EMC of ICs
Practical
Trainings




WWW.IC-emc.org

Welcome to IC-EMC homepage

The IC-EMC software is a non-commercial tool
dealing with electromagnetic compatibility (EMC) of
integrated circuits (IC), and covering both parasitic
emission and susceptibility to radio-frequency
interference (more).

Based on 20 years of research, IC-EMC gathers a
unique collection of IC models, tools and EMC
measurements related to more than 15 IC case
studies complied in a user's manual (more).

A user's manual describes the basic and advanced
features of IC-EMC. Application notes described new
case studies, specific tools and approaches (more).
The tool is also used for trainings in university and
Publications in industry (more).

Application notes . o )
A five day training about EMC of ICs is proposed.

Exercises Real case studies and pratical trainings are proposed
Trainings based on IC-EMC. More information (here).
Contacts A book (more) is also proposed which basic notions
NeFiSc-Editor for learning how to model circuits and their
surrounding environment (PCB) with respect to
Sponsors emission, immunity and signal integrity issues. The

book also provides a series of exercises. Corrections
can be found here. (more)
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http://www.ic-emc.org/

http://www.winspice.com/



http://www.winspice.com/

m Unzip both files in \documents

¥ IC-EMC-2v9.zip
¥ winSpicelviazip
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>

|_-|!| basic

|_1 book

|_1 case_study
| EMC_lib
|_-|!| ermission
|_-|!, Eseca

|_-|!| examples
|_-|!| getting_started
| html

| ibis

|_-|!| iege

|_-|!| immunity
b

|_-|!| misc

|_-|!, Msc-eseca
|_-|!| near_field
|_-|!| package
|_-|!| passive
st

D example.cir
example.tet

H iC_emc.exe
. .

>

ik

[ DelsL1.isu
[] bEMO

] DEMO.CIR

[ ] DEMO1.CIR
[ ] DEMO2.CIR
[55] help.exe

[ LF156
license bt
[ makeidsx.exe
[8E] multidec.exe
(=] procdmod.exe
README.TXT
reg_license bt
[ ] REGKEY.DAT
[®E] sconvert.exe
D spltmp

[5] spicepp.exe
D test.cir
WS_FTP.LOG
%'3' wspiced.exe
o e e

. Janu



C

m Find wspice.exe

E# Simulator configurations — O ot
Access path to the simulators
Tk (e SHNC Y sers \Etienne \Software WO thers\WinSpice 1w Sywspice 3. exe |

LTSPICE: |C:'Program Files (x88)\L TC\ TspicelV\scad3.exe |

Simulator Options
() Launch simulator manually

(®) Interactive mode

() Batch mode

« OK ¥ Cancel
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Get familiar with IC-EMC/Winspice

lllustrate parasitic emission mechanisms
Understand parasitic emission reduction strategies
Power Decoupling Network modelling

Basis of conducted and radiated emission modelling
Basis of immunity modelling




m IC-EMC - Reference

m  Ex. 1. FFT of typical signals

m  Ex. 2. Transient current estimation

m  EX. 3. Interconnect parasitics

m EXx.4. Impedance mismatch

m  Ex.5.di/dt noise

m  EXx.6.intrinsic decoupling

m Ex.7.added on-chip decoupling

m  Ex. 8. PDN modelling

m  Ex. 9. Radiated emission modelling

m  Ex. 10. Estimation of susceptibility level
m  Ex. 11. Susceptibility of analog input

m  Ex. 12. Susceptibility of output buffer

m  Ex. 13. Susceptibility of a micro-controller
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IC-EMC schematic IC-EMC model
Editor (.sch) libraries

WinSPICE compatible
netlist generation (.cir)

{V
WIinSPICE simulation Measurement import

v

IC-EMC Post-processing
tools (emission, impedance, [€
S-parameters, immunity)

'

Output file generation




B | Open schematic (.sch) n

L] | Save schematic (.sch) D

¥ | Delete symbols

@ | Copy symbols

= | Move symbols D

Ba | Rotate symbols D

om | Flip symbols

A | Add Text line

. | Add aline @

£ | View electrical net b Symbol palette
@, @, | Zoom in/out ] | View all schematic

mmmmmmmmmmmm
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IC-EMC — Link to WinSpice

— Click on WInSPICE.exe

— Click File/Open to open a circuit netlist

(.cir) generated by ic-emc.

— IC-EMC main commands (text line):

inSpice v1.05.01

File Edit Settings

WinSpice Copyright 1996-2883 OuseTech Ltd. All Rights Reserved.

Uersion: 1.85.681
Built : Dec 18 2883 88:47:53

=lol>]

Help

Simulation command

Command line

Parameters

Transient simulation

.tran 0.1n 100n

step + stop time

DC simulation

.DCVdd 050.1

source + start + stop + step

Small signal freq.
analysis

.AC DEC 100 1IMEG 1G

sampling + nb points + start +
stop

Load SPICE library

Jib 65nm.lib

Path and file name
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m Create the schematic
m Set the source generator

m Transient simulation
m FFT by IC-EMC

signal

b
m Simulate the FFT of a sinus and a square A

111111111111111
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'1. FFT of typical signals

e FFT of a sinus source

— Set the voltage generator properties:
* Frequency =1 GHz
« Amolitude =1V

| { Symbol n*1 ¥source properties {965)
Yoltage source parameters
~DC parameter
b Walue (W) :
—_— 5|:| AL param
Sin 1.0 - Amplitude (v): |1
N Fload
WSOUrCe Fhaza doeres) [

Fulse parameters  Sinus Parameters |Simp|e| Piec:e-Wise-LinearI

—Sinus Parameter
EAr A WO ) ID.D YWaly): 1.0

Freq(Hz:  [1000
. Tdins): Iug— Theta:
Ex1-FFT-sinus.sch

: I 0.0
| | DES SCiECES
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1. FFT of typical signals

 FFT of a sinus source
— Type the simulation command: .tran 1n 50n A
— Simulate the response in time domain. j=

— Compute the FFT. L,
— Does the FFT result correlate with theoretical result ?

7 Az parameters————

E| B8
£ I dm
------- ot - ool T Y [

| — Simu Exol FFT_sinustd) | |

15Amp||tude(dEl|.l\/) H
FFT fV[1]

o n
v :"120198dB r ‘IDZSDMH 4 awis parameters——————
et e T N i ]
P iiiii_ g FFT ILE IPare‘I’
i i W it

FFT resolution

[ I o Im

USRS REESEY Apply to lr
Do E E E i i “Window : W

Skip [ng]: [10.0

[~ sdd fimit at |E;U-D |

. P .. P " oo i AN : : : : : : SPICE zimu: |D:halexbarticles -«
| | mszaes™ BinEan 'ﬁwwwwis v | @ 4@4
APPLIQUEES 2000 [ : o H Lo .
TouLouse  Feemmeetecaan R S TR TR TR T T A U S R UM SRR SR TS, R M ! Soe n.I N - |
264 3 BM 10M 200 30K BO0M  100M 200 300M 500K 1G 26 3G BG pecgra -




-T of typical signals

 FFT of a square current source
— Set the generator properties

- For example' Pulse parameters Sine Parameters Simple Piece-Wise Linear
. Perlod _ 1 N Pulse parameters
B 0. e,
* PWas small as possible | . -
e Tr=0.1n,Tf=0.1n EWine) Period (vs): [T
® VO - O V, Vl - 09 V leaurce reguency. FiU0 00 Az
+ 11
g% VAN 15
-1 D
0 ¢ PER ] timr:e‘
1 e »
12

/17 Ex1-FFT-Pulse.sch
Iran 0.1n 5000



Exercise 1. FFT of typical signals

* FFT of a square source

For a trapezoidal signal (Tr=Tf)

For a square signal (Tr=0)

c

INSA

_ 2At

- T
SIN| N7z —
T

INSTITUT NATIONAL
DES SCIENCES
APPLIQUEES
TOULOUSE

T
Nz —

.....................

FFT of "vI1]"

140.00

_____________________

,n>0

______

_______

_____________

____________

+

_ 2Ar7

. T -
sin| Nz _— |||SIN
T

tr
Nz —
T

n

c

T

E + ISillnul. Il:;ol'I_FFT_u:l.lArrentll:'uI

105,431 B, f=294.5 MHz !

et o0

-----------------------------

_____________________________

LUMIBEI0 R =10 S MHE LS

i

0000 L .
L N U I IS SN O N A | I IO I O Lok
E T A N S R A S AR R || R
L O N U L SO S I L4 5
2000 I M LI
.......................................... i i
P i Frequency
0. b ! 1=ncy

208 30k

B

100

200k 2008 5008 1h M A3

PiY SPICE simu [Dalestarticles - -

) |

........ S AU SOOEE UL OO UOUOLY JOE SOt 0 OOt RIS S S-S I viY | 2

T

t,
Nz — Nz —

T

Y Awiz parameters———

EIE| BE

[~ dBm

¥ fram [dB): |E1

[ awiz parameters————

wiwd M
FFT |LC IF'aréLI_’I
IF it

FFT resalution

IdEISB points vI
Apply to Iv[1] |

Window :  |Blackman |

Skip [ng] : I'ID.D
[~ &dd limit at |'3'3-El |

I Misc I Data I Freq | Time IDispIa\;l Parameters

2|

T

.n>0

15



-ansient current estimation

« Standard cell inverter in CMOS technology
« Typical load capacitance
* Observe in time domain the current through Vss.

We=0.42u
_ | =0.07u
W= 141
_ | =0.07u
@ T Oif
Ipulae 1.0 Cload
i + T
Jdib B&nm. lib
Aran 0.005n 30n
e

INSA

Ex2-transient_inverter.sch -
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[ransient current estimation

« Time domain simulation .
* Adjust scales (Autofit and zoom on time axis) LI I

‘\-fl: " 1t 1.020ns, 213,580 v o —YAHiS—-XaHihﬂ
oltage| H o &
: 5 | E|E[2] |l
: ! : : ! : = k
N S I S S S R S (]| Plelle ) Al
: : : ! : 5
| | | | | = f0.000 [0.000n
2
L kir [\ : To(z]:
= | |0.000 [4.3n
100.000u -
_____________________________________________________________________________________________ =
o
Fl
: ' ' ! ' ! = b anual Fit
S | S s S S I YR 1Yo S
. . . . ! u
= Auta Fit
0.000 i i i : i :
: . : : : : r e Distrib,

Time(s]:
! SPICE simu; ID:\aIe:-:\artiu:Iea - J

n n 2n 2n In n n | L L L
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-nt current estimation

« What is the influence of the load capacitance (1 fF to 1 pF) ?

lpeak . Rise time

Cload Cload




'rconnect parasitics

— The core is mounted in a QFP100 package.
— A pair of pins is dedicated to supply the core

e T T

Evaluate the electrical parasitic associated to the power supply pair.
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e 3. Interconnect parasitics

Use Tools/Interconnects Parameters to evaluate R, L, C
associated to package pins.

Empirical estimation :

« Lead : L=0.5 nH/mm and C = 0.1 pF/mm
 Bonding : L =1 nH/mm

{ Interconnect Parameters

=|=lo| ===l

| = =

Microstrip I

width - oz
spacing;: W
heigth |u7—
Length: [

Saveas: [Leadsz =]

thickness :

mm

mm

Dielectric Froperties:

A I FR4 F'TFEI Si02 SiSNﬂ-I

Diiglectic perm: Loss Tangent:
4.50 ID o

todel Generation:

™ Include dielectic lozses

thickness

SRR R CRATE A

hMetal Properies:
|Enpper Alu Gold Tungsll

Freq [GHz
1.00

T Inductances used for Mear field analysis

I~ Hidden model

Line kodel y=fix)

SPICE Model

[ R.LCWValue:

=lof x|

Capacitance
C1 =60.740 fF [60.740 fF/mm)

Inductance
L1 =0.568 nH [0.568 nH/mm)]
[L12 = 1 nH i
k=0
Resistance Durnp R[f
A =0.001 Ohrn (0007 Ohm/mm]
Skin depth :0.0021 mm

Loss cond.[ 1.00 GHz]=3.816 pS/mm
Other

20 =96.7 ochm

Propag. delay =5.9 ps/mm

lambda/10 criterion :

Freq. Y alidity [GHz):

RAC(1.00 GHz]=0.0112 Ohm [0.011 Ohmmnn]

o OK
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Exercise 4. Impedance Mismatch

35um

FACE 1

— Generate a fast clock

=

uw

I~

—
s
s
b
s
ek
o
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iele
s
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e
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et
b
el
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s
et
Lo
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et
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s
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b
el
b
s
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b
s
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b
el
b
s
et
b
L

del

Terminate by a high impedance

Terminate by 50 Q
)

Ine mo

ISSIoN

— Load a transm

£ E
I I
0w
M~ o~
— -

)
]

o

3%

o
55

i

e

o
25

S

T
<

55
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S
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e
525

S
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o
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=y

505

T
e

3

e
o

508

vy

565

T
<

i3

o
5255

=y
250

505

T
e

-
5

4

e
<5

17,5um
35um

1.6mm total

load

e
-
:gzﬂEG

=4.946n

50 TD

il
tline

TRAM 0U1NS 500MS

e

i
]

50.0u
0.260

40.0u
0.250

WY
E

W
L=l

MP025
hAMOZ25

g

b

pulse 200n

¢

e

1

s

ik spice.lib

o
N
>
=
(]
=
(=
©
()
—
N
E
=
2q
S50 w
228y
cgug
EZBSS
]
2@83
=5%8
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— Estimate the voltage bounce on Vdd and Vss pins of the
core when it is mounted in a QFP 64.

— The core clock is 20 MHz.

V] AV =7?

} VL * /
. -
<+> %& V] Core noise margin '
Ll = l /
r Exd-didt_noise.sch

January 25




0,08
/>-\ 0,07 /W\v/\} VAVAWAV/\
- \V
S
o 10 mV m
(7))
" 0,06 M a
> W \/

0,05

0,0E+00 5,0E-08 1,0E-07
Time (S)
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 Exercise 6. Intrinsic decoupling

|C-EMC reference manual p. 18

Consider a synchronous digital core in CMOS 65 nm formed
by 100 000 gates with the following parameters

Std cell Number Typical input | Peak current /
capa (fF) gate (HA)

Inverter 35000 1 120

NAND2 25000 1 150

DREG 20000 2 200

NOR2 20000 1 150

Estimate the intrinsic decoupling
Estimate the dynamic current consumed by the circulit.
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EXxercise 6. Intrinsic decoupling

Compute the on-chip noise

T

1681m
Fvdd1

--------------------------------------------------------------

pectrum

A00p
Cdec

0.133ns, 1.067

______________________________________________________________

________________________

I N SA 0.10u 0.20u
| 1UULUUSE

=~ Timels/™

0.40u 25 Ja

TA000

RN, 1L,
M 80.00

________________

________________

----------------

BO0kr
i /Icnre
'}.V/ N | I‘

2M 3 BM

_____

_______

_____

______

______

_________

20k 30M BOM  T00M 200 3000 SO00M

Ex5-IntrinsicDecoupling.sch

___________

Freﬁuen

I

1G 263G



-d on-chip decoupling

|IC power supply rails parasitics

— Consider a 1 mm long and 40 pum wide Vdd or Vss line.

Metal level | Thickness Height to substrate
M6 0.4 pm 4.5 um
M5 0.4 um 3.3 um
M1 0.3 um 0.5 um

— Total Inductance and resistance of chip power supply
rails ?
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Added on-chip decoupling

On-chip capacitor budget :

Ai:Cﬂ <:>C=AIXAt
Al AV

— |s the Intrinsic
capacitance is sufficient | capa. type Capacitor density (fF/um2)
to reach the noise Capa cell 52
margin target ?

Polyl — Poly2 |1.7

— How much capacitance MIM 1.4
should be added in the
circuit ? Ex6-AddRonChipC.sch
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N Modelling

l Impedance vs. Freq

m DSPIC Z(f): find an R,L,C mo_,
m Tune to measurement file:

10.00K

' ' ' [
_________ J_____I___J__J__I._I._LJ_I_________I.____J___J__A__l
[ v v 1 1

l}ﬁ-l\i @ Ay, sl

Fr:equehc:ylinl)

'
L4

M 3 Gitd 200 30k BOM 100k 2000 300K 500K 1G 26 3G 5

10

z11-dspic-vdd_10-vss_9.z

Hom du fichier [211-dspic-vad_10-vss 32 | [ ow
Fichisrs de type: [Impedance fie (-2) | Annuer
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. PDN Modelling

z11-ClnF 0603.z

2. Circuit example.SCH, Impedance 2(F)
1nF discrete
capacitance for DPI

o nink :

--Z(Dhm)J:

| Impedance vs. Freq 1

e, &8 b I & @ 1A, bl
|

Regarder dans : [ £ impedance = ~®mEcEE-

211-10hm_0603,2

z11-bosrd-d21on.z

lation Curve

of C1029.5p

5. 211-C1nF_0603.2"

FEequency

Hz:)

é

200 3000 B00M 2G5

3G

JalE]

=10l x|

Y Awiz parameters

\ElE| BB
¥ fom (g8} [2000

K aWiz parameters————

wilwd MW

zZn | |

F =
Walue : I'I 029.5p

Plat Z(f) |
Ingert Symbaol |

SPICE simu; [erampletet o=
[ v | & 1| @ 2|

I_ Specgran‘l 1
ﬁ]l]h Add Mea4 [1&';}.;. Save
L{D}. Envelop x Close

v &dd

| Miscl Datal Freql Time |Display Parameter.

Clear

[y, Aeld Meafl

5itd 10m 20k 30M  BOM 100M
0 paints
‘Hom o fichier [211-dspic-vad_10-vss 32 =l Duii
Fichisrs de type: [Impedance fie (-2) | Annuer
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-adiated Emission ModelingNear field

The circuit studied in exercise 5 is
mounted in a QFP package.

Two mounting versions, depending
on the power supply pair
assignment (pair 1 or pair 2)

Its magnetic field emission is
characterized by near field scan at
100 MHz.

Compute the magnetic field at 1
mm above the package for both
configurations.

Conclude about the effect of power
supply pair placement.

Ex8-RadEmi_Config1.sch and

PPPPPPPPPP
OUSE

o

P
AR ZEEAEEE

'Uv‘. 90006
@
q

\
ugq{mr.vm\muu -

. Sup

00

O-d"

Package geometry:.

Width and height = 16 mm
Package pitch = 0.5 mm
Lead frame height = 0.7 mm

January 25



Exercise 9. Radiated Emission Modeling

— Compute the magnetic field at 1 CISPR 25 - Limits for narrowband
meter above the package for radiated emission at 1 m from equipment
both configurations.

Class Limit @ 100 MHz

— The following table gives the 1 42 dB pVvim
limit for radiated em_ission atl 5 36 dB pv/m
meter from electronic 2 20 dB uV/
equipment, defined by CISPR Hv/m
25. 4 24 dB pV/m

5 18 dB puVv/m

— Does the circuit complies with
CISPR 25 radiated limit at 100
MHz ?
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m What did we learn ?




'O. Estimation of susceptibility level

— A RF generator produces a conducted disturbance which is injected
on a 200 Q load, though a directional coupler.
x|

Fassives
W caupler
L | i

Ex9-RloadSusc.sch

— Estimate the forward power to induce 1 V across the load over the

frequency range 10 MHz — 1 GHz.
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-5. Estimation of susceptibility level

Automatic Made |Lth|_|_|

—Launch Susceptibility tool [-E- e [T |
—Configure the RF disturbance and s o
launch SPICE simulation i

—Configure the voltage criterion and —
ey ey Get Power r;eim :UD :S -
extract susceptibility threshold = | =

1| ﬁl‘

After time [ng] ;10,000
Sirnulation Contral File

—Display the susceptibility threshold F;Eifﬁ%

Pawwer limit [dBm
40 @ Ge tF'owerl

Fail infarmatio

[f riak FoL
t und]

[ It age not faund]

[power il t faund)

Pet add Farward Power |

fraianrad s o ey
firarantiac oo ol S

nd]

& OK |

INSA ‘ sssssssssss . January 25




Exercise 10. Estimation of susceptibility level

: [ v i Simulation Curve
Power (dB-millivat) 1 30 I :

—Fail Criteniar

Mask Type: [RR pal B | (b

Lp. %ol Lirnit
1| =
| 30,00

After time [nz) : |1 0.000

Simulation Contral File Do Do R AR
D:ADocuments and Setingshai | P

Fawer linnit [dBm)
40 & Get Pu:uwerl
oy o . 10.00

_Fall InfDrmatan ___________________________________________________________________________________________________________________________

Frii=1000 pHz
T=E1.25 nz

V=1.007 Y 0.00

' o
___________________________________________________________________________________________________________________________
]

M Add Forward Pover
et

L L R A R A A
ﬁd’?ﬂ?ﬁﬁ?&.‘ffﬁ?ﬂﬂ}ﬁ?ﬁfﬁﬂ}& . Lo . Vo : I . Lo

J ok | ww bR e

M 3M 5 10M 20k 30M 50 100k 200K 300K 500M 1G 26 3G 5G

INSTITUT NATIONAL
DE& &UENLE&

INSA':

85 January 25

TUULUUSE



. Estimation of susceptibility level

==
0
|@2

[~ dBm
|@1

Aris parameters

E
' fram [dB)

Fﬂ

e result ?

I

I

SPICE simu; |ExoE_suzcephibil J

baay _E.m_n_ _n_m_E _

h

ft

Y e "

e Y N Py

Sk

oad.SCH, susceptibility of signal "Mode 2™

-

e cO

G

200k 3008 500K 1

100k

Ok

5
|D painks

20M 30M

O

1

5M

24 3M
2elected signal:Mode 2

Lo
N
>
=
[}
=
c
©
-
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'1. Susceptibility of analog input

— A RF disturbance is conducted
to an analog input.

— DPI: 1 nF
— PCB: short tracks

— Equivalent model: see IBIS.

— Susceptibility criterion . input
noise < 100 mV from 10 MHz to
1 GHz.

Ex10-ADClInputSusc.sch




EXxercise 12. Susceptibility of output buffer

— The following output is loaded
by a 200 Q load and a 0.5 nF RFI lg

capacitance. /\/

— The susceptibility of the buffer |-

is tested using DPI standard. AT
: . RF Cdpi VDD
— Harmonic disturbances are w0y
injected on power supply " T—FD( M
4
Ise“IEI OUT % :L
Susceptibility criterion ? wfém o

Ex11-HighSideEMI.sch
INSA'::" p



-5. Susceptibility of output buffer

— Injection on the Vdd pin
— Add a 100 MHz RFI sinus signal with 2 VV amplitude.

Waltage]

0.000 1= - —

1
1
1
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-eptibility of output buffer

— Failure due to rectification effect.
— Equation of drain current based on MOS Model 1:

Ids = g(vGS v A+ av.,)

Square function 2 Non
linear behavior
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m What did we learn?




Thank you for your attention




