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|. Introduction

. Introduction

This manual document describes the tool IC-EMC (acronym for Integrated Circuit
Electromagnetic Compatibility) which aims at simulating parasitic emission and susceptibility
of integrated circuits and eases the comparison with measurements. The tool uses the
simulators WinSpice and LTSPICE® for SPICE simulation. The software can be downloaded
on www.ic-emc.org.

IC-EMC is a free simulation software entirely dedicated to the EMC of ICs issues. IC-EMC is
not geared to full-chip simulation coupled with a 3D electromagnetic solver and is not
intended to address complex EM problems. It aims at developing simple models of ICs and
its surrounding environment (IC package, PCB traces, cables) for simulation of emission,
susceptibility and signal integrity. Its purpose is twofold:

= help the user to develop EMC models rapidly for an efficient evaluation of EMC
performances

» illustrate EMC issues related to ICs for educational purpose of basic notions and
modelling techniques related to EMC

To obtain more accuracy or to address more complex problems, we advise you to use the
professional CAD tools available in your university, lab or company

This manual is organized as follows:

» The second section (Getting started) presents an overview of the software and
describe how to install and launch it

= The third section (Working with IC-EMC) shows the different possibilities of the
software through several practical examples

= The fourth section (Description of the menu) describes the different menus of the
software

» The fifth section (Description of the symbols) lists all the symbols proposed by the
software to build electrical schematic diagram

= The sixth section (Input/output file format) describes the different exchange files used
by the software

The authors have dedicated around ten years to build the technical contents of this manual
and software, and tried their best to improve the IC-EMC tool, trying to keep the usage
simple. As the tool is in constant evolution, we encourage the reader to download the
updated version of IC-EMC form the web page and we would appreciate feedback and
comments.
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Getting started with IC-EMC

IC-EMC is a simulation software entirely dedicated to the EMC of ICs issues. It works only
with Windows Vista and Windows 7 or 10. IC-EMC is a schematic editor interfaced with two
SPICE simulators: WinSPICE and LTSPICE. By exploiting simulation results provided by
these simulators, IC-EMC proposes a set of post-processing tools to extract relevant EMC
information. The section aims at presenting an overview of the software and how to install
and launch it.

II.1 Overview of the software

The tool IC-EMC is able to perform comparisons between measurements and simulation of
conducted, radiated emission, near-field emission, S and Z parameters, immunity and signal
integrity, as illustrated in Figure 2- 1. Moreover, it includes also different tools to build models
of IC package, PCB traces and cables.

Package viewer & modeling [l Z/S parameter simulation Emission simulation |

LN

Figure 2- 1: Main features of IC-EMC

The main commands of IC-EMC are shown in Figure 2- 2. From left to right, the Spice
Simulation icon translates the schematic diagram into a SPICE compatible text file, the next
icons give access to the emission spectrum window, the impedance vs. frequency, the
immunity simulation screen, and the near-field simulation screen.

12
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Ii‘lﬂ'? I Wy
Spice / Ibis file
simulation Im Cd.ltOI‘
umty Parametnc
L1brary s1mulat10n analysis

Spectrum  Near-field Impedance S parameter
analysis simulation simulation simulation

Time domain
analysis

Figure 2- 2: Main commands proposed by -EMC

Figure 2- 3 describes the general simulation flow with IC-EMC. The process starts with the
edition of the circuit schematic. Component models are provided by IC-EMC or external
libraries. The netlist file generated by IC-EMC serves as input file for the SPICE simulator
(WIinSPICE or LTSPICE). At the end of the simulation, SPICE simulation results are
exploited by IC-EMC post-processing tools. Different measurement file formats can be
imported to compare simulation and measurement results and tune simulation models.

IC-EMC schematic
editor (.sch) ‘ Model libraries ‘

5‘3\ ./’l:

WinSPICE / LTSPICE-compatible
netlist generation (.cir / .raw)

-
WinSPICE / LTSPICE simulation \

IC-EMC post-processing tools i A eo) Importing of
(emission, impedance, S- measurement result
parameters, immunity ...) files

[T = T R T

:
Output file generation ‘

Figure 2- 3: General simulation flow with IC-EMC

1.2 Installing and running IC-EMC

The following paragraphs detail the different steps for installing, running and exiting the
software.

I.2.1 Download the Schematic Editor

The software can be downloaded from www.ic-emc.org. The zip file contains an executable
file (icemc.exe) and folders containing libraries and examples.

13
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After downloading and unzipping
the IC-EMC software package, a
main directory called “IC-EMC-2v9”
is displayed. This directory
contains a list of subdirectories
organised as shown in Figure 2- 4.

It contains the IC-EMC executable
file (ic_emc.exe) and a further
collection of subdirectories. Some
of them contain examples and
case studies, while others contain

book
case_study
exarnples
help
ieee
lib

Eﬂ IC_Emc.exe

| ic_emc_config.ini

component libraries. Their content
is briefly described in Table 2- 1.

Figure 2- 4: Organisation of the main
directory IC-EMC-2V9

Subdirectory name

Contents

book

The subdirectory contains the schematic
diagrams and measurement results presented
in the book: A. Boyer, E. Sicard, "Basis of
Electromagnetic Compatibility of Integrated
Circuits", Collection Pour I'lngénieur, Presses
Universitaires du Midi, 2017.

case_study

The subdirectory contains schematic diagrams
and measurement results related to several
case studies described on the website www.ic-
emc.org

examples

The subdirectory contains various schematic
diagram related to basic notions of EMC,
emission, near-field, susceptibility...

help

HTML pages of online help

ieee

Symbol library used by IC-EMC (*.sym). Some
are available from the palette (see 11.2.7),
while others can be downloaded by clicking on
“Insert > User Symbol (.SYM)".

lib

.tec file and default non-linear device SPICE
library (.lib) (e.g. a diode, BJT, CMOS
transistor, non-linear capacitor, switch)

Table 2- 1: Content of the subdirectories of the main directory IC-EMC-2v9

I.2.2 Download WinSPICE

The WIinSPICE analogue simulation tool may be downloaded from www.winspice.com. Click

on the ﬁ icon to run the WinSPICE solver wspice3.exe. It is necessary to define in IC-

EMC the access path of the solver wspice3 (see 11.2.5).

14
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I1.2.3 Download LTSPICE

The LTSPICE simulation tool may be downloaded from

http://www.linear.com/designtools/software/. Click on the LT icon to run the WinSPICE
solver scad3.exe. It is necessary to define in IC-EMC the access path of the solver scad3
(see 11.2.5).

I1.2.4 Initial Screen

|
To launch IC-EMC, double-click on executable file ic_emc.exe :é in the main directory of
IC-EMC. The following figure presents the interface when the software opens. The editor
contains a palette of symbols (Window "Symbols" situated on the right of the screen) and
some basic editing icons to build the schematic diagram of the circuit and control the main
EMC screens.

Name of the current

schematic Menus Command bar

B4 ic_emc - exampfSCH [EESANETIE
e - MG %

bB (NPosBB0EAL Lo > o LELBEE Onem ad |2
Symbol palette

NATIONAL INSTITUTE

About ==
OF APPLIED
SCIENCES

IC-Emc 2.9
Welcome ‘
message iversion 08 June 2017
\ TOULOUSE

DEPARTMENT OF COMPUTER & ELECTRICAL
ENGINEERING

Copyright INSAToulouse, France, 2003-2016
by Etienne SICARD, Alexandre BOYER -

E-mail : alexandre.boyer@insa-toulouse fr
E-mail : etienne sicard@insa-toulouse.fr

hitp:/mwwwic-emc or q

aiors)

Editing interface of schematic diagram

Welcome to ICEme 2.9, vegsion 08 June 2017 CMOS 0.12um from “default tec” =

Message bar Selected technology
Figure 2- 5: IC-EMC user interface

The symbol palette gives access to the most common elements of electrical schematics,
such as passive devices, voltage and current sources, transmission lines and interconnects,
measurement probes for voltage, current, impedance, power, S-parameters etc., in addition
to diodes, MOS devices, bipolar junction transistors and input/output buffer models extracted
from an IBIS file. The components of the symbol palette are described in Erreur ! Source du
renvoi introuvable.. The palette is visible as soon as IC-EMC is run. If the palette is closed
accidentally, it can be reopened by clicking on "View > Symbol Palette" or clicking on the
icon in the command bar.

All the components placed on schematic diagrams are described in a .sym file, which

describes both the graphical aspect of the component in the schematic and the SPICE model

of the component. Not all the components supported by IC-EMC are in the symbol palette.

IC-EMC proposes additional components that can be inserted in the schematic through the

Insert / User Symbol (.SYM) command. They can be either constructed by the user as a

SPICE subcircuit (using command "File > Generate SPICE Subcircuit"), or found in the list of
15
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symbols in the "ieee" subdirectory. More information about the symbols contained in the
system/ieee directory can be found on the IC-EMC companion website.

R Land C Symbols |2 Diode
Y e " HEmodels of R Lor C
Mutual inductance —__| / o

Bidirectional coupler

%}/ (Radiated) interconnect
’d

|deal transmission

line —~—

ﬁ\% w & {/
& g
AN

Voltage and current = = = RF gengrgFor fpr
sources ™~ sources o susceptibility simu.
Ground and Vpp ref.  —_| Pie _— Voltage-controlled voltage source
Voltage-controlled T3 4 x|
current source =>xp @ <—7— Non-linear V/I source
Voltage and current Prohes:

Set initial voltage
— |
probes T2 O B<T condition on a node

Z(f) probe
(fp T e 2 <— Eye diagram
Port for S parameter y ¢

simu. B _ Diff. / Common-mode
It b
NMOS/PMOS devices — || voflage probe
e 46 b <— Inverter
NPN/PNPBJT ——— >+ & w| [BISsingle-
& B 2> endeddif
/O pin (for subcircuit driverfreceiver

Misc..
i1 &&— Box & Info. symbol
> > # <——— Voltage-controlled switch

generation)

Electrical arrow
(connection to a node)

Figure 2- 6: Symbol palette

The main commands for EMC and post-processing can be found in the EMC menu or the
command bar, as shown in Figure 2- 7. After editing the schematic and setting the simulation
parameters, click on the 'Generate SPICE netlist' button to translate the schematic diagram
into a SPICE-compatible text file. This step is necessary before any new SPICE simulation or
post-processing of results. The following icons give access to the main post-processing tools
(e.g. emission window, near-field simulation, immunity simulation, Z- and S-parameters etc.).

3 .
> I | = ) [, fbs]
Spice / /‘ Ibis file
simulation I ed}tor
rTlport Immunity Parametric
Library simulation analysis

Spectrum  Near-field Impedance S parameter
analysis simulation simulation simulation

Time domain
analysis

Figure 2- 7: Main simulation commands

I.2.5 Configure simulator options

Before launching SPICE simulations, it is necessary to define the access path of the
simulators (WinSPICE and LTSPICE) and the launching options. It can be configured by
clicking on the command menu "File > Simulator > Configurations". The following window
opens.

16
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r T
E‘ Simulator configurations | == _53-]
Access path to the simulators
WINSPICE: D:\Users\admin_sboyer\alex_DELL_09122013Yc-emc_sources\WinSpice 1.05Wwspice3.kxe |_|
LTSPICE:  C:\Program Files (x86)\LTC\.TepicelVscad3.exe |:|
Simulator Options
' Launch simulator manually
@ Interactive mode
) Batch mode
[‘f" OK | |x Cancel |

Figure 2- 8: Simulator configurations (File > Simulator > Configurations")
Set the access path of WIinSPICE and LTSPICE simulator executable files in the fields

"WIinSPICE" and "LTSPICE" by clicking on the button |_| This operation has to be done
manually each time the user reinstalls SPICE simulators and their installation directories. In
the lower part of the screen, three simulation options are proposed:

= Launch simulator manually: when the user generates SPICE netlist =", he has to launch the
simulator, opens the circuit netlist (.cir file) and launch the simulation

= Interactive mode: when the user generates SPICE netlist =, the simulator is automatically
launched and remains opened at the end of the simulation to analyze the result

= Batch mode: when the user generates SPICE netlist =, the simulator is automatically
launched but is closed directly at the end of the simulation

1.3 Using IC-EMC

1.3.1 Create my first model

As first simple example, we consider a resistive voltage divider excited by a sine waveform
signal at its input. The divider is made of two resistance of 1 KQ. The amplitude of the signal
is 1 V and its frequency is set to 100 MHz. The simulation aims at predicting the transient
waveform of the voltage at the output of the resistive divider.

-
Double-click on executable file ic_emc.exe '-'-“é to launch the software. if it is already opened,
click on the command "File > New" or "CTRL+N" to create a new schematic diagram.

Pick two resistor symbols ¥ in the Symbol palette, drag and place them on the schematic.
These symbols are called R1 and R2 by default. Their default resistance is 50 Q. Click on the

icon I]E"[o rotate to the right the resistor R2. The result is shown in Figure 2- 9. To change
the properties of the symbols (name and resistance), double-click on the symbol. The
window shown in Figure 2- 10 opens. Change the resistance value of both resistors to 1 K in
the field "Value". To change the name of a symbol, write the new name in the field "User
name". To validate the change, click on the button OK or type "Enter" key.

17
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Ed ic emc - exampleSCH . 1 —— | —— — — - e |
File Edit Insert View EMC Tools Help
pEHINFe LB Rm2 A K b BERBE Gl A B |3
Symbel =
Passives
| L
o ox 4
e
Lines
-—/\/\/\—- -[ = =
50 Sources
R1 @ B8 ¢
> T W
3 b
R
& Probes:
B
[
Symbal "R2" here, [ 501 CMOS 0.12um from "default tec”!

Figure 2- 9: Place two symbols of resistor on a schematic diagram

r ——a . &l
Ed Symbol n°1 R1 properties (920} b C=aie] X
Resistor | Symbol parameters
Fiesistance description Uszernams: Rl Position: 35 .5
Walue (Ohm): 14 Fin n” Type MNarne MNode
1 ? t1 1
2 ? r2 2
[T Temperature dependent using mode| RMOBEL

Figure 2- 10: Change the resistance value of a resistor symbol

Then, pick the voltage source symbol ® in the Symbol palette and place it on the schematic
diagram on the left of R1 (Figure 2- 11).

T e s = = S=— = = =

File Edit Insert View EMC Tools Help

FEH WPe S0Gme A K0 > (MBS K| Q0 8| (3

1k
R1

o

Symbol V1" here, (1.2101.001011.02.0) Circuit 0K

Figure 2- 11: Place one voltage source symbol on a schematic diagram

Double-click on the voltage source symbol to edit its properties. Click on the tab "Sine
Parameters" to set a sine waveform generator. The following parameters are proposed:
18
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=  VO: offset voltage (V)

=  VA: amplitude of the sine waveform (V)
= Freq: frequency (MHz)

= TD: delay (ns)

= Theta: damping factor (1/s)

Use the parameters shown in Figure 2- 12 and click on the button OK

Ed Symbol n'3 V1 properties (965) - s e e |

Vsaurce | Symbaol parameters

Yaltage source parameters User name: V1 Position: 10 .17

DC parameters

Pinn® Twpe MName MNode
Yalue (V) : @ 1 . Vi 5
7

AC parameters e : Win 6

Amplitude (V) 1

Phage (degree) : 0

| Pulse parameters | Sine Parameters | Simple i Piece-ise Linear|
Sine Parameters
Vo 00 Vagvy 10 FregMHz), 100

TD (ns): 0.0 Theta: ulli]

71 Show Pin Names
7] Show Pin number
[¥] Show name and properties

EEEEN

Lastupdated 20.01.2005

Symbaol Colour

Figure 2- 12: Edit the properties of a voltage source

All the electrical components of the circuit have been placed. Now, they have to be
interconnected. Interconnections between symbol's nodes are ensured by wires. To add

wire, click on the icon "Line" k or on the menu "Edit > Line". Line edition mode is activated
and wires are created between two points selected on the schematic with the left button of

the mouse. The line edition mode is deactivated by clicking on the icon "Select" ® or hitting
the ESC key. Alternatively, line edition mode can be activated by clicking on the schematic
with the left button of the mouse. Place wire between the different terminals of the symbols.
Terminals are highlighted by square symbol . The result is shown in Figure 2- 13. Before
simulation, it is necessary to indicate the voltages and currents that we want to observe by

placing voltage and current probes = on the schematic diagram. Voltage probes are
connected on one node of the diagram while current probe are placed within one circuit
branch. In this example, place two voltage probes: one at the divider input (between V1 and
R1), the other at the divider output (between R1 and R2).
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£4 ic_emc - example.SCH 2 B —— —m — - Ry
File Edit Inset View EMC Tools Help
H xPe LR AJED | | DEMERZ @R 9 B2
Symbol P
Passives
[+ =
O
g =
Lines
| w Sa=
1k Sources
R1 L
+ F 2 X
_ Sin 100 MHz ;52 B
W Probes;
1 T
& [
|Actives
C
L
Wee,
£
- B |
&dd line £5.26 to B5.30 Circut DK

Figure 2- 13: Place wire to interconnect the different symbols of the schematic diagram

The schematic diagram is nearly terminated, but an important element has been forgotten. In
any SPICE netlist, a '0" or reference node has to be defined. Forgotting such reference node

will result in simulator error. Place the symbol "Ground" & on the schematic, between V1
and R2. The final schematic diagram is shown in Figure 2- 14.

£ ic_emc - example SCH . R W | . — i — - 0 e

File Edit Insert View EMC Tools Help
pEHI KNFPe SFBoEALED | - [ REMBE G K QS B | 3
Symbols =

Passives

[+ + =
V) M ||
yd d ’
Lines
| | e
1k ’Snguries@ .
R1 | &
+\ § Fs
 Sin 100 MHz ;52 b
V1 Probes:
1 )
$ 7o
77;7
|Actives
E
E

Loaded D:\Users\admin_abopetbales_DELL_0S1220134ic-eme_sourcestsystem_save201 705054 EEE \ss.sym Crouit 0K

Figure 2- 14: Place voltage probes and the ground symbol

Before launching the SPICE simulation, IC-EMC converts the schematic diagram into a
netlist (file .cir) compatible with WinSPICE or LTSPICE. This netlist describes the circuit in
components whose terminals are referenced by number. Each number indicates a node of
the schematic diagram. All the terminal with the same node number are connected
electrically. To see the number of the different nodes forming the schematic diagram, click on
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the icon ]—f* or on the menu "View > View Electrical Net" (Figure 2- 15). Voltage probes have
been placed on nodes 1 and 2. This view can be convenient to verify electrical connections
between the symbols during debug.

£4 ic emc - exampleSCH e —— - — [E=e 5

File Edit Insert View EMC Tools Help

sH xFPa LR EA L [AD e o | BEMEE &R QO B2

Lines
(1) (1) 1) 2) @ T(Z) =

R1 2|8 o
+ AT B
_= 1k Fo)
Sl/ﬂ 100 MHz R)Z B
V1 Probes:

| p =
3

] () 8
i

Select aline of pin in the drawing to see its electical network. Circuit 0K

Figure 2- 15: View the nodes of the schematic diagram (icon ]—f‘ )

I.3.2 Save the schematic diagram

Before launching any simulation, it is extremely important to save the schematic in a known

directory. Click on "File > Save as" or on the icon or CTRL+S to save the schematic
diagram. They are saved in .sch file. Save it as Voltage_Divider.sch. The final version of this
schematic diagram is available in the directory "examples\basic\FFT".

I.3.3 Prepare the analysis

SPICE simulator proposes different analyses (DC, AC, TRAN...). The analysis is defined and
configured by a analysis command line added to the schematic. Here, we want to set a
transient simulation. The most convenient way to set simulation parameters for beginners is
to click on "Insert > Insert analysis line". The following window open to set up the SPICE
analysis. Select the tab "Transient analysis" and set:

= Stop time: 100 ns
= Step time: 0.1 ns

The SPICE analysis command line appears at the bottom of the window and is updated each
time the analysis parameters are changed. The format of the analysis line is also shown.
Finally, click on the button "Insert" and click "Close". The analysis line is automatically
inserted on the schematic diagram, as shown in Figure 2- 17. Alternatively, the analysis line

can be directly added on the schematic by clicking on the icon A and type the command line
"tran 0.1n 100Nn".
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-
E# Insert analysis [ =|E &
I_El(_:_zm_al_y_s_is__lﬂ__a_n_aﬁs_i_s_! Transient analysis | Temperature sweep | SPICE options | Mear-field scan options ;

Stop time (g) Start time (s}

100n| 0 [} Enabled
Step time (£) Max, step time (5)

0.1n in [|Enabled

[T Use Initial Conditions

.tran Time_Step Time_Stop {Time_Start) (Time_Step_Max) (Init_conditions)

.ran 0,1n 100n Insert

‘ xclﬂse‘

Figure 2- 16: Define the SPICE analysis
E4 ic.emc - DAUsers\admin_aboyerialex DELL 08122013\ic-eme_sources\iC-EMC-2v8\examplestbasicWoltage. Divider.SCH I W e |
File Edit Inset View EMC Tools Help

PH NFe SR oe2 AT | b % | BEEBE Glner | Q& B | 2

Symbols =

Passives

SIS

& x4

V] V] E®
r‘/ﬂ’ VIV ”—% Nl
+

1k
R1

AVAY
¥ o+ @
g b @
8 e

=

_ Sin 100 MHz
V1

l

ek
]
3
-
]

L
.

fran 0.1n 100n

lick at 10,48 Circuit DK

Figure 2- 17: Insert the SPICE analysis line on the schematic diagram

1.3.4 Launch my first simulation

Before launching your first simulation, you should ensure that the access paths of the
simulators have been defined as explained in part 11.2.5. Two SPICE simulators are
supported by IC-EMC: WinSPICE and LTSPICE. To select a simulator, click on the menu
"File > Simulator" and select "WinSPICE" or "LTSPICE". In this example, WinSPICE will be
used. Click on the menu "File > Simulator > Configurations" and select the option "Interactive
mode": the simulator will be launched automatically when the netlist will be generated.

Click on the button ™ or on the menu "EMC > Generate SPICE file" or hit CTRL+G to
launch the simulation. Actually, this command is twofold:
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= the electrical schematic diagram is converted in a netlist, saved in a .cir file. The netlist file has
the same name than the schematic file (Voltage_Divider.cir). The window shown in Figure 2-
18 appears when the netlist file is generated to verify the content of the netlist. Click on the
button "OK" to close this window.

= in "File > Simulator > Configurations", if the options "Interactive mode" or "Batch mode"
have been selected, then the SPICE simulation is automatically launched. If the option
"Launch simulator manually" is selected, then the user has to launch the simulator and select
the .cir file.

Bl Gererae Spice Fie B e o T T -

* File name: D:\Users\admin aboyer\alex DELL 09122013\ic-e:
* Software version: IC-Emc 2.9
* Created 05/06/2017 07:08:00

"
*

* Voltage and current sources

Vvl 10DC1l.2 AC 1 0 SIN(C.C 1.0 100E6 O0.0n 0.0)
* Passive elements

*

R1 1 2 1k

RZ 20 0 1k

"

* Letive devices
w*

w

.TEMP 25.0

WinSFICE |

Parsmeters

Supple WDD:1. 204

Analysiz: tran 0 1n 1000 w
Options: [none] -
Temperature (') 250

[] Add node list DOutput file ] )

[¥] Durnp to file D\l sershadmin_aboperiales DELL 0312201 3Nic-en

[¥7] Use MOS model described in LI file
Ilb\spi:e: iib

[¥] Plot the result in 3 SPICE window

-tran 0.1n 100n

* Dump time and volts in "D:\Users\admin aboysr\alex DELL_
.contrel

run

set nobreak

set width=512
print V(1) v(2)
plot V(1) v(2)

ST ke ke ke e ke e ke ke e ke

»D: \Users\admin aboyerhalex DELL 09

echo Simulation completed
echo
.endec
.END

¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

Updats SPICE fils

[ . | r

P SuSEEDIihih[}l| I T Time window

&) 5 Parameters

1| i, Evvission windaw |M Impedance window ’ « 0K ‘

£ NearField Scan

Figure 2- 18: Generation of the netlist file
SPICE simulation is launched automatically and the WinSPICE interface opens. At the end of
the simulation, the message "Simulation Completed" is displayed on the WinSPICE interface
and the simulation result is displayed (Figure 2- 19). IC-EMC proposes tools to analyze
simulation results, as described in the next part and the next chapter of this manual.
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B WinSpicev10501 & - - = [ B i tranl: * File name: Di\Users\admin_aboyerialex_DELL 09122013\ic-emc_sources\MC-EMC-2v@exampll = | Bl | 38
File Edit Settings Help | | File Edit
WinSpice © Copyright 1996-2083 OuseTech Ltd. ALl Rights Reserved. nE —=3 —w(2)

Version: 1.85.61
Built : Dec 10 2883 08:47:53

Sharevare version of WinSpice. For non-commercial use only.
Please read the file 'license.txt' for conditions of use.

TEMP=25 deg C

Transient analysis ... 100%
B e
Simulation completed
e

WinSpice 1 -> _

Type “help” for more information, "quit™ to leave.

MNOTE: This is a hybrid Spice2/Spiced circuit file

Circuit: * File name: D:\Users\admin_aboyerialex DELL_89122813\ic-emc_sources\IC
—~EMC-2v9\exanples\basic\Voltage Divider.SCH

1.3.5 Analysis result

Figure 2- 19: WinSPICE simulation launching and result

First, the transient waveforms of input and output signals are analyzed. Open the "Voltage

vs. Time" window by clicking on the button July or on the menu "EMC > Voltage vs. Time",
presented in Figure 2- 20. The signals associated to the voltage probes added on the
schematic diagram appears on the list "Signal" in the top-right part of the window. Select both
signals (v(1) and v(2)) and click on the button "Add Simu" to plot them.

Ef Tronsient analysis . R W——— - - e
""""""""""""""""""""" @ Simulation Data
S -] 5
S!m.: - \fiz‘] E D sershadmin_aboyeriales [,
. -] v & Signaks:
H s * B
___________________ b l— Add 5
; |
= Skiplnsp 0
,,,,,,,,,,,,,,,,,, Measurement D ata

Amplitude -

L]
Signals: l

Sy e

Digplay mode
@ Time domain

() Probability density function

Quantity

1 Statistics
‘ Signal Avg, Stde *

Sim. -v[1]  B1.698u [ O
Sim. - (2] 30,84%u 0,35

< [ +

,,,,,,,,

i ]H-LE. Save griaph

i 1 Clear graph

,,,,,,,,,,

i m FFT ] i ! Specgram

8000n i

Select simulation signal: v(2)

Store 1008 Points.

Figure 2- 20: Time -domain analysis with IC-EMC ("EMC > Voltage vs. Time")
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In the tab "Display"”, different options are proposed to change the axes settings. Amplitude
and period characteristics can be extracted by clicking directly on the graph. More indicators
are available in this tool. They will be described in the next chapters. A practical example is
shown in 111.6. Close the window by clicking on the button "Close".

Then, the spectrum of the input signal is analyzed. Click on the icon LlLL» or on the menu
"EMC > Emission vs. Frequency". The window shown in Figure 2- 21 opens, showing the
spectrum of the input and output signals of the voltage divider. The spectrum is computed by
Fast Fourier Transform (FFT). The number of points can be changed to adjust the resolution
by clicking on the list "Resolution” in the tab "FFT Parameters". Select 4096 points and a

Blackman window. In the tab "Display", click on the button E in the tab "Display” to set a
logarithmic scale on Y axis. The voltages are expressed in dBuV, which is typical in
conducted emission measurement.

The FFT result presents a large peak centered at 100 MHz. Its amplitude is equal to 120
dBuV, i.e. 1 V. This result is consistent with the sine wave nature of the signal. Click on the
button "Close" to close this window.

i‘ Emission vs, Frequency-' _ﬁi Minain ‘ ‘ @M

| I I ‘ I I I I I | I I | ‘ I | ' I ‘ | = Simulation input data
3 i { 2 i
| Amp“t.Ude_(dBuv "o | | | -‘; Simulation file
| _O_r Simu. V(]) E E E | A A E E E | 1 ! 3 | E D:\J.lsers\,admln_aboyer\,ale[z]
T2g ¢ Simuwvi2) TR T T T T L T Nl =

| o i i | | | | H H i i T —
| v v ' : £ 2 ! i . ‘E signal 1 i

H ' 5
| : g Skip{ns): 0 skip ‘

1 i
I i E h]l]lﬂ,Add S<mu| MSave Simu

: o
% - _ T % Measurement input data
| i § Measurement file -
o i =
| E Signal -

! B -
:E__E__"_‘_ éskip{ns):ﬁ ‘Skip|
I 5 h]]]hAdd Meas| MSave Me;
| § E
[ R a
0 i
| ¥
| /i
| /!

l_ :: l! Speoqram‘ I @vm ‘
-40 o

[ I | |

| ] i g [ —
| Pt P L I

FFT done on 4096 points. Fmin = 2000488 4004884 Hz, Fmax = 4096000000 Hz, freq step = 2000488 4004884 Hz. FFT mode

Figure 2- 21: Frequency -domain analysis with IC-EMC ("EMC > Emission vs. Frequency”)

I1.3.6 Close IC-EMC

Before leaving IC-EMC, save your schematic diagram by clicking on the icon or click on
the menu "File > Save". Click "File > Exit IC-EMC" or hit CTRL+Q to close the software.
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. Working with IC-EMC

This part provides straightforward examples of how to use IC-EMC to create simple model of
a circuit and perform the main analysis proposed by IC-EMC:

= simulation of electromagnetic emission based on the transient response of voltage or current
= simulation of impedance and S parameters of passive or active devices, PCB traces, cables...
= simulation of the conducted immunity of IC to harmonic disturbance

= analysis of IBIS file and extraction of equivalent models of I/O buffers

= analysis of transient signals (timing characteristics, statistical properties, short-term FFT)

= simulation of signal integrity and eye diagram plot

= gsimulation of near-field emission based on thin-wire approximation

= modelling of various type of interconnects (PCB traces, cables, IC package, power-ground
plane pair)

= estimation of IC emission model

IC-EMC is also able to import measurement files to compare simulation with measurement
results.

l1l.1 Simulation of the conducted emission of a microcontroller

This example presents the flow to simulate the conducted emission of a microcontroller,
using a simplified microcontroller model. Simulated conducted emission measurements are
related to the IEC 61967-4 standard’s 1/150 Q method [IEC61-4].

ll.1.1 Open the example

Open file "examples\emission\mpc\mpc_vde.sch" (Figure 3- 1). The model includes a
description of the microcontroller based on a set of RLC elements and a current source,
according to the IEC62433-2 ICEM-CE model format [ICEM]. ICEM is an IEC standard
dedicated to emission modelling. Moreover, resistances Rype, R4g and Rsa are added as an
equivalent model of the current measurement probe defined by the IEC 61967-4 standard,
also known as 1 Q method. The meaning of the components forming the circuit model is
given in Table 3- 1.
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Package in

FaTavaY ATAT

1
Rvdd
N

3V core supply

&
Tdc:ltl

Vdd_3v

s

2n

Lvdd
4n
cd ——200p

Cb
12A

lcpu
&n 1

0.5 LVss_die Rvss
A HEYV fus

2n
Lvss

VDE probe

1
49
§ R49 ﬁ

01 50

Rvde

s

Note: 0.1ohm instead of 1ohm

Analysis:

Spectrum analyser

E. Sicard

18/04/2007 22:05:52
mpc_vde.tab

MPC555

VDE simu, 32b micro, 20MHz

TRAN 0.5N 1000M

Figure 3- 1: The ICEM model of a 32-bit microcontroller (examples\emission\mpc\mpc_vde.sch)

Parameters Description Remarks

Ib Current source The Ib current is described as a
Unit: Ampere periodic triangle (1.2 A max)
Description: piece-wise-linear

Cd Decoupling capacitance Cd is 4 nF, which is quite high due
Unit: Farad to on-chip added capacitance
Description: discrete C

Lvdd_die, Series internal inductance The series inductance is tuned to 5
Description: discrete L

Rvdd_die, Series internal resistance Around 1 ohm series resistance

Rvss_die Unit: Ohm due to long on-chip metal traces
Description: discrete R

Cb Block decoupling capacitance Local block capacitance, around

Unit: Farad
Description: discrete C

200 pF.

Rvde, R49, Rsa

Current probe, matching resistors,
and input impedance of spectrum
analyser respectively

Unit: Ohm
Description: discrete R

The current probe resistor s
usually equal to 1 ohm. To reduce
voltage drops across this resistor, it
has been replaced by 0.1 ohm.
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Table 3- 1: Details on the circuit model’s electrical components
(examples\emission\mpc\mpc_vde.sch)

Lvdd and Lvss concern the package, and account for the series equivalent inductance from
the IC die to the physical supply source and the VDE probe. Notice that the series resistance
is 0.1 Q instead of 1 Q due to the high current flowing inside the IC. Placing a 1 Q series
resistance would dissipate nearly 1 W and induce a voltage drop of around 1 V, which is
unacceptable. The voltage measured by spectrum analyser Vsa across the 0.1 Q resistor is
related to IC current Iy returning to the ground through the resistance by the following
theoretical relation (if PCB and passive device interferences are ignored).

1
Vi = 5 Rypel end  EQ.3-1

lll.1.2 Current Source Description

The internal activity of a circuit corresponds to charge/discharge cycles which can be
modelled by one or more current sources. The most basic description is that of a pulse
waveform. This modelling approach has been adopted by the ICEM standard. A time-
dependent waveform is assigned to the current source for transient analysis. There are five
independent source functions: pulse, exponential, sinusoidal, piece-wise linear and single-
frequency FM. In the schematic editor, the pulse is described, as shown in Figure 3- 2. The
pulse description restricts the /b shape to a periodic pulse, which is triangular if the pulse
width parameter is set to zero.

Ed Symbol n°15 Icpu properties (960) IR T T | (=)

1Source | Symbal parameters

Current source parameters Username: lcpu

DC parameters

Position: 62 &7

N 1Pm n :pre mamg 4Nude
A parameters z : £ !
Amplitude (4) a
Phase (degree)
Pulse parameters i‘Sme Parameters | Simple | Piece-wise-Linear|

Pulse parameters

1048y : 1Ay 124

TD(ns): 1.0 TR(ns) 1 TFins): 1

Fw(ns): 0.1 Periad (ng): 50

[7] Show Pin Names
7] Show Pin number
[7] Show name and properties

EEEEE

Jfacuen Hequency. SN MM

& —
ARG
=0 A
b-F— PER 44 time

Lastupdated no info

Symbol Calour:

‘x Cancel |
Figure 3- 2: Current Pulse parameters in the schematic editor (mpc_vde.sch)

[ o |

PULSE(IO I1 TD TR TF PW PER)
Example: IIcpu 5 7 PULSE(0 1.2A 1.0n 1n 1n 0.5n 50n)

Parameter

Description

Unit

1

pulsed value

Amps
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D rise time TSTEP seconds
TF fall time TSTEP seconds
PW pulse width TSTOP seconds
PER period TSTOP seconds

Table 3- 2: Current source description under SPICE
ll.1.3 Power supply Description

The power supply is modelled by a constant voltage source. In Erreur ! Source du renvoi
introuvable., the constant voltage source has a DC value of 3.0 V.

E Symbol n17 Vdd 3V properties (955) R

Weource |

. RO N e

Symbol parameters

Wioltage source parameters

Username: Wdd_3V Pasiion. 5% 82

DC parameters

Finn® Type MName Mode

3

Walue (V) i - Vo 10

AC parameters z - i 0
Armplitude (V) 1
Phase (degree): 1]

| Pulse parameters I Sinus Pavame(ers‘ Simple |P\EEE’WISE'L\HEE!

(The Wesource voltage is setup in the DCValue)

[7] Show Pin Names
[ Show Pin number
[¥] Show name and properties

Lastupdated o infa

Symbol Colar BDDD

Il [J OK 1 |x Cance\‘
Figure 3- 3: Constant voltage source (examples\emission\mpc\mpc_vde.sch)

ll.1.4 Analysis Description

In the editing window, a command line is added to set up the desired analysis. The line must

start by "TRAN' for a transient analysis. In Figure 3- 4, the time-domain analysis is set to
1000 ns, with a simulation step of 0.1 ns.

Spectrum analyser

This text sets the analysis to

the desired mode (.TRAN in
§ Thi§(7

| Analysis \
N TRAN 0.5N 1000N s

Figure 3- 4: Defining the SPICE simulation parameters

Two methods are used to insert an analysis line on the schematic:
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= click on button A or in the "Edit > Text" menu, directly type the SPICE analysis command

= in the Insert menu, click on “Insert analysis line”. An interface dedicated to the configuration
of the SPICE simulation is opened and the analysis line is automatically inserted on the

schematic with the correct syntax.

l11.1.5 Create the SPICE file

IC-EMC can build netlist files .cir compatible either | [Flel Eit et View EC Tooks Help x

with WinSPICE or with LTSPICE. The selection of oo | [ELRS R
the simulator is made in the menu "File > Load Ibis file Mo ge

Simulator". The simulator is launched either save aS N Y
manually by the user or automatically after the e ” .
generation of the netlist, depending on the selected S Tty Ludd

options in the menu "File > Simulator > Generate Spice Subeireuit T
Configurations". In this example, we select Simulator »|  Configurations
WInSPICE as simulator. It will be launched Propetties v | winspice
manually: in the menu "File > Simulator > penodromelColer SR
Configurations”, select the option "Launch e VL2
simulator manually". i ltme e

Use command File — Generate Spice file or select <Ctrl>+<G> or click on the button = in
the command bar. The following screen appears (Figure 3- 5). This creates a file called
“mpc_vde.cir”, which contains the circuit’s netlist description. This is the input file for the
WinSPICE simulator.

Ed Generate Spice File a8 _r . =Sl x|
* File name: D:\simuICEMC\annexe\mpc_vde.SCH | WinSpice |

* Software version: IC—Emc 2.8 | Parameters |
* Created 27/05/2016 13:58:11 Supaly VDD 20

*

" Analysis: TRAN 0.1H 1000K -

* Voltage and current sources
ITepu 4 7 DC 0 AC 0 O PULSE(D 1.23 1.0n 1n 1n 0.In 50n)
vdd_3v 10 0 DC 3.0 AC 1 0

* Passive elements

"

Lvss die 1 2 5n

Rvdd 3 4 1

Lvdd dies 5 3 5n

cd 5 6 4n

Rvas 2 7 1

R43 B 9 49

Lvss & 1 2n &
cb 4 7 200p

Rsa 5 0 50

Rvde 8 0 0.1

Lvdd 10 5 2n

R6 1 6 0.5

w

Options;  [nons| T
Temperature ['C): 250

[7] Add node list mpe_vile. st

[ Dump to file

[¥] Use MOS model described in LIE file

libspice b =
] Plot the resultin 3 SPICEwindow

* Active devices
*

w

.TEMP 25.0 —

-TRAN 0.1N 1000N [EF] Update SPILE file

* Dump time and volts in "mpc_vde.txt"

.control

run

set nobreak

set width=512

print v(9) >mpe_vde.txt ‘
plot  V(9) -

| [, Susceptibiity ‘ ‘ T Time window ‘ IM Impedance winduw|

& 5 Parameters ‘

BT

“.uk Emission wmduw| |E§§' NearField Sean

Figure 3- 5: The SPICE file generated from the schematic diagram
(examples\emission\mpc\mpc_vde.sch)

ll.1.6 Run SPICE Simulation

As explained in lll.1.5, we select WinSPICE as SPICE simulator. We also choose to launch
the simulator manually. Start the WinSpice program and click on "File > Open" (Figure 3- 6).
Select the desired .CIR file, i.e. the file generated by IC-EMC during the previous step
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(examples\emission\mpc\mpc_vde.cir). The simulation is performed in the time domain, and
the following screen appears. The .TRAN analysis simulates the first 1000 ns of the transient
evolution of the signal. The result is stored in a file called “mpc_vde.txt". By default, the plot
of the transient simulation appears in a new window shown in Figure 3- 6.

= 10|

Help

File

Winspice © Copyright 1996-2003 OuseTech Ltd. All Rights Reserued. :i

Uersion: 1.05.01
Built : Dec 10 2003 00:47:53

Shareware version of WinSpice. For non-commercial use only.
Please read the file "license.txt’ for conditions of use.

Type “"help” for more information, "quit" to leave.

Winspice 1 ->

ny — (3}

Figure 3- 6: The initial WinSPICE screen (top) and transient simulation performed by WinSPICE
(bottom)

111.1.7 Plot the transient waveform

The transient waveform of the voltage across the 0.1 Q resistor can be plotted in IC-EMC by

clicking in the menu "EMC > Voltage vs. time" or on the button 10«1 in the command bar, as
shown in Figure 3- 7. The list of signals saved by the simulator is given in the list Signals in
the menu "Simulation Data" in the right part of the window. The signal name is "V(9)", where
V indicates that we monitor a voltage, "9" is the number of the monitored node in the
schematic.

Remark: click on the menu "View > View electrical net" or on the button Lo to display all the
nodes directly on the schematic.

Right-clicking on the graph returns the (time ; voltage) coordinate of the clicking position.
Moreover, if you move the cursor while you're right-clicking, when the right-click is released,
the X-Y shift between the initial and stop positions is shown. Amplitude and period of signals
may be evaluated with this method. More details about this window will be presented in III.6.
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Figure 3- 7: Transient profile of the voltage induced across the 0.1 Q resistor
(examples\emission\mpc\mpc_vde.sch)

111.1.8 Emission simulation

The voltage waveform computed by the analogue simulator is translated into the frequency
domain according to two methods:

FFT mode: by default with a Fast Fourier Transform (FFT)

EMI receiver mode: the effect of the intermediate frequency (IF) filter of an EMI receiver
followed by a peak detector is simulated. The parameters of this mode should be set carefully
because the computation time may be long.

The X-axis should cover the 1-5000 MHz range in a linear or logarithmic scale. The energy
along the Y-axis is in dBuV or V (dBuA and A if results expressed in current are imported). In

the command bar, click on button 'Emission vs. Frequency' b, , or click "EMC > Emission
vs. Frequency". A specific screen opens with Log/Log units configured to display voltage or
current vs. frequency, as shown in Figure 3- 8. The main commands of this window are
dispatched in several tabs:

Input data: import of simulation (.txt from WinSPICE and .raw from LTSPICE) and
measurement result files (measured spectrum .tab and measured transient waveform .tran),
save FFT of simulated or measured results.

FFT Parameters: selection of the FFT mode or EMI receiver mode, selection of the FFT and
EMI receiver parameters for simulation and measurement results.

Display: set the axis configuration (limits, lin/log mode), visibility of curves on the graph,
change color of displayed curves, plot envelop of spectrum,

Simu Data and Meas Data: list of simulation and measurement results.

Envelop & Limits: set parameters for the extraction of envelop of simulated or envelop
spectrum, add a standard EMC limit.
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By default, if the schematic is opened and if the SPICE simulation runs correctly, the FFT
mode is selected. A FFT is performed and the simulation results are directly plotted when the
window opens. If the result is not displayed, click the [] button in “Simulation input data” part
in the tab "Input data". Then select the file “mpc_vde.txt”. It is possible to remove the initial
period of the simulated waveform, from 0 to the value in the field "Skip (ns)". If the simulation
results are correctly imported, Figure 3- 8 presents the obtained results.
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Clear graph

Figure 3- 8: Simulation of the microcontroller’'s conducted emission
(examples\emission\mpc\mpc_vde.sch)

The number of points N for the FFT (the FFT resolution) is a power of two and is adapted to
fit the information included in the simulation and ensure the best resolution. Two FFT
parameters can be adapted:

= the number of points or resolution of the FFT (maximum 262144)

= the windowing type: rectangular, Hamming and Blackman(Blackman by default)
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The FFT resolution can be adjusted for the simulation and

T | FFT | EMIReceiver measurement results independently. The FFT resolution for
Fd the measurement results is visible only if a transient
= | Window  Blackman v measurement results in .tran format has been imported. The
50 _ number of points which form a displayed FFT result is equal
= | | rSmulation FFT resolution to N/2. The frequency resolution Af is given by equation 3-2
E Resalution: 2048 v and the maximum frequency Fnax by equation 3-3.

& 1 1
E Measurement FFT resolution Of = T—mdx = N_Te Eq. 3-2

5 | Resolution: 356 - 1

o . =—— EQ.3-3

g 2T,

& f— where T, is the sampling period of the transient signal, Tnax
= ld, compute FFT the duration of the transient signal.

a

ll.1.9 Comparison with Measurements

In the "Input data" tab, click the I button in “Measurement input data” and select the file "
examples\emission\mpc\mpc_vde.tab”. Then click on the button "Add meas." to display the
measured spectrum. Figure 3- 9 shows the comparison between measurements and
simulations.

The measurement curve is actually the envelop of the measured spectrum. The simulation
fits the measured data up to 260 MHz except at 120 MHz, where the simulation is 10 dB
above the measurement. Despite the discrepancy around this frequency, an acceptable
correlation is obtained with a very simple model. Correlation with measurements may be
improved, especially at high frequencies, by modifying the current profile, the IC internal
power supply network and board models.

The axis settings and the curve properties can be modified by changing the options available
on tab Display.
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Figure 3- 9: Comparison between measured and conducted emission for a microcontroller
(mpc_vde.sch, mpe_vde.tab)

lll.2 Impedance analysis of the power supply network of a circuit
mounted in a 64 BGA package

This example presents the flow to simulate the impedance profile in frequency domain of the
passive decoupling network (PDN) of a small 90 nm circuit mounted in a 64 ball grid array
(BGA) package. The PDN is a macroscopic block defined by ICEM standard [ICEM] to
describe the passive network which exists between several IC accesses, e.g the power
supply network of a circuit. The accuracy of the PDN model is fundamental for emission and
susceptibility predictions as it influences directly the noise propagation within the circuit. PDN
modeling can be done either from Z parameter or S parameter representation.

In IC-EMC, impedance analysis is intended for rapid simulation of the impedance Z(f) for
single port devices. For multiport analysis or conversion to S parameter, it is advised to
perform S parameter simulation, which is described in part 111.3.
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lll.2.1 Load the example

Load the file called
“examples/impedance/FFI090/ —p
FFIO_90nm_Z VDDE.sch”. The “—DC“C“—“““
electrical schematic is shown in oo .
Figure 3- 10. The schematic models Rude Lpck_vice
the PDN of a small test chip Z e
fabricated in CMOS 90 nm containing o
several I/O structures [Boy08]. _—

0.65 2.18an

The circuit is mounted in a 64-pin el — Pt
BGA package, as described in Figure Gpek_gnde

3' 1 1 . T AC DEC 100 1MEG 10G

Figure 3- 10: PDN model of a test chip fabricated in
CMOS 90 nm containing I/O structures
(examples/impedance/FFIO090/
FFIO_90nm_Z VDDE.sch)

=

Figure 3- 11: 64-pin LBGA package [Boy08]

Measurements have been performed using a Vector Network Analyzer (VNA) directly on the
package balls with a coplanar probe placed between adjacent power pins VDDE and GNDE.
The model has been extracted from the S parameter measurements. The PDN model
includes two parts:

= the die contribution, i.e. interconnections and on-chip decoupling capacitances

= the package contribution, i.e inductive effects of balls, vias and bonding wires constituting the
BGA package

Table 3- 3 gives details of the elements of the model.
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Parameters Description Remarks
CVddeGnde Equivalent on-chip capacitance | This element models all parasitic and
Unit: Farad intentional on-chip capacitances between
Description: discrete capacitance | power supply VDDE and ground GNDE
access.
Lpck_vdde, Package parasitic inductance These 2 inductances model the contribution
Lpck_gnde Unit: Henry of all elements of VDDE and GNDE pins.

Description: discrete inductance | With on-chip capacitance, they are
responsible of the first resonance.
Cpck_vdde, Package parasitic capacitance These 2 capacitances model the
Cpck_gnde Unit: Farad contribution of all elements of VDDE and
Description: discrete capacitance | GNDE pins. They are added to model the
package self resonance which appears
above several GHz.

RVdde, RGnde Total power supply and ground These resistors represent the resistive
resistance contribution of package and on-chip
Unit: Ohm interconnections. Their effect is negligible

Description: discrete resistance | except at resonance frequency.
Table 3- 3: Details of basic elements of FFIO_90nm Z VDDE.sch

ll.2.2 Impedance probe description

The impedance analysis corresponds to a simulation of the input impedance (also written Zin
or Z11) seen from one circuit access relatively to a reference. In this example, the access is
the power supply pin VDDE. The measurement is referenced to the ground pin GNDE.

Impedance simulation is allowed only if an impedance probe or Z probe is placed in the
schematic diagram. The Z probe (Figure 3- 12) is accessible from the palette. If you double
click on the Z probe, the property screen is displayed, but without any specific property.
However, the Z probe is not a transparent symbol. When placed on the schematic, it creates
a voltage source with the description below:

vz 1 2 DC 0O AC 1O

L

plot (V(1)-V(2))/I(VZ)

Figure 3- 12: Impedance probe and associated SPICE description

The voltage source associated to the Z probe is an AC source with an amplitude of 1 V. As
may be found at the end of the SPICE netlist, a “plot” control is associated with an equation
which computes the impedance by dividing the voltage amplitude across the probe by the
current provided by the impedance probe.

Remark: use only one impedance probe per schematic diagram. The input impedance is
linked to the current that a perfect voltage source delivers to a circuit. If a second AC voltage
source is present, it will modify the current which flows along the branch of the first Z probe
and hence the computed impedance.
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ll.2.3 Analysis description

Impedance simulation is a small signal frequency analysis, so that it requires an AC
simulation. The command line: " .AC DEC 100 1IMEG 10G" is added to set up the desired
analysis. The text must start by “.AC’ followed by the AC simulation parameters. The
frequency sampling is logarithmic (option DEC) with 100 points per decade between 1 MHz
and 10 GHz. Two methods are used to insert an analysis line on the schematic:

= click on button A or in the "Edit > Text" menu, directly type the SPICE analysis command

= (Click on “Insert > Insert analysis line”. An interface dedicated to the configuration of the
SPICE simulation is opened (Figure 3- 13) and the analysis line is automatically inserted on
the schematic with the correct syntax.

E‘ Insert analysis l s S

—_—

Freguency sweep type

(71 Linear sweep {total nb points)
(@ Logarithmic sweep {nb points per decade)

() Octave sweep (nb points per octave)

Start frequency (Hz) Step number
MEG 100

Stop frequency (Hz)
106G

.AC Sweep_Type Nb_Step Freq_Start Freq_Stop
JAC DEC 100 IMEG 106

| Insert ‘

I & Close ‘

Figure 3- 13: Insert AC simulation command line on the schematic ("Insert > Insert analysis line")

l11.2.4 Run SPICE simulation

In this example, WinSPICE is used as simulator. In the menu "File > Simulator”, select
"WinSPICE". Then, click on "File > Simulator > Configurations" to set the options of the
simulators. The right window of Figure 3- 14 opens. The upper part gives the access path of
the simulator. They have to be set up correctly before any simulation. In the lower part, three
simulator launching options are proposed:

* Launch simulator manually: when the user generates SPICE netlist =", he has to launch the
simulator, opens the circuit netlist (.cir file) and launch the simulation

= Interactive mode: when the user generates SPICE netlist =, the simulator is automatically
launched and remains opened at the end of the simulation to analyze the result

= Batch mode: when the user generates SPICE netlist =, the simulator is automatically
launched but is closed directly at the end of the simulation
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- . i
E‘ Simulator configurations . o [ 0 |
File | Edit Insert View EMC Tools Help Bass patrizithe sukitors
New E A —13 ]—f-— | WinSPICE: D:\Users\admin_abover\alex_DELL_09122013Yc-emc_sources\WinSpice 1.05\wspice3.exe |_|
Open =] o
Load Ibis file F LTSPICE:  C:'Program Files (x86)\LTCW TspicelV\scad3.exe |_|
Save Ctrl+5
Save As Simulator Options
Export ) Launch simulator manually
Select Technology B Ibrachiemode
Generate Spice Subcircuit & vdde P Batch mode
Simulator 3 Configurations
Properties N -
v | WinSPICE ‘v; oK. ‘ |x T ‘
Monochrome/Color F5 LTSPICE

Figure 3- 14: Select simulator and configure the simulator options

In this example, select "Interactive mode" and click on the button OK. The simulator options
are kept for the next simulations, until you change them.

Use command File — Generate Spice file or click on the button = in the command bar. The
SPICE netlist FFIO_90nm_Z_VDDE.cir is generated. WinSPICE is automatically launched
and the impedance simulation is done. The following screen appears. WinSPICE can be
closed at the end of the simulation.

B acz7: * File name: D:talex_021208\ic-emc_source - Dlll
Eile  Edit

kOhm= — nagi{v(5) i-nag{Vitbranch)

10°6 1a°7 10°8 1079 10°10

frequency H=z

Figure 3- 15: AC simulation performed by WinSPICE (FFIO_90nm_Z_VDDE.txt)

ll.2.5 Impedance analysis

The impedance profile vs. frequency computed by WinSPICE can be displayed in a specific
screen dedicated to impedance analysis. In the SPICE generator menu, click "Impedance
Window", or click "EMC" - "Impedance vs. Frequency". Alternatively, you may click the

icon . A specific screen with Log/Log units configured to display impedance vs. frequency
is proposed, as shown in Figure 3- 16.

The main commands of this window are dispatched in several tabs:

= Parameters: X-Y axis configuration (lin/log display mode), add basic R, L, C impedance
profile

= Display: display simulation, measurement, recorded results

= Freq: list of simulation and measurement results
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By default, if the schematic is opened and if the SPICE simulation runs correctly, the Z(f)

profile is plotted. If the result is not displayed, click the [ ] button on the right of “SPICE simu”
and select file “FFIO_90nm_Z VDDE..txt".
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Figure 3- 16: Input impedance simulation performed by WinSPICE (examples/impedance/FFIO90/
FFIO_90nm_Z VDDE.sch)
At low frequency, impedance tends to decrease due to the on-chip capacitance effect. At 180
MHz, the first resonance linked to the on-chip capacitance and the package inductances

appears. A second resonance due to package inductance and capacitance appears at 5.4
GHz.

To verify the on-chip capacitance of the circuit from the Z(f) profile, click on the box "Add" in
the tab Z(f) and select C. Type 183 pF in the field "Value" and click on the button "Plot Z(f)".
The Z(f) profile of a 183 pF is displayed and is tangent to the Z(f) profile of the circuit PDN in
low frequency. It confirms that the total on-chip capacitance is about 183 pF. This basic tool
can also be used with Z(f) measurement to extract equivalent resistance, capacitance or
inductance.

ll.2.6 Comparison with measurement

In the impedance window, click on the button “Add Meas” to display the impedance
measurement of the PDN of the circuit. The measurement data are available in the file
called “examples/impedance/FFIO90/Z11_FFIO_VDDE_A4B5.z". The comparison between
measurement and simulation is presented in Figure 3- 17 and proves the validity of the
model up to 3 GHz.
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Figure 3- 17: Comparison between measured and simulated input impedance of the PDN of the 90 nm
circuit (examples/impedance/FFIO90/ Z11_FFIO_VDDE A4B5.z)

e

lI1.3 S parameter analysis for model construction of a bias tee

A typical method to construct electrical models of components is based on equivalent R, L,C
networks extracted from S parameter measurements. Here, we present an example of
comparison between measurements and simulations of two-port S parameter done on a
home-made bias tee. A bias tee is a three-port decoupling network used to superimpose a
low frequency signal and a high frequency signals. The bias tee ensures the isolation
between the low frequency and the high frequency signal sources. A bias tee is required in
IEC62132-4 Direct Power Injection (DPI) test in order to superimpose a conducted
aggression on a low frequency signal (input signal or power supply). The name given to the
three ports of the bias tee are:

= alow frequency (LF) input
= aradiofrequency (RF) input, connected to the RF disturbance source
= the output with the signal resulting of the superposition of both inputs

The LF input is isolated from RF signal by a resistor, inductor or ferrite which filter high
frequency signal. Resistors should be avoided if DPI is conducted on a power supply
because of the power dissipation. The RF input is isolated from low frequency signal by a
series capacitor. Figure 3- 18 presents a bias tee dedicated to DPI test on the frequency
range 10 MHz — 3 GHz. It is build with several passive devices mounted on a PTFE
substrate board. Input and output SMA connectors are connected by 50 Q microstrip line. A 1
nF capacitor and a 1 pH inductor isolate RF and LF input from each other.
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1 nF X7R
capacitor

1pH
inductor

Figure 3- 18: Home-made bias tee for DPI tests

Values of inductors and capacitors are chosen in order to give the three following properties
to the bias tee:

= A small reflection coefficient at RF input over all the targeted frequency range. It should be
inferior to -10 dB to reduce input return loss.

= A high isolation or transmission coefficient from RF input and LF input over all the targeted
frequency range. It should be less than -10 dB to prevent from RF leakage to LF source.

= A high transmission coefficient from RF input to output over all the targeted frequency range.
It should be greater than -3 dB to enhance RF transmission to the output.

l.3.1 Load the example

Open the file "examples\emc_lib\3_port_bias_tee.sch". The schematic is shown in Figure 3-
19. Models of microstrip line are lossless 50 Q transmission line, their delay time have been
computed from physical length and dielectric constant of the substrate. The capacitor and
inductor models have been extracted previously. A parasitic serial inductor is added to the
capacitor while a parallel capacitor is added to the inductor to induce self-resonance.
Resistances are added to reduce their quality factors. Three S parameter probes are placed
at each terminal of the model so that a full 3x3 scattering matrix can be simulated.
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- L=12mm, epsr=2.2
JFlexandre Boyer
J27/03/2009 15:53:12 20=50 TD=0.059n

tlineDC

.
.DF'I bias tee model for 10 MHz - 3 GHz range “:’

JAC DEC 100 300K 3G
SMD Choke inductor model

RF in L=10 mm, epsr=2.2 | bias RLCbias L=16mm, epsr=2.2
- I I - = = RF+LF out

1n 04 Z0=50 TD=0.079n
LCdpi " RCdpi HineCLIT
Cdpi 77;7

SMD DPI capacitor model

Z0=50 TD=0.049n
tlineRF o

Figure 3- 19: Model of a bias tee optimized for the frequency range 10 MHz — 3 GHz
(examples\EMC _1ib\3_port bias_tee.sch)

ll.3.2 S parameter probe description

S parameter simulation is allowed only if at least one S parameter port probe is placed within

the schematic. The S parameter probe is accessible from the palette with the symbol .
Double clicking on the probe opens their property screen (Figure 3- 20). A S parameter
probe is characterized by a user name, a unique number, a characteristic impedance Z0
(which must be common to every port) and a DC voltage. A port can be disabled so that it is
replaced by a resistance with a value of Z0.

S Port Symhbol parameters
S parameter part Username: PortRF Position: 385 | 967
Finn® Type MNarne Maode
Port Mumber : LF 1 ? <2 ]
2 ? 1 0
20 {Chrn) : 50 ]
DCwvoltage (V) 0
V| Enable Port

Figure 3- 20: S parameter port probe properties

A S parameter probe is formed by a sine waveform voltage source with a series resistance
Z0. The amplitude of the voltage source is equal to 0 or 1 V depending if the probe is
activated or not. Figure 3- 21 presents a representation of a 2-port device characterized by S
parameters. S parameter probes are composed of small signal sinusoidal source and
reference impedance Z, connected to device terminals.
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Device under test

2 ports

Reference Reference

plane plane
Figure 3- 21 : S parameter characterization of a 2 port device

The four parameters, listed below, allow a complete characterization of power exchanges
between the 2 ports. They form the S parameter matrix. This principle can be extended to
device with any port number.

Input reflection coefficient

b
S =—

1a,=0

No power fed from port 2.
Port 2 terminated by Z0 to prevent from reflection at
port 2.

Output reflection coefficient
s, =2
22
2 a;=0
No power fed from port 1.

Port 1 terminated by Z0 to prevent from reflection at
port 1.

Forward transmission coefficient

S = &
21 a
1 a, =0
No power fed from port 2.
Port 2 terminated by Z0 to prevent from reflection at
port 2.

Forward transmission coefficient
S - ﬁ
12
2 la,=0
No power fed from port 1.

Port 1 terminated by Z0 to prevent from reflection at
port 1.

Table 3- 4 : Definition of the S parameters for a 2 port device

S parameter matrix can be converted into other forms (impedance, admittance, ABCD ...).
For electrical modeling purpose, impedance is a convenient representation. The conversion
between [S] to [Z] parameter matrices is given by the following equation, where [l] is the
identity matrix.

[1]+1s]
Z1=Z, 7+ Eq. 3-4
"l7]-1s]
Remarks: if other probes (e.g. voltage, current or impedance probes) are present on the
schematic, S parameter analysis is cancelled. Internal voltage source amplitude is setto 0 V,
so each port is loaded by 50 ohms. The number of ports is limited to four. If more ports are
added, they will be ignored and will be replaced by 50 Q resistances.
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ll.3.3 Analysis description

S parameter simulation requires a small signal or AC simulation. A text line is added on the
schematic which sets up the desired analysis. The text must start by *.AC’ followed by the AC
simulation parameters. In Figure 3- 19, the frequency sampling is logarithmic, with 100 points
per decade between 300 KHz and 3 GHz. The analysis line can also be inserted with the
command 'Insert' = 'Insert analysis line'. Two methods are used to insert an analysis line on
the schematic:

= click on button A or in the "Edit > Text" menu, directly type the SPICE analysis command

= Click on “Insert > Insert analysis line”. An interface dedicated to the configuration of the
SPICE simulation is opened and the analysis line is automatically inserted on the schematic
with the correct syntax.

111.3.4 Run SPICE simulation

Select WinSPICE as simulator in "File > Simulator". In the menu "File > Simulator >
Configurations", select "Interactive mode" to launch SPICE simulation automatically after the

SPICE netlist generation .

ll.3.5 S parameter analysis

Click "EMC > S parameters" to open the [s] parameter display screen. Alternatively, you may

click the icon@. A specific screen with a blank screen and a menu on the right appears.
Simulation results can be plotted by selecting the quantity to plot (S11, S12, ...) and its
format (magnitude, phase, real or imaginary part) in the "Simulation data" part and clicking on

the button "Add Simu" [ 2ddsmi 10 graph can be plotted either in cartesian or Smith chart
mode ("Display mode"). The result can be converted either in S or Z parameters, or mixed-
mode parameters when 2 or 4 ports are placed on the schematic ("Conversion") (an example
with mixed-mode S parameters is given in 111.9.2). The X and Y axes boundaries and lin/log
format can be set in "X axis" and "Y axis" parts.

In order to check the three properties of bias tee listed in 1ll.3, set the format to "Mag
(linear)", select successively the quantities "SRFRF", "SRFLF" and "SRFOUT" an click on
"Add Simu" to plot the RF input reflection coefficient, the RF-LF isolation and the RF to OUT
transmission respectively. In "Display mode", select "Cartesian", and choose "S" in
"Conversion" to plot S parameters. In "X axis" and "Y axis" parts, check the box "Log" to plot
the axes in logarithmic mode. Figure 3- 22 shows the result that you should obtain.
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Simulation file
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D:\Users\admin_aboyer\alex_DELL 09122013\ic-emc_sources\IC-EMC-23\examples\emc_lib\3port_bias.tee.spc read: 9 S parameters, 401 frequency points loaded.

ose window

Figure 3- 22: S parameter simulation of a three port bias tee (examples\EMC_Ilib\3_port _bias_tee.sch)

The simulation shows that the RF input reflection coefficient (SRFRF parameter) is low
between 10 MHz and 3 GHz while the transmission coefficient from RF to OUT terminals
(SRFOUT parameter) is nearly equal to 1. The bias tee ensures an efficient transfer of the
RF energy to a 50 Q load connected to the output of the bias tee. The transmission
coefficient between RF and LF terminals (SRFLF) is also small between 10 MHz and 3 GHz,
proving the good isolation between the RF and LF sources.

The results can be plotted in Z parameter format if you select "Z" in "Conversion part". Click
on the button "Redraw" to fit automatically the X and Y axes boundaries. The curves shows
respectively the RF input impedance (ZRFRF parameter), the RF to LF and RF to OUT
transfer impedances (ZRFLF and ZRFOUT parameters).

Ed S Parameter Analysis . — o — SEEN

Simlation Data Source —
amplesheme_it\3pon_bias_tee.soc . |
-Simu. ZRFLF Mag (linear} - i?;’amae' FM°'ma"
-Siru. ZRFOUT Mag [linear) | Maglinsad  ~
P Add Simu I [ Save Simu
5 Parameter Measuiement
S parameter Format
- Mag (inear =
P AddMeas | | B Savehlass
Display
@ Cartesian
) Smith Chart
Conversion
95
@z
% A
F min (MHz) F meus (MHz)
0 10000
Log
¥ s
' min ' max
01 1000000
Log
ool & Redaw 1 Clear
ire | iPeqenyy | X |

Di\Users\admin_aboyerialex DELL 09122013\ic-eme_sources\C-EMC-2v8\exemples\eme_lib\3port_bias._teespe read: 9 § parameters, 401 frequency points loaded.

Figure 3- 23: Conversion from S to Z parameters (examples\EMC_Iib\3_port_bias_tee.sch)

46



AAl
¥

[ll. Working with IC-EMC

The simulation results can be exported in the common Touchstone format .snp, where n is
the number of ports and is limited to 4 in IC-EMC. Click on the button "Save Simu." and type
the name of the exported file. As there are three ports, the file is saved in a .s3p file.

ll.3.6 Comparison with measurement

In the "S parameter measurement” part, click on the button |_| to import measurement files.
They are in Touchstone format .s1p, .s2p, .s3p or .s4p. The tool can import measurements
with up to four ports. Import the file xxx, select the quantity in "S parameter” list and the
format in "Format" list. Finally, click on the button "Add meas." to plot the measurement
results, as shown in the figure below.

lll.4 Simulation of the conducted immunity on the power supply of a
microcontroller

This example aims at presenting the flow to simulate the susceptibility of a circuit to
radiofrequency interference (RFI). In this short case study, a sine wave disturbance is
conducted on the power supply network of a digital circuit until the noise level measured on
the pin of an output buffer exceeds a predefined noise margin. The circuit under test is a 16-
bit microcontroller (HCS12X or S12X from Freescale Semiconductor). Conducted emission
measurements are related to the standard IEC 62132-3 Direct Power Injection (DPI) method
[IEC62-4]. The test covers the frequency range from 1 to 1000 MHz. The immunity model is
based on an equivalent R,L,C circuit modeling the power distribution network (PDN) of the
circuit, which was extracted from [s] parameter measurement.

lll.4.1 Load the S parameter simulation model

Load the file «called “examples\immunity\S12X_RFNS12XPowerSupply_S11.sch”, as
described in Figure 3- 24. The model has been extracted by a vector network analyzer
measurement from 300 KHz up to 3 GHz, which has been performed through a SMA
connector on the power supply plane. It provides a simplistic version of the equivalent
electrical model of the PDN of the microcontroller between power supply VDDR and ground
VSSR pins. A S parameter probe is placed between VDDR and VSSR pins in order to
perform a simulation of the impedance connected between these pins. Information about the
elements of the model is given in Table 3- 5. The measured S11 parameter used to extract
this model is given in the file S12XPowerSupply_S11Meas.s1p. Refer to part 111.3 to simulate
the impedance of the microcontroller's PDN and compare it with measurements.

47



AAl
¥

[ll. Working with IC-EMC
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Figure 3- 24: Basic PDN model of the S12X microcontroller
(examples\immunity\S12X_RFI\S12XPowerSupply_S11.sch)

Parameters Description Remarks
LVddR, LVssR Package and board parasitic These 2 inductances model the contribution
inductance of all the Vdd and Vss pins of the S12X
Unit: Henry package and the parasitic inductance of
Description: discrete inductance | power supply and ground planes of the
board
RVddR, RVssR Package and board parasitic These resistors represent the resistive
resistance contribution of all the elements between Vdd
Unit: Ohm and Vss (board, package, die).
Description: discrete resistance
CVddVssR Circuit and board capacitance This capacitance models the total
Unit: Farad capacitance between Vdd and Vss. It is the
Description: discrete capacitance | sum of board interplane capacitance and all
the on-chip capacitances between Vdd and
Vss
RVddVssR Loss resistance This resistance is added between Vdd and
Unit: Ohm Vss and models all the dielectric losses
Description: discrete resistance | between power and ground plane and on-
chip leakage between Vdd and Vss

Table 3- 5: Details of basic elements of S12XPowerSupply_S11.sch

ll.4.2 Load the susceptibility simulation model

A basic susceptibility to RFI model is built from the extracted PDN. Load the file
“examples\immunity\S12X_RFNRFI_S12XPowerSupply.sch” described in Figure 3- 25. This
schematic models the conducted injection of RFI in the power plane of the S12X board
according to the IEC 62132-3 DPI standard. The susceptibility of the circuit is evaluated
according to the RF noise coupled on the pin of an output buffer of the microcontroller and
measured with an oscilloscope. The output buffer is tight to a 5 V voltage. The circuit is
considered failed when the amplitude of noise measured with the oscilloscope exceeds 1 V
(20 % of the supply voltage).
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Figure 3- 25: Basic model for conducted susceptibility prediction of the S12X microcontroller
(examples\immunity\S12X_RFI\RFI_S12XPowerSupply.sch)

Several new elements have been added in the schematic, which are detailed in Table 3- 6.

Elements Description
Injection device and The injection device is used to produce the RF disturbance and consists
coupler in a sinusoidal source with a 50 ohms output resistor. Frequency and

amplitude of the RF disturbance varies during simulation and are
controlled by user defined parameters. A coupler is added in the model to
measure the forward power required to induce a failure. See chapter 7 for
more information about susceptibility simulation.

Bias tee This element composed of an injection capacitor and a choke inductance
is required to superimpose a RF disturbance to a low frequency signal
(e.g. the power supply voltage).

Power decoupling network | A simple PDN model has been extracted from S parameter measurement.
(PDN)
Output 10 A simplified model of an output buffer has been built from the IBIS file of
S12X (see chapter 4 for more information on IBIS file and chapter 8 for
more details on S12X models). The model contains only the output buffer.
Effects of clamp diodes, pad, package and tracks have been removed to
simplify the model.

Oscilloscope A large band oscilloscope is used to detect a failure during the
susceptibility test. The output buffer is sensed by an active probe
modeled by a parallel RC. The simulated susceptibility criterion is the
voltage across this probe.

Table 3- 6: Details of basic elements of RFI_S12XPowerSupply.sch
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ll.4.3 Configure the susceptibility simulation

A RFI source is inserted in the schematic Bl sceptit sty ABE
to perform a susceptibility simulation. It Frequency o i viode TEae]

N Automatic Mode | List Mode | [+ [ *

consists in evaluating the required forward ~ ~ moe bty

power produced by a RFI source to induce Feakarbil i

a predefined failure at different RFisource el -

frequencies. A transient simulation is used """ —

to extract the forward power for a Lomn Y

sinusoidal RFI disturbance at a fixed Poer | Al Haxt)

frequency. The amplitude of the RFI Sradoon g

voltage is increased linearly during all the ~ Transient simulation { Sy il SPICEmodel
duration generation

simulation, a post-processing is required

to detect if a failure appears during the Failure
simulation and extract the forward power. detection L e
The transient simulation is repeated for -
each frequency of the test. b ,  Compute
. , . ) et 4 susceptibility limit
The first step is the configuration of the Pousind () e
e . . . S tibilit ; :
suscept‘!blllty simulation. _ Qllck on the eivtesn AR 1 Display susceptibility limit
menu “EMC > Susceptibility dBm vs. otee) in frequency domain
| 12, Add Foward Powes

frequency” or on the iconE. The tool

o —

includes two screens: one to control the o
simulation, and the other to display the Figure 3- 26: Configuration of the simulation of
extracted susceptibility threshold. susceptibility

The disturbance source, susceptibility criterion and transient simulation are configured using
this window. The screen used to control the simulation is described in Figure 3- 26. It
proposes three tabs dedicated to three simulation modes linked to the RFI frequency
sweeping method:

= Manual simulation mode: the user configures a transient simulation at one RFI frequency. The
user manually sweeps the frequency.

= Automatic simulation mode (default mode): the user configures N transient simulations for N
RFI frequency points. The RFI frequency is swept linearly or logarithmically.

= List simulation mode: this uses the same principle as automatic mode, but the frequency
sweeping is defined in a text file.

In this case study, only the automatic mode is considered. The user defines the frequency
sweep: here, 20 points ranged logarithmically between 1 and 100 MHz (10 points per
decade). Then, the RFI amplitude sweep is configured, either in term of RFI source voltage
or forward power. Here, the minimum power is set to 15 dBm while the maximum power is
set to 45 dBm. The smaller the amplitude sweep range, the better is the accuracy of the
simulation result. Finally, configure the transient simulation duration, defined in absolute time
or according to a given number of RFI periods. Set it to 100 RFI periods for every test
frequencies. The longer the simulation time, the better is the accuracy of the simulation
result.

ll1.4.4 Run SPICE simulation

In the current version of IC-EMC (version 2.9), the susceptibility simulation is not supported
by LTSPICE. In the menu "File > Simulator", verify that WinSPICE has been selected.
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In the simulation control screen presented in Figure 3- 26, click on the button “Generate

SPICE” ¥ to generate the circuit netlist file RFI_S12XPowerSupply.cir and run the transient
simulation over the different frequencies. In the menu "File > Simulator > Configurations",
depending on the simulator options, the simulation is launched automatically or manually. If
the option "Launch simulator manually” is chosen, in WinSPICE, click "File > Open" and
select the file RFI_S12XPowerSupply.cir. As the susceptibility simulation is configured for 20
frequency points, the transient simulation is repeated 20 times. The status of each simulation
is displayed on WinSPICE interface (Figure 3- 27).

88 winSpice v1.05.01 [ 3
File Edit Settings Helps
WinSpice 4 -> source "RFI_S12XPowerSupply.cir” |
Reading .\RFI_S$12XPowerSupply.cir

NOTE: This is a hybrid Spice2/Spice3 circuit file

Circuit: = File name: D:\alex\ic-emc_sources\schemas\getting started\RFI_S12XPou
erSupply.SCH

TENP=25 deg C [

Sweep Frequency from 70000808 to 108000088

Freq = 70080000 [1/20]

TEWP=25 deg C
Transient analysis ... 1088%
Freq = 11894736.8421053 [2/20]

TEHP=25 deg C
Transient analysis ... 186%
Freq = 16789473.6842105 [3/20]

TEHP=25 deqg C
Transient analysis ... 106%
Freq = 21684210.5263158 [4/20]

TEKMP=25 deg C
Transient analysis ... 1068%
Freq = 26578947 .3684211 [5/20]

Figure 3- 27: Susceptibility simulation performed by WinSPICE and frequency sweep

ll.4.5 Observation of the output signal of the buffer

The susceptibility of the buffer depends on the RF noise coupled on the output buffer. In
order to visualize the transient waveform at the output buffer during the RF injection, observe
failure and find the failure time, click on the menu "EMC > Voltage vs. time" or on the button

1'111_ The results of the simulation are recorded in text files with the prefix "sweep_RFI_"
followed by the schematic name and ended by the number of frequency sweep. For
example, the file " sweep_RFI_RFI_S12XPowerSupply1.txt" is the result of the susceptibility
simulation for the first RFI frequency, i.e. 1 MHz. This file contains the transient evolution of
the voltage recorded by the voltage probe and the forward and reflected power.

In the "Voltage vs. time" window, click on the button ] and select the file
sweep_RFI_RFI_S12XPowerSupply1.txt. Then select "V(10)" in the list "Signals" to observe
the voltage induced at the output buffer. Finally click on the button "Add Simu" to plot this
curve. The result is shown in Figure 3- 28. A sine waveform is superimposed to the nominal
5 V voltage delivered by the output buffer. The amplitude of the coupled noise linearly
increases with time, since the amplitude of the RF disturbance increases linearly during the
simulation. At 27 us, the amplitude of the coupled RF noise exceeds 1 V so the
microcontroller fails.
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Figure 3- 28: Transient evolution of the voltage induced at the output buffer during the RFI injection at
1 MHz

ll.4.6 Susceptibility threshold extraction and comparison with measurement

Return to IC-EMC susceptibility simulation interface or click on “EMC - Susceptibility dBm

vs. frequency” or on the iconF'i again. To find all the files associated to transient simulation,
a simulation control file *.ctl registers all the result files. If this file does not appear in the field
“Simulation control file”, select the file “RFlcontrol_RFI_S12XPowerSupply.ctl”. Then, the
susceptibility criterion must be set. The nominal output signal is 5 V and the noise margin is 1

V. Click on the button to set upper and lower limits to the voltage captured by the voltage
probe. In the fields "Up Volt. Limit" and "Low Volt. Limit", type 6 and 4 which are the upper
and lower limits respectively. Set also the maximum injected power to 45 dBm in the field
“Power limit (dBm)” for the frequencies where a failure is not reached during simulation.
Finally, click on the button “Get power”. The susceptibility threshold of the microcontroller
according to the previous failure criterion is computed for the different RFI frequencies. The
susceptibility threshold is expressed in forward power.

At the end of this extraction, click on the button “Add Forward Power” to plot the susceptibility
threshold on a Power vs. Frequency graph, as shown in Figure 3- 29. In the tab
"Parameters”, the X/Y axes settings can be changed. In the tab "Freq.", the numerical values
of the forward power are provided. The simulated susceptibility threshold can be saved by
clicking on the button "Save".

Click on the button “Add Meas” and select the file “susceptibility_S12X_PDN.tab” to display
the measured susceptibility threshold. Figure 3- 29 presents the comparison between
measurement and simulation. Despite the gap that can reach up to 6 dB, simulated and
measured thresholds follow the same trend and have the same order. This simple model
provides an estimation of the susceptibility of the microcontroller rapidly. Increasing the
complexity of board and circuit models could improve the accuracy of the simulation.
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Figure 3- 29: Comparison between measurement and simulation of the susceptibility threshold of the
S12X microcontroller (examples\immunity\S12X_RFI\RFI_S12XPowerSupply.sch)

ll.5 Load and analyze IBIS file

As more and more attention is focused on the design of very high speed links, for example
between processors and memories or display driver and LCD TFT screen, input/output (1/O)
models are used for simulating the behavior of signal transport at very high data rate. The
accuracy of the simulation relies on the quality of the models, both concerning the ICs and
the PCB. Concerning the IC, the input/output buffer specification (IBIS) is recognized by IC
manufacturers and users as a worldwide standard for describing IC interfaces to printed
circuit boards for signal integrity predictions, without releasing any detailed technological
information or confidential aspects of internal structure design [lbis15]. In this part, we
present the IBIS viewer of IC-EMC. With this tool, the user can read the content of an IBIS
file, plot the characteristics of the models of the circuit's I/O, reconstruct 2D and 3D views of
IC package and evaluate R,L,C stray elements of package interconnects.

ll.5.1 Load IBIS file

An IBIS model is formatted as human-readable ASCII text. It is mostly based on extracted
tables of generic structural elements. IBIS models are component-centric; the IBIS model
describes all pins of the physical component with an associated model. Keywords are
denoted by square brackets, and a vertical bar serves as the default comment character.
The IBIS file mainly contains the following elements:

= Information and Specification content starting with a header block [IBIS Ver] and also
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presented elsewhere throughout the file

Package information within each of one or more [Component] blocks and under a default
[Package] keyword

Pin out information within each of one or more [Component] blocks and under the [Pin]
keyword giving pin-specific model references and optional pin-specific package values

Model blocks beginning with one or more [Model] keywords.

The software IC-EMC is able to extract information from IBIS files in a simple way and
display it in the IBIS interface. Click on the menu "File > Load Ibis File" or on the button [¥=] in
the command bar, and select the IBIS file “examples\ibis\ Xilinx_Spartan6_LVCMOS33.ibs”,
which describe 1/O characteristics of the FPGA Spartan6 from Xilinx, mounted in a BGA256
package. The following screen appears (Figure 3- 30). In the left part, the content of the IBIS
file is edited and can be read only. In the right part, four tabs appear:

I/O: the list of the I/Os, the associated models and R, L, C stray elements given by IBIS file
are summarized.
Models: parameters of the I/O models are listed and their characteristics can be plotted (see
I11.5.2).
Infos: general information about the IBIS file (version, date, manufacturer, etc), conditions
and package are given
Package: a 2D view of the package is reconstructed by IC-EMC from the pin list and
keywords added by the user (see I11.5.3).
[ B 1815 Interface - Xilinx Spartan6_LVCMOS33.ibs [E=RE =)
Input text Parameters
i”\‘? 1/0 iHodels[ Infos. [ Package
:;) Hilin Inc. N* Name Model R L C 2
[ASAVAR IBIS Models for SPARTAN-6 Cc4 I0_L1P_HSWA LVCMOS33_F_ 13691m 4.77rH 1.11pF
i\BIS i A4 I0_LIN_VREF. LWCMOS33 F_ 136.91m 4.77nH 1.11pF
{Frle n\:\:}a] spartanBlvemos ibs BS I0_L2P 0 LVCMOS33_F_ 136.9Tm 4.77nH 1.11pF
=Br|:l:(]ev] DS.?QZIHG A5 10 L28 0 LVCMOS33_F_ 136.91m 4.77rH 1.11pF
footct] mpﬂZ';SS?"?;’ s ool v 21 g i I0L%0  LVCMOSZLF_ 13651m 477H 1106F
e e it e sk s OLMN0  LVOMDSHILF_ 13691m  477H 116
e bt B 0L4PD  LVMOSBLF 13691m  A77H 1116F
[Disclaimer] ThedalfainthsmeisderiveldhomsPIEE slmulatmnsus;ng “& 014N 0 LVCMOS33F_ 136.91m 477rH 1.11pF
modeling information extracted from the target process. While 7 10_L5P 0 LVEMOS33 F 136.91m A77H 1115F
agieat deal of care has been taken to provide information == . 3
S e e b L e ooso USEOEMQoan e

data in this model as preliminary until actual siicon 7 10 LEP 0 LVEMOS33 F 138.91m £77H 1110F
wetification is performed =L e

a7 I0_LBN.D  LVCMOSIAF_ 13591 477H 111
[Copyright]  Copyright 2009, 2010, Xl Inc.., All sights ressrved i dail| n & o
i 06 070 LVEMOSILF_ 1369Tm 477H 1110F
I
| Component SPARTAN-6 cs IOL7N0  LVEMOSI3F_ 13631m 4770H 111pF
I
| B8 I0_L3%_0  LVEMOSIZF_ 13691m 477K L11pF
[Companent] SPARTAN-E .
[Manufacturer] X Inc. IBIS file content A8 030 LVEMOSIAF_ 13691m 4770H 111pF
[Package]
o 3 10 L34P GCLK LVCMOS33 F 1365 477H 116F -

| Spartant Package Parasitics
| Date: 7/27/2009

I Revised 3/23/2010 [7] Add Gnd/Power clamps
| A_pkag values characterized at DC Vg One pininto ALC VCCO_3N2) 2 Add Pull Up/Pull Do
|

1f ulzing the package typ, min, max data in your simulations

i S';Tu",ff;"éé'lﬁmia?'éﬂi Leﬂpt‘;eg ::'gsceﬂ;gsh?: :r:a?sleh:uduis"gd packade, V¥ Supply merged into RLC POWEA_VCCO_3 -
! N_olg_l_ha' deh_a\fed andfyﬂy cc!upled .pkg Ii!es wlll be.avz_illab.}e F_or . ; -
\ SOk | ;f;"' 30 Diaw [ T Advanced SPICE and 515 \
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Figure 3- 30: Loading an IBIS file in the IBIS interface (examples\ibis\
Xilinx_Spartan6_LVCMQOS33.ibs)
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In the "I/O" tab, click the desired input pin in the I/O list, then click the button "One pin into
RLC". The input pad is converted into a RLC circuit with on-chip capacitance and clamp, as
shown in Figure 3- 31. It consists, from left to right, in an 10 symbol with the input name
(Here 'lO_L2P_0'", the pin B5), the R,L,C parameters for the package (Here LIO_L2P_0,
CIO_L2P_0, RIO_L2P_0), and the component input capacitance (Ccomp_lO_L2P_0). Notice
the connection to the substrate potential “Vsub”.

I0_L2P_0(LVCMOS33_F_12_LR_33)-PinB5

E')m—w—'m\ i i

136.91m 477nH I0_L2P_0_die
[
RIO_L2P__£J_1_1 1pFO—L2P—O ——6.08pF
CIO L2P 0 CCcomp_ IO L2P 0
| -
77_ vsub

Figure 3- 31: Model of the PTO pad (examples\ibis\ Xilinx_Spartan6_LVCMOS33.ibs)

I11.5.2 Plot I/O characteristics

In an IBIS file, the [Model] block contains the data for electrical simulation of the pin interface.
The Model_type sub-parameter classifies the model by types including Input, Output, 1/0O, 3-
state, etc. Static |-V table blocks documented by [Pullup] and [Pulldown] keywords tabulate
the transistor drive strengths. In the IBIS window of IC-EMC, the button “Pu” corresponds to
the pull-up device of the I/O buffer, and “Pd” to the Pull-down device. The diodes are
documented by [Power Clamp] and [Gnd Clamp] I-V tables (“Pc” for Power Clamp, “Gc” for
Gnd Clamp). In CMOS technology, clamp diode currents come from P-N junctions. These
junctions act as protection circuits from voltage over-stress.

Figure 3- 32 shows the tab "Models" of the IBIS interface. The file "
Xilinx_Spartan6_LVCMOSS33.ibs" contains six different model instances. Their main
characteristics are summarized in the table in the upper part of the tab "Model". Let consider
the model called LVCMOS33 _F 12 LR33, which is the default model associated to each |/O
of the FPGA (actually, each I/O support several I/O standards). It models a push-pull low
voltage CMOS output buffer nominally biased under 3.3 V. The terms 'F' and '12' indicate two
options of the 1/O buffer: '12" is related to the drive (12 mA at Vo = 0.3 V), 'F'is related to the
slew rate (fast). It can be seen from the example shown in Figure 3- 32 that pull-up and pull-
down I(V) characteristics are available (it is expected since it is a push-pull buffer). A ground
clamp I(V) characteristic is available, but the (V) characteristic of the power clamp is equal to
0. According to the IBIS file, this output buffer has no power clamp protection.

The button "Rw" and "Fw" means "Rising waveform" and "Falling waveform" respectively.
Clincking on one of these buttons plots the rising or falling transient profile of the output
voltage of the buffer. These V(t) profiles are given after the keywords [Rising Waveform] and
[Falling Waveform]. They are used to evaluate the slew rate of the output buffer when it is
load by a given load (usually 50 Q) and fits the command of the 1/O in the 1/O model.
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Plotting the I(V) characteristic of the pull-down device of the LVCMOS33_F_12 model
(examples\ibis\ Xilinx_Spartan6_LVCMOS33.ibs)

Figure 3- 32:

Data provided by IBIS can be used to build an equivalent model of the I/O. Static (V)
simulations can be done to fit the models of pull-down, pull-up or clamp devices. Transient
simulations can be performed to verify the rising or falling waveforms of the I/O model. In the
IBIS interface, in the tab "Models", user can import SPICE simulation results in .ixt file in the
IBIS interface by clicking on the button "Add data" and superimpose simulation results with
I(V) or V(t) characteristics given by IBIS.

l.5.3 Package viewer

In most cases, accurate R,L,C evaluation of the package leads and bondings is not available
in preliminary IBIS files. The purpose of the 2D and 3D-package reconstruction available in
IC-EMC is to ease the extraction of package R,L,C elements and gives precise space
localization of the package leads and bonding wires. This last point is very useful in EMC
analyses, for localization of power supply and ground pins, or or near field radiated emission
simulation (see 111.8).

1l1.5.3.1 Hidden Keywords

Some important information is resourced in the IBIS file related to the package and IC
physical dimensions. The information is placed in the [Package model] section, and starts by
« | » to avoid parsing errors with conventional IBIS loaders. The physical dimensions are very
important information to rebuild the lead frame structure of the package, together with the
bonding structure and access to the die. Table 3- 7 provides a list of the important hidden
parameters and associated description added in IBIS file, and used to configure the package
viewer in IC-EMC. Figure 3- 33 illustrates the meaning of these geometrical parameters.
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Hidden parameter Description Example
pack_width Package width 20.1e-3 m
pack_height Package height 20.1e-3 m
ic_width Die witdh 6.55e-3 m
Ic_height Die height 6.33e-3m
ic_xstart Die location in X related to the package 6.73e-3m
ic_ystart Die location in Y related to the package 6.84e-3 m
pack_pitch Package pin pitch 0.5e-3m
ic_altitude Die altitude over the ground plane 0.8e-3m
pack_ball BGA ball radius 0.25e-6 m

Table 3- 7: Hidden parameters stored in the [package model] section

o Package pitch
_N :4_
mininin
\ IC width
\ IC heigh
Package I\ eight
height 1/—/4_
IC yStart / Package
cavity
IC xStart
Package width

Figure 3- 33 : Main parameters required for an estimation of the package R,L,C model

Different package reconstruction methods exist and depend on the package type. The
keyword [Package Model] provides information about the package type.

Keyword Package types and variants IBIS example file

[Package Model] bga Ball Grid Array (BGA) infineon_tc1796.ibs,
Xilinx_Spartan6_LVCMOSS33.ibs,
virtexlIXC2V1500.ibs,
prometheus_mmm6030_v2.ibs, bga64.ibs,
mpc5534-324.ibs

[Package Model] sop Small Outline Package (SOP) ahct04.ibs
[Package Model] soic Small Outline Integrated Circuit (SOIC) |14949 v4.ibs
[Package Model] gfp Quad Flat Package (QFP) Cesame_v14.ibs
S12x_v2.ibs
[Package Model] dil Dual in line (DIL) ds90Iv049.ibs, NCP5603_v4.ibs

Table 3- 8: Examples of package declaration in the ibis file (IBIS files available in examples\ibis)

1ll.5.3.2 2D Package Viewer

The need for reconstructing the 2D aspect of the package is justified by the need to locate
pins (especially power supply and ground pins), and to provide accurate space coordinates
of lead and bonding wires for near-field scan prediction. The external aspect of the IC with
pin placement may be displayed by a click on the tab “Package” (Figure 3- 34).
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Figure 3- 34: Package viewer (examples\ibis\ Xilinx_Spartan6_LVCMQOS33.ibs)

The yellow color corresponds to general purpose I/Os, the VDD supply pins are drawn in red,
and the VSS pins in blue. Non-connected pins are drawn in gray. This 2D view gives details
on the supply structure. It is also used by IC-EMC to compute the approximate position of a
package lead. Considering the pin “lIO_L3P_0_D5” selected in the list "Locate pin", an [X,Y]
position is assigned to the lead which appears as a black line in Figure 3- 34. A group of pins
(e.g. power supply pins) can also be located by selecting this group in the list "Locate pins".

111.5.3.3 3D package Viewer

The 3D-viewer is a visual assistant but do not include specific EMC features. The need for
reconstructing the 3D aspect of a package is justified by the two following items:

= Compute accurate values for R,L,C of the package based on the physical dimensions of leads
and bonding, if not provided in IBIS

= Provide accurate space coordinates for lead and bonding wires for near-field scan prediction

The 3D package viewer gives a three-dimensional interactive view of the package. To create
the 3D view, from the IBIS interface, click on the button "3D Draw". An example of 3D view of
the BGA package of the Spartan 6 FPGA is given in Figure 3- 35. You may change the
viewer’s position thanks to cursors X,Y and Z. The Z cursor serves as a zoom. The light
position may be changed. The bonding, upper part of the package and the IC may be
removed from the drawing. Finally, you may see a particular pin in the pin lists "Locate" in the
lower corner of the user's menu. The demo button makes an automatic rotation of the object,
and the “close” button closes the window.
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Information

3D package Viewer - Xilinx_Spartan6_LVCMOS33.ibs
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Figure 3- 35 : 3D view of a BGA package (case study/tricore/infineon_tc1796_v2.ibs)

- B

ll.5.4 Package modeling

Refer to the example presented in 111.8.3.1.

lll.6 Transient signal analysis

This example aims at presenting the resources to analyze time-domain properties of signals.
In this short case study, a complex signal is generated and its characteristics are studied.
The following sections describe the different steps used to generate the signal and extract its

characteristics.

lll.6.1 Signal generation

In this example, a chirp modulated signal is considered. This type of signal is used in radar
communications, but also in spread spectrum modulation (e.g. LoRa modulation). A chirp is a
pseudo-periodic signal which frequency-modulated around a central or carrier frequency.
The particularity is that the instantaneous frequency of the signal increases or decreases
with time. In this example, we consider a linear chirp, i.e. the instantaneous frequency
changes with time linearly according to a constant parameter |, called chirp rate. A general
expression of its waveform is defined by the following equation:
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where F¢ is the central frequency, B is the bandwidth occupied by the signal and Tgpip, the
duration of the chirp. The chirp rate is given by the equation below. If p0 is positive, the
instantaneous frequency increases with time, otherwise it decreases.

Uy =+ Eq.3-6

chirp
The instantaneous frequency of such a signal is given by the equation below. It shows that
the instantaneous frequency is linearly dependent of time.

1 d6(r) B
ey ——————=F. ——+ Ut Eq.3-7
won g ¢ g M H
In digital chirp-based modulation, the transmitted is composed of a series of chirp.
Information is encoded either by sign of the chirp rate, or by a frequency offset added to the

instantaneous frequency (e.g. LoRa modulation).

IC-EMC proposes a tool dedicated to the generation of complex waveforms that can be
imported in SPICE schematics. Click on "Tools > PWL Source Generator" to open the
window of signal generation. This tool aims at generating the time-domain profile of signals in
SPICE compatible Piece-Wise Linear (PWL) format. The profile is defined by a series of
pairs of value (Ti, Vi) where the value of the source is Vi (in Volts or Amps) at time=Ti. At
intermediate values of time, the value of the source is interpolated. This profile can be saved
in a text file and then imported in a SPICE netlist to describe the transient waveform of a
voltage or current generator.

The window shown in Figure 3- 36 opens. In the area "Select the mathematical operation",
select "Linear up/down chirp”. In the central part of the screen, the parameters of the signal
can be modified:

= Samples and step: the number of pairs of value (Ti, Vi) of the PWL signal and the time step
between two pairs

= Frequency Fc: the nominal frequency of the chirp signal
= Amplitude A and offset: the amplitude and the offset of the chirp signal
= Chirp rate uo: the linear increase or decrease rate of the instantaneous frequency of the chirp

*  Chirp duration Tep,: the duration of one chirp
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Select the mathematical operation
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Figure 3- 36 : PWL signal generator window ("Tools > PWL Source Generator")
Here, we select the parameters shown in Figure 3- 36: the central frequency is 100 MHz, the
chirp rate is 100 MHz/us and one chirp lasts 1 ps. Thus, the bandwidth occupied by the chirp
signal should be 100 MHz centered around 100 MHz. Here, the tool will generate 20000
points separated by 0.1 ns, so the total duration of the signal will be 2 ps, i.e. two chirp
duration.

Click on the button "Generate PWL" to display the waveform of the signal on the right part of
the window. Click on the button "Save PWL" to save the PWL signal in a .txt file. The file
pwl_chirp.txt has been saved in the directory "\examples\transient\". Click on the button
"Close" to quit the window.

I11.6.2 Create the model

Create a new schematic. Place a voltage source, a ground reference and a voltage probe,
and save it. Double-click on the voltage symbol to edit its properties. Select Piece-Wise
Linear and import the text file "\examples\transient\pwl_chirp.txt" by clicking on the button

B. Click on the button "OK" to validate and close the window.

B4 Symbol n°1 VL properties (965) | —— —
\/ Wsource |
Yoltage source parameters
DC parameters
Yalue V)
AC parameters
Amplitude (v): 1
~Pwl pwl_chirp.txt
}"1}) Fhase (degree) : 0
| Pulse parameters | Sine Parameters | Simple| Piece-Wise Linear
Described infile - pwl_chirp.bt E]
ran 1n2u

Figure 3- 37 : Model for simulation of chirp signal (\examples\transient\chirp_signal.sch) and PWL
voltage source configuration
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Configure the transient simulation : click on "Insert > Insert Analysis Line" and set a stop time
of 10 us and a step time of 1 ns.

111.6.3 Run SPICE simulation

Select LTSPICE as simulation in "File > Simulator". In "File > Simulator > Configurations”,
you can select "Batch mode" to launch LTSPICE simulation automatically each time the

SPICE netlist is updated. Click on the button = to generate the SPICE netlist and launch
the SPICE simulation. At the end of the simulation, the result is recorded in a .raw file
(chirp_signal.raw).

111.6.4 Observe the time-domain waveform

Open the "Voltage vs. time" window by clicking in the menu "EMC > Voltage vs. time" or on

the button n in the command bar. The window shown in Figure 3- 38 opens, showing the
transient evolution of the chirp signal. Two tabs appears on the right side of the screen:

= Parameters: import simulation and measurement results, select signals to be displayed and
display mode.

= Display: X/Y axes settings, show/hide curves, memorize curves

If the curve is not plotted, you can import the simulation result
(\examples\transient\chirp_signal.raw) by clicking on the button - in "Simulation Data" part.
The signals (voltage and current) recorded in the .raw file appear in the list "Signals". Select
the signal 'v(1)" and click on the button [ it sima] 1 plot the chirp signal. The X and Y axes can
be set with the commands proposed in the tab "Display". Zoom and curve memorization
commands are also available.
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Simulation result file
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Figure 3- 38 : Simulated waveform of the chirp signal (\examples\transient\chirp_signal.sch)

Several characteristics or quantities of signals can be displayed, according to the selection
done in "Quantity" field:

= Amplitude: this is the default displayed quantity
Rise /fall time: 10%-90% rise and fall times

Period and Frequency

= Duty cycle

Jitter: phase jitter, period jitter or cycle-to-cyle (C2C) jitter

These quantities can be displayed according to two different modes:
= "Time domain" mode: the evolution of the selected quantity is plotted in time domain

= "Probability density function" mode: an histogram showing the probability of occurrence of
the values taken by the selected quantity is plotted

ll.6.5 Analysis of the instantaneous frequency of the signal

Figure 3- 38 shows the transient evolution of the signal. Clearly, the signal is a sine wave
whose frequency increases regularly during 5 pus. However, the exact evolution of the signal
frequency is difficult to read accurately. To observe it, select "Frequency" in the "Quantity"
field. The result is shown in Figure 3- 39 and confirms that the instantaneous frequency of
the signal increases linearly from 5 MHz to 15 MHz for 5 us periodically. The statistics of the
instantaneous frequency can be found in the first row of the table "Statistics": the average
frequency is about 10 MHz, while the minimum and maximum frequencies are nearly 50 and
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150 MHz. The statistics is determined from 198 occurrences of signal periods. This figure is
given in the last column of the table "Statistics".
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Select simulation signal: Vil) Store 88605 Points.

Figure 3- 39 : Evolution of the instantaneous frequency of the simulated chirp signal
(\examples\transient\chirp_signal.sch)

The distribution of the instantaneous frequency taken by the chirp signal can be plotted if you
select the box "Probability density function” in the field "Display mode", as shown in Figure 3-
40. The constructed histogram is centered around 100 MHz and shows the distribution of the
frequency of the occurrence of chirp signal period.
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Figure 3- 40 : Statistical distribution of the instantaneous frequency of the simulated chirp signal
(\examples\transient\chirp_signal.sch)

1l.L6.6 Spectrogram

From the "Voltage vs. time" window, frequency analysis based on FFT can be done. Clicking

on the button Wi FFT gpens the 'Emission Window' as described in I1.1. A FFT of the full
signal is computed, so that the evolution of the instantaneous frequency of the chirp signal
cannot be displayed. A more interesting analysis of this signal is provided by a short-term
FFT (SFFT) which can be computed with the tool Spectrogram. It can be opened with the

button B specgram or from the menu "Tools > Spectrogram". This tool display a
representation of the signal in both time and frequency domains, as shown in Figure 3- 41.
The amplitude of the signal is plotted according to a color code in a X-Y surface, where X is
the time axis and Y the frequency axis. You can change the maximum displayed frequency
by selecting the option "Max. Freq. (MHz)". An parameter of the SFFT is the FFT resolution
Nreso- SFFT consists in performing successive FFT on Mg time block of Nes, points. The time
resolution of the SFFT is the duration of one time block. In this example, the maximum
frequency is set to 500 MHz and the FFT resolution is set to Nwso = 1024 points. As the
sampling period Tg is 0.1 ns, the maximum frequency of the FFT is Fg = 1/Tg = 5 GHz. The
duration of one time block, i.e. the time resolution is thus (Ns-1)XTE = 102.3 ns. We can
conclude that the lower the FFT resolution, the better the time resolution. However, reducing
the FFT resolution degrades the frequency resolution. The frequency resolution dF is
inversely proportional to the duration of one time block: dF = Fg/(Neso-1) = 4.89 MHz. The
lower the FFT resolution, the worst the frequency resolution.

In the example shown in Figure 3- 41, we can observe that the frequency increases linearly
between 50 to 150 MHz for 1 ps.
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Figure 3- 41 : Spectrogram or SFFT of the simulated chirp signal
(\examples\transient\chirp_signal.sch)

lll.7 Plot an eye diagram

Eye diagram is a commonly used tool to assess the quality or the integrity of high-speed
digital signals (Ethernet, USB3, HDMI, PCle, etc). The transmission through transmission
lines may distort the signal waveform because of impedance mismatch, attenuation,
crosstalk with neighbour lines, simultaneous switching noise, etc. The amplitude and time
distortion of the signal may lead to bit misinterpretation by the receiver. Eye diagram helps
designers to view the signal impairments more easily, detect bandwidth limitation or the
presence of excessive overshoots.

The following sections aims at presenting how to plot the eye diagram of a digital signal and
analyse its integrity. The proposed example addresses a link between two SSTL15 1/O
buffers interconnected through a microstrip line. I/O buffers are described by macromodels
built from IBIS file information.

ll.L7.1 Eye diagram

Figure 3- 42 describes the principle of the construction of the eye diagram of high-speed
digital signal. It is essential to underline that eye diagram measurements concern only digital
synchronous signals. Although eye diagrams apply for 2 or more level logic signal, only
binary signals are considered in IC-EMC and in the following sections.
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Let consider the transmission of a binary signal between a digital transmitter (TX) and a
digital receiver (RX) through a series of interconnects. The data transfer is synchronized on
the data clock rate Fcik. The construction of an eye diagram is based on a high bandwidth
sampling of the signal data stream and an accumulation of the measured samples in order to
superimpose all the states of the signal (1" and '0' levels, transitions from '0' to '1' or '1' to
'0"). To obtain a stable picture, this sampling must be triggered on a clock which is
synchronous with the captured digital signals. Thus the sampling is triggered at the signal
binary data rate. Here, this clock signal is called the data clock.

Transmitted data stream Received data stream
at data rate = F¢,) Interconnects (PCB trace, at data rate = Fe)
connector, backplane)
011011... — 011011...
TX RX
Voltage

‘1’ level

Sampling ﬁel
triggered on data

clock and sample
superposition

Time

Voltage ' !
g 1 Tew/2 ! Tek Ta/2,!
1 h " 1
1" level ' ,
1 1
: J-Ionzdntal !
| er |ca1'aper :
1 1
‘0 level ! — {
1
1

' Time
Figure 3- 42: Principle of the construction of an eye diagram

The display of an eye diagram is usually normalized for two clock periods and is centered on
one bit period in order to capture the rising and falling transitions of the signal. The
superposition of all the samples forms an eye, which gives the name to this diagram. A
properly constructed eye diagram should contain every possible bit sequence, from simple '0'
-'1"or '1' - '0' transitions to long sequences of '0' or '1".

Eye diagram provides an easy way to control the quality of the signal. The more open the
eye is (horizontal and vertical aperture), the lower the likelihood that the receiver
misinterprets the incoming signal. Noise and time jitter introduce some closure of the eye
opening and increases the risk to confuse binary symbols (bit error rate (BER)). Moreover,
any transitions that pass through the center of the eye opening may cause bit errors.

However, eye diagram is not only a graphical representation to make qualitative
assessments of signal integrity. Several indicators can be extracted to quantify the signal
integrity. Figure 3- 43 describes the signal integrity indicators extracted from the eye
diagram's tool of IC-EMC. There are two types of indicators:

= Amplitude or vertical indicators:

o Level '0'and Level '1": average value of the '0' and '1" levels in the 40-60 % region
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o Eye amplitude: difference between Level '1' and Level '0'

o Eye height or vertical aperture = (Level '1'-3xc,) - (Level '0'-3x6y), where 3xc; and G,
are the standard deviations of sample distribution around Level '1' and Level '0' in the
40-60% region. It is an indicator of the vertical eye opening.

o Eye crossing level: the amplitude of the transition crossing points.

o Eye crossing percentage = 100x(Eye crossing level - Level '0")/(Level '1' - Level '0"). It
gives an indication of pulse symmetry.

o Signal to Noise Ratio (SNR): ratio of the desired signal level (eye amplitude) to the
level of noise plus distortion. SNR = (Level '1' - Level '0")/( o,+ o). The higher the
SNR is, the lower the amplitude distortion.

= Time or horizontal indicators:

o litter: the time deviation from the ideal timing of a bit event (i.e. a transition) and its
actual realization. Jitter is computed as the time variance of the rising and falling
transitions at the crossing points. In IC-EMC, only the peak-to-peak jitter is computed.

o Eye width or horizontal aperture = (Right cross. point time - 3xor,) + (Left cross. point
time - 3xot), where or, and o are the time variances of the rising and falling
transitions at crossing points right and left. It is an indicator of the horizontal eye
opening.

o Rise and fall times: 10 to 90 % rise or fall times.

voitage . . | .
1 1 1 !
1 1 1 :
1 1
Level ‘1’ z-/=xa = —— = e - -
B e [T bl ooy Eyecrossing
am e R = === aans s
plitu Eye width |
|
Level ‘0’ Y-Rae= -

Time
region

Figure 3- 43: Signal integrity indicators extracted from eye diagram

ll.L7.2 Load the example: DDR3 memory link

In order to illustrate the creation of an eye diagram, we consider a DDR3 memory link as
example. Open the example in "examples\transient\ DDR3_link_400MHz.sch" by clicking on
"File > Open". In the next part, we will modify this schematic diagram to plot the eye diagram.

The schematic presented in Figure 3- 44 models a connection between a DDR3 driver
(DDR3 TX) and a DDRS receiver (DDR3 RX) through a microstrip line designed on a PCB.
DDR3 or DDDR3 SDRAM is actually a type of synchronous dynamic random access
memory. The term DDR3 is used to talk about the interface. The schematic models a link
between a microprocessor and an external DDR3 SDRAM memory for example.
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vddTX VITR. wdRX

DDR3 TX % DDR3 RX
50
+ : T
microstrip_DDR3
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w=0.127mm, [=30mm, h=0.2mm, FR4

_p’ulse 25n 7777_ 77/7_

Vbinary

_tran 0.1n 100n Interconnect between a DDR3 driver and a DDR3 receiver through a microstrip line

Figure 3- 44: Model of a DDR3 memory link (\examples\transient\DDR3_link_400MHz.sch)

The microstrip line model is included in the subcircuit "microstrip_ DDR3.sym". It was created
based on the geometrical dimensions of the line by the tool "Tools > Interconnect
parameters" (refer to 111.9.1). The microstrip line is routed on a multilayer FR4 PCB. The
dimensions of the line are:

*  width =0.127 mm

= height to the reference plane = 0.2 mm
= copper thickness = 35 um

= Jength = 50 mm

The characteristic impedance computed by "Tools > Interconnect parameters" is nearly 80 Q.
The DDRS3 driver and receiver comply with the SSTL15 standard specified by JEDEC
Standard JESD79-3. It is a general-purpose 1.5V memory bus standard, which requires a
termination voltage of 0.75V and a termination resistor of 50 Q. Output buffers are push-pull
types. The driver and receiver have been modeled from information contained in IBIS file. In
this example, the I/O buffer's models have been derived from IBIS file of a Spartan 6 FPGA
available in "examples\ibis\Xilinx_Spartan6_SSTL15.ibs". Macromodels have been
constructed to reproduce the characteristics given in IBIS file. The construction of such a
model is not addressed in this part. The instance of the driver is an "Output buffer", its

symbol can be found in the symbol palette # . The macromodel associated to the buffer is
given by the subcircuit "\examples\ibis\lO_models\SSTL15_Il_LR33_v3.sym". The "Output
buffer" symbol has 4 terminals: power supply references VDD and VSS, a logic input (0-1 V
signal) and the physical output. The instance of the receiver is an "Input buffer", its symbol

can be found in the symbol palette W . The macromodel associated to the buffer is given by
the subcircuit "\examples\ibis\|O_models\ SSTL15 IN_Typ_v2 .sym". The "Input buffer"
symbol has also 4 terminals: power supply references VDD and VSS, the physical input and
a logic output (0-1 V signal).

If you double-click on the driver or the receiver, the properties of the symbols can be edited,
as shown in Figure 3- 45. The field "I/O model" specified the subcircuit file containing the
macromodel of the I/O buffer. The fields "Resistance", "Inductance", "Capacitance" in the
"Package" part define the R, L, C stray elements associated to the package input or output
pin. For "Input buffer" symbol, the properties "High threshold" and "Low threshold" specify the
logical voltage threshold of the input buffer.
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Figure 3- 45: Properties of DDR3 driver (left) and receiver (right) (\examples\transient)
DDR3 _link_400MHz.sch)

The resistor RT is a termination resistor which is connected to a 0.75 V termination voltage.
The logic input of the DDR3 driver is driven by a 5 ns periodic square waveform signal. It
simulates a 400 Mbits/s logic signal with regular '0'-'1" transitions. In this example, the
transient profile of the signal delivered by DDR3 driver is simulated, thanks to the command
line ".tran 0.1n 100n". Three voltage probes have been placed: on the logic input of DDR3 TX
(node 4), at the output of the microstrip line (node 1) and at the logic output of DDR3 RX
(node 6).

In "File > Simulator", select WinSPICE and click on ¥ to generate the netlist and launch the

simulation. At the end of the simulation, click on the button BE 16 observe the signals. In the
tab "Parameters", select the three signal to display and click on the button "Add Simu". In the
tab "Display", you can adjust the scale to zoom on one or two binary periods, as shown in
Figure 3- 46. The blue and the green curves show the logic signal at the input of DDR3 TX
and DDR3 RX respectively. There is a delay of nearly 1.6 ns between both signals due to the
switching time of the SSTL15 output and input buffers and the transmission time through the
microstrip line. The red curve shows the simulated physical signal at the input of DDR3 RX.
The waveform of this signal has been affected by the characteristics of the line, the mismatch
between the line impedance and the termination impedance and the R,L,C stray elements of
DDR3 TX and DDR3 RX package. A more appropriate representation to analyse the effect of
the physical transmission to the signal integrity is offered by the eye diagram.
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Figure 3- 46: Transient simulation of a DDR3 memory link (\examples\transient\
DDR3_link_400MHz.sch)

ll.7.3 Eye diagram probe

An eye diagram probe must be placed on the schematic in order to plot an eye diagram
representation after a transient simulation. The eye diagram probe is found in the symbol

palette ¥ n this part, the previous schematic will be modified to set-up the simulation for
eye diagram plotting.

Save the previous schematic as "
DDR3_link_400MHz_eye_diagram.sch" with "File >
Save as". Place an eye diagram probe on the —

schematic. This component has three terminals: "
= in: connect the signal that you want to analyse clk —

= clk: connect the data clock on this terminal

= ref: connect the ground of

Terminal "in" is connected to the output of the microstrip line. Terminal "ref" is connected to
the ground. In the previous schematic, no data clock source were present. We must create a
clock source which is synchronized on the binary signal transmitted by DDR3 TX. This
source must produce a rising transition at each binary transition of the signal connected on
terminal "in". Thus, a voltage source called "V_data_clock" is inserted on the schematic, with
the properties shown below. The period of the data clock source is set to the binary period,
i.e. 2.5 ns in order to be synchronous with the transmitted binary signal (400 Mbits/s). A
delay of 1.6 ns (field "TD") is introduced to compensate the delay between the signal
transmitted through the microstrip line and the data clock.
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Figure 3- 47: Prepare the simulation for eye diagram plotting - set the data clock source
(\examplesl\transient\ DDR3_link_400MHz_eye diagram.sch)

Last updated 20.01.2005

Symbol Colour

Only one active eye diagram probe should be placed on the schematic. The other voltage
probes can remain active. The schematic should look like the diagram shown in Figure 3- 49.

111.7.4 PRBS source

The model is not completely achieved to perform an eye diagram analysis. The source
connected to the input of DDR3 TX produces a regular logic sequence '010101...". As
explained before, a properly constructed eye diagram should contain every possible bit
sequence. A commonly used source for this purpose is called Pseudo-Random Binary
Sequence generator. It can produce a synchronous logic signal whose logic state change
randomly at each clock period. Such a source can be constructed in IC-EMC by generating a
Piece-Wise Linear (PWL) signal. Click on the menu "Tools > PWL Source Generator" and

select "Random bit stream (PRBS)" in the field "Select the mathematical operation”. Set the
parameters shown in Figure 3- 48.

E‘ Signal Generator = ‘ =

Select the mathematical operation

FParameters
Samples 10000 1

sinus at frequency f1
white noise amplitude A
gaussian noise amplitude A

T]

radar irnpulse frequency f1, duration T
sinus at frequency f1 x sinus 10.7MHz
exponent (4T)
Ultra~wide-band pulse rise 0.15ns, fall T
Electrarmagnetic pulse rise Tns. fall T
Fositive val inug atfrequency {1
andom kit straam (FPRES) i
Triangle wawveform at frequency f1
Linear up/down chirg
Hershey kiss at frequency {1
Spread Spectrum Frequency Modulation
Triangular pulse with random amplitude

01101010

PWwL signal generated.
Filename

Step (ns):
Frequency (MHz)

High amplitude () :
Low amplitude (V) :

01
400.0
1.0

| 0E +/

=
=
im
)
Ll

il Time [5]

Yexamplesitransientypwl_PRES_DDR3.tt

[ +71, Generate Pyl ] l MSﬁveP\fVLI [ L Close |

Figure 3- 48: Set a PRBS source synchronized at 400 MHz (\examples\transient\pwl_PRBS_DDR3.txt
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The frequency is set to 400 MHz, i.e. the binary period is 2.5 ns. The step is 0.1 ns and
10000 samples will be generated, so that the total duration of the PWL signal will be 1 ps,
corresponding to 400 transmitted bits. Click on the button "Generate PWL" to see an
overview of the signal. Click on the button "Save PWL" to save the PWL file in the text file
"pwl_PRBS_DDRS3.txt".

On the schematic, double-click on the voltage source Vbinary to edit its properties. Select
"Piece-Wise Linear" type and select the file " pwl_PRBS_DDRS3.txt" in the field "Described in
file". Finally, change the command line ".tran 0.1n 100 n" to ".tran 0.1n 1000n" to set a longer
simulation file. The longer the simulation is, the larger the number of transmitted bits and the
better the eye diagram plot.

T IN ouT
+\ BufferOutt w=0.127mm, 1=50mm, h=0.2mm, FR4
Pwi pwi_PRBS_DDR3.txt

Vbinary

—

.tran 0.1n 1000n _‘_w
<pu|se 2.5n A

Interconnect between a DDR3 driver and a DDR3 receiver through a microstrip line V_data_clock

A 400 Mbits/s digital signal is considered.

Eye diagram probe is placed at the output of the microstrip line to analyse the integrity of the transmitted signal.

Figure 3- 49: Schematic simulation for eye diagram plotting of the DDR3 memory link
(\examplesl\transient\ DDR3_link_400MHz_eye diagram.sch)

ll.7.5 Plot the eye diagram

In "File > Simulator", select WinSPICE and click on ¥ to generate the netlist and launch the
simulation. At the end of the simulation, click on the menu "Tools > Eye Diagram" to open the
eye diagram window. Select the signal to analyse in the combo box "Input signal”, here v(1).

The, click on the button | 425 Eye to plot the eye diagram. The result is presented in Figure 3-
50. As indicated in the message bar in the bottom of the window, the input signal has been
cut in 397 sections which have been superimposed to plot the eye diagram.

The field "Clock Freq (MHz)" indicates the data clock frequency extracted by the tool from
transient simulation result. The value can be slightly different of the specified value in the
source V_data_clock. To reduce this gap, reduce the PWL source step and transient
simulation step. However, the eye diagram plot should not change significantly.
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Figure 3- 50: Eye diagram of the DDR3 memory link (\examples\transient|
DDR3 _link_400MHZz_eye_diagram.sch)
The result shows an eye diagram with adequate horizontal and vertical apertures. However,
this model does not take into account the power delivery network of both driver and receiver,
which introduces non negligible inductance along the power supply network. Moreover, in a
real DDR3 memory link, several data lines switch simultaneously which may introduce power
significant power supply voltage drops. Moreover, crosstalk between adjacent lines could
introduce additional noise. All these effects may degrade the eye diagram apertures.

In order to compare design changes on signal integrity, quantitative criteria must be defined,
as those defined in 111.7.1. When the eye diagram is extracted, eleven signal integrity criteria
are evaluated and displayed in the table "Signal integrity indicators", in the bottom right part
of the eye diagram window. For most of the criteria, average, standard deviation, minimum
and maximum values are determined. For example, in this example, the vertical opening of
the eye diagram (eye height) is evaluated to 1.183 V centered around nearly 0.75 V. The
SNR is evaluated to 27.63. The amplitude distortion is not too large to introduce significant
bit error risk. The horizontal opening of the eye (eye width) is evaluated to 2.09 ns or 0.83 UL.
Ul stands for 'Unit Interval', i.e. a time interval equal to the binary period. The peak-to-peak
value of the jitter is about 286 ns, i.e. 11 % of the binary period.

1.8 Near-field analysis

Over the last years, the near field scanner has become a popular tool to diagnose EMC
problems at PCB and IC levels. The measurement of the magnetic and electric fields near
the surface of IC or PCB gives access to the current and charge surface distribution
respectively, which can be helpful to understand the origin of EMC issues (conducted
emission, crosstalk, radiated emission). Moreover, the measurement of the near-field
emission offers a method to extrapolate the far-field emission.

In this short case study, a complex signal is generated and its characteristics are studied. An
example based on a power amplifier (PA) for a 3rd generation mobile platform is used. The
near-field scan measurement results are plotted with IC-EMC. Then, a near-field emission
model is derived from the ICEM model of the PA. Finally, its near-field emission is simulated
and compared with measurements.
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ll.8.1 Near-field scan measurement principles

The measurement of the electric or magnetic components in the near field is interesting for
EMC of ICs because it helps to locate transient current circulation as well as strong voltage
variations. Indeed, at very short distance from a conductor, it is possible to separate the
respective contributions of each part of this conductor. As distance from the conductor
increases, all of these contributions superimpose and only the global radiation from the
conductor can be measured.

A near field scan measurement method is described in the international standard IEC 61967-
3 [IEC61-3]. The typical measurement set-up with a near-field scanner is presented in Figure
3- 51. A miniature magnetic or electric antenna, called near-field probe, is placed very close
to the device under test to measure the electric and/or magnetic field in the reactive or near-
field area. The voltage induced across the near-field probe by the incoming field is measured
by a receiver. A spectrum analyzer is usually connected to measure the amplitude of the
induced voltage. The near-field probe is fixed to the arm of a 3D positioning system and its
position is moved and set accurately to one measurement point, following a predefined
pattern in the scan surface. For each position, the receiver captures the voltage induced
across the probe (the amplitude and/or the phase of the spectrum at several frequencies, or
the time domain waveform). This operation is repeated above each point of the predefined
pattern. At the end of the scan surface sweeping, a near-field map is reconstructed by a
post-processing tool. The map highlights some “hot spots”, i.e. areas where the incoming
field is large.

Spectrum Analyzer

I:> Data

acquisition L

/ﬁ Scan table ,7 ﬂ

?L Co".".OI . Emission map at
positioning one frequency
Measurement points
) Stop
*
¢
= o
'” g
r”r A : OO:
Start  Xstart Xstop ~ X

Figure 3- 51: Principle of the measurement of near-field scan emission of an IC

The near-field probes act as a transducer of electric or magnetic field into a voltage. They
have various forms, but basically they consist of either small magnetic or short electric
dipoles which integrate the incoming field over their surface. Ideally, the probe size should be
infinitesimal in order to provide a local measurement and prevent disturbance from the
incoming field. The probe should be calibrated prior near-field measurements to convert the
measuring voltage into incoming electric or magnetic field.

ll.8.2 Plotting near-field scan measurement with IC-EMC

The circuit studied in this part is a power amplifier (PA) used for 3rd generation or UMTS
mobile platform. The PA amplifies the signals from the transceiver to the antenna. It is able to
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send RF modulated signals in the frequency range 1920-1980 MHz with a maximum power
of 0.25 W or 24 dBm. Three different near-field scan tests were performed above the PA with
magnetic field probes to measure the horizontal Hx and Hy components and the vertical Hz
component of the magnetic field. They consist in simple circular loop made at the end of a
semi-rigid coaxial cable. The scan were performed at an altitude of 1.1 mm above the PA
surface. The measurement area is 6.2 x 6.4 mm with X and Y steps of 0.2 mm. During these
measurements, the center frequency of the UMTS power amplifier was fixed to 1950 MHz.
More details about this case study can be found in [App_PA] and [Dup0Q9].

Near-field scan measurement results were exported in a standard XML exchange file
[IECTR61]. The format of this file is described in Part VI. Click on the menu "EMC > Near-

field scan" or on the button &2 to open the "Near-field scan" interface. A window opens, with
a black screen on the right for the display of measured or simulated near-field scan, and a
series of tabs and buttons for simulation configurations, display options and measurement

import. Click on the button & pdd Measur 1 import a measurement file. In this example, three
measurement files are provided:

= \Scan_Hx_PA_1950_1_5mm\Scan_Hx_PA_1950_1_5mm_PA.xml: measurement of the x
component of the magnetic field

= \Scan_Hy_PA_1950_1_5mm\Scan_Hy_PA_1950_1_5mm_PA.xml: measurement of the y
component of the magnetic field at 1950 MHz

= \Scan_Hz PA_1950_1_8mm\Scan_Hz PA_1950_1_8mm_PA.xml: measurement of the z
component of the magnetic field at 1950 MHz

Select the file Scan_Hz_PA_ 1950_1_8mm_PA.xm and the results shown in Figure 3- 52 is
displayed. It shows the distribution of the vertical component of the magnetic field (Hz)
produced above the PA at 1950 MHz. This distribution is superimposed to a picture of the
device under test. The color scale gives the amplitude of the magnetic field. The maximum
magnetic field reaches up to -32 dBA/m. As indicated by the red mark. The analysis of this
measurement results shows clearly that the magnetic emission is above the power output
and power supply pins of the PA [Dup09]. The color scale, the zoom and the alignment of the
measured scan on the background picture can be set in the tab "Display".
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Figure 3- 52: Example of near-field scan with IC-EMC (\case_study\pa 3G\
Scan_Hx_PA 1950 1_5mm\Scan _Hz_PA 1950 1_8mm_PA.xml)

The same screen is shared for simulation result display. Once the measurement result has
been imported, click on the button "Meas. scan" in the tab "Parameters" to display
measurement results. The information about the imported measurement file are summarized
in the tab "Information"”.

ll.8.3 Simulating near-field emission with IC-EMC

111.8.3.1 Principle of the simulation

Various methods exist to compute EM fields produced by conductors. Three-dimensional full
wave simulators are based on numerical methods that can adapt to any conductor geometry.
They are the most accurate but unfortunately the most time consuming methods. In contrast,
methods based on analytical formulations or geometry simplifications are very fast but they
are limited only to simple geometries. The choice of an electromagnetic field solving method
depends on the required accuracy level and the maximum simulation time. For example, at
an early design phase, exact models cannot be available and simple calculations are often
required to set some design budget. Full wave simulations can only be performed at design
end for optimization purposes.

Co-simulation tools including electrical and EM simulators are required to simulate both non-
linear responses and radiation of ICs. Figure 3- 53 describes the general simulation flow of
this type of tool. EM fields are extracted from voltages and currents crossing metal
interconnects of ICs. At IC level, package leads and bonding wires are the largest
interconnects. As most of electromagnetic solvers are based on frequency domain methods,
FFT algorithm is required.
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Figure 3- 53: General simulation flow for IC radiated emission prediction

IC-EMC proposes a co-simulation method to estimate near field emission from ICs. Circuit
simulations are handled by WinSPICE or LTSPICE. An EM simulator is offered by IC-EMC to
extract electrical and magnetic field at any point in (X,Y,Z) from currents and voltages
computed by SPICE simulation, and by means of some approximations concerning the
package and electromagnetic field formulations. The general flow used to achieve a
comparison between near-field measurement and simulated magnetic field emission is
proposed in Figure 3- 54. The main assumption is that package leads used for supply and
output signals are the main radiating elements.
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Figure 3- 54: Flow for comparing predicted and simulated magnetic field scans
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At package level, leads and bonding wires are considered as the main radiated elements so
that the package model is very important for the prediction of near field scan. IC-EMC uses
the current computed by WIinSPICE or LTSPICE to compute the resulting radiated emission.
A link must be made between the current and the radiated elements. Two methods are used
to model the radiating elements. In the first method, as the package leads and bonding wires
are mainly inductive at low frequency, this link is made with the inductances which model
package leads. These inductances called “radiating inductances” are classical inductances
through which transient current flows, with attached geometrical coordinates. Simple
geometrical models are considered for the package. Leads and bonding wires are modeled
by one or several straight wires (Figure 3- 55).

Electrical model (ICEM)

: -bis XxX.ibS |0 IBIS:
! L1 file !
1 1
I n / - VY 1 Package model

1 .
e L construction
« Radiating inductances » /
1

1
1 1
Inductances related to the T 1
1 circuit packE%e ! Leads
\ :
1
1

Simplified
package model

=— Geametrical
information about
= inductances
e

et | i with IBIS file

e indciance

« Radiating inductance » parameters

Figure 3- 55: Principles of simplified package model reconstruction and link to the electrical model
through “radiating” inductances

This method assumes that the transient current circulates along electrically short
interconnect, so that the “capacitive effect” of package interconnects can be neglected (i.e.
charge storage). This assumption is valid until package interconnect length is less than A/10
(quasi-static approximation). When package interconnects become electrically long, taking
into account the “capacitive effect” of package interconnect become essential, especially for
the prediction of electric field distribution in near-field. Indeed, a large part of electric field in
near-field area is linked to charge storage, which cannot be modeled by inductance.

A more realistic electrical modeling approach consists in modeling interconnect by distributed
RLC cells. IC-EMC proposes a second method for a more accurate prediction of near-field
emission based on a component called “Radiated Interconnect”, available in the Symbol

Palette — . They are not described here. More information can be found in [App_NF].

The geometrical information of “radiating inductances” can be entered manually or given by
IBIS file (see part IIl.5). The package and die size information text are added in the [package
model] section of the IBIS file. The comment is mandatory to avoid parsing errors with
conventional IBIS readers. However, IC-EMC can locate ‘|pack_’ and ‘|ic_" keywords and get
the relevant information. The 2D and 3D views of the package may then be reconstructed, as
shown in Figure 3- 35.
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1ll.8.3.2 Near-field Prediction Steps

Assuming that the package bonding wires and leads are the main radiating elements, their
associated current must be computed, prior to magnetic field reconstruction (and also charge
storage for electric field reconstruction). Therefore, the simulation steps are as follows:

1. The IBIS file is loaded, from which the pin list, package dimension and type are
extracted

2. From the IBIS information, the package is reconstructed. Each lead is assigned a
position in space.

3. Selected inductances (mainly supply and 1O inductances) are assigned to the
corresponding space coordinates (or select radiated interconnects).

4. The analog time-domain simulation is performed to determine all the currents flowing
in each declared package inductances.

5. The Fourier transform applied for each of these currents gives the magnitude I(f) for a
frequency chosen for scanning.

6. Theoretical formulations are used to compute the sum of H and E contributions at
each location of the space [x,y,z] in frequency domain.

7. A post-processing displays the resulting magnetic field at the user-defined distance
above the ground plane.

11l.8.3.3 Formulations used to compute near-field emission

Formulations used by IC-EMC to compute electric and magnetic fields radiated by a package
are based on the thin wire approximation. They are computed in frequency domain. Each
lead of a package is meshed in small elementary thin wire crossed by a current constant
over all the lead. This assumption remain valid until the lead length is negligible in
comparison to the wavelength A (length < A/10). The electric and magnetic fields generated
by of each elementary wire are calculated from the equations reported in Figure 3- 56.
Parameters are the length of the current element /, the current amplitude /0 in the element
(A), and w=21Lf (rad/s). The magnetic current at the observation point is the sum (in complex
domain) of all elementary currents flowing in all leads.

= Li2 - b
9 A=H « [1)S—adzz
4” -L/2 r
|2T = 1 L2 o
®= x [Q(z)——dz
M~ dree. r
<N10 T . .
H=LDxA
y 7
X E=-jcA-0d

Figure 3- 56: Electric and magnetic field formulations with the thin wire approximation

If the package lead is longer than A/10, the package is split into elementary dipoles as shown
in Figure 3- 57. The electric and magnetic current at the observation point are the sum (in
complex domain) of all elementary currents flowing in the package leads.
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Figure 3- 57: Decomposition of package leads in elementary thin wires and contribution to the total
electric and magnetic fields

111.8.4 Near-Field Prediction

In this part, the different steps to load the model, run the simulation and compute the near-
field emission are presented.

111.8.4.1 Load the simulation model

The model of the PA for its near-field simulation is given in the file " \case_study\pa_3g\
PA_scan_V_add_vertical_1950MHz.sch". The electrical schematic diagram is presented in
Figure 3- 58. It includes the supply network, the PDN of the PA, the pre-amplifier stage and
the power stage itself, connected to a 50 Q through a transmission line. Note that the PA
itself is mainly a current source.

Pre-amplifier
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Figure 3- 58: The schematic diagram of Prometheus used for near-field scan prediction
(case_study\pa_3G\PA_scan_V_8 1950MHz.sch)

The position of the package leads are deduced from the IBIS file. Normally, the IBIS file of
the PA is imported automatically when the schematic is opened thanks to the command line
".ibs .ibis prometheus_mmm6030_v2.ibs". If a warning message indicates that the IBIS file is
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not found, you can import it manually with the command "File > Load lIbis file" or with the
button =] in the command bar. Figure 3- 59 shows a 3D reconstruction of the PA package

visible in the IBIS interface (see part 111.5.3.3). The position of the different pins can be
highlighted.

Figure 3- 59: 3D view of the PA package (\case_study\pa_3G\ prometheus_mmm6030_v2.ibs)

Figure 3- 60 details how the package lead inductances are assigned physical coordinates to
enable the IC-EMC simulator to compute the radiated field. You can define it manually by
typing the coordinates in the "Xstart", "Ystart", "Xstop", "Ystop", "Zstart" and "Zstop", or using
IBIS information by selecting a pin in the list "Select pin from the IBIS pin list". The Z
coordinate indicates the altitude of the dipoles above a plane reference which is supposed to
be the surface of the PCB on which the circuit is mounted.
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Figure 3- 60: The schematic diagram of Prometheus used for near-field scan prediction
(Scan_Hx_PA 1950 _1_5mm\PA_scan_V_add_vertical 1950MHz.sch)

1l1.8.4.2 Preparing SPICE simulation

The near-field simulation is based on the transient waveform of currents and voltages across
radiated interconnects. A transient simulation is configured with the command line " .TRAN
0.1N 100N". It can be inserted according one of the two following methods:

= click on button A or in the "Edit > Text" menu, directly type the SPICE analysis command

= in the Insert menu, click on “Insert analysis line”. An interface dedicated to the configuration
of the SPICE simulation is opened and the analysis line is automatically inserted on the
schematic with the correct syntax.
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Another command line is inserted on the schematic: " . scan 0.5e-3 1e8 2e8 2 3.5e-3 1.2e-3".
It contains directive for the near-field simulation tool. The parameters of the command line
will be described in part 111.8.4.4.

111.8.4.3 Run SPICE simulation

Select WinSPICE as simulator in "File > Simulator". In the menu "File > Simulator >
Configurations”, select "Interactive mode" to launch SPICE simulation automatically after the

SPICE netlist generation .

111.8.4.4 Near-field simulation

Open the "Near-field scan" interface by clicking on the button ¥ or in the menu "EMC > Near
field scan". The window shown in Figure 3- 61 opens. In the right part, the simulation
parameters and the display options can be configured. In the left part, the position of the
radiatng dipoles or interconnects and the simulated or measured E or H field are plotted in a
X-Y surface at a given altitude. Different components of the fields can be plotted (X, y, z,
tangential, total), either the amplitude (in dBV/m or dBA/m) or the phase (in degree). When
the window is opened, no simulation or measurement results have been loaded, so the
screen is black.

The default opened tab is "Parameters" for the configuration of the simulation and the
selection of frequency and field component to display. Clicking on the button "Far field"
computes the far-field emission in two vertical planes. The tab "Display" is dedicated for the
control of measurement or simulation result plot (zoom, scale color, scale adjustement...). In
the tab Dipole, the amplitudes of the excitation currents of the radiating dipoles at the
simulation frequency are listed. In the tab "Save", several options to save simulated scans in
a XML file are proposed. 2D graph of the near-field emission can be displayed if the button
"2D graph" is clicked.

The simulation options in the tab "Parameters" are preconfigured because of the command
line ".scan 0.5e-3 1e8 2e8 2 3.5e-3 1.2e-3" placed in the schematic diagram. The format of
this command line is:

.scan step start_freq stop_freq freq nb scan_alt dipole_alt
where:
= step is the scan step. In this example, the field is computed with a spatial resolution of 0.5 mm.

= start_freq, stop_freq and freq_nb define the frequency sweep between start_freq and stop_freq.
freq_nb defines the number of frequency points of the simulation

= gscan_alt defines the altitude of the scan plane, i.e. the distance above the reference plane
where the field values are computed

= dipole_alt is the default altitude of the radiated dipoles and interconnects if it is not defined.

We remind here that the reference plane is the surface of the PCB on which the circuit is
mounted. Depending on the selection of the option "Ground plane at z = 0", a perfect ground
plane can fill the reference plane.
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Figure 3- 61: Near-field scan interface

V4

F

4 | Scan altitude

C-EMC

Simulation result file
(.txt / .raw)

imu. Freq.
lection

and step

| _Gnd plane on/off

Plot simu. or
" meas. results

Field component
}and freq. to display
~Simulate far-field

emission

:g?,qdﬁMeﬂ%
port meas. results

(.xml)

ose window

(Scan_Hx_PA 1950 1 5mm\PA_scan V _add vertical 1950MHz.sch)

Before launching the computation, verify the parameters of the simulation: frequencies, scan

altitude, ground plane, scan step, position of dipoles. Click on the button

Simul. scan tg |qunch

the computation. It can take several minutes depending on the number of dipoles and

frequency points.
At the end of the computation, the total magnetic field (Htot in the combo

box "Display") at F

= 1920 MHz is plotted. In the tab "Display, the scale and the position of the scan are can be
adjusted. Figure 3- 62 presents the vertical component of the magnetic field Hz simulated at

1920 MHz.
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Figure 3- 62: Simulation of the vertical components of the magnetic field Hz simulated at 1920 MHz
(Scan_Hx _PA 1950 1 5mm\PA_scan V_add vertical 1950MHz.sch)

A comparison between measurements and simulations is presented in Figure 3- 63. The
differences are summarized in Table 3- 9.
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Figure 3- 63: Comparison between measurements and simulations of the three components of the
magnetic field (Scan_Hx_PA_1950 1_5mm\PA_scan_V_add vertical _1950MHz.sch)

Measurement Hx Hy Hz
-41 dBA/m -37 dBA/m -32 dBA/m
Simulation Hx Hy Hz
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-40 dBA/m -37 dBA/m -38 dBA/m

Table 3- 9: Comparison between measured and simulated peak magnetic field

lIl.9 Interconnect modeling

Modeling Interconnect at package, PCB or system level is a very important task to predict
EMC issues. IC-EMC proposes several tools to evaluate stray R, L, C parameters and build
equivalent electrical models of basic types of electronic interconnects, at different levels:

= PCB traces and planes
= package
= cables

The following sections presents these tools through simple examples.

l1.9.1 Modeling a microstrip line designed on a FR4 PCB

In this part, a SPICE compatible model of a microstrip line will be constructed in order to
simulate S parameters from its terminals. The geometry and the parameters of the line are
described in Figure 3- 64. The final model is available in the file
"\examples\basic\microstrip_S_parameters.sch". The following parts will guide you to build
the model step-by-step.

Dielectric substrate

Reference :

plane

Figure 3- 64: Geometry of the modeled microstrip line

The microstrip line is designed on a 0.2 mm thick FR4 substrate. The relative permittivity of
the substrate is € = 4.5 and its loss tangent tan d = 0.02. The trace is made of 35 um thick
copper. The trace is 50 mm long and its width must be adjusted to match its characteristic
impedance Z, to 50 Q. The model must be valid up to 20 GHz.

111.9.1.1 Open the tool "Interconnect Parameters"

The tool "Interconnect Parameters" is dedicated to the modeling of PCB interconnects with
basic cross-section (e.g. microstrip line, coplanar waveguide, edge-coupled microstrip line,
via...) and the construction of equivalent electrical model. Click on the menu "Tools >
Interconnect Parameters" to launch this tool. The following window appears, with microstrip
line as default configuration.
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Figure 3- 65: Description of "Tools > Interconnect Parameters”

In this tool, the cross-section and the material are supposed to be homogeneous. Modeling
an interconnect requires the definition of cross-section geometry, the interconnect length, the
material electrical properties (trace metal and dielectric insulator) and a maximum validity
frequency (some parameters are frequency dependent). Once these parameters have been
defined, the electrical characteristics of the interconnect can be extracted from closed-form
expressions or numerical computations, such as:

= per-unit-length (pul) electrical parametersr, 1, c and g
= characteristic impedance, odd and even impedance (for three conductor interconnects)
= wave velocity and propagation delay
= gskin depth
Finally, SPICE compatible models can be derived from these computed elements.

111.9.1.2 Electrical parameter extraction

The microstrip line must be 50 Q matched. In practical PCB design, the trace's width W is
adjusted to set the characteristic impedance. In Interconnect Parameters, fill the geometrical
dimensions and the material properties according to the description given in 111.9.1. Start with

a default value for the width, equal to 0.1 mm. Then, click on the button LineMadel e 14
compute the electrical characteristics of the line, which appear on the right side of the
screen. In this default configuration, the characteristic impedance is given by the term "Z0"
and is equal to 86 Q.

Increase the width to reduce the characteristic impedance. It should be equal to 50 Q when
the width is set to 0.347 mm, as shown in Figure 3- 66.
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Figure 3- 66: Adjustment of the trace's width to set the characteristic impedance of the microstrip line

The pul r,l,c,g parameters of the line are also computed. The pul inductance and inductance
of the lines are given by the terms "L11" and "C11". We can verify that the characteristic
impedance is equal to:

Z, = Ly Eq. 3-8
Cll
The pul resistance and conductance are actually frequency dependent (even if L11 is also
slightly frequency dependent due to skin effect). The term "Rdc" gives the pul resistance at
low frequency, when the skin effect is negligible i.e. when the lateral dimensions of the line
are smaller than the skin depth 6. For example, at 20 GHz, the skin depth is 0.5 pm so that
this effect cannot be neglected. The pul resistance tends to increase with frequency
according to a square-root relation. The term "Rac" gives the actual pul resistance at the
maximum validity frequency of the model (here 20 GHz). The frequency evolution of the skin

depth and Rac can be saved in a .z file by clicking on the button DumpFRlf]

Similarly, the term "G" gives the conductance associated to dielectric substrate losses at the
maximum validity frequency of the model.

1l1.9.1.3 Extraction of a SPICE compatible model

From the pul parameters, a SPICE compatible model can be derived. A short section of a
transmission line can be modeled by a lumped RLCG model. The model remains valid as
long as the length of the section is less than AM20 or AM10, where A is the wavelength
associated with the highest frequency of the signal conducted along the line. Thus, the full
model of the line consists of a distribution of this RLCG network.

In Figure 3- 66, the last line of the right part of the screen |=*/10(f=20.00GHz) = 0.82mm gives the
maximum length of a line section which can be modeled by a single RLCG network up to 20
GHz. As the microstrip line is 50 mm long, 50/0.82 = 61 RLCG networks are required to
model the microstrip line up to 20 GHz.
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Before generating the SPICE model, several options may be chosen. They are visible on the
lower left part of the this screen ("SPICE Model Generation"):

= Include losses: if the option is not selected, only the DC resistance of the line is taken into
account, the skin effect and dielectric losses are neglected. This assumption is usually valid
with practical PCB traces up to several hundreds of MHz. Above several GHz, losses should
be taken into account, especially for signal integrity simulation

= Near-field analysis: if this option is selected, geometrical coordinates are assigned to each
RLCG network of the model in order to simulate the electric and magnetic field emission
produced by currents circulating along the line (refer to IIL.8).

= Create subcircuit: if this option is selected, the SPICE model is saved in a subcircuit.
Otherwise, RLCG networks are placed directly on the schematic.

For the studied microstrip line, check "Include losses" to include frequency dependent losses

in the model, and leave "Near-field analysis" unchecked. Initially, we let the option "Create

subcricuit” unchecked. Click on the button B2 SPICEMsdel 14 generate automatically the

equivalent model of the line. Then click on the button OK to close the window. A large
number of RLCG networks have been placed on the schematic, as shown in . Click on the

button to see all the RLCG networks. 62 RLCG networks have been placed.
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Sy st . .. .9, o . 37 i 310 .7 585 23 .3 05 N 1 P
- 1
-
62 RLCG networks placed on the schematic _--" I
-
4”’ I
—’— I
_ -
- I
_ -
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Figure 3- 67: Electrical model of the microstrip line valid up to 20 GHz

The advantage of this model display is that the content of the model is visible explicitly.
However, at high frequency, the number of RLCG cells may become large sufficiently to
make it unreadable. Therefore, it is better to select the option ""Create subcircuit".

Remove all the RLCG networks placed on the schematic with the symbol . Then open the
"Interconnect Parameters" tool and fill all the fields as in Figure 3- 66. Check the option
"Create subcircuit". A field "Save subcircuit as:" appears to specify the name of the subcircuit
file. Click on the button [ to select the directory and the file name. The subcircuit is saved in
.sym file. The microstrip line model has been saved in

"example\basic\microstrip_20GHz.sym". Finally, click on the button - SPICEMadel 15 save the
SPICE model in the .sym file. This time, no model is placed automatically on the schematic.
Click on OK to close the window.
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111.9.1.4 S parameter simulation

Click on the menu "Insert > User symbol (.SYM)" to place the subcircuit of the microstrip line
on the schematic. Select the file "\example\basic\microstrip_20GHz.sym". A rectangular box
with three terminals with the title "microstrip_ 20GHz" is placed on the schematic: the
terminals "io1" and "io2" are the two terminals of the trace, while "io_ref" is the ground plane.
If you double-click on the symbol, the SPICE subcircuit can be edited (only in readable

mode).

r View EMC Tools Help B Symbol n°1 microstrip_20GH:z properties (3000) e i

Fa LB E A LW | P o | WS Symbal parameters
& | Username: microstrip_20GHz Position: -1395 | 663

*Microstip line madel
*Subcircuitterminals

*in1 = line terminal number 1 Pinn’ Type Name: Nade
*in2 > line terminal number 2 1 - ol 1
*io_ref=> line terminal reference 2 = o2 2
subcki microstip_20GHz o1 io2 io_ref 3 , o raf 3

*rall IntercoMarme

wC1_Celll ol io_ref Dielec_lass
%P:_Celll i1 io1_int Skin_loss
L_CellTiol_int Mcelll 0.247n
HC2_Celll Neelll io_ref Dielec_loss
*cell IntercoName

WC1_Cellz Neellt io_ref Dielec_loss
®P:_Cell2 Meelll Neell_int Skin_loss
i02 L_Cell2 Neell1_int Meeli2 0.247n
X¥C2_Cellz McellZio_ref Diclec_loss
*cell IntercoName

WC1_Cell3 Neell? io_ref Dielec_loss
®P:_Cell3 Meell? Neell?_int Skin_loss
io_ref L_Cell3 McellZ_int Ncell3 0.247n
XC2_Cell3Mcelldio_ref Diclec_loss
*cell IntercoName
KC1_CelldNeell3io_ref Dielec |oss V| Show name and properies

®P:_Celld Meell3 Neell3_int Skin_loss - .

L_Celld Neell3_int Ncelid 0 247n FEECHERE b r TS S
XC2_CelldMeeldio_ref Dielec_loss =

*cell IntercoName yméol Colous ‘!‘D!‘\!"!‘
WC1_Cells Neslld io_ref Dislec_loss

WF:_Cells Meelld Neelld_int Skin_loss

L_Cells Mcelld_int Ncell5 0.247n

XC2_Cella Meellbio_ref Dielec_|oss

*cell IntercoName

WC1_Cellb Neslls io_ref Dislec_loss

microstrip_20GHz

| Show Pin Names
“| Show Pin number

¥ oc ] [3¢ cancsl|

Figure 3- 68: Microstrip line subcircuit (\Examples\basic\PCB\microstrip_20GHz.sym)

To do a S parameter simulation, connect "io_ref" to the ground and connect two S parameter
probes on trace terminals as described in part 111.3. Set an .AC simulation with the SPICE
analysis command ".AC DEC 50 1MEG 20G". The schematic is shown in Figure 3- 69.

microsirip_20GHz

> w =

e a

AC DEC 50 1MEG 20G microstrip_20GHz is a SPICE subcircuit ge

It describes a microstrip line with: w=0.3471

Figure 3- 69: S parameter simulation of microstrip line
(\Examples\basic\PCB\microstrip S _parameters.sch)

Select WIinSPICE as simulator and click on the button ¥ to launch the simulation. At the

end of the simulation, click on the button @ to open the S parameter window. Plot the S11

and S12 parameters, as shown in Figure 3- 70. In spite of the 50 Q matching of the line, the

reflection coefficient S11 is not null and tends to increase with frequency, because of the

frequency dependent loss of the line. Similarly, the transmission coefficient is nearly equal to
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1 up to several hundreds of MHz, but tends to decrease with frequency due to losses. The
multiple minima visible on the S11 curve are due to the line resonances.

E‘ S Parameter Analysis | o 5 S

Simulation Data Source

shbasichmicrostrip_S_parameters.spc ‘_l

S parameter Farmat
- Mag (linear] -

: ‘ %Add5|mu| ‘ "SaveS\mu‘

34 S Parameter Measurement

S parameter
-

Format

Mag (inear)

-

‘ [ Acdd Meas

# Save Meas

E Display

i | @ Cartesian

() Srith Chart

Conversion

25 ) Mized-made 5
Z ! Mized-mode 2
: ¥ s

i |F min [MHz) F ma (MHz]
H oo
[V Log
Y Agis
't min ' max
0.,0001 1
[7]Log
_________ oo L.. 1. S ‘ @ Rediain | | 1 Clewr |
| x Close |

Figure 3- 70: S parameter simulation of microstrip line
(\Examples\basic\PCB\microstrip_S parameters.sch)

11.9.2 Cable modeling

This tool is similar to "Interconnect Parameters”, except it is dedicated to cable modeling.
The tool builds electrical model of cables with basic cross-section (e.g. coaxial cable, bifilar
cable, shielded pair...). Click on the menu "Tools > Cable Modeling" to launch this tool. The
following window appears, with microstrip line as default configuration. In this tool, the cross-
section and the material are supposed to be homogeneous. Modeling an interconnect
requires the definition of cross-section geometry, the cable length, the material electrical
properties (trace metal and dielectric insulator) and a maximum validity frequency (some
parameters are frequency dependent). Once these parameters have been defined, the
electrical characteristics of the cable can be extracted from closed-form expressions or
numerical computations, such as:

= per-unit-length (pul) electrical parametersr, 1, c and g

= characteristic impedance, odd and even impedance (for three conductor interconnects)
= wave velocity and propagation delay

= skin depth
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Figure 3- 71: Description of "Tools > Cable Modeling"

Finally, SPICE compatible models can be derived from these computed elements. As with
"Interconnect Parameters"”, the generated SPICE model can be exported in a subcircuit.

In the following part, we consider the case study described in Figure 3- 72. It consists in a
bibfilar pair placed at a distance h above a ground plane. The final model is available in the
file "\examples\basic\bif_above_gnd_1m.sch". The following parts will guide you to build the
model step-by-step.

Dielectric coating Wire diameter = 0.6 mm
er=2.2, tand = 0.01 \[/

<&, _— Coating diameter = 2.2 mm

s=0.5mm
h=50mm

Ground plane

Figure 3- 72: Geometry of the modeled cable

The cable is composed of two 0.6 mm large wires embedded within insulator coating. The
coating has a relative permittivity of the substrate equal to €, = 2.2 and a loss tangent tan d =
0.01. The cable is 1 m long. The model must be valid up to 300 MHz.

111.9.2.1 Electrical parameter extraction

In "Cable Modeling", select the cross-section "Bifilar Cable above Ground Plane" and fill the
geometrical dimensions and the material properties according to the description given in

111.9.2. Then, click on the button Cempute to compute the electrical characteristics of the line,
which appear on the right side of the screen, as shown in Geometry of the modeled
cableFigure 3- 72. Three terms related to characteristic impedance appear:

= Zodd: odd-mode impedance
= Zeven: even-mode impedance

= Z0: characteristic impedance in single-mode excitation
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The differences between these impedance terms can be understood when the propagation
analysis along the cable is made. Both wires and the reference plane actually form a three-
conductor transmission line. The wires can be excited according to three different modes:

= single-ended mode: one wire is excited while the other is set to 0 V (the reference plane
potential)

= differential mode: both wires are driven with equal but opposite voltages
= common mode: both wires are driven with the same voltage

A convenient method for analysing the propagation through the line is to decompose the
propagation modes into two virtual propagation modes: the odd and even modes. Whatever
the line excitation, the actual current and voltage distribution along this line can be expressed
as a superposition of odd and even modes. Both are characterized by characteristic
impedances (Zodd and Zeven) that may be expressed according to the per unit length
parameters r, |, ¢, g of the line. Differential, common-mode and singled-ended characteristic
impedance are related to Zodd and Zeven according to equations 3-9 to 3-11.

1 & 5
ZDiﬁ‘ = 2‘Zodd Eq. 3-9 Zcomm = EZeven Eq. 3-10 ZO = Zodd Zeven Eq. 3- 11

As signals are usually transferred differentially, the differential-mode impedance and thus
odd-mode impedance must be known and controlled properly to ensure a correct impedance
matching. With the dimensions, the odd-mode impedance is nearly 60 Q, so that the
differential-mode impedance of the cable is 120 Q. A 120 Q termination should be placed to
avoid any reflections.

Ed Cable model | = | B |t S
_\.\-"ie abave ground | Coaial Cable | Effilar Cable sbove Ground Plane | Sk + |+ Cable parameters
Cable Dimensions Capacitance
X C11 = 5.300 pF [3.900 pF /m)
Wio dameter (d £12.= 23.934 pF (29.934 pF/m]
06 mm
Inductance
Separation (3] L11 = 1163.025 nH [1163.025 nH/m]
05 mm L12 = S03.180 nH (303180 riH/m]
Mutual coupling coefficient K. = 0,78
Height abave Grd [h]
50 Losses
o | Rde = 0,061 0 (0.081 0/m)
Length (L] Skin depth d [ 0.30 GHz) = 0.0038 mm
1.000 m Fiac (0,30 GHz) = 241270 (2413 0/m)
Dielec. coating dismeter Cond, G [ 030 GHz] = 185611 pS [1BE.E11 pS/
22 i Line loss [ 030 GHz] = NandB [ Man dB/m]
Material Properties |Save Lossif) )
epst Conducliviy (M5 /m) Compute | Ampedanga LiN€ characteristi¢ impedance
2200 58.000 3 J I Z0=17090 1

D3 SPICE | | 20dd=6100  Zeven=45680 |
Loss Facter [tand)  Frequency [MHz) - s _I P:pag_de:y mm_———
00 300 IJ oK Propag, velocity v = 237063 km/s
/|Inchude Losses  Save subcircut a¢ Propag. delay Td = 3393 ns (3.4 ns/m)]

7| Create subciicuit JC-EMC-2v3hexamples\basic\Bil_Above_gnd_Trm sym -]

Figure 3- 73: Extraction of the electrical characteristics of the cable

The pul r,l,c,g parameters of the line are also computed. As in "Interconnect Parameters", the
pul resistance and conductance are actually frequency dependent. They take into account
skin effect and dielectric losses.
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1ll.9.2.2 Extraction of a SPICE compatible model

From the pul parameters, a SPICE compatible model can be derived. Similarly to PCB
interconnect models built with "Interconnect Parameters”, it is based on distributed RLCG
networks, where each RLCG network models an electrically short section of cable.

Before generating the SPICE model, two options may be chosen. They are visible on the
lower left part of the this screen ("SPICE Model Generation"):

= Include losses: if the option is not selected, only the DC resistance of the wires is taken into
account, the skin effect and dielectric losses are neglected. This assumption is usually valid
with practical PCB traces up to several hundreds of MHz. Above several GHz, losses should
be taken into account, especially for signal integrity simulation

= Create subcircuit: if this option is selected, the SPICE model is saved in a subcircuit.
Otherwise, RLCG networks are placed directly on the schematic.

Select both options. Specify the name of the subcircuit in the field "Save subcircuit as:". Click

on the button [ to select the directory and the file name. The subcircuit is saved in .sym file.
The microstrip line model has been saved in "\example\basic\

\Bif_Above_gnd_1m.sym.sym". Finally, click on the button & SPICEMadel {5 save the SPICE
model in the .sym file. Click on OK to close the window.

111.9.2.3 S parameter simulation

Click on the menu "Insert > User symbol (.SYM)" to place the subcircuit of the microstrip line
on the schematic. Select the file "\example\basic\Bif_Above_gnd_1m.sym". A rectangular
box with five terminals with the title "Bif_Above_gnd_1m" is placed on the schematic: the
terminals "io1_1" and "io1_2" are the two terminals of one wire, "io2_1" and "io2_2" are the
two terminals of one wire, while "io_ref" is the ground plane. If you double-click on the
symbol, the SPICE subcircuit can be edited (only in readable mode).

To do a S parameter simulation, connect "io_ref" to the ground and connect four S parameter
probes on cable terminals as described in part 111.3. Set an .AC simulation with the SPICE
analysis command ".AC DEC 50 100k 300MEG". The schematic is shown in Figure 3- 74.

‘ Bif Above_gnd_1m
i01_1 01 2

f441 i02_2
5 =1 S
LS a ~

\ \
e e

Figure 3- 74: S parameter simulation of a bifilar pair cable
(\Examples\basic\Cables\Bif_above gnd_1m.sch)

Select WIinSPICE as simulator and click on the button ¥ to launch the simulation. At the

end of the simulation, click on the button @ to open the S parameter window. Single-ended
S parameters are plotted by default. However, it can be interested for a transmission line with
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more than two conductor to plot mixed-mode S parameters. Instead of considering the
reflection or transmission coefficients at or between each line terminal according to the
reference plane (single-ended S parameters), the propagation characteristics of differential
and common-modes are determined. They are deduced directly from single-ended S
parameters [Boc95]. In both cases, a 50 Q reference impedance is considered. In the "S
Parameter Analysis" window, mixed-mode S or Z parameters are plotted if the options
"Mixed-mode S" or "Mixed-mode Z" are selected in the "Conversion" part of the screen.

Select "Mixed-mode S". In "Simulation data source" part", select the following parameters
k) .
and click on the button £ #345m 5 5iot them:
= Sdd11: reflection coefficient of the differential-mode seen from the input of the cable

= Sdd12 : transmission coefficient of the differential-mode between the input and the output of
the cable

= Sccll1: reflection coefficient of the common-mode seen from the input of the cable

= Sccl2 : transmission coefficient of the common-mode between the input and the output of the
cable

= Sdcll: differential-mode to common-mode conversion at the input of the cable

The result is shown in Figure 3- 75. Sdd11 and Sdd12 parameter characterize the
propagation of differential-mode through the cable, while Scc11 and Scc12 characterize
common-mode. Sdc11 is equal to zero, such as Sdc12, Scd11 or Scdi12: there is no
conversion between differential-mode and common-mode because the modeled cable is
symmetrical.

r
Ed S Parameter Analysis [E=NEERS
: Pegssanii T ——— . Simulation Data Source |
| 'Sirmu Sdd11 Mag (Iinear) | mplesibasichBit_sbove gnd Tm. spc[:
| Simu Sdd12 Mag {linear) ' izaﬁmetﬁ' F;fmﬂ“
ag—‘*—}Simu Sccl 1 Mag (linearj— — — —— {3 Mo linzal; =
‘ A 'Sirmu. Secl2 Mag (linear)
—— Simu. Sdcl 1 Mag (linear) : : g U & t !
(- ! . ,_I,ii;ili i ¥, : ] WLyl i ‘ &AddS\mu ‘ ‘gSavesimu‘
08 o P FA ¥ i
| i | 5 Paameter Measurement
FET E O e T + |5 parameter Format
: - Mag (lnear]
__;__;__. ___;__;_ i : : : : ‘ i Add Meas ‘ E"SaveMeas‘
E Display
| | i i p . i i i | @ Cartesian
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] ] (o 300
! i e i =
| [¥]Log
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] 1
+ |2 Log
: ‘ @ Redraw ‘ | L Clear |
| x Close |
Di\Users\admin_aboyer\alex_DELL_09122013\ic-emc_sources\IC-EMC-2v@\exampleshbasic\Bif_above_gnd_Lm.spc read: 16 S parameters, 174 frequency ;:oints loaded.

Figure 3- 75: Mixed-mode S parameter plot of a bifilar pair cable (\Examples\basic\Cables\
Bif_above gnd _1m.sch)
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11.9.3 Package modeling

IC-EMC proposes two tools based on two different approaches to build electrical models of
IC package. The first method uses some dimensions about package provided by IBIS file to
build a simple 3D geometrical model of the package and evaluate the stray resistance,
inductance and capacitance of package pins from closed-form mathematical expressions.
The second method reconstructs a more realistic 3D geometrical model of the package
automatically or manually. The stray R, L, C elements are computed according to a PEEC
method [Rue72].

1l1.9.3.1 Package model extraction from IBIS file

The module « Tools > Advanced Spice and IBIS » generates SPICE-compatible and IBIS-
compatible netlists including the package parasitic R,L,C values for each package pin. This
tool is also accessible from the IBIS interface (see part Ill.5). This tool saves the time of
tedious data entry required in the more sophisticated three-dimensional programs that
require large amounts of CPU time. This section describes the main features of the module.

[11.9.3.1.1 Principles

The program builds a package layout by using the user-defined dimensions to generate
approximate lengths and positions of the package's internal routing. The information required
is the package type, pin pitch, pin list, package size and cavity size (Figure 3- 76). The
information is listed using hidden keywords added to the [package model] section of the IBIS
description.

< Advanced SPICE and IBIS AEE
T’;vameler‘s ; Hidden [BIS parameters | BIS metist | Spice Netist | R.LC distribution | Mutual Coupling |
RS IC and Package Information
. A namesiss 42 v Dudonge pitch.
¥ Evaluate Fipack Lpack Cpack IC{nlbimation RE ]
IEC widh ik 1400 i
W EvaliateRLCof:  [Mons | Lesa 8.
IC heiait fis_heiahi .30 e B
¥k lines to brundsriss (BGA, PGA orly]
IE thicks thick 0375
[ Add inss from casily talC etoe s ethick]
v Addlines from pins o cavity L oe 0.750
e Packiz
[ A Commig et IC relative origin % (ic_sstar]:  [2100 i
[ Add Inductance Matrix IC relative origin'Y' (ic_pstart]: 2,100 =
10 yStart
Exd
[y Generate Ibis Package Information
Package ype
Save Information sz, ;
Spice Sub-cicut Lead Al (lezd_af) [os0 e
Saveta: [bgBA TR Package pich [pack pich):  [1600 J— ek
|Ipack_thick le_thick
Package cavity [pack_caviy):  |5.900 T ‘ I
] A‘_'; S
Package widh pack_wicth):  [E000 = <
,,,,,,, o T
Package height (pack_height): 8000 [ KT
. —

Package ball radius [pack_ball : [0:250

Dump to TXT fil

Updats

Figure 3- 76: Module “Advanced SPICE and IBIS” on a BGA (examples\ibis\BGA64.ibs)

The list of hidden parameters is described in Table 3- 7. The most important parameters
appear in the main menu of the module, as can be seen in Figure 3- 76. Recall that the
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hidden keyword information is placed in the [Package model] section, and starts by « | » to
avoid parsing errors with conventional IBIS loaders.

[11.9.3.1.2 How stray R,L,C elements are computed

The tool first develops a 2D-geometric floorplan of the leads by calculating the length and
position angle of the traces. The 2D view can be observed using the command “EMC > Ibis
Interface” (Figure 3- 77).

G

H

Figure 3- 77: 2D floorplan of a BGA 64 package (examples\ibis\BGA64.ibs)

Figure 3- 78: 3D reconstruction of the BGA 64 (examples\ibis\BGA64.ibs)

Then, the program determines the trace structure, length and position in 3D. Figure 3- 78
shows the 3D reconstruction of the package. The view can also be obtained from “Tools >
3D Package Viewer”. To obtain reasonably accurate values for R,L and C, analytical
formulations as described in section 3.3 — Conductor and Passive Models are employed.
Each electrical parts of each wire (bonding, lead, soldier ball) is considered separately. For
each elementary electrical wire, we compute:

= the resistance
= the self inductance;

= the capacitance to a ground plane

and optionally:

= the mutual inductance Lx with its nearest neighbors
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= the mutual capacitance Cx with its next neighbor

In the BGA, each wire consists of 5 conductor parts, as illustrated in Figure 3- 79:

Ball

Ball to Via

Via

Via to Cavity

Cavity to boundaries
Cavity to IC

2B S o

(hBall— |

Packqge
cavity

(5) cavity to
boundary

6) C:Euvity /
/|

to IC

(3) Via

(4) via to cavity

Q
D7 hitt

8.0 mm

Figure 3- 79: The 6 electrical elements forming each pin of the BGA package

[11.9.3.1.3 Stray R,L,C elements in IBIS file

In IBIS specification, the R,L,C values defined in the [Package] field, items R_pack, L_pkg,
C_pkg are provided in a min/typ/max fromat. The tool “Advanced SPICE and IBIS” can
determine the parasitic elements of the package in an IBIS compatible format as described in

Figure 3- 80.
1. Only select B Advanced SPICE and IBIS — = | e
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[Package]
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Figure 3- 80: Computing R_pkg, L_pkg and C_pkg in min,typ,max format (examples\ibis\BGA64.ibs)

[11.9.3.1.4 Complete Ibis Netlist

Select the desired items in the “Ibis complexity” left menu, click “Generate IBIS”, and see the
corresponding text in IBIS v6.1 format listed in the right menu “IBIS Netlist”. The text can be
copy/paste. In the example shown in Figure 3- 81, the R,L,C parasitic information is added to
each pin of the package in the [Pins] section. The values have been deduced from the 3D
package reconstruction. The text can be used to update the IBIS file.

“EvaluateR,L,C of
All pins

COSC Len=0 R=0010L=0.100n/
Lens0 R=0.057 L=0.771n C=0.088p /
Len=0FR=0.125 L=1.697n C=0.150p /

NC Lern=0 R=0.010 L=0.100n/

7] Add fnes to boundares (BG4, PG4 | Len0R-0028L-0381nC-0034p/

Len=0R=0.060 L=0.816n C=0.072p /
NC Len=0 R=0.010 L=0.100n/

2. Select other
options

\‘ ¥ Evaluate Rpack Lpack Cpack

A [7lEvahiaie RLE of Allpne =
v

/" Bissd s ivei covitio | Len=0 R=0.037 L=0.500n C=0.044p /

Len=0 R=0.060 L=0. 8160 C=0.072p /

NC Len=0 Ai=0.010 L=0100n/

Len=0R=0.027 L=0 361n C=0.032p /

Add lines from pins to cav
Add Coupling Matrx

3. Click “Generate
1BIS”

Add Inductanice Matix Len=0 R=0,060 L=0 816n C=0.072p /
COEE Len=0 R=0.010 L=0.100n/
/V _15 Generate Ibis| Len=0 R=0.017 L=0.228n C=0.020p /
s Len=0R=0,118 L=1 B03n

Len=0 R=0.060 L=0 8160 C=0.072p /
gnd Len=0 R=0.010 L=0.100n/

Len=0R=0.003 L=0.113n C=0010p /
Lens0 R=0.113 L=1 5390 C=0.136p /

/ Save Information 35..
ET Spice Subciict

Save 1o bgabd.CIR

Len=0 R=0.060 L=0 816n C=0.072p /

COS4 Len=0 R=0.010 L=0.100n/
Len=0R=0.010 L=0131n C=0.012p /
Len=0R=0.113 L=1 5370 C=0.136p /
Len=0 R=0,060 L=0 #16n C=0.072p /

1N Len=0 =0.010 L=0.100n/

Len=0 Ri=0.018 L=0 246 C=0.022p /
Len=0Fi=0.118 L=1 5380 C=0.141p /
Len=0Ai=0.060 L=0 816 C=0.072p /

N Len=0 R=0 010 L=0.100n/
Len=0Ri=0.028 L=0 381 C=0.034p /
Len=0 Fi=0,060 L=0 816 C=0.072p /
NC Len=0 A=0.010 L=0.100n/

Len=0 Ri=0.038 L=0 520n C=0.048p /
Len=0 Ri=0.060 L=0.816n C=0.072p /
{End Pin Numbers]

<Debug mode>
[Updte options, keep smiling]
[Update aptions, keep smiling]

(o 0]

4. The R_pkg, L_pkg and
C_pkgvalues are
computed for each pin
and add to the [Pins]
section

E4 Advanced SPICE and IB1S - (B
1. Select the item e Hidden IBI5 parameters | 1BIS netit | Spice Neist | L distibution | Mutual Coupling

Figure 3- 81 : Add R_pkg, L _pkg and C_pkg information for each pin (examples\ibis\BGA64.ibs)

111.9.3.1.5 SPICE Netlist

The SPICE netlist contains the same information as for the IBIS netlist, but in a SPICE-
compatible format. The syntax used to describe the netlist corresponds to a Sub-circuit
(keyword SUBCKT). Note that all elements selected in the left menu “Ibis complexity” are
described in SPICE format (Figure 3- 82). The subcircuit can be used as it in a larger SPICE

simulation.

Hidlden IBIS parameters I IBIS netlist :HSE‘EENQ{‘.‘E‘.El R.LC distribution | Mutual Coupling I

*13/03/2009 18:33:37
* bga Subcircuit from IBIS file "bgakd.ibs"
* Generated by IC-Emc 2.0.72

subcktbgabd [

* Durmp all R.L.C ofall pins
+2,4.5,7.81011,13.14,16,17,19,20,22,23,25,26,28,29,31,32,34,35,37,
+71.73.74.76.77.79.80,82 83.55.56.85.89.91.92 94.95.97.98.100.101.103,
1047106107 108110.112 113116116 118118121 122124125127,
1281301311331 34136.137.138.140,142. 143145, 746,148, 149.151,
+152,154,155,157.158 160,161.163.164,166,167,169.170,172,173,175,
+176,178.179,181,1682,184.185,187,188,190,191.193,

*pin NCin=194. out=1194

rNC194194 2194 0.22

chC134 2194 65 0.236p

INC194 21941194 2.872n

*pin NCin=194, out=1194

rNC134 194 2194 0.20

chC194 21946502110

INC194 21941194 2 594n

*pin IN2 in=194, out=1184

2194194 2194 0.41

cIMNZ194 2194 65 0.470p

IINE184 21941794 5.522n

* pin COTA in=194, out=1194

rCO14194 1394 2194 0.39

cCO1A194 2194 65 0.438p

K

I

il

Figure 3- 82 : SPICE sub-circuit corresponding to the electric description of R,L and C
(examples\ibis\BGA64.ibs)

[11.9.3.1.6 R,L,C Distribution
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The item « R,L,C » distribution is convenient to have a complete view of the inductance,
capacitance and resistance values depending on the pin number. Mutual inductance and
capacitance values are also computed and their distributed can be displayed. In Figure 3- 83,
the variation of inductance is bounded by values around 1.2 nH for shortest wires (except
one unconnected pin around 0.7nH) and 3.4 nH for the longest wires.

Hidden BIS parameters | IS netist| Spice Netis

; Nl

ol 1l LA AR L

NEREE NSRS

Wil LT T
R I B A RN A

Figure 3- 83: Inductance variation versus lead number (examples\ibis\BGA64.ibs)

[11.9.3.1.7 Inductance matrix in IBIS

In IBIS version 4.0 and above, the [Inductance Matrix] keyword enables to describe the
mutual inductance coupling. Different format can be used for the [Inductance Matrix] data.
The most concise format (Sparse_matrix) is used in IC-EMC.

The coefficients for Lij are defined as the voltage induced on conductor "j" when conductor
"i"'s current is changed by 1 amp/sec and all other conductors have no current change. The
[Inductance Matrix] is symmetrical. Therefore, only roughly one-half of the matrix needs to be
described. By convention, the main diagonal and the UPPER half of the matrix are provided.

The notation [, J] refers to the entry in row | and column J of the matrix. Note that | and J
are allowed to be alphanumeric strings as well as integers. An ordering of these strings is
defined in the [Pin Numbers] section.

The numeric entries of the matrices are standard IBIS floating point numbers. As such, it is
permissible to use metric "suffix" notation. Thus, an entry of the L matrix could be given as
1.23e-9 or as 1.23n or 1.23nH.

From IBIS version 4.2, a Sparse_matrix is expected to consist mostly of zero-valued entries,
except for a few non zeros. This feature is useful for PGA and BGA package coupling
description. An N x N Sparse_matrix is specified one row at a time, starting with row 1 and
continuing down to row N. Each new row is marked with the [Row] keyword. For the entry [l,
J] of a row, it is necessary to explicitly list the name of pin J before the value of the entry is
given. This specification serves to indicate to the parser where the entry is put into the
matrix. Each (Index, Value) pair is listed upon a separate line. Consider the following
example. Suppose that row 10 has nonzero entries [10,10], [10,11], [10,15], and [10,25].
The following row data would be provided:

[Row] 10
| Index Value
10 5.7¢e-9
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11 1.1e-9
15 1.1e-9
25 1.1e-9

Note that each of the column indices listed for any row must be greater than or equal to the
row index, because they always come from the upper half of the matrix. As alphanumeric pin
names are used in BGA and PGA, special care must be taken to ensure that the ordering
defined in the [Pin Numbers] section is observed.

The list of inductance couplings (noted “Lx”) can be generated using the item “Mutual
Coupling” and selecting the button “L Coupling” (Figure 3- 84).

i Advanced SPICE and IBIS g@

Patameters Hidden 1BIS palamelels] BIS netlist | Spice Nelhst] F.L.C distribution  Mutual Caupling 1
Ibis complesity
400k rame2  type value length | dist 3 Spice ~
¥ Evsluste Apack Lpack Crack 1 COIBCZ CI2D3 Gk 0032 2252nm 04DBTm LCo1BCE
W EvaliataRLCof-  [Alpns =] 2 gd D2 CHEE Tk 00dZp  230Emm 0310 LgndD2 T
W Add lines to boundaries [BG&, PR onl) = D24 E2 0203 Gk 00 22EEmm | 0310me o282 |
7 | el ies T e o ] D242 COZC04  Cx 0047 22B0mm | 0.262mm \LonzeEe 1
7 o ek ey 5 IN3F2  COMCES Ok 004Bp  2290mm 02E2m \LN3FZ _Co
— Add Coupling Matic 5 COICG2 CI3F3 Ok 0048p  24%om 0315mm |Lco3cEZ |
e e 7 oH 03 COICEBZ Ok 00%p  24%mm 04DBTm LoiC3 oo
w Cantiie B 3 gdD2 Tk 004l 228Emm 0310 LOES g
) g—‘ B 02p3 OMBEE Gk 0034p  233%mm | 0ADBme L0203 T
AvEOACTRS 10 0203 CD2AE2 Cx 004lp  2271mm 0310 . IGEENES
SHies St T C3F3  COCGZ Ok 0047 26%mm  0315mm LOFFE 0o
Savetn: [boab4.CIR 12 C3FF gnde 4 Dk 003 23%mm 0413 L3R _ane
3 L0363 CI4F4 Tk 004Zp  23%mm 0314mm LCN3BG6E |
74 BGITEST BeEHA D5 Tk 00k 2% 0413 LBRITESTR:
5 CD2C D4 CO24 B2 Cx 0047 2270mm 022 Lonarns |
15 COMCES  INIFZ Ok 0043 23Fom 0282w . |LCO4cEd )
i C4F4 0BG Cx 0043 2420mm 0314mm \LCI4Fs _Co
N BB C4F4  CO48.GE Ok 003 2306mm 0413 LCI4F8 CO b
Meglect if K [%] less than . |0.200 G| [ ccouping e Looupiing

Figure 3- 84: Inductance coupling listed in IC-EMC (examples\ibis\BGA64.ibs)

[11.9.3.1.8 Capacitance matrix in Ibis

The program computes the mutual capacitance of a conductor to all the other conductors
that will contribute to its total capacitance. The total capacitance is the sum of the ground
capacitance and all mutual capacitors calculated for that ball position except the two nearest
neighbors on each side. The list of mutual couplings can be seen in Figure 3- 85.

3 Advanced SPICE and IBIS [EEE]
Parameters Hidden 1815 parameters | IBIS netist | Spice Netist | FLLEC distibution  Mutual Coupling |
Ibis complesity

40Cx nameZ twpe value length dist K Spice ”~
¥ Evaluste Apach Lpack Cpack T CO1B.C2 0203 G 00%p  2252wm | 0.dDBmm |LeotBe2 ¢
[ Evslusts ALCof:  [Mlpns  v] 2 and D2 ENC3 00820 2FGwm  |OI0em . LgndD2 _CI
¥ Add lines t boundsries [BGA, PGA only) 3 CO24 E2 0203  Cx 0041 2252mm | 0.310mm |LcozeE2 €
Pl nrs e i CO24F2 COXD4 00870 2250mm | 0.262mm L0262 T
[ e i it i o i 5 IN3F2  COCE4 Ca 0088 228Imm  02mm . LINgF2 _CO
I Coliing Matis B O G2 CIAF3 00Mp  243%mm | 0316mm |Lenaca2
s i 7 013 COICEZ C 00%p  24%wm | OdDBem . Lones _co
92 sl 8 o3 gnd_D2 .Ex 0.041p 2256mm | 0.310mm .LEI1E3 _anc
g—‘ 3 0203 COBC2 00Mp  2334mm | 0.40Bmm Lo1b3 o
Bl 1 0203 LD ER Ok 0041p  22wm |030em . Loi2n3 _ca
G i C3F3  COX G2 Ok 0047 25%mm | 0.315mm \LoiaFz _co
Saveto: [buabd CIR 12 CIF3  gnde G4 Cx 003 239w |0d1Gm . LOI%F3 _ane
13 CO3B 3 Cl4_F4 Cx 0.042p 2.328mm 0 314mm LCO3BGE I
1 BGITEST_BeENACS  Cx 003  23Bmm | 0413mm |LBGITESTR:
15 004 COAE2 Cx 00870 227Mmm | 0.282mm . LCo2CcD4 |
16 COMCE4 IN3FZ G 0083 2377wm | 0.262mm |Lendces |
17 C4F4 COBGI Cx 0083 2420mm | 03dem . LClFs o

| {18 14 F4 CO48 G5 Cx 0.033p 2.306mm 0.413mm LCI4F4 _CO 2

[ 4 K Meglect if K (%] less than:  |0.200 Ga| [ ceoupiing - Looupiing

Figure 3- 85: Capacitance coupling listed in IC-EMC (examples\ibis\BGA64.ibs)
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Values for the package material's dielectric constant and the thickness of the package are
defined as hidden keywords in IBIS. The tool also calculates the capacitance to the ground
plane. This is performed by using the conductor's length (I), width (w) and thickness (t), the
effective dielectric constant of the package and the distance from the conductor to ground
plane (H). The Delorme formulations are applied with theses data for all conductors [Del96].

A value for total capacitance is given to each conductor of the package which is the sum of
all the conductor capacitance to the ground plane for each of the 5 elements. The Cij values
are the coupling capacitances between adjacent leads. In IBIS, we use [Capacitance Matrix]
for this description.

[11.9.3.1.9 Resistance matrix in Ibis

Frequency dependent models of resistance cannot be inserted in IBIS. Consequently, the R
matrix is computed at a user’s defined frequency. It is recommended to fix that frequency to
100 MHz up to 10 GHz depending on the target simulation, as the resistance values are
significantly higher that the DC values at such high frequencies

[11.9.3.1.10 R,L,C matrix insertion in IBIS

The Keyword [Pin Numbers] not only indicates to the parser the set of names that are used
for the package pins but also lists the R,L,C elements for each section of a pin's die to pin
connection. Following the [Pin Numbers] keyword, the names of the pins are listed. There
must be as many names listed as the number of pins given by the preceding [Number Of
Pins] keyword. Each pin name is followed by a combination of Len, R, L and C sub-
parameters (Table 3- 10).

Len The length of a package stub section. Lengths are given in terms
of arbitrary 'units'.
L Inductance of each section, in henries/unit length. For example,

if the total inductance of a section is 3.0nH and the length of the
section is 2 'units', the inductance would be listed as L = 1.5nH

(i.e.3.0/2).

R The DC (ohmic) resistance of a package stub section, in terms of
ohms/unit length.

C The capacitance of a package stub section, in terms of

farads/unit length.
Table 3- 10: Keywords used to insert RLC matrix in IBIS file

A section description begins with the Len sub-parameter and ends with the slash (/)
character. The value of the Len, L, R, and C sub-parameters and the sub-parameter itself
are separated by an equals sign (=). If the Len sub-parameter is given as zero, then the
L/R/C sub-parameters represent lumped elements. If the Len sub-parameter is non-zero,
then the L/R/C sub-parameters represent distributed elements.

A three-section package stub description that includes a bond wire (lumped inductance), a
trace (treated as a transmission line with DC resistance), and a pin modeled as a lumped L/C
element is shown below:

|

[Pin Numbers]

Al Len=0 L=1.2n/ Len=1.2 L=2.0n C=0.5p R=0.05/ Len=0 L=2.0n C=1.0p/

|
The [Inductance Matrix] and [Capacitance Matrix] are declared in the [Model Data] section
that ends with [End Model Data]. The data is a set of three matrices: the resistance ©,
inductance (L), and capacitance (C) matrices. Each matrix can be formatted differently.
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1l1.9.3.2 Semi-automatic construction of a package model

The method presented in the previous part is adapted for a simple evaluation of package
model, but the computed values are not accurate because of the approximate geometrical
modelling of the package. In order to produce more accurate package model, a second
method is proposed. This method is based on a more realistic geometrical model
construction followed by a R, L, C extraction based on a Partial Element Equivalent Circuit
(PEEC) algorithm [Rue72]. The PEEC method is a popular electromagnetic solving method
adapted to coupling problems in electronic devices (cables, boards, circuits). This method is
able to extract an equivalent passive circuit from an electromagnetic problem, so that
electrical network simulators as SPICE can be used as solver.

[11.9.3.2.1 Partial element theory and PEEC method

PEEC is based on the concept of partial elements, where each small elements of a
conductor can be modeled by a partial element (a resistance, a self or mutual inductor, a
capacitor or a mutual capacitor) that contributes to the total impedance of the conductor.
Figure 3- 86 illustrates the concept of partial elements on a rectangular loop. Each side of the
loop is decomposed in a partial resistance and inductance. Each partial self inductor of the
loop are coupled with the other inductor by a mutual inductor.

L1 R11
’Y}A M-
AN
NG TP R22
“ ) S
_______ ) :
Decompositionin 144 T %‘ L22
partial elements M3E >V goomo M23
L33 R33

Figure 3- 86 : Decomposition in partial elements of a rectangular loop

Knowing the values of partial elements, the total resistance and inductance of the loop can
be computed using equations 3-12 and 3-13. The total resistance is linked to the circulation
of current along each partial element. The total inductance is linked to the flux of magnetic
field through the loop surface so that it is equal to the sum of every self and mutual partial
inductor.

=>'R, Eq. 3- 12
i

:ZL,',' +ZZMU Eq. 3-13
i i

The PEEC method was developed in 1972 by A. Ruehli [Rue72] to analyze electrical
interconnects with complex and arbitrary shapes. The principle is the conversion of each of
physical structures (track, plane, substrate, via...) into equivalent passive model with
localized R, L, C. PEEC method is not a full wave or exact electromagnetic method because
it is based on the quasi-static approximation. This approximation simplifies the resolution of
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Maxwell equations by assuming that wave propagation speed is infinite in a structure with a
given length.

The PEEC method is based on the Electrical Field Integral Equation (EFIE) solving,
presented in equation 3-14. The total electric field is equal to the contribution of incident field
Ei and scattering field Es induced by currents and charges on the structure.

E = E + E Eq. 3- 14

tot

From this equation, an equivalent passive circuit can be extracted with resistive, inductive
and capacitive contributions. For each partial elements of the studied structure, the incident
field is supposed to be null. The scattering electric field can be expressed with scalar and
potential vectors as shown in equation 3-15.

- 0 - -
E,=——A-0V Eq3 15

tot at
Expressions of potentials are respected and equation 3-16 is obtained. The total field
induced by current and charges present at a point r’ can be computed at any point r.

Etot (r’t) =~ a {

ot

The PEEC method is a numeric method so that the geometrical structure must be meshed in
N elementary cells characterized by a volume Vi, a section Ai and lateral section Si. Equation
3-16 can be rewritten in the following form:

= MU, Ol N | 1 =
0 e |—0oAdS. | = Eq. 3-
E,m(r,t) |:4774 ot J‘|r r| } |:477£ £.S, ql!i|r—r'|d5l 0 %317

o-r i

! Eq. 3-
J(r )dv} an j|r_r|q(r )dS} q.3- 16

o~r S

In order to determine the electromagnetic behavior of an elementary cell, the electric field is

1 . .
averaged on all the cell section with the following operator:—jde . Finally the previous
ivi
equation can be written into:
H.H, O
E
B S

J Vi Vj Vi

o= r~i~j S]Sr

r—r

The first term is the resistive contribution or the self resistor of the meshed partial element.
The second term is the inductive contribution, containing the self inductance of the partial
element and all the mutual inductances with other partial elements. The last term is the
capacitive contribution, containing the potential of the partial element and the potential
compared to the other partial elements. This equation is applied to every partial elements of
the meshed structure which can be replaced by equivalent R, L, C circuits.

When the previous equation has been solved on each partial element, the complete structure
can be modelled by an equivalent electrical circuit that can be solved with an electrical solver
as SPICE.

[11.9.3.2.2 Application to rectangular section conductors
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Figure 3- 87 illustrates the meshing of two conductor adapted to the partial inductance
computation. Each conductor is meshed in elementary cell along all its length, so that the
current can flow through an elementary volume.

Conductor 1 Conductor

4 4 4 4
e L .
— .

Nz Filament j

Filament i

Figure 3- 87 : Meshing in elementary filaments of two conductors

From equation 3-19, the inductive contribution can be isolated as described by equation 3-
20.

x|
I ——=dV,dV, Eq. 3-19

cnnd2 r —r‘

L= 4m A v[cnndl
with:
= Li2: partial inductance between conductors 1 and 2
= A1, A2 : section of conductors 1 and 2
= i, lj: orientation of filament i and j
= Rj: distance between meshes i and j

= dVi, dVj: elementary volumes between meshes i and j

The result of partial inductance extraction by PEEC method is given in the form of a partial
inductance matrix. Self inductances are present in the diagonal of the matrix.

Figure 3- 88 illustrates the meshing of two conductors dedicated to the partial capacitor
computation. Each meshed conductor is meshed along all its length in elementary cells. The
lateral surface is meshed in elementary panels on which the total charge is spread.

Conductor 1 ———— Conductor2 ~.-" .- .-~

.
. . , . . .
e — - 4 . 4

- Rij

- Panel j
Panel i
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Figure 3- 88 : Meshing in elementary panels of two conductors

From equation 3-18, the capacitive contribution can be isolated. However the expression
does not directly give the partial capacitors but provides surface potential as described in
equation 3-20.

P, :ﬁj. N M#a’Asz1 Eq. 3- 20
I
with:
= P12: potential between conductors 1 and 2
= S1, S2: lateral section of conductors 1 and 2
= Rjj: distance between panels i and j

= dAj, dAj: elementary surface of panels i and j

The result of equation 3-20 is given in term of a potential matrix P. Capacitor matrix C is
obtained by inverting the potential matrix, as shown in equation 3-21.

Vi=lrlol - [c]v]=lo]
[C]:[P]_1 Eq. 3- 21

[11.9.3.2.3 Implementation in IC-EMC for package model extraction

IC-EMC proposes a tool to build easily realistic geometrical model of package and compute
accurately partial inductances, resistances and capacitors. Click “Tools > Advanced Package
Model” to open this tool. This tool is composed of three parts for the definition of the
geometrical model, the visualization of the 3D package geometric model and the
computation of partial elements.

[11.9.3.2.4 Package model construction

When the tool is opened, only the first page called “Package Generation” is visible. This page
is dedicated to the construction of the package model. The tool proposed several types of
standard package: Dual In Line (DIL), Small Outline Package (SOP), Quad Flat Package
(QFP) and Ball Grid Array (BGA). The page is divided in two parts: on the right, numerous
geometrical information are proposed to build the geometrical model, reported in Figure 3-
90.
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lafx|
TPackags Generaion |
Select one existing model Or Generate the model
Geometry File Package Description
D:Saletic-eme_souces Expot ICEME_2v5% ., | rua;:aw—:, ETL
O3 import Geo Model Package width (mw):  Package lenath (mm):  Package thickness (rmm):
[10 [10 [14
Pin width (mm: Pin heigth (mm]: Fin et length )
[02 [0
Pitch (mm) : LeadFrame Heiath (mm)
0.5 0.7
Bonding diameter (m):
25
Cavily width i Cavily length [rmi: Cavity pitch (mm)
Jo15
Die wickh [um} Die Length (um} Die Heigth (mm}:
[500 [o7
X Close B3 Generate Geo Model
I 7
Figure 3- 89 : Interface to define realistic package model ("Tools > Advanced Package Model")
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Figure 3- 90 : Interface to define realistic package

Click on the button “Generate Geo Model” to build the geometrical model, which is saved in a
specific file with .geo extension. Only DIL, SOP and QFP are automatically generated. BGA
are complex multilayer package and the internal routing cannot be automatically
reconstructed. If BGA type is selected and you click on Generate Geo Model, a new window
is opened to help the user to manually define the internal routing of the BGA.

The left part of the screen is simpler and is dedicated to the import of an existing GEO file
previously generated. When the GEO file is correctly imported, the two other pages become
visible. Import the file “examples\package\TQFP64.geo” and click on the button “Import Geo
Model”. Open the page “Model Viewer” to see the geometrical model of the package (Figure
3- 91). The different leads, bonding wires and the die are placed.
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3 Advanced Packaging Estraction

Packags Gieneration  Model Viswer | Compute Parasiics |

Package Model Viewer

Translate view

¥ axis / ¢
2 avis | —

Rotate view

Around Z

Package appearance

Transparency 20

X Close

53 From D:\alexiic-emc_s _IC-EMC_2uShicemellc-emc_master_2_S\system|package{TQFPE4_moadel.g 4

Figure 3- 91 : Display of a reconstructed 3D package model of a TQFP 64
(examples\package\TQFP64.geo)

111.9.3.2.5 Package partial element extraction

Open the page “Compute Parasitics” to compute the partial elements of package leads and
bonding wires. Figure 3- 92 presents the screen.

Electrical Parameters

I Giound plane

Ground plane height (mm)  epst packags
o

Frequency (MHz) Conductiviy M5
100

¥ Extract L matrix

¥ Extract B matrix [L] Compute’

¥ Extract Cmatrix

Display results

Type of coupling Fin

[ Add | 4 Clearl msavel

X Close

loFP imparted _IC-EMC master_2_t \TQFP64_madel.g 4

Figure 3- 92 : Interface to compute the partial elements of a package

First configure the electrical parameters of the computation. A perfect ground plane is placed
under the package if the box "Ground plane" is checked. The dielectric constant epsr
package of the package is set to 4.5, typical of a plastic package. As the simulator does not
take into account dielectric materials, three options are proposed to approximate the effective
dielectric constant:

= Free space: the dielectric constant of the space is constant and equal to epsr package

= Microstrip line: the lead are considered as microstrip line, an effective dielectric constant is
computed from the height of the substrate, the width of the lead and epsr package

* Burried line: the lead is buried in the substrate, an effective dielectric constant is computed
from the height of the substrate, the width of the lead and epsr package
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Set the conductivity of the conductors and the maximum frequency of the computation in
order to compute the partial resistance and take into account skin effect. Finally, select the
partial element types that you want to compute; R, L or C, and click on the button “Compute”.

The simulation takes several seconds, an advancement bar appears to indicate the
remaining time before the end of the simulation. At the end of the simulation, the field “Type
of Coupling” and “Pin” are filled and you can select the type of partial elements that you want
to display. Click on the button Add to display partial elements for every pins of the package
on the graph of the right part of the screen. Figure 3- 93 presents the simulated partial self

inductance and capacitance for the TQFP64 package.

I R S S S S e S S S
T A A B S e S R
LA T A T e St o H S B
57T T S s s s e s S prozeareees

: : : : : : Package pins ‘ ‘ : : : Package pins
1 9 17 5 a1 49 57 | 9 17 25 ' 1 49 57

Figure 3- 93 : Simulation of the partial self inductance (on the left) and capacitance (on the right)
(examples\package\TQFP64.geo)

The different simulated partial elements are exported in .L, .R and .C file for partial
inductances, resistances and capacitances respectively.

[11.9.3.2.6 BGA model construction

BGA geometrical model cannot be automatically generated. That's why IC-EMC proposes an
interface to help the user to build manually the geometrical model. Return to the first page of
the Advanced Package Extraction tool and enter the different mechanical parameters of the
package. Click on “Generate Geo Model” to create a new Geo model or “Modify Geo Model”
to modify an existing Geo model.
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2 advanced Packaging Extraction P ] 9]
Package Generation |
Select one existing model Or Generate the model
Geometry File Package Description
| Package type: Pin count:
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Figure 3- 94 : Launch the BGA model manual construction

An open dialog window asks for a .geo file. Then the following screen appears. This screen
defines the number of the internal routing layers in the BGA, the characteristics of the tracks
for each layer, and the number and characteristics of embedded dies. Click Add layer to add
a new layer and change directly in the tables the different value.

=10

2 BGA Geometrical Model

Lager Defvition |
Definition of BGA Layers

Layer Height from Layer 1 fum) Track width on selected laper [um) Track thickness on selectad layer (um]

(G [150 100
Layer Height um) Track Width [um] |T|eck Thickness (um) |
Layer1 150 100
Layer 2 500 160 100 Remove Layer

Embedded Dies

Die Number

1 =
=1
% Center fmm) [ Center (mm [Z Center (mm)  [Length (um)  [Width fur) Fad Number
Dien'T 0 04 1500 1500 [
QK

Figure 3- 95 : Definition of the BGA internal layers and the number of dies

When the layer and the die information are set, click on the button “OK” to start the manual
design of the internal routing of the BGA. A new page called “BGA design” becomes visible,
described in Figure 3- 96 left. The 3D screen is empty, if you change the visible layer to the
Layer 2, the die becomes visible. Balls and bonding wires can be accurately automatically
placed. Click on the button “Ball Placement”, the balls appear on the screen. The button
“Bonding Placement” also appears. Click on this button and all the bonding wires are placed,
as shown in Figure 3- 96 right.
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Figure 3- 96 : Empty BGA design screen (on the left) and automatic placement of balls and bonding
wires (on the right)

The red ball indicates the selected pin from which you can start the pin design. With the field,
you can define on which layer you can design a new element of pin design. Three elements
can be design: a lead, a ball or a via. Click on one button “Place Lead”, “Place Ball” or “Place
Via”. Push the left button of the mouse to place the first point of the new element (e.g. a lead)
and release the mouse to indicate the last point of this element. A yellow shape indicates the
new elements. Finally, click on the button “Validate” to confirm the placement of a new
element.

Let’s design the pin number 1 starting from the ball. Select A1 in “Pin List” field and Layer 1
in “Selected Layer”. Place a lead on the first layer. Then place a 300 um wide via between
first and second layers. Finally, place a lead on the second layer that connects the extremity
of a bonding wire. The connected bonding wire becomes red, indicated that this bonding wire
is now associated to pin 1. Figure 3- 97presents the final result.

Visible Layer (1 = Bottom layer]
Layer 2 2

g l‘ ’/ ® Ball lacement Bonding Placement
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=
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Click at: %< |0.38000000 Y= [476

Z
J J I Gid Vistle [ save Geometry

Figure 3- 97 : Design of pin A1 (examples\package\test BGA.geo)

Do the same for all the pins of the package. At the end, click on the button “Save Geometry”.

The screen is closed and you return to the Advanced Package Extraction Tool to view the

geometrical model and compute electrical partial elements. In order to present an example of

a complete BGA model built with this tool, open the file
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“examples\package\BGA64_model.geo”. This file describes the full geometrical model of the
BGA 64 package. Figure 3- 98 presents the geometrical model. The internal routing of the
BGA was built from a X-ray view of the package. Figure 3- 99 presents the simulation result
of the partial inductance : the distribution of self inductance values according to pin position
is displayed. This distribution can be compared with the distribution shown in Figure 3- 83,
computed with the tool "Advanced SPICE and IBIS" from a basic geometrical model built
from IBIS file. Both methods provide the same inductance range (between 2 and 3.5 nH per

=10l]

Package Model Viewer

Translate view

X axis ' 10
Y axis S | — g
Z axis \‘ 1
Rotate view

Arundy L J IIIIIIIIIIIII 22
Around Z ) B 28

Package appearance

Transparency — 0

|B5A package model mported from Dialextic-eme_sources\Expart_IC-EMC_2vShicemellc-eme_master_V2_5|systemipackagelBGAs4_model.ge 4

Figure 3- 98 : Constructed model of a BGA 64 (examples\package\ BGA_model.geo)

Package Generaion | Model Viewer Compute Parasites |

—{olxf

Electrical Parameters

¥ Ground plandl

Ground plane height [mm] epsr package
Jo [45

Frequency (WH2) Conductivity [MS)
[100 B

[L] Compute

¥ Extract L matrix
I~ Extract R matrix
™ Extract C matrix

Display results

Type of coupling Fin
[t | 11 =
Results
Min Top |Max |
F: [ohms)
LinH) 1943 2865 3616
CpF) ' :
;& Add | 1 Clear m Save ‘ : i H -
05 : : : !
% Cl ' ' H Package pins
ose ' ' ' ' .
1 9 17 5. 41 49, 57.
[Inductances computed. Results saved in D:jalexic-emc_sources|Export_IC-EMC_2vSiicemehlc-eme_master_¥2_Sisystemipackage|BGAS+_m v

Figure 3- 99 : Simulated partial inductance of a BGA 64 (examples\package\ BGA_model.geo)
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11.9.4 Modeling of a rectangular power-ground plane pair

In multilayer PCBs, the inner layers are often entirely taken up by solid planes forming power
and ground planes for DC power distribution to circuits. Two adjacent power and ground
planes (PG plane pair) form a 2D transmission line but, contrary to narrow traces, this line
does not propagate a TEM wave along the direction of the trace. This parallel-plate
waveguide structure actually propagates a transverse magnetic (TM) wave in a 2D plane.
This structure is characterised by a large number of parallel-plate waveguide modes whose
resonant frequencies depend on plane geometry and separation. Due to the highly resonant
behaviour of this structure, a PG plane pair constitutes a good coupling path for noise
produced by circuits, which is propagated over the whole PCB and radiated from the board’s
edges. Numerous problems, such as power or signal integrity, conducted and radiated
emission or immunity, are related to the design of the power distribution network.

The determination of the resonance mode of such structure usually requires numerical
electromagnetic solver. However, for rectangular PG plane pair, formulations can be derived
based on the 2D resonant cavity model. The tool "PG Plane Model" proposes an interface to
define the geometry of a PG power plane, the position of access ports and the extraction of
Z, S or Y parameters between the access ports. Finally, an equivalent electrical model of the
structure can be derived.

111.9.4.1 Brief description of the 2D resonant cavity model

The 2D resonant cavity model is a frequency domain model. It considers a simple plane
shape and an electrically short separation between planes. Here, only rectangular planes will
be considered. The geometrical model is presented in Figure 3- 100. As separation distance
h is negligible compared to the wavelength, the distribution of electric and magnetic fields
within the cavity is independent of z, resulting in a 2D problem depending only on the x and y
coordinates. Solving the Helmholtz equation gives their distribution. When the cavity is
excited on a point or “port”, the Helmholtz equation can be solved analytically as described in
numerous publications such as [Lei95].

Power plane

Observation E'ortj

b ,ﬂy Ground plane
/Wi o]
S S
/ /Observation port i h<<A
g, tan
0 X

a
Figure 3- 100 : Rectangular 2D cavity formed by a PG plane pair

The field distribution within the cavity results from the superposition of an infinite number of
transverse magnetic Tymn propagation modes characterised by an index pair (m,n). Equation
3-22 gives the expression of the impedance Z; between ports i and j at frequency f. For i = j,
Z; gives the input impedance seen at this port, but for other values, the transfer impedance
between these ports is considered. The evaluation of impedance Z; requires a double infinite
summation of all these modes. A mode (m,n) actually only becomes influential above its
resonant frequency Fcmn given by equation 3-23, so only a limited number of modes
contributes to the impedance at a given frequency. The number of terms to be summed is
usually chosen ad hoc in order to reach convergence. The terms m and n are also called the
orders of the model.
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X NrynniNr'nni
Z,;,-(f)—zz 1 Eq. 3-22
n=0m=0 + .]aCmn + Gmn
jal,
F ZLL (@jz +(ﬂj2 Eq. 3- 23
Cmn 2” g/,[ a b q.

The different terms of the Zij expression are defined below.  and tand are the skin depth and
the loss tangent of the insulator material at frequency f respectively. The terms Ly, Cn and
Gnmn are equivalent to inductance, capacitance and conductance.

T, . .. niw,,
N,,. =cos IR cos| 272 \sin of 7™t gin - Eq. 3-24
a b 2a 2b
be
L =—" __  E3ozs C, =% Eq32
21, abs h

Cmn

G =9, - [tandﬂlj Eq.327 N_.=C,CN, . Eq328

mn Cmn I’l W

c.c =t #mn=0 Eq. 3- 29
m = N2 otherwise '

Equation 3-22shows that the cavity can be modeled as a series combination of an infinite
number of cells formed by parallel equivalent inductance L., capacitance C,, and
conductance G, [Na02]. Each cell is associated with one particular mode (m,n), where L,
and C,,, model the storage of magnetic and electrical energy respectively, while G,, models
the conductor and dielectric losses. The contribution of a mode to the impedance between
ports i and j depends on variables N'yn and N'mn. An equivalent electrical model is derived
from this expression and is shown in Figure 3- 101Erreur ! Source du renvoi introuvable..
Variables N'nni and N'y,j are modelled as an ideal transformer with a turns ratio of N'n,i:1 and
N'mnj:1 .
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Figure 3- 101 : Equivalent electrical model of a rectangular 2D cavity formed by a PG plane pair

111.9.4.2 Open the tool "Cavity Model of PCB Power Planes"

Click on the menu "Tools > PG Plane Model" to open an interface dedicated to the modeling
of rectangular PG plane pair. Its purpose is the computation of Z, S or Y parameters between
several ports placed between the power and the ground planes and the extraction of an
equivalent electrical circuit based on the 2D resonant cavity model. Figure 3- 102 presents
the interface of the tool. The left part of the screen includes all the command to define the
model and configure the result's display. The right part of the interface is blank initially. The
simulated Z, S or Y parameters will be displayed on the screen.

Definition of geometry, model
parameters and result display

Ed Cavity Model of}_{ﬂ Power Planes . =&

: " . L T
Cavity patamsters el Parameters | Flesuls

Geometrical Parardeters

Width (mm] Lengthfnm]  Thickness (mm]

100 100 18

Electrical Parameters
epst Loss tangent  Conductivity
45 0.001 5.6e7

Access Point
* [mm) ¥ (mim] W (mm)

Plot of Z, S or Y parameters vs.
frequency

Addaccess | | Removeaccess| | Claa{aﬂ]

| F min (MHz) F max [MHz]
I

| ¥ Asis
IYmin Y max

I
5 Parameter Measurement I
: (\ﬁ‘r\ Graphical display

Is parameter Fomat

I - Maglinea + | management

‘ X Close ‘

Figure 3- 102 : Interface for PG plane pair modeling ("Tools > PG Plane Model")

The upper left part of the screen presents three tabs for the three main operation of the
modeling process:

= Cavity parameters: definition of geometrical and electrical parameters of the PG power plane
pair, position of the ports

= Model parameters: definition of cavity model parameters (maximum order and frequency
range), launching of the simulation

= Results: Selection of parameters to be displayed, export of the simulated Z, S or Y
parameters, extraction of an equivalent electrical circuit

111.9.4.3 Build the geometrical model

In the following parts, we consider the following rectangular PG plane pair. The dimensions
of the planes are given. They are supposed to be made with copper and separated by a FR4
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insulator. The two ports may correspond to the position of a power pin of an IC which excites
the PG plane pair (port 1) and a measurement point (port 2). Both ports are supposed to be a
1 mm wide square. All the ports are referenced to the ground plane. The (X;Y) position of the
ports are defined according to an origin point placed on lower left corner of the plane.

h=0.7 mm

b =90 mm U, = 2 (T

m]
Port 1 (x=35mm,y= m)
o =1mm
> <
Port 2 (x=15mm,y=20mm)

e=4/5,tan 6 =0.01, 0 = 5x10" S/

/ a=70mm

Cavity parameters | Model Parameters | Besults

Origin

Geometrical Parameters
“width [mm) Length [mm] Thickness [mm)

0 a0 0.7
Electrical Parameters N
epar Loss tangent  Conductivity
45 0.0 Bef

Arccess Point

#, [rorn) 5 [ ' (i)
booezpl 35 50 1
Access2 15 20 1
| Add access | |F|emcwe accessl | Clear all |

Figure 3- 103 : Studied power-ground plane pair (top); Geometrical and electrical parameters defined
in the tool" PG Plane Model" (bottom)

The geometrical and electrical parameters of the PG plane pair are defined in the tab "Cavity

parameters" as described in Figure 3- 103. To define a new port, type the X and Y

coordinates of the port and its width (W) in the table Access Point. Then click on the button

"Add access". The name of the i port appears (Access i) if it is valid.

1l1.9.4.4 Computation of Z parameters

Once the geometrical model has been defined with its electrical parameters, the parameters
of the computation have to be defined. The accuracy of the simulated Z, S or Y parameters
depends on the orders m and n, at the price of a longer simulation time. With m or n equal to
50 to 100, a good compromise between accuracy and simulation time may be found. It is
advised to start with small order values, increase them and verify that the result has
converged to ensure that the choice of orders is proper. The frequency range and the
number of frequencies have also to be defined, as shown in Figure 3- 104 : Configuration of
the simulation. Finally, click on the button "Compute Model" to launch the computation of Z, S
or Y parameters.
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Figure 3- 104 : Configuration of the simulation

At the end of the computation, the message "Impedance between access ports have been
successfully computed". Open the tab "Results" to select the parameters to be displayed: in
the box "Parameter", select Z11, Z22 and Z12 successively and click on the button "Add" to
display these Z parameters. They are plotted on the screen on the right. The bottom left part
of the screen is dedicated to the axis settings. Configure a log-log X-Y axis to observe the
evolution of Z parameters over several decades of frequency. Figure 3- 105 presents an
example of result. Z parameters follow a complex evolution in frequency domains, with

numerous resonance and antiresonance associated with the different TM propagation
modes.
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L
Jlimpedance between access ports have been successfully computed.

Figure 3- 105 : Display the simulated Z parameters between both access ports

Some basic characteristics of the PG plane pair are given in the part "Basic characteristics of
PG plane pair":

= "C plane (pF)" gives the equivalent capacitance between power and ground planes
= "L plane (nH)" gives the total inductance forming by both planes

= The structure is characterized by several propagation modes with different resonant
frequencies (see equation III-21). "1st antires freq. (MHz)" gives the resonant frequency of the
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(1;0) mode i.e. the first antiresonance frequency that affects the system. This frequency is of
primary importance since this antiresonance may induce serious voltage bounce on power
supply delivery network.

The first antiresonance frequency is 785 MHz. At this frequency, impedance profiles exhibit
local maxima. The simulated Z, S or Y parameters can be saved in a Touchstone file by
clicking on the button "Save".

111.9.4.5 Extraction of an equivalent model

Tuning an equivalent electrical model from this impedance profile may be a complex and
tedious task. However, due to the structure of the impedance equation (equation 111-20), an
electrical RLC circuit can be easily extracted (Figure 3- 101). Click on the button

SPICE subcieul 1) save this equivalent circuit in a SPICE compatible subcircuit. The model

is saved in a .sym symbol file ("examples\basic\PCB\PG_plane_pair.sym"). This symbol can
be included on a schematic with command "Insert > User symbol (.SYM)". The symbol is
shown in Figure 3- 106. It includes two ports made of a pair of two terminals : P; is connected
to the power plane at the i port, while Ref; is connected to the ground plane at the i port.

PG _plane pair
— —m
P1 P2
— ——m
Ref1 Ref2

Figure 3- 106 : SPICE subcircuit of the PG plane pair
This symbol may be included in a SPICE model for AC or transient simulations.

l1.10 ICEM model expert

The main objective of the ICEM-CE standard (Integrated Circuit Emission Model for
Conducted Emission) [ICEM] is to propose a general framework for modelling the parasitic
emission of analogue or digital integrated circuits in conducted mode. The ICEM-CE model
mainly targets the switching of logic cores (CPUs)—with a focus on the power delivery
network—and of input/output buffers, which are the main contributors to conducted noise.

From basic technological information about an integrated circuit available at early design
stage, such as CMOS technology node, number of gates, die size, type of package, etc...,
dynamic current consumption and IC interconnects can be evaluated and a first-order ICEM
model can be derived for emission prediction purpose. This is the purpose of the ICEM
Model Expert tool, available in the menu "Tools > ICEM Model Expert". Although the derived
model cannot reach the same accuracy than a model built from post-layout information or
measurements from a circuit, it can help IC or PCB designer to obtain a rapid evaluation of
the expected emission level before design and fabrication, anticipate risks of non-compliance
and analyze the influence of EMI mitigation techniques (number of supply pairs, package
change, increase of on-chip decoupling, etc...).
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ICEM Model Expert tool is described in the application note [ICEM_EXP] with a practical
example done on a 32-bit microcontroller.
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Iv. Description of the menus

IV.1 Overview of the menus

Figure 4- 1 to Figure 4- 6 present the different IC-EMC menus. Some of these commands
are also accessible through the icons in the command bar. The File menu is used to save
and open IC-EMC electrical schematics, open an IBIS file (.ibs), open a technology file (.tec),

save a subcircuit file (.sym), print or exi

Reset the program and

start with an empty screen \

t IC-EMC.

File| Edit Insert View EMC Tools Help
Read a schematic file (sch) — " &N L~ Open IBIS file (ibs)
Open F3
Save the current ::dlbis‘i" = F:
schematic diagram (sch) % " % | Export schematic in XML
e | format
Configure IC-EMC for a Export
given technology (tec) [ | eieceTechmolony Save SPICE subcircuit in

Generate Spice Subcircuit

«— |
Simulator «—— ¢ |

a.sym file

— Choose SPICE simulator

Design properties (number of ___ | 5 properties
symbols, nodes... L7 Black and White / Color £s — Print the schematic diagram
Switch to B&W/color Print Schema /

|

Exit IC-EMC

mode

BitlcEme < Culeq |
Figure 4- 1: The File menu

The Edit menu is used to create and change schematic diagrams.

Cancel the last editing
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Und Ctrls
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&5 Flip Horizontal

o@  Flip Vertical Add a connection between
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between symbols [ e

4  Connect
Add text to the schematic — S A Tet __ Change the colour of the
diagram symbol Color <——_» | selected symbol

Figure 4- 2: The Edit menu

The Insert menu contains commands for inserting user or library symbols (.sym) that usually
contain a user-defined SPICE subcircuit, other schematic diagrams (.sch), a component

library (.lib), or SPICE analysis line.
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Insert a user’s library [Insert| View EMC Tools H  Insert another schematic

T3 User Symbol (SYM) .
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— [nsert Analysis Line

Insert Netlst Commmee Converta SPICE netlist
into a schematic diagram

Set up the simulation by
insertng an analysis line

Figure 4- 3: The Insert menu

The View menu is used to zoom in or out of the schematic diagram. It also provides a tool for
displaying electrical nets between components forming the schematic.

View the whole [View] EMC Tools Help
schematic diagram \;5_11_'5 View All adeA | Redraw the original
ViewSame «—— |  screen

Zoom in/Zoom out ——J @ ZoomIn Ctrl+1 , ,

@, ZoomOut Ctri+0 Verify schematic

! — .
connections
Showallthe 577 view Electrical Net ]
. S

e|eCtrlca| nets M’Chsecl(:c:a:r::t‘ln'ms,m:‘deﬁ ShOW the palette Of

Toly mbol Fai .

MRFliontro[ S components
ShowtheRFI __—7 .
control window Unselect sl «—— Deselect the whole design

Figure 4- 4: The View menu

The EMC menu gives access to the main simulation and post-processing interfaces of IC-
EMC, which are briefly summarised in part 3.3.

Generate a SPICE- Open IBIS interface and show
compatible file (.cir) [EMC) Tools Help the cument  IBIS information
= Generate Spice file Ctrl+G
Emission window \ Ibis Interface o :bﬁi;tig |(();f nearield
i Emission dBuV vs.W
Susceptibility window \E@ Near Field Scan | Trnsient wavefom dlay

% Susceptibility anaV
iV A
W | Voltsge v=:time — Impedance vs. frequency
[ Impedance vs . frequency /
S-parameter vs. frequenc —> & S parameters .
v Y THetpn Configure parametric

Parametri is
& Porametric analysts € simulation and display results

Figure 4- 5: The EMC menu

The Tools menu proposes various tools for generating models, building packages, PCB
interconnects or cable models, analysing signals or performing conversions or simple
evaluations useful for EMC (linear unit to dB, L-C resonant frequency, etc ...).
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Generate ICEM model from
general IC information

Generate mask for failure
detection in susceptibility test

Extract IC package model
from IBIS file and build
SPICE netlist

Compute RLCG model for
typical interconnect
configurations

De-embed 1-port/2-port S/Z
measurements
Spectrogram of time domain
signal

Compute L C resonance
frequency

w Help

\ Advanced Spice an\y
3D Package Viewer

\ Interconnect Parameters

/ B  Spectrogram
/ LC Resonant frequency

IV. Description of the menus

Generate PWL source from
its mathematical description

1CEM Model Expert Adjust function parameters to fit

PWILSource Generator / measurement curves (Z(f), I(V))
Mt / Display 3D view of package
Polynomial Fit / from IBIS file

Build a realistic model of a

Advanced Package Model <] package and R,L,C extraction

Compute cable parameters

Cable Modeling «———___ (impedance, loss, RLCG)

PG Plane Model Compute S/Z parameters between
SParemeter Deembedding ™ several ports of a rectangular
power/ground plane pair

Bebegam S Build eye diagram (use EyeDiag.sym)

dB/Linear Unit Converter < Convert linear V, | or P into dB,

Freq./Wavelength converter X

dBuV, dBm

Compute the resonance
frequencies of a 2D/3D

rectangular cavity
Compute intermodulation

product frequencies

7 CovityResonantfrequency ™S\ lystrate the link between

Intermodulati R
PR frequency and wavelength

Figure 4- 6: The Tools menu

IV.2 Detailed commands of the menu File

IV.2.1 New (CTRL + N)
Click on “File > New” in order to restart the software with an empty screen. The current
design should be saved before asserting this command, as all the graphic information will be

physically removed from the computer memory. No Undo is available to disable the New
command.

IV.2.2 Open (F3)

Click on the icon E?I In the list, double-click on the file to load. ".SCH" is the default
extension that corresponds to the schematic diagrams.

IV.2.3 Load Ibis File (F4)
Click on “File > Load Ibis File” lo load an IBIS file (extension .ibs) and open the IBIS

interface. The IBIS interface can also be opened by clicking in the menu "EMC > IBIS
Interface". See part I11.5 for more details about the IBIS Interface.
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IV.2.4 Save (CTRL+S), Save As

Click “File > Save” to save the schematic diagram with its current name. The default name is
" EXAMPLE.SCH ". In the case of "Save As...", a new window appears, into which you are to
enter the design name. Use the keyboard and type the desired file name. Press " Save ".
Your design is now registered within the .SCH extension.

IV.2.5 Export

Extensible Markup Language (XML) has become a popular language to exchange data in a
human and machine-readable format. Recently, XML format has been proposed for EMC
purposes, such as exchange file for near-field measurement or simulation data [She09], and
emission model [Ram15].

The command "File > Export" converts the schematic diagram displayed on the screen into a
XML file. This schematic represents a model of an IC for conducted/radiated emission or
immunity purpose. Figure 4- 7 shows the interface of this tool. The schematic
examples\emission\mpc\mpc_vde.sch represents a simple conducted emission model of a
32 bit microcontroller (ICEM model). On the left part of the screen, the user can define the
header of the file, that provides general information about the name of the model, its author,
the name of the device, etc... and the purpose of the model in the part "Type of model". The
components of model (R, L, C, sources) are also listed. On the right part of the screen, the
content of the output XML file is displayed. The user can write in this part and change

manually the content of the XML file. Clicking on the button & Ben=i2ieXML  sayes this content in
the output XML file: several extensions are proposed for the file:

= _CEML: this XML file is dedicated for the exchange of conducted emission model
= _CIML: this XML file is dedicated for the exchange of conducted immunity model
= XML: general purpose XML file

Header of the XML file Type of exported model Content of the Z(ML file
Ef XML export [ESEIET =)
e N L output
Header T e <Pl version="1.0" encoding="UTF-8"%

1 1 Type of modet 1 <Cemodeb>

1--HEADER -
1@ ICEMCE inCEMLIomat | | SHeagen

<Cem_ver>1.0¢/Cem_ven

Flename: mpc_vde.sch
Wersion 10

Author; ICEme 2.9-09.03.207 | | ICIM-Cl in CIML fomat | <Filsname>mpc_vde. sch</Filsnames
<File_ver>1.0¢</File_ver>
buT peem— 1 cemae | <hulhonICEme 2.3 - 09.03.2017¢ Muthon
I I I <Dut>mpe_vde sch</Dut>

o <Datex03/05/2017 07:35:44</Dater

Valtage validity (v} 1.50 IL sl I <Meej_rmelhud> Generated by IC-EMC rom netist </Meas_method>
————— <MHeader>
Freq Hence Hal, | 1MHe - 36k I <1-DUT LEAD DEFINTIONS >
Rel thors. project, pubki.. <Lead_dsfinitions>
orers Sl o T cLead Id="11" Name="GND" Mode="GND"/>

z | | </Lead_definiions>

B Update XML | | &ty
<Power_supply>1.50¢/Power_supply>
<Frequency_range>[1MHz - F5Hz) /Frequency._range>

Title Marme Pins Nodes HKML 2 <Temperature_range>25Celsius</Temperature_range>
g <Nates> authors, project. publis...¢/Notes>
T-Lyss die  Lvss die ne 12 PON <Vsliity>
<I-- MODEL PDN DATA -
2-Rvdd Fvdd a2 34 FDN <Pdn>
cLead 1d="0,0,0 01" Ground_id="11" Type="Ckt">
3ovss vss vas a <Netlist Kind="SPICE 3"
4-Lvdd die  Lvd die ne 53 PON E\ffd;*g‘: ‘1 230
Lvdd_die§ 35n
5.Ch cd ol.c2 56 PO e
Rvse 271
6-Rvss Rvss a2 27 PON s
7 wss812n
7-R2 R43 2 39 FON S
; Fisa 9150
B-Lss Lvss ne 81 PON Frad1o0
9-Cd o null 47 FON - Lydd 10520 |
EX GsnmdeXML\ ‘ o Ok
List of component of the schematic Generate output XML file

Figure 4- 7: Export of a schematic diagram in a XML file (examples\emission\mpc\mpc_vde.sch)
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IV.2.6 Select Technology

Click on “File > Select Technology”. The list of available processes appears in .tec files. The
initial design rule file is "default.tec". Various technologies are available from 1.2um down to
22nm. Click on the rule file name and the software reconfigures itself in order to adapt to the
new process. The .tec files are available in the directory "\lib". See Chapter VI for more
information on the format of the TEC file.

IV.2.7 Generate SPICE sub-circuit

SPICE sub-circuit can be generated from a SPICE schematic containing subcircuit 1/0Os.
Figure 4- 8 describes a schematic diagram with three 1/0Os placing at device terminals. Click
on I/0O and give and explicit name. These 1/Os will be the external terminals of the SPICE
subcircuit that we are going to generate.

EIN W EOUT
16 16
R1 R3
%
R2

GNDREF

Sub-circuit Generation: File -» Generate SPICE sub circuit -> name_subcircuit.sym

B dB and 50 ohrns resistive T attenuator ideal model

Figure 4- 8: Placement of subcircuit I/O on a schematic to generate a SPICE subcircuit
(examples\EMC_lib\attenuator_6dB_subcircuit.sch)

Open the SPICE sub-circuit generation interface by clicking on “File > Generate Spice sub-
circuit”. The following screen appears. The right part of the screen lists all the 1/O of the
device and their position (column “Side”), the left part describes the shape of the sub-circuit
symbol. The position of I/O can be changed manually by modifying the property Side (‘'L’, ‘R’,
‘T’ or ‘B’ for Left, Right, Top and Bottom respectively) and clicking on the button Refresh. The
size of the subcircuit symbol can be updated with the buttons 8|%| The subcircuit SPICE
description and the graphical symbol are saved in a *.sym file. By default, the name of the
*.sym is identical to the schematic name. Change the field “Name” and Save as:” to modify
the names of the *.sym file and the SPICE sub-circuit. Click “OK” to generate the *.sym file.
Click “Insert > User symbol” to add the symbol of the subcircuit in a schematic. If you click on
the subcircuit symbol, the SPICE description of the subcircuit is edited.
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Generate Spice Sub-Circuit ’ lﬁ.l
10z iS_D-ICEi Sembal preview
FinMame  Position Side =
IM 1 L
out 1 R N ouT
GMDREF 2 L J
GMDREF
T Refresh | EIE

Symbol Properties

Mame:  attenuator BdB_subscircuit
S_D[t bl : = : Sawe as © attenuator_BdB_subscircuit. sym (2]
0 Increasing arder @ Decreasing order =

| W K | | x Cancel |

5

4

Figure 4- 9: Generating a SPICE sub-circuit and the graphical symbol, saved in a *.sym file
(EMC_lib\attenuator_6dB_subcircuit.sym)

IV.2.8 Simulator

The menu "File > Simulator" gives access to
several options to select the SPICE simulator
(WIinSPICE or LTSPICE) and configure the
simulation.

Click on "WIinSPICE" or "LTSPICE" menu to select the SPICE simulator. Clicking on
"Configurations"” menu opens the following screen. In the upper part of the screen, the path
of the WinSPICE and LTSPICE simulators have to be defined (executable files wspice3.exe
and scad.exe). This operation has to be done manually each time the user reinstalls SPICE
simulators and their installation directories. In the lower part of the screen, three simulation

options are proposed:

» Launch simulator manually: when the user generates SPICE netlist =", he has to launch the

Simulator » Configurations
Properties V| WinSPICE

Black and White / Color F5 LTSPICE

simulator, opens the circuit netlist (.cir file) and launch the simulation

= Interactive mode: when the user generates SPICE netlist =, the simulator is automatically

launched and remains opened at the end of the simulation to analyze the result

= Batch mode: when the user generates SPICE netlist =, the simulator is automatically

launched but is closed directly at the end of the simulation
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p
El Simulater configurations | B
Access path to the simulators

WINSPICE: D:\Users\admin_abovyer\alex_DELL_09122013Yc-emc_sources\WinSpice 1.05\wspice3.txe

HEH

LTSPICE:  C:'Program Files (x868)\LTC L TspicelViscad3.exe

Simulator Options

() Launch simulator manually
@ Interactive mode

(" Batch mode

[‘f oK | |x Cancel‘

Figure 4- 10: Simulator configurations

IV.2.9 Properties

The command “File > Properties” provides some information about the current technology,
the percentage of memory used by the schematic diagram and its detailed contents (Figure
4- 11). It gives also an access to some special options for schematic design and debug
features.

Properties of D:\alex\ic-emc_sources\Export_IC-EMC_Z¥5ic LI

Data Base | Misc. |

Editing file |
|7 "Dialexticeme_sourcesiExport_ICGEMC_2WBlicemcdic-emc_master_V2_Bysystern
—Home directory

I&emc_master_\z’2[_5\system Browse |

Structure

Symbols: 14011024 gmo 13.7% full
MNodes : 042048 ’— 0.0% full
Lines : 1ea500 @ £.3% full
Comnectors:  3gs1z @ 7.4% full

S ox |

Figure 4- 11: File properties, including statistics about the number of symbols, nodes and lines

IV.2.10Black and White /Color (F5)

The command “File > Black and White/Color” switches to black and white display mode: the
layout is drawn in black and white. This type of drawing is convenient to build black and white
documentation by avoiding a black background. Alternatively, press “Alt"+"Print Screen” to
copy the active window to the clipboard. Then, open Microsoft Word™ or WordPad, click
“Edit > Paste”. The screen is inserted into the document.
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IV.2.11Print Schema

Click on "File > Print Schema" to transfer the graphical contents of the screen to the printer.
Alternatively, you can make a copy of the window into the clipboard in order to import the
screen into your favorite text editor by pressing <Alt>+<Print Screen>. In the text editor or in
the graphic editor, simply click on “Edit > Paste” We recommend that you switch to
monochrome mode first by invoking the function "File > Black and White / color". In that case
the layout will be drawn in a white background color using gray levels and patterns.

IV.2.12EXxit IC-EMC (CTRL+Q)

Click on "File > Exit IC-EMC" (or CTRL+Q) in the main menu. If you have made a design or if
you have modified some data, you will be asked to save it. After confirmation, you can return
to Windows.

IV.3 Detailed commands of Menu Edit

IV.3.1 Undo (CTRL+2)

The Undo command (“Edit > Undo”) is useful to cancel the last editing command. It is
possible to undo the commands Cut, Paste, Copy, Move, Stretch and Edit.

IV.3.2 Cut (CTRL+X)

Click on the Cut icon El or on “Edit > Cut”. Move the cursor to the design window, and
delimit the active area with the mouse. Consequently, all the graphics included in this area
are erased. Click on Undo to fix those elements back into the design. One symbol only can
be erased by a click inside its shape when the cut command is active. The symbol is then
erased. One single interconnect can be erased by a click on its wire when the cut command
is active.

IV.3.3 Paste (CTRL+V)
Invoke the Paste command “Edit> Paste”. All previously copied elements are pasted at the

desired location. Deleted elements can be replaced that way. Click “Undo” to cancel the
paste command.

127



AAl
¥

IV. Description of the menus

IV.3.4 Copy (CTRL+C)

Click on the Copy icon Iil or on “Edit > Copy”. Move the cursor to the design window, and
delimit the active area with the mouse. Consequently, all the graphics included in this area
are copied. The external shape of the copied elements appears. Fix those copied elements
at the desired location by a click on the mouse. Click on Undo to cancel the copy command.

IV.3.5 Move (CTRL+M)

To move one graphical element, click on the "Move" icon = or "Edit > Move". Then using
the mouse, draw an area that includes the elements. Then, drag the mouse to the new
location and release the mouse. As a result, the elements are moved the new place. One
single line can be moved or stretched (depending where you click) by a direct click on the
line. One single text can be moved by a direct click on the text location.

IV.3.6 Rotate (CTRL+R or CTRL+L)

To apply a rotation to one part of the design, click “Edit > Rotate”. Select one of the proposed
action:

= Rotate right or 90° &

= Rotate left or -90° DE'

Then, delimit the area inside which the elements will be rotated. To rotate one single symbol,
simply place the cursor above the desired symbol and press CTRL+R.

IV.3.7 Flip Vertical/Horizontal

To apply a horizontal or vertical flip to one part of the design, click on icons ojm or %, or
“Edit > Flip”. Then, delimit the area inside which the elements will be changed.

IV.3.8 Line

The " Line " icon k is activated by default. It creates an interconnection between two
points in the schematic diagram. If the " Line " icon is not selected, click on it. Another
method to select it consists in a right click with the mouse. Then, move the cursor to the
display window and fix the start point of the interconnect with a press of the mouse. Keep
pressed and drag the mouse to the interconnect end. Release the mouse and see how the
line is created.
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IV.3.9 Connect

Use the icon _d] command “Edit > Connect” command to create the electrical contact
between crossing interconnects. Contacts are normally created automatically when the Line
icon is selected and a click is made above an existing interconnect to create a second
interconnect.

IV.3.10Text

Use this icon i' or "Edit > Text" to define a text to one box or location in the design. That
text sets simulation commands, illustrates the layout and should be used as much as
possible for each significant node such as inputs and outputs. To add some text to a
particular place, proceed as follows:

1. Click on the icon
2. Set the text location with the mouse. A dialog box appears

3. Enter the text in front of “Text:” and press “Ok”. The text is set in the drawing

A text can be modified as follows: click on the icon, click inside the existing text. The old text
appears. Modify it and click on “Ok”. Text is added for information only. It has no impact on
simulation.

If text is added for information only, it has no impact on simulation. Text is useful to add
comments on the schematic diagram, add more information or specific I/Os or nodes.

Note that text starting with “.” is usually considered as a simulation command. For example:
“TRAN 0.1NS 100NS” is a text that is also considered as a SPICE control to configure the
transient simulation. The table below lists the main SPICE simulation commands that can be
inserted in schematic diagram. Some of these commands can be automatically placed
through the menu "Insert > Insert Analysis Line".

\Keyword HUsed for HExampIe HParameters |
.TRAN |[transient simulation  |.TRAN 0.1NS 100NS |Step, duration |
DC dc simulation .DCVin050.1 Voltage, start voltage, stop

voltage, voltage step
DEC = decade, points per

.AC AC simulation .AC DEC 10 IMEG 1G decade (10), start freq (1 MHz),
stop freq (1 GHz)

IBIS  |Load IBIS file |.ibis cesame_v14.ibs IName of the Iois file |
Name of the text file that

.LIB Load SPICE library lib cesame.lib includes the component models.

The default library is ‘spice.lib’

Coupling between inductor 1,

KA Inductance coupling K2 Ltem2 Lvdd 0.002 inductor 2 and coupling
coefficient (between 0 and 1)
OPT  |WinSpice option |.OPT RELTOL=1e-6 |.OPT RELTOL=1e-6 |

Scan step (1e-3), scan
frequency (10 MHz), scan
altitude (3.5 mm) and lead

.scan 1e-3 10e6 3.5e-3

.SCAN  ||Scan configuration 2 1e-3
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| [ [ [altitude (2.1 mm)

PLOT Plotting signals .plot v§1) Lists thg voltage_or cqrrent _to
.plot —i(vsource) appear in the Spice simulation
Fixes the voltage threshold
. fail 1.0V used in immunity simulation.

FAIL Immunity threshold fail < 0.5V The signs >’ or ‘<’ indicate a
rise or fall edge detection.
Fixes the general supply voltage
to the desired value. Otherwise,

.vDD Supply Voltage .vdd 3.3V the default VDD value of the
technology file (default.tec) is
used.

Replace the ‘run’ section in the

Add a script from a text Spice netlist by the text

.SCRIPT .script iteration.txt

file contained in the user’s defined
text.
Defines the simulation
.TEMP Define temperature .temp 85 temperature. By default, 25°C is

used.

Table 4- 1: Main SPICE simulation commands which can be inserted as text in schematic diagram

IV.3.11Symbol Color

The command “Edit > Symbol Color” is useful to change the color of a group of symbols
included in a given area. The same result is obtained by successively clicking inside each
symbol and altering the color parameter. It is recommended to assign different colors to
different parts of the schematic diagram.

A proposed color assignment is as follows:
= [C-related symbols are in yellow
= Package-related symbols are in red
=  Probe-related symbols are in blue

= External symbols are in green (default color)

IV.4 Detailed commands of Menu Insert

IV.4.1 Insert User Symbol (.SYM)
The command "Insert > User Symbol" is used to add a user defined symbol to the existing

schematic diagram. A user symbol can be created using the command “File > Schema To
new Symbol”. The inserted symbol can be fixed at the desired location.
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IV.4.2 Insert another Schema (.SCH)
The command "Insert > Another Schema (.SCH)" is used to add a schematic diagram .SCH

file to the current schematic diagram. Its content is fixed at the right lower side of the current
schematic diagram. The current file name remains unchanged.

IV.4.3 Insert Lib .LIB)

The command “Insert > Insert Lib e ——

a’”OWS the SeleCtion Of a *'”b file through a I-emc_suulces\Expurl_lE-EME_2v5\|cEmc\\c-emc_masler_VZ_S\syslem\llb\sp\ce.In:;I

YVIndoyvs explorgr vymdows (Flggre 4- 12). [ k] X concal

.LIB files contain library of device models P

and parameters (diodes, transistors, Dot S DS aré o oy :|

transmission lines...). It is necessary to Etreaon Hoy 15510

include the library path name and file name L Conpelble bnpice matrsgce con _

. . . . *Note: lcem will use "MN'" and "MP"' default calls for Mos devices

in an IC-EMC schematic which include a LA kel s M

component with a model declared in a library —

file. ﬁ%‘ﬁdﬁ?g% D RS=5 BY=15 N=1.0

. . . * Clamp diode:

Another method to include a library in an IC- JHODEL ELAMP D RS2 81101 2

EMC schematic consists in writing on the f?;?@??j@_;};;@g@w@y;_n\cs.h.wgmm =
A 3 A

schematic a text line (with the command

“Edit > Textt A ) such as “lib
path_name\file_name.lib”

Figure 4- 12: Selection of a library file (*.lib)

A default library is provided in ‘lib\spice.lib’. Any library file can be imported, only if it is
compatible with WinSPICE syntax (refer to WinSPICE documentation).

IV.4.4 Insert Analysis Line

Click on “Insert > Insert analysis line” to place automatically a simulation command line on
the schematic diagram. An interface dedicated to the configuration of the SPICE simulation is
opened and the analysis line is automatically inserted on the schematic with the correct
syntax. Figure 4- 13 shows the interface, which presents several tabs. One tab is dedicated
for one type of command:

= DC analysis: to configure .DC sweep analysis

= AC analysis: to configure .AC small signal analysis

= Transient analysis: to configure transient analysis

= Temperature sweep: to configure sweep of ambient temperature

= SPICE options: to configure the different options of the SPICE simulators (refer to your
SPICE simulator documentation for more information about these options)

= Near-field scan options: to set the options of near-field simulation (refer to part I11.8)

Each tab proposes boxes and fields to configure the different options. On the lower part of
the screen, the command line that will be added on the schematic diagram is displayed and
updated when options are changed. This command line can also be directly typed. A
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verification of the syntax is performed. Click on the button Insert to place automatically the
command line on the schematic diagram.

FH Insert analysis l = | &l ﬁ

| bC analysis | ACanalysis | Transient analysis i Temperature sweep | SPICE options | Near-field scan options |

Freguency sweep type

() Linear sweep {total nb points)

(@) Logarithmic sweep {nb points per decade)
(7) Octave sweep {nb points per octave)

Start frequency (Hz)

Step number
MEG

100

Stop frequency (Hz)
106G

.AC Sweep_Type Nb_Step Freq_Start Freq_Stop
JAC DEC 100 IMEG 106

Insert
& Close ‘

Figure 4- 13: Insert a simulation command line on the schematic ("Insert > Insert analysis line")

IV.4.5 Insert Netlist

Click on "Insert > Insert Netlist" to place SPICE components into the schematic diagram from
a netlist description. Figure 4- 14 presents the interface and the different steps.

3. The components are placed on
the schematic diagram

'E‘ Insert SPICE netlist

ap)  —\ A\
Netlist
X > 50
* Paste your SPICE netlist below \ R1
*and click "Convert inta schematics”
* Simpla netlist RLC circuit
R11280
L11210n
c12010p
*End of netlist .m.
1. Type your SPICE netlist here 10n
L1
Generate schematics I X Ciose ]
{ — ——10p
. . c1
2. Click on Generate schematics to
place automatically the components

on the schematic diagram

Figure 4- 14:Type a SPICE netlist and insert the components on the schematic diagram ("Insert >
Insert Netlist")

132



AAl
¥

IV. Description of the menus

IV.5 Detailed commands of Menu View
IV.5.1 View All (CTRL+A)

Click “View > View All” or on the icon to fit the screen with all the graphical elements
currently displayed on the screen.

IV.5.2 View Same

Click “View > View same” to draw again the schematic diagram without changing the scale.
This function is used to refresh the screen.

IV.5.3 Zoom In & Out (CTRL+l and CTRL+O)

The icons .‘ and e‘l perform Zoom In and Zoom Out. these commands are also
available in the menu "View > Zoom In" and "View > Zoom Out". When zooming in, the area
determined by the mouse will be enlarged to fit the display window. When zooming out, the
area determined by the mouse will contain the display window.

= [f you click once, a zoom is performed at the desired location.

= Press Ctrl+A for « View All », and Ctrl+O for zoom out.

IV.5.4 View Electrical Net

Click on the icon ¥ or on “View > View Electrical Net”. Then, click in the desired
interconnect or pin in the schematic diagram. After an extraction procedure has been carried
out, you will see that all the wires connected to that node. Click <Escape> or “View >
Unselect All” to unselect the diagram.

IV.5.5 Check Floating Lines / Nodes

The command "View > Check Floating Lines ,

/' Nodes" can detect problems of Rvdd
interconnections in the schematic. The

schematic diagram is scanned in order to VY <Hoangmhere
detect interconnects with a wrong connection

to the symbol or other interconnects, as in gmw —L
Figure 4- 15. ISource

The tool “Check Floating Lines” is launched
automatically each time the button “Generate -

SPICE File” is clicked before the generation R .
of the SPICE netlist. —Cdieves

L 20pF
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Figure 4- 15: Example of floating line

IV.5.6 Symbol Library
The palette symbol library contains basic electrical symbols, sources, probes and switches.
The palette is visible by default. It can be closed by the user. The command "View > Symbol

library" or the icon o5 makes the palette visible. The symbol library is reported in the
reference manual. Additional symbols may be found in the “ieee” sub- directory, accessible
through the command "Insert > User Symbol". Refer to chapter V for the list of symbols
available in the palette.

IV.5.7 RFI control
The command "View > RFI Control" is used to open the susceptibility simulation

configuration interface (see part lll.4 for an example of susceptibility simulation). This
simulation requires the presence of a RFI source and a coupler in the IC-EMC schematic.

1V.5.8 Unselect All (Escape Key)

Use the command “View > Unselect All” to cancel undesired commands, or to redraw the
complete schematic diagram.

IV.6 Detailed commands of Menu EMC

1V.6.1 Generate SPICE File (CTRL+G)

IC-EMC converts the SCH schematic diagram into Spice format using a specific interface
(Erreur ! Source du renvoi introuvable.), invoked by “EMC - Generate SPICE file” or by

the icon =~ . The SPICE file can be exported to analog SPICE-compatible simulators such
as WinSPICE and LTSPICE.
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3 Generate Spice File =]}
* File name: D:\alex\ic-emc_sources‘Export_IC-EMC_ZvShici 2| Spece |AsensNEl|

* goftware version: IC-Eme Z.5
* Created 10/10/2011 14:06:57
.

Parameter
Supply VDD:1.60v
Analysis: [ TRAN 0.1ns 500ns |

* Voltage and current sources X
vooupler 11 4 DE O Opsions [lare] )
Tcoupler_1 4 0 2 O zZ0=50 Tp=1.978N3

VEFI sinZ 5 0 Dc O SIN(D.0 1.0 10.00MEG 0.0 0.0)

REFI_sinZ 5 0 50 I~ Addnode st [dRi_330ahms 1V 52
VRFI_ramp2 6 0 DC 0 PULSE(0.00 5.00 0.0W 1.00000 0.0 0.0

Temperature [*C] 25.0

RRFT_ramp2 6 0 50 v Dump tafile

EC2 7 0 V=04V (S)*V(6)

RRFIZ 7 1 50.0 ¥ Use MOS model described in LIB fle
ceriDigital cscillosepps 1 ++ttetrtirtesstssstnt |
gdigl 3 & 3 0 gwMadel ON

_MODEL SWModel &W(RON=SM ROFF=10E9 UT=Z.5) [ Fiet the result in & SFICE window

vdigl 3 0 Do 0 AC 0 PULSE(D 5 0.1n 0.1n 0.1n O0.1n 2n)
Rdigl 8 10 300

cdigl 10 0 0.531p

* Passive eslements

cdpi 3 2 1in

Rdpi 3 0 330

Roscillo 3 0 1MEG [
coscills 3 0 1.6p

+

* hotive devices [E7] Update SPICE file
B

.
.TEMP 25.0

.TRAN 0.1lns 500ns

* Dump time and volts in "dpi 230chms_ 1V sampling.txt”

T —— »

T, Susceptiviity | B0 Time window

Emission window

B2 NearField Scan

[ Impedance window| € 5 Parameters

o DK |

Figure 4- 16: Converting a schematic diagram into a SPICE-compatible text file

1V.6.2 Ibis Interface

The IBIS interface is opened by the command “EMC > Ibis Interface" or with the icon LT

enables the presentation of IBIS data file (Figure 4- 17), and to control a set of commands
related to the exploitation of the IBIS information. An example of utilization of the IBIS
interface is given in part 111.5. The IBIS file is edited in read-only mode in the left part of the
screen. Several tab windows are available in the right part of the interface:

= J/O: the list of the I/Os, the associated models and R, L, C stray elements given by IBIS file
are summarized.

=  Models: parameters of the I/O models are listed and their characteristics can be plotted (see
11.5.2).

= Infos: general information about the IBIS file (version, date, manufacturer, etc), conditions
and package are given

= Package: a 2D view of the package is reconstructed by IC-EMC from the pin list and
keywords added by the user (see I11.5.3).:

Several control buttons are available in the lower part of the IBIS interface. The button “3D
Draw” open a window showing the package in 3D with a user control of the 3D view. This
window can also be opened with the command "Tools > 3D package viewer". the button
"Advanced SPICE and IBIS" gives access to an interface to evaluate stray RLC elements of
package, build SPICE compatible model and resource IBIS file.
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E4 1215 Interface - Xilink Spartan LVCMOS32.ibs [
Tnput text Paramelers
| + || M0 | Modeks | Infos | Package|
/747 X i 1
I > : Hllinx Inc. N Name Madel R L [ I
(R IBIS Models for SPARTAN-B c4 I0_L1P_HSWwa LWVCMOS32 F_ 136.91m 4.77H 111pF
[
| Ad I0_LTM_VREF_ LVCMOS33 F_ 136.91m 4.77nH 1.11pF
[IBIS ver] 42
[File name]  spartanBlvemos.ibs BS 10_L2P 0 LWCMOS33_F_ 136.91m 4. 77nH 1.11pF
File: Fiey i
{D ate] ! 03/23410 A5 I0_L2K_0 LVCMOS533 F_ 136.91m 4.77H 111pF
[Source] Derived from spice models, rev.21, using
hspice 2007.12 [ I0_L3P.0 LYCMOS33 F_ 136.91m 4770H 111pF
ol ol e D A st s I0L3H_0  LYCMOS33F_ 13691m 4770H 111pF
The version of IBISCHK used i ibischkd,
Ibiz models wers generated using 5216153 BE 10_L4P_0 LVCMOS33 F_ 136.81m 477K 111pF
[Disclaimer]  The datain lhls file i derived from SPICE simulations using AB 10_L4N_0 LVEMOS33 F_ 136.31m 47TH 1.11pF
modeling information extracted from the target process, “while F7 J0_LGF_D LVEMOS33 F_ 136.51m 4770H 1 11gF
a great deal of care has been taken to provide information
that is accurate, t_I'_Ms model is cor:\_sidered prefiminary as it 29 10_L5H_0 LYCMO533.F_ 136.91m 4.7FH 1.11pF
has not been verified by actual siicon measurement. Treat the
dola in this model as prefiminary until actual siicon 7 OGP0 LVCMOSI3F 135.57m 477 1116F
werification is performed gl i ' "
, ¢ . 3 A7 10_LEN_D LYCMDS33 F_ 136.91m 4.77nH 1.11pF
[Copwright]  Copyright 2009, 2010, Xiinz Ine.. All ights reserved
DE 10_L7P_0 LYCMOS33 F_ 136.91m 4.77nH 1.11pF
[
| Component SPARTAM-E o] 10_L7M_0 LYCMOS33 F_ 136.91m 4.77nH 1.11pF
[
| B 10_L33P_0 LYCMOS33 F_ 136.91m 4.77nH 1.11pF
[Component]  SPARTAM-G
[Manufacturer] Xilin: Inc. A8 10_L33N.0 LYCMOS33 F_ 136.91m 4.77nH 1.11pF
Package]
{ oel 3 10 L24P GCLK LWVCMOS32 F 136.591m 4.77nH 1.11pF 24
| Spartank Package Parasitics
| Diate: 7/27/2009
| Revised 3/23/2010 R — [7] Add Grnd/Power clamps
|R_pkg values characterizsd at DT | ¥ One pininto ALC ‘ VECOMA = | 0 Pl UpdPull Do
| If utilizing the package twp, min, max data in your simulations
| uncomment the A_pka, L_pkag and C_pkg lines for the desired package. e o e 2l
| B sure o camment out all the unised lines in this section. L Supply merged into RLE] POWER_VCCO_3 E
|
| Mote that detailed and fully coupled . pkg files will be available for -
‘ & 0K | 3D Draw ‘ | Advanced SPICE and 1BIS |

Figure 4- 17: The IBIS interface

The other sub-commands are listed below.

Sub Menu Command Description
“/Os” One Pin Into R,L,C | Choose the desired pin that will be converted into a R,L,C circuit
according to the information available in the R_pack, L_pack,
C_pack variables of the [Package] sub-section.
Supply Merged into | Choose the desired supply model. All pins with the associated
R,L,C model will be converted into a R,L,C circuit according to the
information available in the R_pack, L_pack, C_pack variables of
the [Package] sub-section. The resistance will be divided by the
number of pins, as well as the inductance. The capacitance will be
multiplied by the number of pins.
Sub Menu Command Description
“Models” Y axis Change the Y scale
From A, to A Manually define the Y axis boundaries
Draw Redraw the I/V current
Dump Save the I/V curve in a ibis-compatible format
PU Draw pull-up I/V information if available
PD Draw pull-down I/V information if available
Pc Draw Power-clamp I/V information if available
Gce Draw Gnd-clamp I/V information if available
RW Draw rising-waveform V(1) if available
FW Draw falling-waveform V(i) if available
Add Data Add a simulated I/V or V/t from a Spice simulation to compare with
the current I/V or V/t from IBIS. The “TXT” format assumes 3
columns (index, voltage, current), the “DAT” format assumes 2
columns (voltage, current).
-Sign Changes the sign of the loaded data through command “Add Data”
Sub Menu Command Desctription
“Info None Displays IBIS keywords and package R,L,C typical values
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rInfo

D&, Mcemc

ExportiCesame_w14.ibs

Date:

[ug-07-2006

Foundry ISTMiDrDEIectanir:s MW

Fin number:

Woltage : 1

labellbis'/ersion

R package :
144

L package : 5nH

o I—
C package : 0.5pF

13 ping not connected (NC)

Sub Menu Command

Description

Package 1/O color

Changes the 1/0O color in the 2D-view of the package

Background Color

Changes the 1/O color in the 2D-view of the package

Display coordinates

Adds the [x,y] numbers or letters to the 2D-view

Display names

Add all pac

kage pin names to the 2D-view

Locate Pin Select the desired pin which will appear in purple in the
drawing, with an estimation of the 2D-position
View Top view or rear view. By default, top view.

1V.6.2.1 Hidden Physical Information

Some important information is resourced in the IBIS file related to the package and IC
physical dimensions. The information is placed in the [Package model] section, and starts by
« | » to avoid parsing errors with conventional IBIS loaders. The physical dimensions are very
important information to rebuild the lead frame structure of the package, together with the

bonding structure and access to the die.

Hidden parameter Description Example
pack_width Package width 20.1e-3m
pack_height Package height 20.1e-3m
ic_width Die witdh 6.55e-3m
Ic_height Die height 6.33e-3m
ic_xstart Die location in X related to the package 6.73e-3 m
ic_ystart Die location in Y related to the package 6.84e-3 m
ic_thick IC thickness 500e-6
pack_pitch Package pin pitch 0.5e-3m
Lead_alt Lead altitude over ground plane 0.5e-3m
ic_altitude Die altitude over the ground plane 0.8e-3m
Pack_ball BGA ball radius 0.25e-6 m

Table 4- 2: Hidden parameters stored in the [package model] section
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Package pitch
—P: :4_

mimimi!

IC width
<>

Package
height

I IC height

IC yStart i Package
cavity

\

\Ill’74

:

I

IC xStart i

Package width
Figure 4- 18: Top view of the package

Altitude
A
IcThick
2 x ballRadius+ lic_thick BondingAltitude=
packThick R ' icAlitudle-+icThick
. Pack Thick -Y ------------------
LeadAltitude N llpack_thick ___
2 x ballRadius [ S 4 Lead |
Altitude IcAltituce 2 x ballRadius
7 |lead_alt lic_alt
I e —
BallRadlius
|pack_ball

Figure 4- 19: Cross-section and main physical parameters describing a package

IV.6.3 Emission vs. frequency

The command "EMC > Emission vs. Frequency" opens a screen dedicated to the plot of
spectrum of simulated and measured transient signals. Measured spectrum can also be
loaded for direct comparison with simulation. The voltage waveform computed by the
analogue simulator is translated into the frequency domain according to two methods:

= FFT mode: by default with a Fast Fourier Transform (FFT)

= EMI receiver mode: the effect of the intermediate frequency (IF) filter of an EMI receiver
followed by a peak detector is simulated. This simulation is also based on a FFT. More
explanation about the principle of the simulation can be found in the following reference: C.
Li, L. Zhang, T. Dong, T. Wong, H. Chen, " An EMI Receiver Model with Consideration of
the Intermediate Frequency Filter", 7th Asia-Pacific Int. Symp. on EMC, May 2016.

The default screen when a simulation result is loaded is described in Figure 4- 20. The
emission spectrum is the Fourier Transform of the time-domain SPICE simulation stored in
the file given in the field “Simulation file” in the tab "Input data". The X and Y axis and curve
appearance may be modified using the commands available in the tab "Display". The FFT
parameters may be modified with the tab "FFT" (number of points, window type, initial time)
may be adjusted manually.
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§ i L mm————— - i i
£4 Emision vs Frequency NI - Import simulation

Eﬁ——:——l— e e et ey e (e iy T i e i e s Tl P N Simulation input dats
T - results (.txt, .raw)
— g gl A i
| smu E oimesan moewe[ ] Select a simulated
It sgd V@ &< | curve

&
g
z

[s#4— Skip initial period

h%\ Save simu. FFT

T
Add a simulated FFT

The diferent tabs

iti| Meas Data | SimuData | Display | FFT Parameters | Input data

I

\

\

L_ Measurement input data

‘40 Measurement fie o

} (e Import meas.

| el " | results (.tab, .tran),

20 seea: 0 =21\ add and saved
E | | I

} :glw‘“i [Esmeves || measured FFT

‘ 2

-

\ .

\ Show transient

\

. |_— waveform

-20 i

| specoram| | U v(e)

\

\ T ] |

! i Hz 1 Clear ¥ Cose

1.00E+61 00E+3 gt :f:w,- : Y S

™~ Close window

pe_vde:oi read: 1 signals found, 2468 pr FFT mode

Clear graph

Figure 4- 20: the window “Emission vs. Frequency”

Several buttons appear on the bottom right of the window:
. . Y. shift to time-domain mode
. [! Specg“ﬁ: shift to spectrogram mode

Clear .
. : remove simulated and measured spectra

. X Clese. close the window and returns to the main screen

1V.6.3.1 Tab "Input Data"”
In this tab, the input simulation and measurement result file can be imported.

Buttons
Simulation input data

Description
Import simulation transient results from
LTSPICE (.raw file). Click on the button

WinSPICE (.txt file) or
E] to select the file.
Simulation file

s\basic\Woltage_Divider, txt E]

Select the simulated transient signal to be displayed in the list

Signal - v(1) hd "Signal" and click on the button "Add Simu" to plot its spectrum.
) a The initial period of the transient signal can be skipped.
Skip (ns) : 0 SKIP | | Click on the button "Save Simu" to save the simulated spectra in
a .tab file.
| h]]]h Add Simu “]JT:E Save Simu

Import measurement results either in time-domain_{_tran file) or in

Measurement input data
frequency domain (.tab file). Click on the button E] to select the

Measurement file

mplesibasic\s12%_tem. TAH E]

file. In case of import of a .tran file, the spectrum of the imported
signals is computed by FFT.
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Select the measured signal to be displayed in the list "Signal" and
click on the button "Add Meas" to plot its spectrum.
Skip (ns) : D Skip In case of the import of a.transient signal, its initial period can be

skipped.

Click on the button "Save Meas" to save the measured spectra in
|h]]]h Add Meas I]L! Save Meas|
1V.6.3.2 Tab "FFT Parameters" - FFT mode

a .tab file.
Select the tab "FFT" to choose the FFT mode.

Buttons Description

FFT | EMI p_E,.-_EwEF| Select the windowing options to compute the FFT of simulated
and measured signals. Three types of window are proposed:

Blackman (by default), Hamming and rectangular.

Signal  Emission -

Window  Blackman -

Simulation FFT resalution Set the resolution or the number points of the FFT of the
simulation results in the list "Resolution". The proposed values

Resolution: 4096 « | are power of two and range between 128 (the minimum

resolution) and the best resolution with the on-going simulated
signal. This term is related to the number of points of the imported
transient signal. The maximum resolution is limited to 262144.
Measurement FFT resolution Set the resolution or the number points of the FFT of the
measurement results (.tran file) in the list "Resolution”. This list is
Resolution: 256 « | visible only if a .tran signal has been imported.

The proposed values are power of two and range between 128
(the minimum resolution) and the best resolution with the on-
going measured signal. This term is related to the number of
points of the imported transient signal. The maximum resolution is
limited to 262144.

Update FFT of the plotted simulated and measured signals.

| |k, Compute FFT |

1V.6.3.3 Tab "FFT Parameters" - EMI receiver mode

Select the tab "EMI receiver" to choose the EMI receiver mode. In this mode, the effect of the
IF filter of an EMI receiver followed by a peak detector is simulated. Thermal noise is also
added to the simulated signal. The user adjusts two set of parameters:

= the frequency sweep (min, max frequencies and number of frequency points). Depending on
the number of points of the transient signal and the number of frequency points, the
computation time may take several minutes. The frequency sweep may be chosen equal to the
RBW.

= the resolution bandwidth (RBW) of the IF filter. The larger the RBW, the worst the frequency
resolution and the noise floor is. A minimum RBW must be set to ensure a valid result. The
minimum RBW value is given by the following equation, where Tmax is the duration of the
transient signal. If this condition is not ensure, the amplitude of the computed spectrum is
underestimated and the message "Uncal" will be displayed in the message bar of the screen.

RBW > Eq. 4- 1
T

max
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Buttons Description
Simulation EMI receiver Frequency sweep for the simulation results: the minimum
Fmin (MHz) Fmax (MHz) frquency (Fmin) and maximum frequgncy (Fmgx) of the EMI
= =007 receiver. The number of frequency points are given by "Nb of

Mb of swept points 100

swept points".

REW 50 kHz

Min, REW = 2,00MHz

Set the RBW of the IF filter. RBW values range from 10 kHz to 10
MHz. The message "Min. RBW" gives the minimum value of the
RBW to ensure a valid computation.

[] Add thermal noise (300°K)

Add thermal noise to simulated transient signal. The thermal
noise power is given by:

RBW = kT.RBW
Where k is the boltzmann constant, T is the ambient temperature
(300 K).

Measurement EMI receiver
Fmin {MHz) Fmax (MHz)
111185234 277.963086

Mb of swept points 100

Frequency sweep for the measurement results: the minimum
frequency (Fmin) and maximum frequency (Fmax) of the EMI
receiver. The number of frequency points are given by "Nb of
swept points".

These parameters are visible only if a .tran signal has been
imported.

Compute the response of an EMI receiver with the imported
simulated and measured transient signals.

1V.6.3.4 Tab "Display”

Buttons

Description

¥ axis parameters
() () [TT]
Freq min (MHz):

Freqmax (MHz): 10000

Adjustment of the X axis (frequency expressed in MHz). Click on
the buttons w or ﬁo enlarge or reduce the axis scale. Click on
the buttons [ or LUl o set a lin. or log. scale.

The frequency bounds can also be manually with "Freq min
(MHz)" and "Freq max (MHz)".

Y Axis parameters

EE

Ampl min (v) -80

Ampl max () 160

Adjustment of the Y axis (voltage expressed either in V or dBuV).
Click on the buttonsj. orElto enlarge or reduce the axis scale.
Click on the button E to set a lin. scale (in V). Click on the button
E to set a log. scale (in dBuV).

The amplitude bounds can also be manually with "Ampl min" and
"Ampl max".

Displayed curves

The table Displayed curves displays all the plotted spectra. The
column "Curves" gives the name of the curve. In the column

Curvez Visible Envelop C* - e Y
[ "Visible" , the user can change the visibility property for each

vil) yes  no ar curve through a pop-up menu. The envelop of a spectrum curve

: can be plotted if the property Envelop is set to Yes in the column
viZ) yes no g "Envelop". Finally, the color of each curve may be changed by
Vallige Vs | i 0. clicking on the last column "Color".
4L b
Show Four groups of curves can be displayed: from simulation or
Simulation curves measurement, and two memorized curve (Memo1 and Memo2).

Measurement curves

Memo curve 1
Memo curve 2

The visibility of each group can be modified with this menu.
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Store a curve in Memo1 or Memo2. First, select one curve in the
table "Displayed Curves" by clicking on the corresponding row.
Then, click on the button # 1 to store in Memo1, or 22 to store
in Memo?2.

Remove one plotted spectrum curve. First, select one curve in the
table "Displayed Curves" by clicking on the corresponding row.
Then, click on the button Remove to suppress this curve.

Redraw all plotted curves with default axis settings.

1V.6.3.5 Tab "Simu Data'" and "Meas Data"

Description

Buttons

& | Freg(Hz)  v(1) (dBuv)
=

EL 2,000M | -49,743
| 400M 46,389
@

T | 600M 49,743
i

5 800M  -18,073
=

& | 10,002M  -2,232
& | 12,003M 2,270
o

S | 14,003M  -2,232
2 | 15,004M  -18,101
]

2 18,004M -54,202
E

— 20,005M -51,717

v(Z

The table in "Simu Data" Tab lists all the points of the displayed
simulation curves.

The table in "Meas Data" Tab lists all the points of the displayed
measurement curves.

s

1V.6.3.6 Tab "Envelops & Limits"

Buttons

Description

Envelop parameters
Mb points for envelop extract:
5]

Y

-

Parameter for extraction of spectrum envelop.

| [dﬂl; Save Envelop |

Save the spectrum envelop.

EMC Limit

[ Showw limit
Select emission limit:
I[ECG1967-4 - 1ohm -

Select category:
Global-Class I

nit: dBuy
Peak detector

Select an emission limit and its category. The category defines
the severity class of the limit. The unit and the configuration of the
EMI receiver are written below the list "Select Category".

Click on "Show limit" to plot the emission limit.
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The command "EMC > Near-

Field Scan" 2l gives access a
specific screen for comparing
measured and simulated near-
field scan. The simulation file
used for simulation is the result
of a time-domain simulation
where one or more inductances
or interconnects are assigned
physical coordinates. The time-
domain simulation result is the
current  flowing in  each
declared inductance. An FFT is
performed on each current
information I(t) to compute the
corresponding I(f).

Each inductance is associated a radiating current element that is represented in the [x,y] plan

IV. Description of the menus

eeeeeeeee

| save | image | PPF [Inform:

Redran

Figure 4- 21:The near-field scan user’s interface
(case_study\s12x\s12x_scan_portA.sch)

as an elementary line (Figure 4- 21).

1V.6.4.1 Control Buttons

Buttons

Description

Az parameters

: 4k
1.4

Zoom and shift the near-field scan information

Color pararmeters

() ®@ -

Adjust the color palette, change the display mode from color to
gray levels.

Compute Scan

[Heas. s-::an] ISimuI. s-::an]

Switch from measured to simulated scan. When clicking “simulate
scan”, the EM field is recomputed for all declared current
elements, at the given frequency and given altitude.

Scan Parameters

Min. freq [MHz]: 2250

Maw. freq (fMHz) 2250
Mb Frequency: 1

Scan alk. [mrm): 2.00

I
-
Scan StEp [mm] DEDD

Diglectic epsr. 1

Ground plane at z=0

The near-field simulation may concern the total magnetic and
electric fields Htotal and Etotal, and also one of their components
in cartesian coordinate system (along x, y and z axis).

The scan altitude may be changed. Click again “Simul. Scan” to
recompute the new scan.

The frequencies of interest may also be changed: the min and
max frequencies are set and the number of frequency points.
Once the new frequency has been fixed, click “Simul. Scan”. The
new /(f) will serve for the scan simulation.

The scan step changes the computation step. As the scan area is
set to 150 mm per 150 mm, for a 0.5 mm scan step, near field is
computed at 90000 points.

An infinite perfect ground plane can be added below the IC at
Z=0. "Dielectric epsr" defines an overall insulator medium which
may affect electric field distribution.
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Input file Select the scan simulation file which include the current I(t) (*.txt)
for each current element associated to each “radiating

/| Simulate H field inductance” or “radiating interconnect” involved in the scan

Simulate E field simulation and the voltages at each terminals of inductances.
] Check the box “Simulate H field” and “Simulate E field” to enable
Use file either H field or E field simulation.

[:MU=zershadmin_aboyerhale |_|

Select the E or H field component to display (x,y,z, tangential and

Dizplay:

pay total field component) at the frequency given in the field "Freq
Hy [dBi/m) v (MHz)". Magnetic fields are plotted in dBA/m and electric field in

Freq [MHz): 2.260 - |9BV/m.
Add a measured scan. Three ways to described measured scans
g are supported by IC-EMC:
< Add Measured Scan 1. The proposed standard format in XML (.XML)
2. Abasic text file containing a XY array of near-field
values (.xy)

See Chapter VI for more details about these formats

1V.6.4.2 Scan Difference
Several scans can be compared using embedded mathematical operations in the “Display”
list in the "Parameters” menu. The results shown below concerns the subtraction of two
magnetic field scans, one from simulation and one from measurements. The steps are as
follows:

The first scan is loaded and stored in memory (Button “Memory”)

2. The second scan is loaded. By a click on “Active-Memory (abs)”, the absolute
difference between the active XML scan and the memorized scan appear. The

formulation is as follows, for each [x,y] point.
differencel x, y| = active[ x, y] — memory[x, y]

3. An alternative subtraction may be performed based on weighted difference. The
algorithm is as follows:

weight[x, y | = (max(active| x, y], memory[ x, y]) — dB min) /(dB max— dB min)

result[x, y] = weight| x, y].difference| x, y]|

Where
dBmin is the minimum value of the active scan data

dBmax is the maximum value of the active scan data.

1V.6.4.3 Other features
* You may add radiating elements using the right button of the mouse.

=  When clicking on the [X,y] plane, the value in dBuV at the cursor location is added to the
picture

= In the “Current” sub-menu, you may observe the time-domain and frequency domain of the
current for each declared current element
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The scan may be configured using a text placed anywhere in the design, starting by keyword
*SCAN’. The format of this line is: ".SCAN step start_freq stop_freq freq_nb scan_alt
dipole_alt". The six parameters that can be listed are given below (Figure 4- 22).

Scan step (1e-3), start frequency
(100 MHz), stop frequency (200

-scan 0.5e-3 168 2e8 2 3.5e- MHz), number of frequency points

.SCAN ||Scan configuration

31.2e-3 .
(2), scan altitude (3.5 mm) and
dipole altitude (1.2 mm)
Observation
Radiating current point
element '
\ i Scan altitude
Dipole altitude i |
\Vi \Vi

Figure 4- 22: The radiating element, its altitude and the scan altitude

IV.6.5 Susceptibility dBm vs. Frequency

The command “EMC > Susceptibility dBm vs. Frequency” gives access to a screen
dedicated to susceptibility simulation control and susceptibility level extraction. A detailed
example is given in part I1.4. Figure 4- 23 presents the user interface of this tool, composed
of two screens:

the left part is dedicated to the control of the susceptibility simulation (parameters of the RFI
source, definition of the susceptibility criterion, parameters of susceptibility threshold
extraction). This screen proposes three tabs corresponding to the two simulation modes:
"Manual", "Automatic" and "List". The difference between these modes is linked to the
frequency sweep.

the right part plots either the transient profile of the signal used as susceptibility criterion, or
the extracted susceptibility threshold, given in term of dBm vs. frequency.
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> Generate Spice |
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=
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=

After time [ns]: 10000

Simulation Control File .
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45 |m Get Power

Limit not reached

Fail information
Fifi=100 MHz
Vaoltage unknown
Power unknown
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Automatic Mode | List tode| [ : ; i —— Sinulation Cove ] £ FMH)  wat  dBm |
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FreqMin MHz) 4 H - i g ..............
Freq Mas () 2z omr 122
reqMariMHal 7gg o
Step g 37 0oz 1Em
O Linesr Pl per dacads 2| .4 P
@Llog | o0 | WP i El
£ 12 E| &1 0093 1966
Amplitude sweep
Urit Aumpl Min [dEm) g 73
5
B Votags | L0 il a5 01 2208
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| Selected signal:Node 10

0 pairts

L\ =

Figure 4- 23: The immunity simulation screen

First, configure the RFI and the SPICE simulation. Then generate the SPICE netlist and
launch the SPICE transient simulation. At the end of the simulation, configure the
susceptibility criterion and extract the susceptibility threshold.

1V.6.5.1 Control Buttons

Buttons

Description

Manual Mode | Automatic Mo * | -

RFl zource parameters

Freq (MHz] : 1.00

1Y)

Imit. Yaltage [ 0

Fin. “altage [v); 10

Control of the RFI source in Manual mode. Set the frequency of the RFI
source, the start and stop amplitude of the RFI source. The amplitude
can be defined in term of voltage (V) or power (dBm) depending on the
option “Unit”.

The voltage defines the amplitude of the voltage source included in the
RFI source, so that it does not define the output voltage of the RFI
source.

The power defines the maximum available of the RFI source. It
represents the power provided by the source to a matched load.

Frequency sweep
Freq Min [MHz) 1
Freq Max [MHz) 110
Step
@ Linear Step number
Log 10
Amplitude zweep _
it Ampl Min [V
@ Voltage
Armpl Max [W)
Power 10

Control of the RFI source in Automatic mode. This screen is split in two
parts: Frequency sweep and Amplitude Sweep. First, set the frequency
range of the RFI source: the start and stop frequency and the number of
frequency points. The frequency sweep is linear. Then, set the the start
and stop amplitude of the RFI source. The amplitude can be defined in
term of voltage (V) or power (dBm) depending on the option “Unit”.

The voltage defines the amplitude of the voltage source included in the
RFI source, so that it does not define the output voltage of the RFI
source.

The power defines the maximum available of the RFI source. It
represents the power provided by the source to a matched load.
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Automatic Mode  List Mode | 1 I PI

File: name

SList_RFI_dpi_3300hm_1% st _I

Control of the RFI source in List mode. All the configuration of RFI
source, the transient simulation duration and the susceptibility voltage
criterion for the different RFI frequencies are defined in a tabulated text
file. See immunity\dpi330ohm \List_RFI_dpi_330ohm_1V.ixt as
example.

Simulation length
@ Fixedto 10 Lz

Alwayz 100 periods

Configuration of the SPICE transient simulation. The simulation length is
set in term of time (case “Fixed t0”) or RFI periods (case “Always”). This
second option is adapted in automatic simulation mode when the
simulation covers a large frequency range. If a fixed simulation duration
is used for every frequency, this duration can be too short for low
frequencies and too large for high frequencies.

Click on the button “Generate Spice” to build the SPICE netlist of the
susceptibility simulation.

Failure Criterion

e 9 ) BB D
WA

Jp. Wolt. Limit Lo, ol Lirnit
Ll [l
0360 = 0360 =
After time [ng]: 10.000

Configuration of failure detection. During RFI injection, a failure is
associated to an abnormal state of a monitored signal. A mask is
defined around this signal to detect a failure. The buttons HeleB
defines upper, lower and upper&lower voltage limits for the monitored
signal. These detection modes are suitable when a signal must not
exceed a given voltage or remain in a given range.

The button proposes a more complex detection, where both the
amplitude and the period of the monitored signal must not deviate too
much from those of a reference signal. It is necessary to define a mask
around a reference signal with predefined amplitude and time margins.
They can be defined in menu "Tools > Mask generator".

Sirnulation Contral File
RFlcontrol_dpi_330ohms_Tv_ |

This field appears only in automatic mode to import simulation result
files. WinSPICE exports transient simulation results in .ixt file for each
frequency of the RFI. In automatic mode, a large number of .ixt files are
generated. A simulation control file .ctl is used to locate all the
simulation result .txt files.

Poweer lirnit [dBm]

30 m Get Power

The field “Power limit (dBm)” set a default power value if the failure
criterion is not detected during a transient simulation. If the simulation is
compared to a susceptibility measurement, this limit should be equal to
the power limit in measurement, due to the limitation of the power
amplifier.

Click on the button “Get Power” to extract the susceptibility threshold.
On the right screen, the transient profile is plotted to show the time when
the failure is detected.

rFail informatio
T=26.30ns
W=3 326 W
Fforward=26.275 dBm [424.154 mi

Add Forward Power |

Fraactecs T AR e S8 E g
Flranaaitesss 3 168 oo ST AR

Information of susceptibility threshold extraction process is indicated
here. In manual mode, the time, the voltage, the forward, reflected and
transmitted power when the failure appears is written. In automatic
mode, the same information is written but only for the last frequency
point.

Click on the button “Add Forward Power” to add a new point to the
susceptibility threshold in Manual mode, or to plot the extracted
susceptibility threshold in Automatic mode.

Click on the button “Save” on the right screen to save the extracted
forward power. Click on the button “Add Meas.” to add a measurement.
Measurements of susceptibility threshold are imported in .tab file (see
Appendix A).

h_]]@ Add Meaf‘

Click on "Add Meas." button to display an immunity measurement
results in a .tab text file. The file must contain one column with
frequency and at least one column with the power required to induce a
failure.

]‘]J'LE Save

Click on "Save" button to save immunity simulation results in a text file
(.txt, .tab).
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IV.6.6 Voltage Versus Time

The command “EMC > Voltage vs. Time” gives access to the time-domain waveform of the
signal under investigation (Fig. Figure 4- 24). Simulation and measurement files are selected

by clicking on L in "Simulation Data" or "Measurement Data". Select the simulated or
measured signal in the fields "Signals" and then click on the buttons "Add Simu" or "Add

Meas" to plot it.

The X axis (time) and Y axis (volt) may be modified using the icons in the tab "Display”. Click
on the button "Auto Fit" to adjust the scale to include all the waveform, or define your own
boundaries to zoom at a particular place. Click “FFT” to display the frequency-domain aspect
of the wave, and “Spectrogram” to display the short-term FFT. Several properties of the
signal can be analyzed depending on the quantity selected in the box "Quantity". Several
quantities are related to each signal: amplitude, period, frequency, rise/fall time, jitter, duty
cycle. Either their time-domain evolution or their statistical distribution can be plotted
depending on the selected options in "Display mode". Part 1V.6.6.2 describes the proposed

analyses.
Simulation result file

(.txt / .raw)
E4 Transien t analysis — ) - h - (=) {-E:d/
................... SereClSImMuSignartoprot Simulation Data i
£ 4 /’f\‘\ —iSim vlfl \’\ \ é D\A_ls;s\adm:n_ahwe.\a!{‘ Add simu. V(t)
) o |\ & RV r
| | | \Skipinitial period ~ _[z * = - B ]
| J | | \ [ T > 0 Meas. result file
150 1 1 R | =i
i i Select meas. signal t/o lot Mol L “tran
i ymegs. signal to plot ——7[ftran)

| | Signals: ”
[ | | NS - [Beam 1 Add meas. V(t)

| \ |
| Select di;d

| \ | L
| i | J‘ =

[ ‘ Statistics
Signal Avg. Stdc ~

Sim.-v4) | 0183 1.01
|

3ve. i
playea-signaits il

f-Disp
| StE{tiStiCS‘ \ _Save displayed

1 L _gurves
Clear.graph b ﬁ
% g ’ ! “-—}' Clear graph | B saveliaph

1 / /i e——
Open Em ssionTm[sl )/,J)“‘Lij ‘m

050 f I
/ | \ /

—

o e window jom t )X Close | ~~—
Select SIEHIIBVI Sgnal; vid) - — S Store 243 Points. Op en SpECt rogra m
Close window window

Figure 4- 24:Time-domain profile of the signal under investigation
(case_study\s12x\s12x_RFI_pt3_iosupply_tran.sch)

1V.6.6.1 Control Buttons

Buttons Description
Select simulation file result with button [=], select the signal to be

D\ sershadmin_aboyerales ||:| displayed in the box "Signals". Click on the button "Add Simu" to plot it.
' - — = Remove the initial period of the signal with the field "Skip (ns)".

Signals: -——
w[4] v | [ Add Simu

Skip[hzl: 0O

Simulation Data
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b eazurement Data

i

Select measurement file result with button =], select the signal to be
displayed in the box "Signals". Click on the button "Add Meas" to plot it.
Measurement file can be in .tran format.

Signals: 5
+ || Add Mea
l 1 Clear g[aph‘ Clear the graph. All the displayed curves are removed.
[HTQ.;. Save graph Save the displayed curves in a text file.
| m FFT | | ! Specgram Display the FFT or the short-term FFT (spectrogram) of the signal.

. Several quantities are related to each signal: amplitude, period,
Huantity frequency, rise/fall time, phase/period/cycle-to-cycle jitter, duty cycle.
Amplitude ¥ | Select the quantity of both simulated and measured signals to be

displayed.
Diisplay mode Display mode selection. If the option "Time domain" is selected, the

@ Time domain

1 Probability denzity function

evolution in time domain of the selected quantity is plotted. If the option
"Probability density function” is selected, the statistical distribution of the
selected quantity is plotted.

Statistics The table "Statistics" summarizes the statistical properties of the
Signal b, Stdc * displayed quantities (average value, standard deviation, min. and max.
values, number of occurrences).
Sim. -v(4) 0,183 1.0M
4 r
¥ awis Y i Adjust X and Y axis settings.
- [ElE =
w8 E/E| =
From [=] : Mir [ :
0 -1.00
Tolz]: b as [
100.00n 2,00
Zoom; Zoom options and auto-fit of the graph.

e\ Q\ Auto Fit

Dizplaved curves

Murmnber M ame

1 Simn. - w4

-

(@ 1] [ @ 2] | P Remove |

List of displayed signals. Selection of curves to be stored (in memory 1
or 2) or removed.
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Show
| Simulation curves E

Show or hide simulation, measurement or stored (memo.) curves.

o | Meazurement curves @

o | Memo curve 1

o | Memo curve 2

1V.6.6.2 Signal analysis
The following quantity of a signal can be extracted:

amplitude (the default quantity when the tool is opened)
period and frequency

rise and fall time

duty cycle

phase jitter, period jitter and cycle-to-cycle (C2C) jitter

The tool offers two types of signal representation:

Time domain: the transient evolution of the signal's quantity is displayed. This mode is
interesting to track the evolution of one characteristic of a signal. For example, Figure 4- 25-
top shows the evolution of output voltage of an inverter whose power supply is noisy. In the
box quantity, select "Period" to plot the evolution of the period of the output signal of the
inverter. The result shows that the period is not constant due to power supply voltage
fluctuations.

Probability density function: the statistical distribution of the signal's quantity is displayed.
For example, the histogram shown in Figure 4- 26 describes the statistical distribution of the
output voltage of a noisy inverter. The histogram gives the probability density function of a
random variable, which is the output voltage here. The table "Statistical properties" provides
the minimum, maximum and average values, the standard deviation of this random variable
and the number of occurrences used to extract this histogram.
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R e e e e i e
Amplitude V)

e Sim-u5)

Time [z)

TIIT\:E (5]

o 500,000 ‘100,001 1 500 2.00u 2504 300u 3504 4000 450 5

play | Parameters

o @

2 Skip[nsk q

Simulation D ata
leghtransientinoisy_inverter bt l_]

Signals:
(5] -

Meazurement Data

Signals: 5
v | [P Add Mea

Digplay mode

@ Time domain

7 Probability density function

Quantity

Amplitude %

Sitatistics

[ Giga | g Stdc *
Sim.-w[B) 1127 T,'IS\i"!
il ’

| 1 Clear graph| Im Save graph|

| U,L FFT | | ! Specgram |

0 50.00n 100,000 150.00n 200,000 250.00n 300,000 350,000 X Close
e P e S R g SimsionDats
! Period is) ' ' : : : : ——- Sim.-v[3) B alesiransientnoisy_invertert4 . | |
: F Signals -
~ 8 + [Buc g sima
=
g Skip [ns]: 1)

Messurement Data

&

Signals:

- s |

Display mods

® Time domain
(1 Probability density function

Quantity
Period

4

Statistics

Signal Ay,

Sim -5 | S0.008n

I 1 Ciear graph] I[m Save graph]
[l Fer ” B specam

Close

Figure 4- 25: Output voltage of a noisy inverter (top), and tracking of the period of its output signal

(bottom) (\examples\transient\noisy inverter.sch)
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Simulation Data

@ Frobabilty dersity function
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‘ | ¥ Close
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Figure 4- 26: Statistical distribution of the amplitude of the output voltage of a noisy inverter

(\examplesl\transient\noisy _inverter.sch)

IV.6.7 Impedance vs. Frequency

The command "EMC > Impedance vs. Frequency" gives access to a specific screen for
comparing measured and simulated impedance versus frequency. The simulation file is the
result of a small-signal frequency-domain simulation (AC simulation) controlled by a single Z
probe placed on one port of the device under test. For multiport analysis, refer to S

parameter analysis (part 1V.6.8).

Figure 4- 27 shows the screen “Impedance vs. Frequency”. The simulation of the impedance
are compared with a

measurement results. The X and Y axis may be modified using the icons situated on the top-

seen between power supply and ground pins of a microcontroller

left corner of the screen.
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=l

£8 Y sis parameters—

Elgl 58

—+ Simu Impedance_c51_supply.tit
= supply_impedance.s5i

g
D
:

H-H

nooo

*f fom [cB): [-20.00
s par.

10.00

| mise | Deta | Frea | Time o

SPICE sim: [Dralestic-eme_ -~

J L= 2
100 | specae 1 s
i, Ade Mea% T8 save
I, Envelop|  3€ Close
Frequency(Hz)
010 i
MM e 10M 20M  3M_ s0M T00M 200M 300M_SO00M 16 %

mpedance Z(f)

[Loaded 1601 points from "Dalexc-eme_sources|Export_IC-EMC_2vS|icemelIc-eme_master_V2_Stsyster|basiclimpedance|c51_supply_im

Figure 4- 27: The Z(f) screen with frequency-domain simulations
(\examples\impedance\lmpedance_c51_supply.sch) compared to measurements
(\examples\impedance\c51_supply_impedance.s50)

1V.6.7.1 Control buttons

Buttons

Description

SPICE simu: Di\Usershadmin, |-+

Select simulation file result with button [=-]. Only one simulation curve is
plotted.

|&£ Add Meas

Select measurement file and plot measured impedance profile in
frequency domain. Input file are in .z, .s50 and .s1p format.

1
= Clear

Clear the graph. All the displayed curves are removed.

| I]JTJE Save

Save the displayed curves in a text file.

ek

Store simulation and measurement curves (Memo1 and Memo2)

Y Az parameters

EE ES

Y from [dB];  -20.00

¥ amiz parameters

(o) (L) (171 (T

Adjust X and Y axis settings.

£ | Peaks |

&dd R -

Walue: 500

Plat Z[f)
Ingert Symbol

Plot the impedance profile of ideal passive device (seect Add, select
device, fill "Value" and click on "Plot Z(f)". A component can be placed
on schematic by clicking on the button "Insert Symbol".

153




AAl
¥

IV. Description of the menus

Digplay Show or hide simulation, measurement or stored (memo.) curves.

| Simulation curve

® @
e

Measure curve

Memo curve 1

(=]

| Memo curve 2

Fedraw

IV.6.8 S parameter analysis

The command "EMC > S parameters" @& opens a specific screen for comparison measured
and simulated S parameters. The simulation result file is the result of an AC simulation where
one or more ports have been defined. They can be converted in Z parameters. The S
parameters between each of these ports are computed at each frequency defined by the AC
simulation. S parameter simulations and measurements are limited to 4 active ports and
4000 frequency points. By default, single-ended port representation of S or Z parameters are
used, i.e. forward and backward waves at each port are defined between a terminal and a
common reference. For problems where common-mode and differential mode
characterization is necessary , it can be convenient to use a mixed-mode representation. The
reader can refer to [Boc95] for more information about mixed-mode S or Z parameters and
conversion formula between single-ended and mixed-mode S or Z parameters. Mixed-mode
representation is proposed only for 2 or 4-port models or measurements.

The simulation results are written in several .ixt files associated to a given S parameter (for
example S11_file_name.txt). The parameters of the simulation and the result file names are
listed in a *.spc file. Figure 11-36 shows the screen “S Parameter Analysis”. The simulation
file is chosen in the field “Simulation Data Source”, the list of simulated S parameters
appears just above in the list “S parameter”. Different values associated to S parameter can
be selected in the list “Value”:

= Magnitude in linear scale “Mag (linear)”

= Magnitude in dB “Mag (dB)”

= Real part of the magnitude “Mag (real)”

= Imaginary part of the magnitude “Mag (imaginary)”
= Phase in degree “Phase (degree)”

= Phase in radian “Phase (radian)”

Click on button “Add” to display the selected S parameter in the chosen format. The S
parameter can be converted in terms of Z parameter by clicking in the checkbox “Z” in the
“Conversion” field. X and Y axes can be set in linear or logarithmic format. S parameters can
be displayed in a Cartesian graph (Amplitude vs. Frequency) or in a Smith chart.

Measurements can be imported in the field “S Parameter Measurement” in order to compare
with simulation results. The S parameter data files are Touchstone file “*.snp”, where n is the
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number of port. See Appendix A for more information about Touchstone file format. Click on
the button “Add Meas.” to display the measurement results and compare them to simulation
results. Click on the button “Save” to export simulation results in a standard Touchstone file.

If you click directly on the screen, the corresponding coordinate appear on the screen. If the
curves are displayed in a Cartesian graph, the coordinates indicates the frequency and the
value of the point on which the user have clicked. If the curves are displayed in a Smith
chart, the frequency, the amplitude in linear and the phase in degree of the closest point of
the closest curves are returned.

E‘ S Parameter Analysis

B BN =

Mag (inear);

L _Simu. SRFLF Mag (linear)s
-Simu. SRFOUT Mag {linear

Lo

.|_.

] Simulation D ata Source
o \Users\adm\n_aboyer\aleH_DELL_u

[: S parameter Format
__ SRFOUT +  Magllinear] -

| e Add Simu | | ESaveSimu|
S Parameter Measurement -

S parameter Format
- Mag linear]

| % Add Meas | | E Save Meas|

3—- Digplay
v 1 @ Cartesian
Srmith Chart

; 1 conversion

| @5

ez

| % Awis

+ | F min [MHz) F max [MHz]
1101 3000

_id [V Lag

T Buis

e min 't max

':“' 0.0m 1

V] Log

; | @ Rediaw | | 1 Qe |

| I : I 1 x Close

Gpes b b iiiliHEen 1]

D:\Users\admin_aboyer\alex_DELL_09122013\ic-emc_sources\IC-EMC-2v3\examplesiemc_lib\3port_bias_tee.spc read: 9 5 parameters, 401 frequency points loaded.

Figure 4- 28: S parameter analysis user’s interface (\examples\EMC_lib\3port_bias_tee.sch)

1V.6.8.1 Control Buttons

Buttons

Description

“Simulation D ata Source—————————————

|I:uias_tee_'| B0K_2GHz spc

L

Import the S parameter simulation control file *.spc. If a schematic
corresponding to a S parameter simulation is opened, the
associated .spc file is opened.

S parameter
SRFRF

-

Format
Mag (linear)

-

| P £dd Simu | |E5av35imu|

Add a simulated S/Z parameter curve on the graph. Save all the
simulated S/Z parameters in a Touchstone *.snp file. The option
“Conversion” sets the format of the parameters to be saved (S, Z,
mixed-mode S or Z).

The box “S parameter” lists all the S parameters between the N
active ports defined in the schematic. The box “Format” lists the
different format proposed by IC-EMC to display the S parameters:
magnitude in linear or dB scale, real and imaginary part, phase in
degree or radian.

Drigplay
{* Cartesian

£~ Smith Chart

Display S parameters in a Cartesian graph or in a Smith chart.
Suppose that several curves are displayed in a Cartesian graph.
If you want to display curves in a Smith chart, click on the box
“Smith Chart”, the previous curves are cleared. Then click on the
button “Add” to display new curves in a Smith chart.
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Conversion Display simulated and measurement results in single-ended S or
@ 5 (7 Mized-mode 5 Z parameter format (box "S" or" Z"), or in mixed-mode S or Z
Az ) Mired-moda 2 parameter format.
A X and Y axes settings. The default settings are computed to

F rain [MHz] F rnax [fHz] display all the curves.

0.1 2000

¥ Log
=t A

it ' max

90 |0

[T Log

@ Redraw

Redraw all the curves after a change of axes settings.

S Parameter Measurement

™

Add S parameter measurement results on the graph. the format
of measurement is Touchstone file *.snp. Choose the
measurement file, then choose the S parameter to display and its

5 parameter Format format and click “Add Meas” to display the measurement.
- Mag linear] = | Click on the button "Save Meas." to save the measurement
= results in the format displayed on the screen.
| [& Add Meas | E Save Meas
1 Clear all the graphes.
= Clear

IV.6.9 Parametric analysis

The command “EMC > Parametric analysis” e, opens a screen for the configuration of a

parametric analysis (Figure 4- 29).

g_ Parametric analysis _|EI ﬂ

Sirnulation profile

IUrUC-EMCﬁZvS\lcsmc\lc-Em:ﬁmasteLVZ;E\S}Islem\m\sc\rcﬁh\lerﬁuarametrlc par

SFICE simulation

I.AC DEC 101K 10MEG
Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5

¥ Enable [ Enable [~ Enable [~ Enable [~ Enable

Component Component Camponent Component Component

G =l jc1 =l JFi1 =l |Fi1 =l |G =l
Parameter Parameter Parameter Parameter Parameter

Ileslslance j Icapacltance j IrEs\stance j Irsslslaﬂce j Ireslslance j
Start Stop Start Stop Start Stop Start Stop Start Stop
o [k [100 [1000,

Sweep type Stey Sweep lype Point number|  Sweep lype Step Sweep lype Step Sweep type Step
ILim Sweep - Step 'I 10K ILin Sweep - Mb j |1U ILin Sweep - Step j I IL\n Sweep - Step j I |L\n Sweep - Step j I

1 Generate SPICE |

E'& Display Results

x Close

Figure 4- 29: Parametric analysis configuration interface (examples\misci\rc_filter_parametric.sch and

examples\misci\rc_filter_parametric.par)
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The parametric analysis consists in sweeping one up to five parameters of the devices
inserted in the schematic (passive or active devices, sources, temperature, model
parameters included in a library file (*.lib)). Select the option “Enable” to activate a
parameter, select one component in the field ‘Component’ (e.g. the resistance R1 of the
schematic ‘misc\rc_filter_parametric.sch’ as shown in Figure 4- 30) and one of its property in
the field ‘Parameter’ (e.g. the resistance value). Then, define the sweeping with the start and
stop value, the type of sweep (Linear or logarithmic sweep, number of step (‘Point number’
field) or value of the step (‘Step’ Field)). Once all the parameters have been configured, click
on the button ‘Generate SPICE’. A simulation type has to be preconfigured or detailed in the
field ‘SPICE simulation’. Only AC, DC and transient simulation are supported. Although S
parameter, susceptibility, emission and near-field scan simulations rely on AC, DC or
transient simulations, they are not supported by the Parametric analysis tool.

The parametric analysis configuration is saved in a *.par file, defined in the field ‘Simulation
profile’. This file is required to find all the SPICE simulation result files corresponding to the
sweep of the parameters. Each time the button “Generate SPICE” is clicked, the *.par file is
updated. The name of the *.par must be the same as the schematic name (for example, for
the schematic called ‘misc\rc_filter_parametric.sch’, the configuration of the parametric
analysis is saved in the file ‘misc\rc_filter_parametric.par’). A pre-existing parametric analysis

file can be imported by clicking on the button ;l.

At the end of the SPICE simulation, click on the button ‘Display Results’ to plot the simulation
results vs. parameter values (Figure 4- 30). The parametric analysis configuration file *.par
can be loaded in the field ‘Simulation Data Source’. Select the different parameter values and
click on the buttons Add or Clear to add or remove simulation curves. The simulation curves
can be saved in a *.txt file. Measurement can be loaded in a *.tab format.
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Figure 4- 30: Plot of the results of Parametric analysis (examples\misc\rc_filter_parametric.par)
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IV.7 Detailed commands of Menu Tools

IV.7.1 ICEM Model Expert

Click “Tools > ICEM Model Expert” to access the interface reported below. This tool aims at
building a simple IC emission model according to ICEM standard [ICEM] from basic
information about the circuit. This type of analysis is particularly suited for evaluation of
emission at pre-design stage or when an existing circuit is not available physically.

RI=TE
rICtechnalogy————— [ Type of packag: —Performanct
The ‘default.tec’ technology file is set to i DIL "~ High perfarmancs [+2 in curent]
Techno : unknown technology  oFp (% Standard
Typ current : 1.00 mé,  PEA " Low power [/2 in curent]
Vg dtatay: WL e  BGA Add IEC §1967 heasurement setup|
Gate capa: 0.00fF & [None)
i
HEtEE 1 ohm serigs to ground
€ [sP " TEM cell model
riCp rComputed ICEM modet—————————————
Gates [K) Im Passive Distr. Network [PDN]

Supply inductance: IU.ZDD

C It 3 |1 50
LR On-chip decap (pF): |2250.D

Freq (MHz] 100 Decap Res. [Ohm) 0.43

Supply pairs: I‘IU— Block Capacitance [pF); W
Gate activity (%) : W Die-Ground Capa. [pF) W
IC: s (2] IW Internal Activity [I1A)

Curent peak (4): ID_2UU

Rise-Fall time [nz]:
Default Parameters I Update ICEM model I (e} I'I 0o
Update I

x Back to Editar

« Generate Madel

Figure 4- 31: The ICEM model generator and its user’s interface

On the left upper corner of the window, the default technological parameters are listed.
These parameters are provided in the configuration file “default.tec”, which is described in
part VI. The parameters worth of interest are:

= The typical switching current per gate (0.2 mA in 0.12 pm technology)
= The typical duration of the gate switching (50 ps in the above example)
= The default gate decoupling capacitance (5 fF)

The next menu, called “Type of package”, selects the family of package, which has a direct
impact on package inductance. The “performance” menu tunes the current peak (Ib) by
increasing the peak current by 100% in “high speed” mode as compared to standard mode.
In “low power” mode, the current is reduced by 50%.

In the lower left corner, several parameters that have a direct impact on the ICEM model are
given:

= The number of gates (20 Kgates by default)

= The core voltage (1.2 V by default in 0.12 um)

= The operating frequency (100 MHz by default)

= The supply pairs (Number of VDD/VSS pins, 10 by default)

= The % of switching activity in each active edge of the clock (10% by default)
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= The IC size in mm (10 x 10 mm by default)

The computation of the ICEM elements is performed using the approximations described in
Table 4- 3. The button “Update ICEM Model” updates the proposed values for the Passive
Distribution Network and the Internal Activity. The button “Generate Model” creates a simple
schematic diagram from these parameters.

You may also add:

* A 1-Q serial resistance on the ground path, associated with 50-Q adaptation as defined in the

IEC standard “1/150Q conducted measurement method”. A probe is placed at the location of
the measurement system, usually a spectrum analyzer.

* A capacitance/inductance coupling with the septum of the TEM cell, associated with 50-Q
terminations, as defined in IEC standard “TEM radiated measurement method”. A probe is
placed at the location of the measurement system, usually a spectrum analyzer.
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Ldie_vdd = sqrt(icSurface) *inductanceFactor;
Rdie_vdd = sqrt(icSurface) *resistanceFactor;

The serial inductance and resistance values are proportional to
the width of the die. The factors are around 0.1, if the IC size in
in mm.

imax=icPerfo*Gates*typ_current*
Gate_Activity/spreadFactor;

The peak current of the source Ib is computed using several
parameters: the spread factor is around 10; icPerfo is equal to
2 for high performance, 1 for standard and 0.5 for low power
option.

tr := typ_Delay*SpreadFactor;

The rise and fall time of the current source is multiplied by the
spread factor.

Lpack_vdd :=L_package/SupplyPairs;

The serial inductance is divided by the number of pairs. The
inductance per pin depends on the package technology (15 nH
for DIL down to 1nH for CSP).

Cd := Gate_Capa*Gates+

The decoupling capacitance is the sum of the gate capa, the lo

icSupplyPairs*ioCapa+ capa and the die surface capacitance.
icSurface*SurfaceCapa;
Cb := Cd/10 The local block capacitance Cb is 10 times lower than the total

capacitance

defaultRed = 1.0; // (Ohm)
Decap_Res := defaultRcd/In(icSupplyPairs)

A parasitic serial resistance is added to the decoupling
capacitance to account for interconnect access to physical
resistance.

Cdg:= eps0*icSurface*packEpsr /icAltitude;

The die-to-ground capacitance is computed using a simple
surface capacitance formulation, given physical parameters
such as the surface of the die, the relative permittivity of the
package and the IC altitude to ground.

CxFactor = 1fF/mm?;
Cx:= CxFactor*icSurface;

For TEM cell coupling, we use a value Cx which accounts for
the coupling between the silicon die and the septum plate,
which is the order of 1fF/mm?

Table 4- 3: Algorithm for ICEM model automatic generation

IV.7.2 PWL Source Generator

The Piece-Wise-Linear source generator ("Tools — PWL Source Generator") is a convenient
way to build an arbitrary input waveform included in a voltage or current source for
simulation. A powerful mathematical set of routines enables to describe virtually any
waveform and transform it into a series of (Time,Voltage) points. Predefined waveform
descriptions are proposed in the menu on the left ("Select the mathematical operation” part),
based on a reduced set of parameters listed in the middle part ("Parameters"). The user can
also manually edit the equation in order to obtain its own waveform.

Click on the button ' Generate PWL 4 verify the correctness of the mathematical expression
and visualize the waveform profile in time domain (screen on the right). The output of this
tool is a text file that is compatible with SPICE PWL source description. The path of the text

file must be specified in the field "File name". Click on the button [EE SavePWL 15 select the
output file and save the PWL points.
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E‘ Signal Generator

Select the mathematical operation

sinus atfrequency fl

white noise amplitude A

gaussian noise amplitude A

radar impulse frequency f1. duration T
sinus atfrequency {1 x sinus 10.7MHz
expanent (-4T)

Ultra-wide-band pulse rise 0.15ns, fall T
Electromagnetic pulse rise Tns, fall T
FPasitive value of sinus at frequency {1
Fandaom kit stream (FRES)

Triangle wawveform at frequency fl

Lin

Spread Spectrum Frequency Modulation
Triangular pulse with random amplitude

| 0
Farameters
Samples: 999
Step (ns) 1.0
Frequency (kHz) : 5
Amplitude () 1.0
Offset () : ]

1.0000"hershey(5.0000™1e6)

FWL signal generated.

Filename  pwlixt

| +%, Generate PAWL

[rf,E SavePywWl |

A Close |

Figure 4- 32: PWL generator example

An example of output TXT file ("PWL.TXT" by default) is given below:

* PWL description for 1.0000*exp(-t*/0.15e-9)-exp(-t*/100.0000e-9)
+(0.0NS 0.0000 1.0NS -0.9888 2.0NS -0.9802 3.0NS -0.9704 4.0NS -
0.9608 5.0NS -0.9512 6.0NS -0.9418 7.0NS -0.9324 8.0NS -0.9231
+9.0NS -0.9139 10.0NS -0.9048 11.0NS -0.8958 12.0NS -0.8869 13.0NS
-0.8781 14.0NS -0.8694 15.0NS -0.8607 16.0NS -0.8521

Number of samples and step of the PWL description are given by the fields “Samples” and

“Step (ns)”.

1V.7.2.1 Mathematical functions

Function Description

Abs Absolute value

Arcos Invert cosine

Arcsin Invert sinus

Arctan Invert tangent

Abs Absolute value

Avg Average of the signal

Cos Cosine

CosH Hyperbolic Cosine

Exp Exponent

Gauss Gaussian noise; the parameter is the variance

Int Integral

Logic Random logic value between VDD and VSS, changed at period given as a
parameter.

Norm Normal distribution

Pi 3.1415927

P2 2*pi

Pos Positive value of the signal

RMS Root mean square

Sin Sinus

SinH Hyperbolic Sinus

Sqr Square
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Sqrt Square root

White White noise; the parameter is the amplitude
t Time in seconds

Tan Tangent

Vdd Voltage supply; given in the technology file
X Time in seconds

IV.7.2.2 Function Examples

A user’s defined equation may be entered to create virtually any type of waveform. Examples
are given below. The full list of functions is reported in Table 4- 4.

Function declaration Function description

10.0%sin(2*pi*100e6™t) 100 MHz sinusoidal wave, 10 V amplitude

white(3.0000) White noise, amplitude 3 V

gauss(1.0000) Gaussian noise, amplitude 3 V

10*exp(-sqr((t-100e-9)/100e-9))*sin(2*pi*1°9*t) Radar pulse at 1 GHz, starting at 100 ns, 10 V
amplitude

100*(exp(-t*/100.0e-9)-exp(-t*/0.15e-9)) Ultra-wide band pulse, 100 V amplitude (double
exp)

Table 4- 4: Examples of function declaration

IV.7.3 Mask generator

The tool "Tools > Mask generator" aims at defining masks for failure detection during
susceptibility simulation. A mask consists of an upper and lower limits defined around a
reference signal, which is the response of a circuit under test in nominal regime. The
distance between limits and the reference signal depends on amplitude and time margins
predefined by the user. During a susceptibility simulation, each time the deviation between
the response of the circuit under test in susceptibility test and its nominal response is larger
than these margins, a failure will be detected during the susceptibility simulation.

Figure 4- 33 presents an example of a digital signal that switches periodically from a '0' to '1'
level. It is the reference signal, imported by clicking on the button L), 1ts amplitude is 2.5 V
and its period is equal to 50 ns. Two types of failure may arise: an excessive amplitude
deviation or transition time shift. In both cases, these signal distortions may lead to incorrect
bit detection. A common detection method consists in deriving a mask whose upper and
lower bounds are built from a reference signal plus or minus amplitude and time margins. If
the monitored signal goes outside the mask when electromagnetic disturbance is injected,
then a failure is detected.

The parameters to build the mask are:

= skip (ns): define the start time of the mask. It may start at t > 0 to avoid initial transient events
on the reference signal which may produce false detection of failures.

= Time margin (ns): the maximum allowed period change. In this example, the time margin is
set to 5 ns, i.e. +/- 10 % of the reference signal period.

= Voltage margin (mV): the maximum allowed voltage change. In this example, the voltage
margin is set to 250 mV, i.e. +/- 10 % of the reference signal amplitude.
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5 250 i i
i

l%mmk] ‘ !daarnask"!i

BT

| [£® save mask

Figure 4- 33: Generation of a mask for failure detection during susceptibility simulation

Click on the button [ Savemask 1 save the mask upper and lower bounds in a text file. This
file will be imported during susceptibility simulation to detect failure, as explained in part
IV.6.5.

IV.7.4 Advanced Spice & lbis
The command “Tools > Advanced Spice & Ibis” is based on the IBIS data loaded in the
schematic editor (see command "File > Load lbis File"). It may be used to:

= Generate a symbol including the pin list and package shape (Physical Symbol)

= Evaluate the R,L,C values for each pin of the package based on physical estimation of the
package lead length and bonding length (R,L,C distribution)

= Evaluate the mutual coupling (Mutual Coupling)

=  Generate advanced IBIS netlist including accurate evaluations of packge and lead elements
(IBIS netlist)

= Generate sub-circuit containing all R,L.,C sub-elements in a Spice-compatible format (Spice
Netlist).

Notice that the parameters displayed in the menu are issued from hidden IBIS parameters
related to the physical dimensions of the IC, the package cavity and package size. An
example of package model extraction is given in 111.9.3.
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Ed Advanced SPICE and IBIS o 0 [
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Figure 4- 34: the user’s interface for the Advanced Spice and Ibis Information

IV.7.5 3D-Package Viewer

The package viewer is based on IBIS information of the integrated circuit. Use the command
“Tools > 3D-Package Viewer” to display the 3D aspect of the package, including the 10s, IC
location and lead-frame structure. When the 3D-package viewer is launched, the tool asks
for a IBIS file. The “Demo” button displays the IC in 3D with varying observation angles.

Use the X, Y, Z to move the viewer’s position in 3D and the light position cursor to change
the rendering. The package color and the IC colors are user accessible. The color code for
pins is as follows:

= Supply balls are in red (VDD, VCC)
=  Ground balls are in blue (GND, VSS)
= [/O balls are in yellow

= Non-connected balls are in Gray
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3D package Viewer - bgab4.ios T - . T

Information

Ibis information -
>pingx 8 [ I
>pins' 8 o
> 105 B4

> IC width: 7.40mm

E I FR—T—

Light posiion
s o

7] Dt NE pins

[ Draw bondings

] Draw full package [}

[V Draw I© E
ald Elactrical Information
[Noelectical info] =
Scale ﬂ
Locate
NE_AT =
Select pins
- @
Select diss
Al dies -
Action

Figure 4- 35: the 3D-package viewer (examples\ibis\bga64.ibs)

IV.7.6 Advanced Package Model

The command “Tools > Advanced Packaged Model” opens a tool that generates
automatically realistic model of package and compute electrical parasitic elements (R, L, C).
An example is provided in part 111.9.3.2. The tool supports several types of packages:

Dual In Line (DIL), Small Outline Package (SOP): pins placed on both opposite sides of the
package. The tool builds automatically a realistic geometrical model from mechanical
information.

Quad Flat Package (QFP): pins placed on all the four side of the package. The tool builds
automatically a realistic geometrical model from mechanical information.

Ball Grid Array (BGA): this type of package is quite complex because the internal
redistribution tracks can be placed on several layer. Thus, an automatic geometrical model is
not possible. IC-EMC proposes a 3D interface to build the geometrical model, starting from
mechanical information.

The interface is composed of three tabs:

Package generation: the first interface dedicated to the generation or the import of the
geometric model of the package. Several mechanical information are required to produce the
package model. Appendix H gives details of geometrical parameters. A *.geo file is generated
at the end of the package definition, when the button “Generate Geo Model” is clicked. This
file contains the geometrical information. If the *.geo file already exists, this file can be
directly imported by clicking the button “Import Geo Model”. When this tool is opened, only
this tab is visible. The two other tabs become visible when a new *.geo has been generated or
when a valid *.geo has been imported. Figure 4- 36 presents the first tab dedicated to package
model definition.
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Figure 4- 36: Definition of package model, generation of .geo file

Model viewer: after a *.geo file has been generated or imported, this tab appears to view a 3D
picture of the reconstructed package, as shown on Figure 4- 37.

Compute parasitics: this tab is dedicated to the extraction of parasitic resistance, inductance
and capacitor of each individual pin of the package. The computation of electrical elements is
based on a geometry meshing and a PEEC method. More details can be found in appendix H.
Figure 4- 38 details the computation interface. First, configure the electrical parameter of the
computation: dielectric constant, perfect ground plane presence, frequency, conductivity.
Then, select the electrical parameters that you want to extract and finally click on the button
“Click” to launch the computation. The simulation duration depends on the size of the package
and the number of pins. Resistance extraction is very fast, while inductance and capacitor
extraction take a longer time. A progression bar indicates the status of the simulation. At the
end of the simulation, you can display the simulation results on the screen on the right.
Simulation results for a package model saved as GEOname.geo are automatically exported in
files called GEOname.R, GEOname.L. or GEOname.C for resistor, inductor or capacitor
extraction respectively.
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3 Advanced Packaging Extraction
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Figure 4- 37: 3D view of the advanced package (examples\package\TQFP64.geo)
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Figure 4- 38: Interface for computation and display of package electrical parasitics
(examples\package\TQFP64.geo)

BGA packages are quite complex and the generation of this package type cannot be built
automatically. Therefore, when the user click on the button “Generate .geo Model” after
selecting “BGA*" in the field Package Type and typing package mechanical information, a
special interface is opened to help user to build a custom geometrical model of a BGA
package.

IV.7.7 Interconnect Parameters

The "Tools > Interconnect parameters" tool included in the Tool menu computes the R,L,C
parameters of an interconnect based on its physical dimensions. Analytical formulations are
used for these evaluations. An example is proposed in 111.9.1.

First, select the interconnect types by choosing the adequate cross section. Enter the
information about geometry and materials of the interconnect. Table 4- 5 lists the supported
line sections. Then, click on “Line Model y=f(x)” to apply analytical formulations to compute
the different electrical parameters of the interconnect (resistance, capacitance, inductance
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per unit length, characteristic impedance, skin effect, propagation delay, loss). Finally, an
SPICE equivalent model of the interconnect made of RLC cells can be automatically built.
Enter the limit frequency of validity of the model (field “Freq (GHz)”) and click on the button
“SPICE Model”. Automatically, the equivalent SPICE schematic is displayed on the main
screen of IC-EMC. You can also give geometrical coordinates to inductances of
interconnects to perform near field emission simulations, by selecting the option “Near field

analysis”.

3D view of the selected

Select interconnect cross-section

Max. freq. of the

interconnect interconnect model
/ A
‘ﬂsfm_""“_“’ﬂ_’ﬂ'"e_‘m_ __________ .,/ e -|~—E'—|§'}‘§$

I I} LUine parameters
O It |
______________ ——————————— C11 = 630.338F (63.034 fF/mm)
Mioao I 1
Widh fw} 100 o Computed electrica
Thickness( 003 I L 5107k 05)AHmm). charactdristics of th
0,150 interconnect
Heigth [h} 0.200 i
Length (L} 10,000 Ry~ 0.04302 (0.005 Q) | Dump Rlf) |
Geometrical kin depti® (1,00 GHz) = 0.0021 mm
dimensions Rac (1.00 GHz) = 0.4120 (0,041 Q/mm) |
——— «  Cond. G [1.00 GHz) = 43.375 45 (4.338 pS/mm)
Dielectric Properties: Metal Properties: | "
[“air |(FR4)PTFE/SiD2)(5i3N4 [Coppec) Al [ Gold [ Turst] | ower |
Dielectic perm: Loss Tangent Conductivity (MS/m]: Freq[EHz] " Z0=8600 d
[150] advlaterial deseription 1.0
I- A S B B D e e e e e w—w—w— — I 1 I
SPICE Model Generation] »  Propag. velocily v = 168420 kim/s
1 pag. y d
i - Include losses | Output SPICE model | Propag delay Td = 59.375 ps 5.8 ps/mm) |
i Neat field analysis 1 options o 1=A/10(f=1.00 GHz) = 16.84 mm
|| Create subcircuit
- o _I B S o000 s 4
/Lme Madel ";""JI B3, SPICE Model ] [ V4 OK‘:I

L

Compute electrical characteristics of
the interconnect

Generate SPICE
model

Close window

Figure 4- 39: Interconnect R,L,C model based on physical dimensions
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Table 4- 5: Icons of cross-sections modeled in "Tools > Interconnect Parameters"
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IV.7.8 Cable modeling

The command “Tools > Cable [ggcsbemos (BT
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to the modeling of basic cable cross- || casteDmensions 1T G606 F (62605 5F ]
section (bifilar cable, wire above a || o i
ground plane, coaxial cable, shielded || s samsen LT~ 263460 4 269,460 /]
. . . . . Foa L12 = 32726 rH [32.726 nH/m)
pair). An example is provided N || s smeeos Mutusl coupig cosficentK = 012
I” 9 2 - " HLdmsEsDBED
Ry o =0. (0L08E 0/m)
. E;E;;;ahm il mm Skin depth d [ 0.10 GHz) = 0.00EE mm
The values of attenuation Computed Lot 1 Riac {010 GHz) = 168320 (1,683 0/m)
1 2 o, B z) =51, 3 'm|]
by IC-EMC are based on analytical || 1o n B
formulations. It is fundamental tO || uaweral Properties ' Save Lossil
extract characteristic impedance and || e« Corductity 45/ [ Compue | tmpodance
. 2200 58.000 _ Z0=5290
delay of cables, but also estimate | ~ =~ = [Brspior |  zuki-dfsn  Zeen-sisn
losses brought Dby cables during |/ T [
emission and susceptibility tests, || Xiebietos= .

[T Create subcircuit

especially in high frequency where
losses can reach several dB. Clicking Figure 4- 40: The attenuation in cable evaluation interface
on the button “SPICE” generates a

SPICE model placed automatically on

the main screen of IC-EMC

IV.7.9 PG Plane Model

The tool “Tools > PG Plane Model” is dedicated to the simulation of S or Z matrix between
several ports placed on a rectangular cavity formed by a power and ground plane pair. The
model relies on an analytical cavity resonator model (refer to example shown in 111.9.4 for
more details). The analytical method is based on the solution of Helmholtz equation with the
Green’s function for rectangular plane. Figure 4- 41 presents the default screen dedicated for
power and ground planes dimension and property configuration. The power and ground
planes lies on (x,y) plane and are separated by the distance “Thickness”. In the table Access
Point, the (x,y) coordinates of the input ports are defined. The port shape is assumed square
and their width is given in the column “W (mm)”. Click on “Add access” to add a new port, or
“Remove access” to remove the last defined port. The analytical computation is configured in
the screen called “Model Parameters”. The maximum cavity resonance orders and the
frequency sweeping configuration are defined here. Click on the button Compute Model to
launch the analytical simulation. Finally, the results can be plotted on the graph on the right
part of the screen, from the tab “Results” (Figure 4- 42).
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Figure 4- 41: Configuration of cavity dimensions and port placement
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Impedance between access ports have been successtully computed.

Figure 4- 42: Cavity resonator model: A result plot

The Z, S or Y parameters of the N port matrix can be plotted versus the frequency. The total
inductance and capacitance of the power plane are also computed. The result can be saved
in an output file in Touchstone format (*.sNp).
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IV.7.10S parameter de-embedding

The command "Tools > S Parameter Deembedding" gives access to a specific screen for
deembedding a S11 parameter measurement. Deembedding a S11 parameter measurement
means removing the influence of parasitic attachments (coaxial cables, microstrip lines ...)
used to connect the device under test input to the calibration plane of a vector network
analyzer. The raw S11 measurements can be provided by a file in .s50 or Touchstone .s1p
format. Data in this file can be in various formats:

= S or Z parameter
= Real and imaginary parts
=  Amplitude and phase

The maximum number of frequency is limited to 4000 points. The deembedding process
considers two cases:

= the DUT is connected to the calibration plane of the VNA by a perfectly matched transmission
line. Only the delay Tp and thus the phase ¢ introduced by the line are compensated by the
deembedding process, based on the following equations.

S
Slldeemb :“—m‘)f” Eq 4-2
exp(—]2¢)
271 27If £,
g === =0, Eq. 4-3

where
Siimeas: raw Sy measurement
S11deemp: deembedded S11 measurement
L: the length of the feed line
Tp: time duration induced by the line
er: the dielectric constant
f: frequency

= the DUT is connected to the calibration plane of the VNA by an unmatched 2-port attachment
line (Figure 4- 43). A touchstone file .s2p must be provided by the user to characterize this
device. The .s2p file of the 2-port device must contain the same number of frequency points
than the raw S11 measurement file to perform the deembedding. If the frequencies in both
files are not identical, validity of deembedding results cannot be ensured.

sllmeas 1 rL 1
1 1
P ) 22 |
L Unmatched line L DUT
WA T 5
1 1
culibiution |:511 512 i| :
plane
S21 S22

Figure 4- 43: The DUT input is connected to the VNA by a unmatched line fully characterized
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Equations 4-4 and 4-5 detail the relation between Siimeas and the DUT input reflection
coefficient I'..

bl S12xS21er
Sllmeas :_:Sll+ I_S xr Eq 4-4
1 22 L
Sllmeus _Sll

M, = ' Y\ Eq4-5
’ SIZXSZI+SZZX(S11meas_Sll)

The interface proposes a screen used to display the S11 raw measurement file and the
deembedded results, as shown in Figure 4- 44. Data are displayed in impedance amplitude
versus frequency. Deembedded results, i.e. the S11 parameter of the load after removing the
parasitic attachments, can be saved in an output file in three different formats: .z, .s50 or
.s1p. The two first formats are dedicated to display the results in the tool “Impedance vs.
Frequency”, while the last format is dedicated to display the results in the tool “S parameters
vs. Frequency”. The result can be displayed in these screens as measurements.

- - = = . * (= | O

El Deembedding

Measurement to deembed g
o \Usars\admlnﬁaboyer\alexﬁDEI| . | ;

IIJ-LE Save

l@ Load raw meas

Touchstone File

AU sershadmin. aboyerhale {_

Conversion
(71 5 parameters

@ Z parameters

¥ iz

F min [MHz F max [MHz]
10 1000

[¥] Log

Y iz
¥ miry iy
0.1 2000

[¥iLog

| x Close |

Figure 4- 44: S parameter deembedding user’s interface
(examples\basic\deembed\S11_rawDeembed.s1p)

1V.7.10.1 Control Buttons

Buttons Description

b eazurement to deembed Import the S11 raw measurement file, that consists of the

|D:'xa|e:-c'xiu:-emu:_snun: _l Load | measurement of the device under test gonnecteq to the VN.A
through a matched or unmatched connection. The file could be in

.s50 or .s1p format. Select the file and click on the button “Load”

to load the raw measurement file and display the measurement in

an impedance vs. frequency chart.
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b atched Line | Matri:-cl The connection between the load and the VNA is a matched
Dl il transmission line (Tab “Matched Line”). Specify the delay

introduced by this line: type directly the delay in ns, or type the

|1|:| length and the relative dielectric constant of the line and click on
Epsr the button “Refresh Td”.

Once the delay has been specified, click on the button
|2'2 “Deembedding”. The effect of the connection is removed and the
Lendgth [m] impedance profile of the extracted load is traced.

|1

Fefresh Td | Deembeddingl

batched Line M atrix | The connection between the load and the VNA is an unmatched
2-port transmission line (Tab “Matrix”). Specify the path of the
Touchstone file *.s2p which characterizes the unmatched line.
o [ Once this file has been identified, the deembedding is
b atrix File ) C o
D el N automatically performed. The effect of the connection is removed
~HAEKHC-EME_SOUICESASC _I and the impedance profile of the extracted load is traced.
- Carvsersion The raw measurement and the deembeding results displayed on
5 the screen are automatically converted in S or Z parameters
a7 when the corresponding box is selected.
[ A Axis settings. Each time a new curve is added, the axis settings
F rairi [FHz] F rnax [MHz] are lost and replaced by default axis settings. The default settings
f1d {1000 are computed to display all the curves.
v Log
o A
iy T mnas
|01 {10000
v Log

Click on the button “Save” to export the deembedding results in
either a .z, .s50 or .s1p file. Click “Close” to close the interface.

x Cloze

EJL*E Save

IV.7.11Spectrogram

The command “Tools > Spectrogram” gives access to the display of the short-term FFT
(SFFT) or spectrogram of the signal. The energy (using a palette of colors) is displayed both
versus time (X axis) and frequency (Y axis). The spectrogram is obtained by computing
several FFT and shifting the FFT window until the whole signal is covered, as explained in
Figure 4- 45. The FFT is applied iteratively on a reduced number of points Nger, and then
shifted and X and Y axis may be modified using the icons situated on the top-left corner of
the screen. The spectrogram is characterized by a resolution in time and frequency domains,
as given by equations 4-6 and 4-7.

Reso;, = N XTg Eq.4-6
1 _ 1

Reso, = = Eq. 4-7
Reso, N XT;
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where Neger is the number of points used for the FFT or FFT window, and Ts is the sampling
period. Both equations show that a very precise resolution in both time and frequency
domains cannot be obtained. Both are controlled by the number of points of the FFT and the
sampling time. Only a compromise between time and frequency resolutions can be found.

Place FFT window at Time [i]
(Nger points)

:l,DD
Amplitude
V) b

Time (ns)

ResoT—»| K-

0 200000 4000 600,000 600,000 1.00u 1.20u 1.40u 1.60u

Tlme[u—l; Fast Fourier Transform

(Nger points,

A
Amplitude
(dBuv)

Insert in 1;7% Freg[j] * Freq (GHz)
T lseansen T SpeECtrogram - - — = |
Freq (GHz) ‘eq[m - . - —‘ﬂ-

Meaxtreq, (MHz)  H
5000
2000

g Medium
500
200
Low
10 -
T

Freq[j]

Time 3. Close.
Timel[i] N

Figure 4- 45: Spectrogram principles (examples\transient\ discontinuous_source SFFT.sch)

Figure 4- 46 describes the user's interface of the spectrogram. The input file is a SPICE
transient simulation result, given by the field "SPICE Simu". Time-domain measurement in
.tab format can also be downloaded by clicking on the button "Add Meas.". Then, select the
signal to display (list "Signals"), select the maximum frequency for the FFT (between 100 and
5000 MHz), the number of points of the FFT window, and the windowing type (rectangular,
Hamming or Blackman). Finally, click on the button "Draw" to compute the SFFT and display
the spectrogram. This result can be saved in a .ixt file by clicking on the button "Save".
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. Simulation result file
Frequency axis (txt/ .raw)
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Figure 4- 46: Spectrogram user's interface (examples\transient\ discontinuous_source SFFT.sch)

IV.7.12Eye Diagram

The command “Tools > Eye diagram” opens a special screen for plotting eye diagram for
signal integrity analysis. The tool must be launched only if a schematic containing an Eye
Diagram symbol (available in the symbol palette) and the associated SPICE simulation result
file exist. In these conditions, when the eye diagram tool is launched, the SPICE simulation
result file name appears in the field “Simulation Data Source”. Click on the button Eye to plot
the eye diagram (Figure 4- 47). The table "Signal integrity indicators" lists the average, min,
max and standard deviation of several parameters which characterize signal integrity, such
as eye width, eye height, rise/fall time, jitter, SNR, etc. An example is provided in part I11.7.

Simulation result file

(.txt / .raw)
E4 £ye Disgram W — - ==
6 : Eye Diagiam . X
| Anpiude ) —— sm.v) Simudation Data Souce / Select simu. s|gna|
: i DAUsets\admin_aboyer\alex_DE [ [

H Input Signal
o Ll .
‘ Sk e i) — Plot eye diagram
o \ / (%] [ cool (s3] .
................. e e vai ¥—_ savesimu. eye
wwow EE 3 diagram
From(s) Min (V)
o - X /Y axes
s = adjustments

e diagram
t

Zoom
e o @ [ AwoFt |
Signal integrity indicators

Indicator Avg Stddev. *
Okvel | 0152 234100

e 135 190 Signal integrity
Eyeampl 1183 003 r indicators
Eyeheight 1,055 -

Eyewidth  2,09n (0.83U1] _
Coslevd 0775 03B -

00

060

030

i Viessage bar
200 2100 0

[ coSe——L___ .
4 X cutsy Close window

Eye diagram exraction succeeded: 397 overlapped signal bits. S

Figure 4- 47: Eye diagram plot (basic\signal_integrity\ Eye_digital_IO_switching.sch)
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Remark: only one eye diagram symbol is supported by schematic. All voltage or current
probes should be disabled during eye diagram simulation. Obviously, it requires transient
simulation, whose duration is long enough to contain a large number of signal periods.

IV.7.13LC Resonant Frequency

The command "Tools > Resonant Frequency" tool proposes a menu to compute the
impedance of L, C at a given frequency. The LC resonance is also computed, with its
associated characteristic impedance (Figure 4- 48).

=loix]
L and C value:
Inductor [H] - | ZIL]iz 6.28 ohm
at: I‘IDDD.D MHz

Capacitor [F) 5.0p ~| Z(C)is 31.83 ohm

LC resonance
Feszonant frequency [MHz) : |2250.8

m Impedance sqrt{L/C) in Ohm: |1 414

Calculate 2, fr " Close

Figure 4- 48: Resonant frequency of given L and C, with associated impedance

When the L and C components are clicked successively, the corresponding resonant
frequency is computed and a message appears at the bottom of the main screen. An
exhaustive list of resonant frequencies is computed in the Emission window, sub-item “LC”.
All L and C components found in the schematic diagram are combined to compute resonant
frequencies, which are listed by increased frequency.

IV.7.14dB/Linear Unit Converter

A convenient tool has been added to the EMC menu, called “EMC unit converter”, to
compute the correspondence between linear and dB units. In the example shown in Figure 4-
49, the value 2V is converted into dB (6.02 dB). A value in dB may be converted into linear
scale. Available units are V, A and Watts. For Watts, the log scale is 10.log(Y), and 20.log(x)
for the other units.
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g;dﬂ,‘-"Linear unit converter =101 x|

[Value Linea] |
< B talinear
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Figure 4- 49: The user’s interface for the EMC unit converter

To obtain the current, voltage or power flowing in a 50-Ohm load, click the button “Update”.
In the example shown in figure 11-10, a 1.0V voltage on a 50-Ohm load results in a 20 mA
current and induces 20 mW dissipation.

IV.7.15Frequency/Wavelength Converter

T h e wave | en g t h 3 Frequency, Wavelength Converter =lox|
Corresponding to a given Q.MHZ HF 30‘ MHT/HF QDO‘MHZ/HF S‘GHZ SHF N Z‘;HZ X
frequency may be computed = i N L

in a dedicated screen added e B e

to the Tools menu and I I
called “Freq./Wavelength i T BE W

converter’
User frequency MHe fieqowavekngh> | wevelngh: [1a121  m
Diekectc perm:  [450 < Wavelengh toFreq | Wavelength /4: 0.35355 m
_ i | FRd PTFE| 5i02|siaNd)
a3

Figure 4- 50: The user’s interface for the frequency/wavelength

conversion
. . . C
The formulation used for conversion is as follows: A =
fe,
Material Relative permittivity
Air 1
FR4 4.6
PTFE 2.2
Si02 3.9
Si3N4 7

IV.7.16 Cavity Resonant Frequency

Numerous systems can be modeled as resonant cavity from an electromagnetic point of
view: box or package with metallic enclosure, power-ground plane pair in a multilayer PCB
(see 1V.7.9 for the particular case of rectangular power-ground plane pair). These structures
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can have various geometry and dimensions, but they are characterized by particular
conditions at their boundaries: conductive and opened boundaries. The geometries and the
boundaries force the existence of only some propagation modes of electromagnetic waves.
Typically, transverse electromagnetic (TEM) waves cannot propagate within such cavity.
Only transverse electric (TE) and/or transverse magnetic (TM) waves may propagate, above
resonant frequencies Fnnp, Which depend on cavity's geometry, dimensions and boundary
conditions. Here, the integer indices m, n and p designate one propagation mode.

From an EMC point of view, these resonant frequencies have a major practical interest, since
emission and susceptibility issues may arise around these frequencies. Cavities may behave
as efficient parasitic antennas and generate non negligible radiated emission or couple a
significant amount of radiated incoming disturbances.

In practical applications with complex geometry, apertures, presence of cables, etc..., exact
formulations of resonant frequencies are either extremely complex or impossible to derive,
and numerical electromagnetic simulations are required. However, for some canonical
geometrical shape, closed-form expressions may be derived to compute resonant
frequencies precisely. This is the case for 2D or 3D rectangular cavity. In spite of the
simplification of the geometry, such expressions may be helpful to evaluate the range of the
first resonant frequencies and identify possible EMC risks.

The 3D cavity is the general case for a rectangular cavity and 2D cavity is an approximation.
2D rectangular cavity means that one dimension (e.g. the height) is negligible compared to
the wavelength, in contrary to the two other dimensions (e.g. the width and the length). The
formulation for the resonant frequencies of a 3D cavity is given by equation 4-8 while
equation 4-9 provides the resonant frequencies in the case of a 2D cavity.

Jmm

n2
+— Eqg. 4-9

mn 2\/E

where:

Fmnp=resonant frequency (Hz)

£= permittivity = &g, o= 8.85x10™"2 F/m, &= 3.8 (for SiO,)
= permeability= oM, Mo= 410107 H/m, = 1 (Air)

m, n, p =mode (integer 0,1,2..)

L=length of the rectangular cavity (m)

W=width of the rectangular cavity (m)

H=height of the rectangular cavity (m)

The screen “Tools > Cavity resonant frequency” computes the resonant frequencies of 2D or
3D resonant cavity according to the previous formulation. Figure 4- 51 describes the tool.
Select 2D or 3D cavity model, set the cavity dimensions, the dielectric permittivity of the
cavity medium. Finally, click on the button "Generate Freqgs" to compute the resonant
frequencies for propagation mode indices m, n, p from 0 to 9. The resonant frequencies are
summarized in the table "Resonant frequencies" according to m and n indices. The table is
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given only for one p index. The computed resonant frequencies can be saved in a text file by
clicking on the button "Save".

- -
E‘ Cavity resonant frequency l =HNEE, X
Rectangular cavity geometry — = - =
Configuration ! Fesonant frequencies [GHz) for n, m=1,2,3..9
@ 2 dimensions i ,ﬂ Hezd i
_— i nm a 1 2 3 4 5
1 3 dimensions I
m| 0 0.00 380 753 11.33 1518
“Width {rmm) : 20.00 SerEm ﬁ S TR E 1 5.06 £.33 912 12,46 16.0
Length {mm]: 15.00 2 1012 10.81 1265 15.24 18.25
3 15.18 15.65 16.98 18.98 2147
Height [mrm): 1.00
Rt 4 20.25 20,60 2162 23.23 253
Epsr: 3.90 5 =
< »
Masorder [O.n]; & Indes il
| \y} Generate Freqs | E'EE Save | | x Close |

Figure 4- 51: Computation of the resonant frequencies of a rectangular 2D/3D cavity

IV.7.17Intermodulation products

When non linear devices are excited by several signals, the distortion of these signals
induced by the device behavior leads to new harmonic content due to intermodulation
products. The command “Tools > Intermodulation products” offers a simple calculator of
frequencies of the new harmonics produced by the intermodulation products between two
harmonic excitation signals F1 and F2 (Figure 4- 52). These new harmonics are
characterized by two integer numbers (m,n) related the order of the intermodulation product,
such that their frequency Fmn is given by:

F,,=tmxF +tnXF, Eq. 4- 10

The frequencies of both input signal are given in MHz, the maximum order for m and n is
given in the field Max. Harmonic Index”, which is limited to 100. Click on the button Compute
to extract the intermodulation product frequencies. The results are displayed in two tables:
The “Frequency Planning Array” (on the left) gives the intermodulation product frequency
value versus (m,n) couple. The “List of Frequency” (on the right) gives a list of all the new
harmonic frequencies in ascending order. Click on the button Save to write both tables in an
output file *.txt.

179



AAl

é IV. Description of the menus

E‘ Frequency Planning | = X

Frequency 1 (MHz] Frequency 2 (MHz) Max. Harmonic [ndex

220 Hz - 130 MHz - il z

v Cnmpute‘ ‘ [E'&Save | ‘ X Close ‘

Frequency Planning Amray _EList of Frequency
- -4 -3 -2 -1 0 k| * | Index Frequency
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i -1.100G -830,000M  -BE0.000M  -440,000M  -220,000M O 220,000k B 30,000M
1 -970,000M  -750,000M  -530,000M  -310,000M  -30,000M  130,000M  350,000M v 130,000k
— -840.000M  -E20000M  -400.000M 1200000 40.000M 260.000M 4SD.DDDM’ =8 140,000M

.

Figure 4- 52: Calculation of the frequencies of intermodulation products between 2 harmonic signals
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v. Description of the symbols

Schematic diagrams are built with a set of symbols, available either in the symbol palette or
in the subdirectory "IEEE" of the installation directory of IC-EMC. Symbols are saved in .sym
files and have a double purpose:

= graphical symbol of a component instance, simulation command or schematic illustration

= definition of the parameters of a component instance

In this part, the different symbols proposed by IC-EMC are listed.

V.1 Components of the Symbol Palette

The most common schematic symbols are reported in the Symbol Palette, which is visible by
default on the right part of the main screen of IC-EMC. This palette can be closed and
reopened with the command "View > Symbol Palette". Figure 5- 1 shows the Symbol Palette.
Table 5- 1 describes each symbol of the Symbol Palette. The name of the symbol (.sym file)
is also given. All the .sym files can be found in the ieee subdirectory, within the IC-EMC main
folder.

symbols |2 Diode

R Land C T [Passives HF models of R, Lor C
Mutual inductance ~—__| /

$ Bidirectional coupler
I'deal transmission (Radiated) interconnect
line ~— | nes
Voltage and current == RF generator for
sources ~__|sources / susceptibility simu.

Ground and Vpp ref.  —__| LA Voltage-controlled voltage source
Voltage-controlled T ¢ &

current source >xp 2 <7 Non-linear V/I source

Voltage and current Probes: Set initial voltage

— |
probes T2 @ B<T condition on a node

Z(f) probe —m |
(e 1% .8 me— Eye diagram
Port for S parameter ______—+—>

simu. b L Diff. / Common-mode

i ltage prob
NMOS/PMOS devices —_| /¥ vollage probe
T8> 46 Do <—— |nverter

& <
»

-fit

A3

NPN/PNP BJT IR IBIS single-
> B = ended/diff.
/O pin (for subcircuit driverfreceiver

. Misc.
generation)

T8 3 &—— Box&Info. symbol

Electrical arrow
— Tl 7 < Voltage-controlled switch

(connection to a node)

Figure 5- 1: Symbol Palette
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Element
Resistor

Capacitor

Inductance

Diode

Mutual Coupling
Chf
Rhf
Lhf

Radiated
interconnect

T-Line

Coupler

V-source

I-source

RFl-source

Ground

Supply

Voltage controlled

voltage source

Voltage controlled

current source

Non linear source

V-probe
I-probe
IC

Z-probe
S-probe

Eye diagram
probe

V diff-probe

V cm-probe

Description

Resistor between two nodes
Capacitor between two nodes

Inductance between two nodes. With the “Assign [x;y]
coordinates” property, “radiating inductance” can be defined for H
field simulation (Near field scan simulation).

PN junction or diode device. Use “spice.lib” (default library) or any
other user-defined library where the diode parameters can be
described and modified.

Defines the mutual coupling between two inductances.
Basic high frequency model of a capacitor

Basic high frequency model of a resistor

Basic high frequency model of an inductor

Interconnect defined by a lumped pi-RLC cell. (X;Y;Z) coordinates,
width and length are attributed to the interconnect. The property
“Allow near field scan computation” ensures the simulation of E
and H field (Near field scan simulation).

Transmission line, with user-accessible TO, Z0, or delay

parameters

Bidirectional coupler, required to extract forward and reflected
voltage or power (on 50 Q load). This element must be inserted

during susceptibility simulation.

Voltage source
Current source

Radio Frequency interference source, used for immunity
simulations. Includes a programmable frequency generator with
linearly increased amplitude vs time. ). This element must be
inserted during susceptibility simulation.

Ground connection equal to 0.0V

Supply source with DC value equal to the default supply value that
is found in the technology configuration file “default.tec”

Linear voltage controlled voltage source. This source can model
an ideal amplifier with a constant voltage gain.

Linear voltage controlled current source. This source can model
an ideal amplifier with a constant transconductance.

Non linear voltage or current source, called B element in
WinSPICE syntax.

Voltage probe (voltage measured according to the potential 0)
Current probe (serial probe with orientation marked by + symbol).
Initial conditions. Used to fix the start value of a node (V).

Used to generate an AC sinusoidal source to extract the
impedance vs. frequency

Used to declare port for S parameter analysis.

Eye diagram probe is required to plot an eye diagram. Only one
active eye diagram probe should be placed on the schematic. Eye
diagram plot requires a transient simulation.

Differential-mode voltage probe (voltage difference measured
between two nodes)

Common-mode voltage probe (average voltage measured
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Symbol name
res.sym
capa.sym

self.sym

Diode.sym

mutual.sym
Chf.sym
Rhf.sym
Lhf.sym

Interco.sym

tline.sym

Coupler.sym

vsource.sym

isource.sym

rfi.sym

Vss.sym

vdd.sym

vCcvs.sym

vCis.sym

Belement.sym

probe.sym
probel.sym
ic.sym

probez.sym

Sport.sym

EyeDiag.sym

probeVdiff.sym

probeVem.sym
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nMOS device

pMOS device

CMOS inverter

NPN BJT

PNP BJT

Output buffer

Input buffer

Diff. output buffer

Diff. input buffer

V. Description of the symbols

between two nodes)

N-channel MOS device. The symbol shows three terminals: gate,
drain and source. Use “spice.lib” (default library) or any other
user-defined library where the MOS parameters can be described
and modified.

P-channel MOS device. The symbol shows three terminals: gate,
drain and source. Use “spice.lib” (default library) or any other
user-defined library where the MOS parameters can be described
and modified.

Inverter that combines one nMOS as pull down and one pMOS as
pull-up. Use “spice.lib” (default library) or any other user-defined
library where the MOS parameters can be described and
modified.

NPN bipolar junction transistor. Use “spice.lib” (default library) or
any other user-defined library where the BJT parameters can be
described and modified.

PNP bipolar junction transistor. Use “spice.lib” (default library) or
any other user-defined library where the BJT parameters can be
described and modified.

Single-ended output buffer instance. The model of the buffer is
derived from IBIS and is given by a .sym file.

Single-ended input buffer instance. The model of the buffer is
derived from IBIS and is given by a .sym file.

Differential output buffer instance. The model of the buffer is
derived from IBIS and is given by a .sym file.

Differential buffer instance. The model of the buffer is derived from
IBIS and is given by a .sym file.

Input/output symbol. Used to specify the name of the I/O of a sub-

nmMos.sym

pmos.sym

inv.sym

npn.sym

pnp.sym

BufferOut.sym

Bufferln.sym

BufferDiffOut.sym

BufferDiffln.sym

Vo circuit, during the sub-circuit definition process 1o.sym
Box Size-programmable dotted box box.sym
. Information symbol with fields such as: author, date, file, project, |.

Information info.sym
or comments
Define an electrical connections between wires connected to

Arrow . . . Arrow.sym
arrow with the same name (the name of the arrow is arbitrary).
Voltage controlled source. Use “spice.lib” (default library) or any

switch other user-defined library where the switch parameters can be switch.sym

described and modified.

Table 5- 1: Description of the symbol of the palette

V.2 Components in the subdirectory ieee

Additional symbols may be found in the “ieee” subdirectory, accessible through the command
"Insert > User Symbol".

Element Description Symbol name
AND gate Ideal AND gate AND.sym

Op. amplifier Ideal operational amplifier, with configurable gain aop.sym
Zener diode Zener diode. Use “spice.lib” (default library) or any other user- diodeZ.sym
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D latch
NOT gate
NAND gate
NOR gate

4-term. nMOS

Alpha NMOS
OR gate

Pad

Padin
PadOut

4-term. pMOS

Alpha PMOS
Schmitt trigger
Coax. connector

TDR

XOR gate
XNOR gate

V. Description of the symbols

defined library where the diode parameters can be described and

modified.

Ideal D latch
Ideal NOT gate
Ideal NAND gate
Ideal NOR gate

Dlatch.sym
NOT.sym
NAND.sym
NOR.sym

4 terminal N-channel MOS device. The symbol shows four

terminals: gate, drain, source and substrate. Use “spice.lib”
(default library) or any other user-defined library where the MOS

nmos4.sym

parameters can be described and modified.

Alpha-power or Sakurai model NMOS device

Ideal OR gate

Graphical symbol for an 1/0 pad

Graphical symbol for an input pad

Graphical symbol for an output pad

nmMosA.sym
OR.sym
Pad.sym
Padin.sym
PadOut.sym

4 terminal P-channel MOS device. The symbol shows four

terminals: gate, drain, source and substrate. Use “spice.lib”
(default library) or any other user-defined library where the MOS

pmos4.sym

parameters can be described and modified.

Alpha-power or Sakurai model NMOS device
Ideal Schmitt trigger.
Graphical symbol for a coaxial connector (e.g SMA connector)

TDR generator (Time Domain Reflectometry). The pulse voltage,
rise time and width are configurable, as the output voltage.

Ideal XOR gate

Ideal XNOR gate

pmosA.sym
SchmittBuff5V.sym
Sma.sym

TDR.sym

XOR.sym
XNOR.sym

Table 5- 2: Description of the additional symbol accessible in the subdirectory ieee
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Input/output file format

VI.1 TAB File Format

The TAB file format is generated by several equipments, and corresponds to a text
document, organized with the frequency (Hz) in the first column, followed by spectrum
energy in the remaining columns (dBuV, V, dBuA, etc...). The heading of the file is made of
comment lines which are ignored during the reading of this file, except the line which
indicates the nature of the column of data. This line must start with the special symbol '|'. In
this line, units must be specified after the name of the column and must be in brackets. The
first column is the frequency.

This is the most common exchange file for emission and susceptibility measurement. This
file can be easily produced from measurement files generated by measurement equipment.

Comment Line 1
Comment Line 2 ...
|Frequency (Hz) Voltage (dBuV)

10E6 2.11656
10.05E6 -1.02154
10.1E6 -4.87756

V1.2 Z Format

The Z file is similar to the .tab file, except that it is dedicated to import/export the
measurement of impedance magnitude done on a single port. This file consists of the
frequency followed by the module of the impedance. . The heading of the file is made of
three comment lines which are ignored during the reading of this file.

CAPA Impedance

100pF A5 impedance vs frequency
Freq(Hz) Z(f)

45000000 25.96613733

57443750 15.90372125

69887500 10.70620745

82331250 7.724689023

94775000 5.852317536

V1.3 Touchstone file — SnP

Touchstone files *.snp" [TOUO02] are standard ASCII text file used to exchange measurement
done with vector network analyzer on an n-port device, such as S, Z, Y... parameters or
noise measurement. the index "n" gives the number of ports used for the measurement. 1C-
EMC can import and export S parameter measurement and simulation results up to 4 ports,
so that only .s1p to .s4p files can be imported or exported. .S1P file is read by the
"Impedance vs. frequency tool" which is dedicated to the plot of the impedance of one-port
device. The tool "S parameters analysis" is the general tool to plot impedance and S
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parameters from one up to four ports. .S1p and .s2p files are also read by the tool "S
parameter Deembedding".

In order to identify the type and the format of data exported by the Touchstone file, the
heading of the file includes an option line which starts by a ‘# symbol. Lines which begin by a
‘I are comment lines, the other are associated to data. For s1p and s2p files, all the lines
start with the frequency followed by the data at this particular frequency. The general format
of the option line is:

# <frequency unit> <parameter> <format> R <n>

= Frequency unit: specifies the frequency unit. GHz, MHz, KHz, Hz, the default value is GHz.

= Parameter: specifies the type of network parameter data contained in the file. S for scattering
parameters, Z for impedance parameters, Y for admittance parameters. ..

= Format: specifies the format of the network parameter data contained in the file: MA for
magnitude in linear + angle, DB for magnitude in dB + angle, RI for real + imaginary. Angles
are always given in degree.

= R n: specifies the reference resistance in ohms. By default, the resistance n is 50 ohms.

The following paragraph presents an example of Touchstone file for a 2 port device S
parameter characterization.

! FILE NAME

! DATE 04/16/2005 11:30

! CORRECTED DATA

# GHz S MA R 50.00
!

FREQ S11M S11A S21M S21A S12M
S12A S22M S22A
0.040000000 1.005455E+00 —-4.544 1.851869E-03 -125.819 3.100761E-03
92.047 9.720316E-01 -48.382
0.046225000 1.004641E+00 -5.303 9.987922E-04 150.437 1.392118E-03 -
129.477 9.695778E-01 -84.433
0.052450000 1.000527E+00 -6.231 3.931841E-04 -114.647 4.805698E-04 -

157.052 9.653241E-01 -120.483

The organization of .s3p and .s4p is less trivial. The file heading is the same than .s1p or
.s2p files. However, for each frequencies, the parameters are arranged in a matrix format.
The example below describes the organization of a .s3p file. The organization of a .s4p file is
similar, except the matrix is 4x4.

! FILE NAME

! DATE 04/16/2005 11:30

! CORRECTED DATA

# GHz S MA R 50.00
'freg magSll phSll magS21 phS21 magS31 phS31 magSl2 phS12 magS22 phS22
magS32 phS32 magS13 phS13 magS23 phS23 magS33 phS33

1000000 0,374992 -0,1109908 0,002356106 89,46899 0,624989 -0,1709924
0,002356106 89,46899 0,9999655 -0,3599879 0,003926845 89,505
0,624989 -0,1709924 0,003926845 89,505 0,374987 -0,3749878
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In the “Impedance vs. frequency” interface, the conversion between Z11 and S11 parameters
is given by the following equations:

Su=8S e IS m = Sll_mag exp(— j'Sll_ph) Eq. 6- 1
Zy=Z) ge Y JZ) =le_mag exp(— j'le_ph) Eq. 6-2

7 —7 I_Slzl_Re _Slzl Im Eo 6.3
Hor ’ (1_511 Re) i

2
+Sll Im

2Sll Im

' (1_S11_R ) +Slzl Im

where Z, is the reference characteristic impedance (usually 50 Q). For the general case of
multiport device (n = 1), the conversion is given by the following equations, where [Z], [S] and
[1] are the Z parameter, the S parameter and the identity matrices respectively.

P L ) R
“T]-[s]
[Z]_Zo[l]
2]+ z,1]

In the "S parameter analysis" window, S and Z parameters can be represented either in
singled-ended mode (the usual representation mode) or in mixed-mode representation. The
mixed-mode representation is convenient in problems where common-mode and differential
mode characterization is necessary. Mixed-mode representation is proposed only for 2 or 4-
port models or measurements. The following equation gives the relation to convert S
parameter matrix from single-ended to mixed-mode representation:

0 e e O U NS

where [S] is the S parameter matrix in single-ended mode and [Syyv] the S parameter matrix
in mixed-mode. Spp and Scc are submatrices related to differential-mode and common-mode
respectively, while Spc and Scp are related to differential-to-common mode conversion and
common-to-differential mode conversion respectively. [T] is a transformation matrix given by:

[T]= \%B _11} Eq. 6-8

Z =Z

11_Im Eq. 6-4

[S1= Eq.6-6

V1.4 File .tran

The .TRAN file format is generated by time-domain measurement equipments, such as
oscilloscope. It corresponds to a text document, organized with the time (s) in the first
column, followed by the measured voltage in the remaining column. The heading of the file is
made of several comment lines which are ignored during the reading of this file, except the
line which starts with the special symbol '|'. This line indicates the nature of the different
columns and the units, which is written in brackets.
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This is the most common exchange file for emission and susceptibility measurement. This
file can be easily produced from measurement files generated by measurement equipment.

Comment Line 1
Comment Line 2
|Time (s) Voltage (V)...

-1.006e-07 0.00125
-9.855e-08 0.03875
-9.655e-08 0.073125
-9.455e-08 0.1075
-9.255e-08 0.1325
-9.055e-08 0.16375

V1.5 .XY format for near-field scan measurement results exchange

The .XY format is a basic text file that contains near-field scan measurement results on a
rectangular XY plane and obtained at one frequency and one altitude (Z). This format is
dedicated to simple import of raw measurement file.

The file contains a header made of three lines. The first two lines are not interpreted by the
"Near-field scan" tool and are displayed in the "Information" tab of the tool. It is
recommended to write information about the measurement conditions in this first two lines
(e.g. frequency, scan altitude, measured field, type of probes, etc...). The third line provide
basic information about the measurement conditions. It starts by the special symbol '|' with
the following eight parameters:

|[Number_Points_X Number_Points_Y StartX(m) StartY (m) StepX (m) StepY (m)
Field_component Frequency (Hz)

Number_Points_X and Number_Points_Y gives the number of points along X and Y axes
that form the scan rectangular area. StartX and StartY are the initial point of the scan area.
StepX and StepY define the scan steps along X and Y axes. All the geometrical coordinates
are given in meter. The sixth parameter Field-component provides the nature of the
measured field component (E or H field, X, Y or Z component). Finally, the last parameter
provides the frequency of the measurement.

The measurement results are arranged in a XY matrix after these three lines. Each row of
the matrix contains near-field measurement at a constant coordinate Y.

VI.6 XML Near-field Scan Standard implementation in IC-EMC

Near-field scan measurements and simulations generate a large amount of data. The format
of the data is closely linked to the supplier of the acquisition or simulation software, rendering
extremely difficult its exchange between suppliers, customers, EDA tool vendors, academics,
etc. The XML format proposed in [She09] describes how a common exchange format for
near-field scan data has been developed. The format caters for various coordinate systems
and is suited to emission and immunity testing both in the frequency and time domains.
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VI.6.1 Principles

The techniques used for NFS are constantly evolving and the universal exchange format
must allow future techniques to be included without the need for complete remodeling. The
format should also be portable between operating systems, as well as both human and
machine readable. The XML format meets these requirements perfectly. The use of
keywords allows information to be included only as required. Additional keywords can be
added to cater for new techniques, although they may not be interpreted by older software
versions.

The ASCII representation of XML allows the files to be created modified and merged either
manually, for example with text processors, or with simple scripts. Expensive specific
software is not required for managing the files.

NFS techniques are used for measuring radiated emission and radiated immunity levels. The
exchange format allows for both of these cases, but not in the same document, by enclosing
all the information in a root XML element whose "Scantype" keyword may be either
"EmissionScan" or ImmunityScan". A simple exchange file is shown in Figure 6- 1.

<?xml version="1.0" encoding="UTF-8"?>
<EmissionScan>
<Nfs_ver>1.0</Nfs_ver>
<Filename>Minimum NFS_file.xml</Filename>
<File_ver>1</File_ver>
<Data>
<Measurement>
<List>
26e-3 29e-3 2e-3 -58
</List>
</Measurement>
</Data>
</EmissionScan>

Figure 6- 1: Example file for scan emission

In order to ensure portability and compressibility, only relative paths can be used to define a
path name. An absolute path is not exportable. All XML files concerning the NFS project
must be placed in the same directory and other files containing data, pictures,
documentation, etc must be placed in the same directory or in subdirectories.

The XML file is divided into sections concerning:
= Header information (filename, date, version, etc).
= Information about the component being scanned.
= Details of the measurement setup.
= Information on the probe (field, performance factor, etc).

= Data including the coordinate system used, frequencies or times and the data values.

Each section may be present, or not, and may include specific keywords allowing various
parameters to be specified.
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VI.6.2 XML format in IC-EMC

The file « scan_component_v6.xml» available in the subdirectory "examples\near_field" is
used as an example in the following part. It contains the following information :

<?xml version="1.0" encoding="UTF-8"?>

<EmissionScan>
<Component>
</Component>
<Setup>
</Setup>
<Probe>
</Probe>
<Data>
</Data>

</EmissionScan>

Figure 6- 2 presents the results of the import of the XML file "scan_component_v6.xml". The
file contains the measurement result of Hz field measured at 2.29 MHz above the surface of
a microcontroller's package.

H Near field scan - xan_cbmponen‘t_vﬁmﬁ ‘ i lilﬂ‘ﬁ

Infarmation

@
T ML Paml version="1.0" enc »
E #ML date 12 mar. 2008 F
E ‘
Ik -

*ML source Freescale

#ML note :Full speed made
T BML - Image unit in mm
& 0L - Prckle fild Hz |
% #hL - Frequency unitinHz ||
& ®ML - Data unit in dBm
1T o o BML-Xuritin dBm
IMAEEALEENE S #ML - Read 3025 scan value:
2 WML - Read 10 scan frequenc
E'___ 2L Puml version="1.0" enc
+= XML date 12 mar. 2008
ML source Freescals
#hL note :Full speed mode

e 1 | b

IC Dimei"ls‘i\‘:ns

IC width [mm]: ~ 2.89
IC height [mm]: 285
-55.67dE

Pack, width {mm): 1200

Pack. height fmm). 12.00

IC start frm): 458

| save [image | PPF| Information cCurren

ICY start [mm]:  4.58
Pack. ¥ start [mm] 24.00
Pack. v start [mm): 2400

| Redraw H 1 Qe ]

[Eﬂ Add Measure” B e l

x Close scan window

Figure 6- 2: The XML-based description of near-field scan data (examples\near _field\
scan_component v6.xml)

When reading the XML file, the sub-item “Information” gives some indication about the data
which has been decoded. We may see that IC-EMC loads several data files according to the
main file request, through keyword <Data_files><Filename><Filename>..</Data_files>.

XML : ?xml version="1.0" encoding="UTF-8"?>
XML date 12 mar. 2008
XML source Freescale
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XML note :Full speed mode

XML - Image unit in mm

XML - Proble field Hz

XML - Frequency unit in Hz
XML - Data unit in dBm

XML - X unit in dBm

XML - Read 3025 scan values
XML - Read 1 scan frequencies

VI1.6.3 Remarks about the implementation of XML in IC-EMC

Keyword as defined in

Comments

<EmissionScan>

Opens the emission scan section

<Nfs_ver>

NFS template version; example 0.1

<Filename> Document filename; example “scan_component.xml”
<File_ver> Revision of the document file: example “1.0”
<Date> The date of the file generation; example: 23 nov. 2007
<Source> The XML data source; example “Freescale”
<Notes> Notes added to the document
<Disclaimer> Disclaimer information
<Copyright> Copyright information
<Notes> A notes section can be inserted anywhere in the file and the
number of notes sections in the file is not limited.
<Component> Opens the component section
<Name> Component name
<Manufacturer> Manufacturer description
<Image> Opens the Image subsection
<Path> Link to the component image ; Example “component_image.JPG”
<Unit> Image size unit; example “mm”
<Xsize> Image size in X; example “81.0” (unit defined as mm)
<Ysize> Image size in Y; example “82.0” (unit defined as mm)
<Xoffset> Image shift in X
<Yoffset> Image shiftin Y
<Setup> Opens the Setup section
<Config> Opens the Configuration sub-section
<Att> Attenuation ; example: “0.0”
<Average> Average mode
<Ref_level> Reference level; example: “-10”; unit by default is dBm
<Rbw> Resolution Bandwidth; example: “3000.0” ; uniy by default is Hz
<Vbw> Video Bandwidth; example: “3000.0” ; uniy by default is Hz
<Swp> Sweep time; example: “0.143156653” ; unit by default is seconds
<Transducer> Opens the Transducer sub-section. This section specifies
information about cable losses and a preamplifier, if one is used
during near-field scan.
<Frequencies> All information contained in this section concerns the frequencies
at which the transducer gain data is listed.
<Unit> | Specifies units of the frequencies at which the transducer gain
data is listed.
><List> | Specifies a list of frequencies at which the transducer gain is
listed.
<Gain> Specifies a list of transducer gain values corresponding to the
frequencies listed in the Frequencies sub-section of the
Transducer section.
<Probe> Opens the probe section
<Name> Probe name; Example: “Freescale_Hz_1mm”
<Field > Field measured with this probe; example: “HZ”
<Frequencies> Opens the section that gives the list of frequencies available for
each calibration point
<Unit> Frequency unit of the probe calibration list
<List> List of frequencies available for each calibration point; example
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“40E6 60E6 80E6 100E6 200E6 »

<Perf_ factor>

Opens the probe performance factor section

<Unit>

Unit of the probe performance factors

<List>

List of probe performance factors according to frequency list;
Example “-57.6 -54.5 -52.8 -50 -44 »

<Data>

Opens the data section

<X0>

Absolute X coordinates of the scan

<YO0>

Absolute Y coordinates of the scan

<z0>

Absolute Z coordinates of the scan

<Xstep>

Added by B. Vrignon, E. Sicard to inform about the scan step in X
axis

<Ystep>

Added by B. Vrignon, E. Sicard to inform about the scan step in Y
axis

<Frequencies>

Opens the section that gives the list of frequencies available for
each scan point

<

Unit>

Frequency unit

<

List>

Opens the frequency list; example (in Hz): 2290000.0
4580000.0 6870000.0 9160000.0 1.145E7 3.2E7
6.4E7 9.6E7 1.28E8 1.6ES8

<Times>

Specifies the Times section. All information contained in this
section concerns the times at which the near-field scan data is
measured.

<Unit>

Specifies units of the times at which the near-field scan data is
listed.

<List>

Specifies a list of times at which the near-field scan measurement
data is listed.

<Measurement>

Opens the section that gives the measuring data

<

Unit>

Measurement unit; example : “dBm”; default is dBm

<

Unit_x>

Added to declare the X data unit.

<

Unit_y>

Added to declare the Y data unit.

<

Unit_z>

Added to declare the Z data unit.

<Data_files>

Specify the file path of data measurement

<

List>

Opens the measurement list

26.0 29.0 2.0
-93.691 -93.726
-91.783 -90.772
-93.52 -91.865
-81.705 -78.408
-87.561 -92.142

XY Z location in “unit_x".. unit (Example mm); followed by
measured data (Unit in this example: “dBm”) for each frequency
defined in the Frequency list (here 10 values);

VI1.6.4 Notes

1. The numbers use “.” Instead of “,”. Example: -64.38

2. The separation between numbers is the SPACE character instead of «, »

VI.6.5 Remarks about the hierarchy description

Recommendations have been proposed for a project architecture including several scan data
(both emission and immunity), which gives some guidelines on how to store near-field scan
files. Although beyond the scope of the XML standard which only focuses on basic keywords,
these recommendations may eases the implementation of the standard. An example of how
these files can be sorted in different folders has been proposed below:

+-—- My Projects

| +-— Project_name

| | | -— Project_name.xml

192




vy
¥

VI. Input/output file format

+-— EmissionScan

+-— Measurement 1

| |-— Picture. jpg
| -— Dataxxx.xml

|
\
\
| | -— Datayyy.xml
‘ .

\

\

|

\

\

\

\

+—— Measurement n
‘ .

\

\

\

\

\

\

\

\

\

\

\

+-— ImmunityScan
‘ .

VI.7 Techno file .tec

The tool "ICEM Expert" builds simple CMOS digital IC emission model according to ICEM
standard [ICEM] from basic technological information about the circuit. This type of analysis
is particularly suited for evaluation of emission at pre-design stage or when an existing circuit
is not available physically.

The construction of the model relies on technological information about CMOS process for
several technological nodes contained in .TEC files. They are available in the subdirectory
"lib\". The information provided in these files are not related to a particular foundry, since
differences exist between the characteristics of CMOS processes provided by two different
manufacturers. Moreover, one CMOS process provided by one manufacturer proposes
various options (e.g. low power, general purpose, high-speed, high-performance, etc...).
.TEC files provide information which is an average of CMOS process provided by different
manufacturers. It corresponds to a kind of state-of-the-art of performances of a CMOS
process node.

The following .TEC files are provided:

File Description

Cmos06.tec Technological information for 0.6 um CMOS process
Cmos035.tec Technological information for 0.35 um CMOS process
Cmos025.tec Technological information for 0.25 um CMOS process
Cmos018.tec Technological information for 0.18 um CMOS process
Cmos012.tec Technological information for 0.12 um CMOS process
Cmos90n.tec Technological information for 90 nm CMOS process
Cmos65n.tec Technological information for 65 nm CMOS process
Cmos45n.tec Technological information for 45 nm CMOS process
Cmos32n.tec Technological information for 32 nm CMOS process
Cmos22n.tec Technological information for 22 nm CMOS process
Default.tec Default technological information, typical of a 65 nm CMOS process

Table 6- 1: Description of the symbol of the palette

All lines started by the symbol "*" are comment lines. A .TEC file may contain the following
keywords:

Keywords Description
VDD Typical power supply voltage of core blocks
VIO Typical power supply voltage of general-purpose CMOS buffer
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TDelay Typical delay in sec. of a CMOS gate

TCurrent Typical current amplitude in Amps consumed by a CMOS gate
GActivity Typical activity of the gates in the core blocks (from 0 to 1)
Cdecap Typical decoupling capacitance in F associated to a CMOS gate
Csurf Typical die intrinsic capacitance per surface (F/m?)

LDIL Typical inductance per pin for a DIL package

LQFP Typical inductance per pin for a QFP package

LBGA Typical inductance per pin for a BGA package

LUBA Typical inductance per pin for a u-BGA package

LCSP Typical inductance per pin for a CSP package

ML Typical length of a CMOS transistor of an I/O buffer

MWN, MWP Typical width of a NMOS and PMOS transistor of an 1/O buffer

Table 6- 2: Keywords of .TEC file

V1.8 Library file .lib

.Lib file contains library of models of components such as MOSFET, BJT, diode, switch,
temperature-dependent capacitance model, etc... The .Lib file is a text that can be created or
edited by the user to add models of new component. As IC-EMC is compatible with
WiInSPICE and LTSPICE simulator, refer to the User's manual of these simulators to check
the syntax of model's instance. A line starting with the symbol "*" is a a comment line.

Any schematic diagram that contains a MOSFET, a BJT, a diode, etc... requires the import
of the library which contains the model of these components. The library can be imported by

clicking on the menu command "Insert > Insert Library (.LIB)" or the button A command
line starting with the keyword ".lib" is added on the schematic which provides the directory
and the name of the library file.

A default library "spice.lib" is provided in IC-EMC in the subdirectory "\lib\". It contains the
following models:

Model name Description

DIOD Basic model of a diode

CLAMP Typical model of a ESD clamp diode

SCHOTTKY Model of a power Schottky diode

CMODEL Temperature dependence model of a capacitance

SWMOD Basic model of a voltage-controlled switch

QMODN Basic model of NPN BJT (modified Gummel-Poon model)

QMODP Basic model of PNP BJT (modified Gummel-Poon model)

MN Default model of a NMOS device for core block, Model Level 3

MP Default model of a PMOS device for core block, Model Level 3

MNO06 Typical model of a 0.6 um NMOS device for core block, Model BSIM4
MPO06 Typical model of a 0.6 um PMOS device for core block, Model BSIM4
MNO035 Typical model of a 0.35 um NMOS device for core block, Model BSIM4
MPO035 Typical model of a 0.35 um PMOS device for core block, Model BSIM4
MNO35HV Typical model of a 0.35 um NMOS device for I/O, Model Level 3
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MPO35HV
MNO025
MP025
MNO25HV
MPO25HV
MNO12
MPO12
MNO12HV
MPO12HV
MN9ON
MP9ON
MN9OONHV
MP9ONHV
MN65N
MP65N
MNB5NHV
MP65NHV
MN45N
MP45N
MN45NHV
MP45NHV
MN32N
MP32N
MN32NHV
MP32NHV

é VI. Input/output file format

Typical model of a 0.35 um PMOS device for I/O, Model Level 3
Typical model of a 0.25 um NMOS device for core block, Model BSIM4
Typical model of a 0.25 pm PMOS device for core block, Model BSIM4
Typical model of a 0.25 um NMOS device for I/0O, Model Level 3
Typical model of a 0.25 um PMOS device for I/O, Model Level 3
Typical model of a 0.12 um NMOS device for core block, Model BSIM4
Typical model of a 0.12 um PMOS device for core block, Model BSIM4
Typical model of a 0.12 um NMOS device for I/0, Model BSIM4
Typical model of a 0.12 um PMOS device for I/O, Model BSIM4
Typical model of a 90 nm NMOS device for core block, Model BSIM4
Typical model of a 90 nm PMOS device for core block, Model BSIM4
Typical model of a 90 nm NMOS device for 1/0, Model BSIM4

Typical model of a 90 nm PMOS device for 1/0, Model BSIM4

Typical model of a 65 nm NMOS device for core block, Model BSIM4
Typical model of a 65 nm PMOS device for core block, Model BSIM4
Typical model of a 65 nm NMOS device for /O, Model BSIM4

Typical model of a 65 nm PMOS device for /0, Model BSIM4

Typical model of a 45 nm NMOS device for core block, Model BSIM4
Typical model of a 45 nm PMOS device for core block, Model BSIM4
Typical model of a 45 nm NMOS device for I/O, Model BSIM4

Typical model of a 55 nm PMOS device for 1/0, Model BSIM4

Typical model of a 32 nm NMOS device for core block, Model BSIM4
Typical model of a 32 nm PMOS device for core block, Model BSIM4
Typical model of a 32 nm NMOS device for 1/0, Model BSIM4

Typical model of a 32 nm PMOS device for 1/0, Model BSIM4

Table 6- 3: List of component's models available in the default library "\lib\spice.lib"
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