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1. History of IC-EMC

2. Book Basis of EMC of ICs

3. Overview of IC-EMC

4. What can we learn with IC-EMC ?

avec I'Université Fédérale

Laboratoire conventionné
Laboratoire d’analyse et d’architecture des systémes du CNRS de Toulouse Midi-Pyrénées -



LAAS History of IC-EMC  |NSA &

——/

v First development in 2004 by E. Sicard

v'Initial purpose: automatic post-processing of electrical
simulation results, demonstration of research results
through case studies

<

v First trainings in 2007 (basic concepts illustration, simple Training in APEMC2010
practical work) INSH

A One-Week Training in Electromagnetic
Compatibility of Integrated Circuits

v'2012: 5-days training for PhD, engineers, teachers, S
sponsored by Eurodots program i

¥ = A unigue practical course to ke part o & global
J| mregrared circuit emission and susceptibiliny
B reducrion sirategy’

researchers in glectonics

& AAE
— =—d

v'2016-2019: ERASMUS+ project MECA (Microelectronics il Bt
Cloud Alliance) BSMLUEIES. e ssermsmssmn

v'2017: IC-EMC v2.9 release and publication of the book
“Basis of Electromagnetic Compatibility of Integrated
Circuits”
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v'Published by Presses Universitaires du Midi

v'Learning how to model ICs and their surrounding
environment (PCB) to simulate emission, immunity and
signal integrity issues

v'Free companion tool IC-EMC to illustrate theoretical
concepts as well as practical case studies

v"More than 40 exercises and practical works

v'Addressed concepts:

basics for EMC

overview of EMC issues

modeling of passive devices and interconnects
IC technology trends

EMC meas. for ICs

I/0 modeling

IC models for emission and susceptibility

% Laboratoire d’analyse et d’architecture des systémes du CNRS
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BASIS OF ELECTROMAGNETIC K
COMPATIBILITY OF g
INTEGRATED CIRCUITS

Alexandre Boyer and Etienne Sicard

PRESSES UNIVERSITAIRES DU MIDI

pum.univ-tlse2.fr/~Basis-of-
electromagnetic™.html
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v'Free simulation software dedicated to the EMC  |ss sreasaetiirs o normsnn aas

Package 5n

of ICs issues: WM = ";

i —gw g ;;f

v"help the user to develop EMC models L e e bl | Sa
VA—:

vdc=3.0

rapidly for an efficient evaluation of EMC =
performances

Spectrum analyser

I
49 “18/04/2007 220562 lactives
R49 K
0

1

e sa “VDE simu, 32b micro 20MHz
777 77£7 77f7 pr—

v'illustrate EMC issues related to ICs for

educational purpose of basic notions and S
modelling techniques related to EMC [ - —
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v'Executable files, application notes, exercises
solutions available at www.ic-emc.org
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EMC Tools Help. -
B eEAlYE > LELEE

@ Signal integrity simulation

| PCB/cable modeling [N

=] o
- s o3 )

Wighiw} [

Thkness () 003

Heghth 0200
Leoghll 10000

33 333

Dielectic Propertes: Metal Propertes:
(A (FRaFTE 025 (Gospen) A ) 6ok [Tungsl
Diectpem  Loss Tangent: Conductivty MS/n}  Fiea(GH). 20-800
o= oo =1 10

‘SPICE Model Generation
nchodelosier

N feldsnsys
[

Line Model y#p) O3 SPICE Model o 0K

]
| g
.
editor Fee.
Si | VE Sumymemmdnionls] 00 =

I} Advanced SPICE and 815
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v'Simulation flow based on SPICE simulation results:

INSA

|/O, package, PCB, |IC-EMC schematic
cable modeling tools editor (.sch)
b2 l Model libraries
WinSPICE / LTSPICE-compatible o

netlist generation (.cir / .raw)

=

A 4

WinSPICE / LTSPICE simulation

IC-EMC post-processing tools | fi e Importing of
(emission, impedance, S- N measurement result
parameters, immunity ...) files

Wi B8 b ™~ & 1A b

y

Output file generation
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D plitude (dBy ] IR ERRE | u e
v'Computation of signal frequency content
based on FFT (typical algorithm for emission :
simulation) i~
v'"Number of points and windowing can be =
changed i
v'Short-term FFT for time-frequency analysis
v'Simulation of an EMI receiver (RBW from 10
B specgram| | [ vit)
kHz to 10 MHz, peak and average detector) ) ) (e
Learning outcomes: — E—

Fieq [GHz) SPICE simu -
L DAAsimulCEMCChap3voltage_p =]

—>Learn how to configure FFT for emission S“Ef;ﬁ S
simulation
- Analyze the frequency content of signals, o I
relation with timing characteristic

- Understand the impact of RBW, sweep time,

detector of an EMI receiver

(i}
cas [ Save
‘ ! ]
! |
; ose
DA\simulCEMC\Chap3\woltage pulse bt read. 1 curves found ]

% Laboratoire d’analyse et d’architecture des systémes du CNRS
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FFT and EMI receiver

v'Example: FFT (65536 points) vs. EMI receiver mode (30 — 1000 MHz, RBW = 100 kHz,
peak detector)

H Emission vs. Frequency

e e e e e

160 _ i
| Amplitude l[ng\/)
1= Simu.v(2)

e e

Simulation EMI receiver
Fmin (MHz) Fmax (MHz)

30 1000

EMI r

eceiver

Mb of swept points 1001

RBW 100 kHz A

Min. REW =290,91kHz
[¥] Add thermal noise {3007)

_l_

|

|

|
|
|

|
IL
]

|
[
f
f
i
[
|
|
|
|
|
|
|
f
|
f
|
|
[
[
[
|

[ Envelops & Limitsl Meas Data [ Simu Data [ Display [ FFT Parameters  Input data
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v'S and Z parameter computation, up to four port ‘1 (W
v'Modeling of passive devices, interconnects, IC PDN, e M/I I
measurement equipments... o f____“_55____________°‘_‘ ______ ?{54___7?;7
v'Touchstone import / export

v'Mixed-mode representation (ideal for common-

Capa Alum_100u.s2p

mode and differential-mode representation)

L]
Advanced model of a 100 pF electrolytic aluminum capacitor

Model of 100 pF electrolytic capacitor

- Slmu ZH Mag (\mear)j

Learning outcomes:

- Clarify the role of filtering components (ferrite,
choke, capacitor...)

—>Show non-ideal frequency behavior of passive
devices

- Learn to build equivalent electrical model of linear
passive devices i

- Clarify the role of stray components on EMC T jit

Teeai L biiipeal i b Uiiieest bi i Hipeat L me___fﬁF@@%

performances (e.g. filtering, decoupling, IC package) Comparison between meas. and simu.

o |
i e s Rt ol

[ |
et
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FE‘ Interconnect Parameters ‘ = | &l —&1
S EEEEREEEE] v
v'Microstrip line, edge-coupled stripline, T &y

Inductance
L171 =4.796 nH [0.480 nH/mm]

L12 =1.224 nH [0.122 nH /)
Mutual coupling coeffficient K. =0.255

coplanar waveguide, via, rectangular power-
ground plane pair ...

v'Line parameter extraction

v'Characteristic impedance extraction

Losses
Relc =033 0 (0,004 O/ [ Dump |
Skin depth d [10.00 GHzJ=0.0007 rm
Rac (10.00 GHz) = 1.042 0 (0.104 Do)

1 1 H - 2 : : . Cond. G (10,00 GHz] = 564.964 5 (56,436 p5/mim

v Automatic generation of electrical model || oeeeicrioperes Meral Praperies:

T G Y o) 2 Gl 7, =500 > Z ... = 100 Q
(i n CI u d i n g freq _d e pe n d e nt Iosses) Dielectic perm: Loss Tangent: Conductivity (M3 /m]: Freq[GHz] : odd Z0=E4.00 diff

+50 0.1 14 1 Zodd =497 0 Zeven =81.80

SPICE Model Generation: - g

- IFpiiolesees Propag. delay Td =65 688 ps (B.6 ps/mmi

Mear field analysis 1="1/101[t=10.00 GHz) = 1.52 mm

Create subcircuit

Build electrical model

Lune Maodel y=frxj ‘ B3. SPICE Model | | o OK |

Learning outcomes: Matching and modeling a differential line

- Select dimensions for impedance matching

- Analyze physical behavior (eg. line or plane resonance, increase of losses at high freq.)
—>Canonical line model for Sl simulation

—> Estimation of radiation of PCB lines

de Toulouse Midi-Pyrénées R
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v'50 Q microstrip line model up to

E4 Interconnect Parametars

IC-EMC?

PCB interconnect modeling

20 GHz

e

Micrastip \

Width [w), 037
Thickness it~ 0035 mm
spacing 0z mm
Heigth (hl: 0200 mm

Length (L)

Dielectric Properties:

(e |CERa]PTrE  S02)(5004

Dilectic perm: Loss Tangent
450 ]

SPICE Model Generation
Include losses

Mear field analysis

Create subcicuit

Save subircuit as - Microstip.sym

9N == = 1 -] Y - B P P

Interconnect cross-section

Metal Fropetties:

(Capper)( Al Tungst]
Coonductivity (M5/m) Freq (GHZ):
5814 20

Interconnect Coordinates

% shart (mn): ¥ start [rom]
10 20

® stop (mm): ¥ stop [
] 20

Line paiameters
Capacitance
C11 = 6118632 1F (122,373 fF/mm)

Inductance
L11 =15.322 nH [0.306 nH/mm]

Losses

Fidc = 0.071 2 (0.001 Q/mmi [ Dump AIA

Skin depth & (20,00 GHz] = 0.0005 mm

Flac [20.00 GHz) = 26550 (0.053Q/mm)

Cond. G [20.00 GHz) = 7688.898 5 (153778 us/

Other

Fropag. velacity v = 163298 km/s
Propag. delay Td = 305188 ps (6.1 ps/mm)
1=A/10 (<2000 GHz) = 0.82mm

(=)

Line Madel y=#)

l B3 SPICE Model ]

Lo |

Laboratoire d’analyse et d’architecture des systemes du CNRS
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microstrip_20GHz
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io_ref

\AC DEC 50 1MEG 20G

02

o

s

microstrip_20GHz is a SPICE subcircuit ge

It describes a microstrip line with: w=0.3471

Ed S Parameter Analysis

,,,,,,,,,,, P
imu. 311 Mag (lineal
imu. 512 Mag (linear).”

S YT N S I 8 ) O O S 6 -

1 — & Redaw ‘ ‘ 1 Ciex

b e o pa Pl

=T
Simulation Data Source
s\hasic\microstin_5_parameters spe .|
S parameter Fomat
512 +  Maglinsan
. * o5 =
5 Parameter Measurement
2115 paramster Format _
- Mag (inear) =
5 T
[Bpaavs ] [ soeries]
Display
@ Cartesian
~ Srith Chart
Conversion
@35 ) Mived-mode S
oz * Mised-made 7
< Ais
i |F minMHz) F max MHz]
1 oo
[¥]Log
7 Asis
¥ min  mas
0.0001 1
[7]Leg

Universie Féciérale

' B
g Cl
liFsin | X core |

D:\Users\admin_aboyer\alex DELL 09122013\ic-emc_sources\IC-EMC.

\microstrip_S_p .spe read: 4 5 .

, 216 frequency points loaded.
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v'Rapid simulation of near-field emission from SPICE
simulation result

v'Computation of amplitude and phase of E and H fields
v'Computation of far-field emission

/| Simulate H field

O & 3

| Simulate E figld

Learning outcomes:

Use file
D:Asimul CEMCHRTAFPGA |

w
2
o
o
=

rameters
Min freq (MHz).  8.000

t[Dp e [D\sp\ay[ Parameters

—>Radiation of PCB or package
interconnects

—Electric vs. magnetic field source
—>Rapid decrease of near-field
emission with distance

—lllustrate simple techniques to
reduce radiation

% Laboratoire d’analyse et d’architecture des systémes du CNRS
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Display:
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[ Save [Image [ FPF [Infurmaliun [Curr
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IBIS interface and signal
integrity simulation

v'IBIS file editor

v'Plot I/O characteristics (I/V, V(t))
v'Extract I/0 model

v'Transient signal characteristics
v'Eye diagram simulation

Learning outcomes:

- Analyze the structure and content of

IBIS file

—Build equivalent electrical model of
input/output buffer

- Visualize signal integrity issues

- Understand eye diagram

- Influence of line matching, buffer
characteristics on signal integrity

Laboratoire d’analyse et d’architecture des systemes du CNRS
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B 18IS Interface - xninx_spartanﬁ_wwoszibs

— —

=

s

PpEy——)

Tnpuit text
R4 WCCO_2 POWER
A8 WCCO 2 POWER
02 WCCO_3 POWER
G4 WCCO_3 POWER
J2 WCCO_3 POWER
K4 WYCCO_3 POWER
N2 WCCO_3 POWER

Model LVEMOS33.F_6_LR_33

Model] LYCMOS33_F_6_LR_33
odel_type 110

Polarty  Nondnverting

Ensble  ActiveLow

Vmeas = 1.6500Y

\Cief = OOF

Rref= 1.0000M

Vie = D0V

C_comp 6.08pF 5.79pF 6.380F
||C_comp B.5SpF E18pF 6.30pF
|

|
[Temperature Aange]
[Moltage Range]
[Pulidovn]

Moktage Ilyr) I{min)
I

25.0000
33000

<330 -15.6000ms, 14 0600ms
-3.20 -19.5000mé,  -14.0500ms
<310 -19.6000ms, 14 0500ms
-3.00 -19.5000me,  -14.0500ms
290 -196000ms,  -14.0500ms

200 -15.5000ms,  -14.0500ms

85,0000 00

30000 3.4500¢
I[max)

20.2700m4

-20.2700mé,

20 27004

-20.2700me,
20 2700mé,

20 2700,

Parameters
+ [1#0 | Model [Infas | Package|

| LvCMOS33.FELR_33 10 EOSpF  3mA  34mA
LYCMOS33 F_12LA_3 /0 6OSpF  GlmA  64mA
LYCMOS33 F 24 LA_3: /D 6.03pF  122mé 126md
LVCMOS33 5 BLR_33 /O  E0SpF  33md  34mA
LVCMOS533 5 12.LR 3 /0 G0S0F  Blmd  G4mA

)

a4

Hadel Type C_comp Pulllp PulDown Power Clam Gnd Clamp Rising

Om, 18520ma  071ns
Omé, 18520ma  0.50ns
O 18520ma  030ns

Dm, 18520ma  111ns
Omé, 18520ma  1.0Bne

B .

an Lo
fram AW/DD to 2DD (3300]

[PdRdPaGS

Add dela

Loaded £ models.

I

& Ok I

[ A5 30 Diew ]

I Advanced SPICE and [BIS I

'H Eye Diagram

=RESN X

160
Arpliude [¥)

DDR:

link si

mUIatif_)n — Sim_évm

‘100

Eye Diagram |

Simulation Dala Source
D4l sershadmin_aboyersales_DE [D

Input Signal

U} hd

Clock Freq. MHz): 3971

* awis ¥ ki
[rmEEE g

From (5] Min [¥]
-2,00n oo
Tolsl Max V)
4.00n 160
Zoom:
a 8

Signal integrity indicatars
Indicator  Awg. Stddev. ~
Olevel 0152 Bai0r
1 level 135 19.4200
Eyeampl 1183 003

Eye height 1,055 -
Eyewidh 2,08 (0831 _

Cross. level 0,776 01| .
< [ r

Eye diagram extraction succeeded: 397 overlapped signal bits.

-
H
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Package modelling

v'Construction of 3D model of IC package
from pin-out and package dimensions

v Extraction of electrical model

Packags Gensration | Model Viewsr Compute Parasitios |

Learning outcomes:

I {Ground plang

- Observe the placement of Vdd/Vss : :
pairs at package level T
—>Estimate the order of stray inductance

and capacitance of IC package pins T

- Analyze the influence of Vdd/Vss pair S E—

Hin Typ |Max |

position and number on Pl / CE / RE

L [nH) 1.943 2,865 3616

CeR

|‘& Add | 1 Clear m Save

‘ Paékage ping
X Close : ‘ : : i : 7
Laboratoire d’analyse et d’architecture des systé nes du CNRS

Inductances computed. Results saved in D:\alexic-eme_sources|Export_IC-EMC_2vSlicemc|ic-eme_master_W2_Sisystemipackage|BaAG+_m 7
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ICEM Expert

v'Estimation of 15t order model of digital ICs from technological information (ICEM model)

o 50, |
Mverage gate current vs technology Bl cEM el eepert :
1 . : IC technology Typa of packags Perfomance
; : The ‘defaultlec! technology e fssetle ) p_ 2 High performance (<2 in current]
1 Techno | CMOS 45nm ) BFR @ Standard /\/\/LJVVL
H Typ curent 0,05 mé, gt ) Low paver [12 i current)
i - Typ delay : 0.018 s e AddIEC B1967 Measusment setup 0 500n 035 0.02n
—_ General purpose G0l psdes ) Mone] 995rdie vdd  Idie_vd
=3 ¥ 191 ohm s 0 ground cdec
E- 01 i Ll | TEM cell model ——995.09
o Hi IC peramsters c uted ICEM model cb
igh speed (x 2 P e
a g BN sp (x2) Gates (K] 3000 s Ml “"'“"[PD“l o
’ S pp\y inuctarn 0500 -

H] Cors voltage [V 1.2 wdc=12 8 3375
8 Un-chip decap (pF): 3950.0 Vdd dec ib
= Freq (MHz) 100 Decap Res. (O 043 /\/\/\—m
[ ; !
£ om ! Low power [+ 2) ! - Supplppais. 10 Block Capacitance [pF: 9350
=] | —
L]

0.500n 035 0.02n
Bale activiy [%]: 15,00 DieGiround Capa [pF): — 1.415 Ipa 1 416p:_vss Idie_vss
e T Internal Activity [1A] cdg
Currert peak (4) 2375

Riise-Fall time [rs): 0120
[ Default Parametess | [ Update ICEM model |

. Rapid ICEM construction
& & &Y .;mf < ““6 & & g\‘°\;‘§ .90{? q{\é‘ a’-“fgc;*‘@h [ AR I l ety ]

a‘f«:a‘v A )
oF & O oF o i

Technolegy node

Learning outcomes:

- Rapid simulation of IC conducted/radiated emission
- Analyze the influence of technology on emission
issues

- Evaluate the influence of on-chip capa, package
inductance, on-chip resistance on emission issues

% Laboratoire d’analyse et d’architecture des systemes du CNRS
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Emission simulation example: Efficient decoupling XI. Modeling G emission

o . ~ Exercise No. 3 — SILENTCORE DECOUPLING BUDGET
\/ U S€ Of I C emissionm Od € l too ptl mize The SilentCore microcontrolleris dedicated to high-reliability applications requiring very low

H electromagnetic noise. The circuitis designed in CMOS 65 nm low-powertechnology. It includesa
d ecou p I In g at PC B l eve l 32-bitmicroprocessing unit An on-chip PLL provides an internal operating clock running at 50

MHz from an external 16 MHz crystal oscillator. The microcontrollerincludes SRAM and Flash
memores, several peripherals and 3 ports of 8 [0 fines.

\/ Re q u | rements on p ower | nte g rlty an d The circuitis mounted in a TQFP64 package. The nominal power supply voltage of this circuit is

2.5V It is provided by several powerand ground pins:
CO n d u Cted e m iSS i o n Vdd1/Vss1 and Vdd2/Vss2 for the CPU

VddlO1/VssIO 1 and Vddl02/VssI02 for 1O buffers
VddPLLVssPLL for the internal oscillatorand PLL
VddANssd for analogue blocks

Bl Transicnt analysis A oo

Learning outcomes: T S T T T S B | I
- Create IC, PCB, ceramic capacitor  [||...........|. N NN | N NS W e
—>Manage target impedance : : | | : : : :
- Observe the actual efficiency of
decoupling capacitor (role of ESL, ESR,) | I
—>Strategy to decouple board | “ :'
—Influence of number and values of | '

. . = v
decoupling capacitors optimization | Lmsse@mes

Iiefore éoptirﬁizatiofn

; ; : : j [ UL FFT ] [ ! Specgram ]
i : | : | ; ; ; Time [s] ;
. , , . . 0 100,00 200,00 300,00 400,00 500,00 600,00 700,00 00 X Close
% Laboratoire d’analyse et d'architecture des systémes du CNRS B i - —— o e o el "
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v'Build simple IC susceptibility model S? e J B :
including PDN, non-linear elements, failure | L T e ’
detection G Te

v'Simulate susceptibility to harmonic e g

disturbance % T S| ;
v'Examples of practical works: Simulation 'jif’j 'ﬁ;’j
of DPI/BCI of CAN bus % % '

'
'
% !
'
| 23pl
Ctr2 rec_L
Rptr2 rec LT
20 < i
3
12 rec_L
'

. Lm _rec | H ’_‘ 77]’:7 BND ----- 7L17r27 recH
Learning outcomes: /\/Iode/ of DPIl on CAN bus interface
'gq Susceptibility analysis | 28 E:DE it DPI TranscB_recessive, Bit HpSCIH susceptibility of signal "Node 3" [
[]— - v o S N N e S+ YETEMT

—>Model of typical IC immunity set-up 11N i

: . e | = | =
—>Model equivalent impedance of CAN  |...." P 2
interface pins and bus RGP AT 1
= Common-mode vs. differential-mode e SRR SN 1 S U 0 O 18 O A O =
disturbance

Up. Vol Limit Low, Vol Limit [
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