Vg,
LpacKV,, package inductance of the ground Vg,
RpackV,y package resistor of the positive supply V44,
RpackVy, package resistor of the ground Vg,

Cy4 parasitic capacitor between V,4 and Vg4 packageipins,
Rvyq.[series resistor of V44, bonding and die confection,
Rvgs, [series resistor of Vg4, bonding and die gonnection,
Lvyg, jnductance of V4, bonding and die connection,

ss» [nductance of Vgq, bonding and die~Connection,

C, internal die capacitor.

RPackVgq LPackVgq RVgq LVgqg

Ca —= Co = |b®

oo o F——1 11

RPackVss LPackVss Rvss LVss

IEC__3030/02

Figure 4 — Model of the IC supply lines

4.1.1 First and second order effects

The inductance of the package LpackVyy, LpackVg, in series with the capacitance Cy create
a first resonance, while the serial inductances Lvgy, Lvgg, in series with the local block
capacitance C,, create a second resonance (Figure 5).
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Figure 5 — Origin of primary and secondary resonance in the IC mogdel

) into account second order effects in the proposed model give more accurate
esults regarding measurement results, as shown in Figure 6.
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CEM _Input/output

Single supply structure

e 6 — Comparison between simulation and measurements (IEC 61967-4, 1 Q me

5imul-

hod)

Disturbances on I/O are mainly due to the current flow in the supply and ground impedances
added to 1/0O stage. The ICEM Input/output is modelled by the superposition of that internal
current noise with functional signals.

Functional signals are described with models such as IBIS, IMIC or SPICE. The 1/O on which
the simulation is performed could be active or not. When other I/Os are activated on the same

power lines a new equivalent current generator, |
added in parallel to the generator representing the internal activity I,,.

ilor

The schematic of the model is reported in Figure 7.

representing peripheral activity, must be
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Figure 7 — Coupling between core and |/Os

Multiple supplies structure

Frequency limits of functional 1/0 models would be taken into account for EMC high frequency’sim
ance a second order model would be defined, bonding and package elements, to simulate-the/fesong

In many cases, the core supply and the 1/O supply have separate internal networks. Th¢

mode
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is still identical, but two supplementary components are<inserted, as illus
re 8. The first parameter, named Z,,, accounts for the~substrate coupling pa
the core V4 and the I/O V4. The second parameter(is-the decoupling capac
en I/O supplies, named C;,.

other I/O’s are activated on the same power lin€s*a new equivalent current geng
presenting peripheral activity, must be added t@ the generator representing the internal

(L, R) PaCkad
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Cq =™ C = Cio == 110 | 4o D e
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rator,

Vob 110

Mss 110
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Figure 8 — Coupling between core and I/Os in the case of separate supplies

O
IEC 3034/02

NOTE Frequency limits of functional 1/0 models would be taken 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 characterized by measurement methods which
measure direct radiation as for instance described in IEC 61967-2 in TEM cell.
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Figure 9 shows measurement results in TEM cell with 2 microcontrollers

50
45

40 A TEM
HCA 35

-t
30 4 25d8B 7[ y Cell
\ A

25

. //‘/ T

10 / N

dBuv

Level

10 100 1°000
Frequency MHz

Figure 9 — IC direct emissions measured in TEM cell

Mode| parameters would be electrical parameters as internal) currents and geometrical
parameters as die size, internal loops area and package characteristics.

4.3.1 ICEM direct radiated model

This model would be based on an equivalent representation with dipoles.
It will be possible to implement it in models likeZBIS, IMIC or SPICE.

The model is under definition and will be.completed in future.

5

CEM models parts details

The model parts are detailed in this clause. The current generator |, the decoppling
capaditance, the serial resistances and inductances and the local block capacitande are
reviewed.

Methqds to determine model parts values are also considered in this clause.

5.1 Passive\parts parameters

Passiyeleomponents of the model are: LpackVyy, LpackV
C and 7w.

J

ss’ Cd* RVdd' RVss' I-Vdd' LVss' Cb’

ilo’
LpackVyy, LpackVy are package inductances.
Cq4 represents the parasitic capacitor between V44 and V¢4 package pins.

Rvqq, RVgs series resistances of the supply network model the metal interconnect that
connects the block supply to the main supply ring, which goes to the external supply
through specific pads.

LV4q:» LVgs series inductances of the supply network model the metal interconnect that
connects the block supply to the main supply ring.

C, is the internal die capacitor, placed in parallel with the local current generator. It
accounts for the equivalent decoupling capacitance of the block.
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ilo

for the equivalent decoupling capacitance between I/Os power supply lines.

is the internal die capacitor, placed in parallel with the 1/0 block (Figure 8). It accounts

Zs,, coupling impedance is valid for most CMOS technologies with P-type substrate.

It

Valu

accounts for the substrate coupling path between the core Vg and the I/O V.
e ranges of these components are given in Table 1.

Table 1 — Value range of the model parameters

Part name Minimum value Maximum value
LpackV , LpackV 1nH 10 nH
C 10 pF 100 nF
Rv , RV 0,1Q 10 Q
LV , LV 1nH 20 nH
C 10 pF 100 nF
c 10 pF 100nF
Z d.c. value 0Q 100 Q

Thesq values are for informative purpose only. They may varyswith new technologies.

In or

deter

(ﬁr to perform accurate simulations, the values of these parameters would be accy
ined for each specific case.

5.1.1 Measurement of part values

Input [impedance would be measured according to the time domain recflectometry m
(TDR] or with a network analyzer.

From|the measurement results and-the already known data (e.g. package) it is po
to extfact all the part values using mathematical procedures.

5.1.2 Prediction of part walues

Part
from

5.2

The

alues could be determined with IC design tools which compute the RLC paran
geometrical and-electrical characteristic of IC.

The current'sources I, and I,

curremt shape may consist of the time-domain description of the current in PWL (Piece
Linea[)\format (Figure 10).

rately

ethod

ssible

heters

. The
Wise

r{ain source of parasitic emission considered in the model is the current source |

Typical values for | are several mA, up to 1 A for the amplitude, 0,1 to 5 ns for duration, and
500 ps to 50 ns for the period. These values are closely dependent on the software running.
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