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« S|+ Pl=EMI
— These disciplines are no longer independent of each other

« Fundamentals of EMI

— Where does it come from and how is it minimized
— Five Step EMC Design Flow

 Power Integrity design methodology to reduce EMI
— Fundamentals of Power Integrity
— Design Process to meet design specs in the Time and Frequency
domain
« 2nd Presentation on EMI Driven by SI

— Fundamentals of Signal Integrity
* Crosstalk is the main contributor to EMI

— Case studies that show perils of crosstalk in real world designs
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SI/PI/EMI Design Overview

Frequency Domain Time Domain

Signal Integrity

Electromagnetic
Interference

Power Integrity



Three Basic Elements of EMC A

ANSOFT

A subsidiary of ANSYS, Inc.

Emission
Conduction ; EMI Filters Shields Space & Field
Conductive Capacitive Inductive Radiative
Low, Middle & High Low & Middle Frequéncy  High Frequency
Frequency LC Resonance
EMI Filters Shields Shields Shields
Immunity
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Loop Mode & Common Mode Noise

A subsidiary of ANSYS, Inc.

A PC Board & Cables,
% Loop mode
~ current

£ A victim device

A Driver & Receiver by AC Analysis of

Q3D Extractor

e

Differential mode current flows --- Loop
Common mode current flows --- Open

.--\"'\-\..\_
-

We can see Common mode current is
more serious than Normal mode.

current
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Antenna theo Q&T
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-A Differential mode current flow Loop antenna theory
-A Common mode current flow Dipole antenna theory
e 131.6x107'°(f* A1) sin 0 P 47 %1077 (f1)sin @
= ; »
0 .0
.t : distance N\
A : area of the loop ! r

e - Length :I I """""

— | I
lllustration of a loop antenna lllustration of a dipole antenna

FCC B level Mag. E limit :40dBuV/m @ 3m
Mag. E( Loop antenna) : 20mA
Mag. E( Dipole antenna) : 8uA
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A

EMC Design Flow o
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Impedance Analysis

Planes deliver power to ICs and return
Resonance Analysis path for signal
Ensure that Plane impedance is smooth

Signal Extraction and low over broad frequency range

Emissions Analysis onoo,

100.00—

10.00-

Enclosure Simulation

1.00-

mag(Z(VCC,VCC))

0.0}. T 1T T TTwele T T toodoo T 10000.00
" - - " . Freq [MHz]
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EMC Design Flow (\\
ANSOFT
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: Resonances indicate areas of high
Impedance Analysis
P Y impedance and EMI potential
Ensure power planes do not resonant in
critical locations

il

Resonance Analysis

Signal Extraction

Emissions Analysis

Enclosure Simulation

-B.667E- 001V
- 1LTT8E- 001V

-B.8B9E- 001V -

* %

o ] 77 ?ui
s

- 1LODDE+000Y
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EMC Design Flow @?&
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Impedance Analysis
Resonance Analysis =
Signal Extraction e

If signal is not at the receiver, it went
Emissions Analysis selmilize 2
Ensure clean signal transmission and
good return path for critical nets
Enclosure Simulation
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EMC Design Flow .«;&\
ANSOFT
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30 Aug 2005 Ansoft Corporation 19:38:55
XY Plot 1
pwb_caps_03_vp

80.00

Impedance Analysis

60.00

40.00-|

Resonance Analysis

20.00—

dB(rEtotali3)+120

0.00—

Signal Extraction

20.00
0.0 0.20 0.40 0.60 0.80 1.00

Freq [GHz]

Emissions Analysis Non-ideal planes and tight routing can

lead to unintentional signals

Enclosure Simulation Ensure there are no unintentional
radiators
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EMC Design Flow
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F Figld[¥/m]
. Y9

. e

Impedance Analysis

THIHTT

Resonance Analysis

Signal Extraction

Emissions Analysis

Real enclosures are non-ideal and
can pass radiation

Enclosure Simulation

Ensure minimal radiation from PCB
escapes the chassis holes
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Pl Methodology m}};\ﬁ
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Signal Integrity

Electromagnetic

Power Integrity Interference
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Power Integrity — A Case Stud LQS\Q\;T

A subsidiary of ANSYS, Inc.

* Active devices require clean power to operate
correctly

* Power distribution system (PDS) design engineers
must ensure that all parts receive voltage between
certain limits and that noise is kept sufficiently low

* Today's designs with many separate power domains
of high current and low voltage devices complicate
power integrity analysis
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PDS Design Flow £$}>T

A subsidiary of ANSYS, Inc.

Start Finish
* ¢Yes
EM extraction Determine Simulate in Choose capacitor
of impedance > frequencies of > time domain to > or geometric
for critical specification check for change to address
devices violations compliance | NO violations
Alter design
according to
findings

Inspiring Engineering
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ANSOFT
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o2 (Power _Supply _Voltage)x (Allowed _Ripple)
. —
Mag. of Z roet Current
__________________ _Z___target__________________-________________-________________
Z|
| | 1
| I | |
I ! I i
I | | I
; ; ' 1 GHz
| | | |
1KHHz 1NHz 100MHz 1
| | | |
| | |
: Power/Ground
Switching Electrolytic Il;lrlgguency Planes
Power Bulk _ Coramic Buried
Supply Capacitors Capacitors Capacitance
Inspiring Engineering | | 1
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A

Package Model

! g O-
DI S = b
Driver
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3
< < s
X X
2 2 <
2
c58 [
Cpkg
3

ANSOFT
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* To define the target

iImpedance we need to
consider two factors:

— Peak current

e Determines maximum
impedance

— Spectral power

 Determines cutoff
frequency
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Peak Current A\

ANSOFT

A subsidiary of ANSYS, Inc.

 Peak driver current
37.87 mA

« Example:
— Six drivers and 0.18 V S

' : | o
maximum voltage swing: ] B |

IS B IR IR R

018V _g00ma .
6(37.87 mA)
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Driver Spectrum

A subsidiary of ANSYS, Inc.

Ansoft Corporation
1.00E-003

667 MHz Choose a frequency below
which most of the signal
energy lies

1.00E-006

1.00E-004

1.00E-007

mag(wim _power)

667 MHz = 97% of Spectrum

1.00E-008
1.00E-009
1.00E-010
1.00E-011

1.00E-012

CDF

|
0.2

Inspiring Engineering
© 2008 Ansoft, LLC All rights reserved. Ansoft, LLC Proprietary



Power Integrity Investigation ﬁ}\}r

A subsidiary of ANSYS, Inc.

PUSRPINERRENRODOO
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Bare Board vs. Bulk Capacitors f?%?a
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29 Apr 2008 Ansoft Corporation 10:12:06
U41 Impedance
power_integrity

100.000

Target :
impedance 800 0.
mOhm to 667 :
MHz

Resonance @ 50 MHz

J

EM extraction Determing Simulato in

Bare Board
Board w/
Bulk Caps

: A . i Choose capacilar
of impedance froquencies of B, | time domain to 3 ar pRometric

for criticel speciication  |§* check for change (o adaress

devices vindations compliance Viokiior::

T Aller design
pecording lo
findings
0.001| T T ——r—r T —— T —r—r
0.00 0.00 0.01 0.10 1.00
Freq [GHz]
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Time Domain Schematic A

A AT
ANSOFI
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50

R5

<
O ]
Driver
Cc58 {
Cpkg
L59
Lpkg <> V35
R60 T
Lo g

X6

VRM

oF
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7oC Uiz VCC_U412__
VCC_Uapat— ooV -——veg
VCC_U4}-42 VCC—U41__ gy = 3

800 Mbps data rate

DDR2 IBIS driver into ideal
termination used as load for PDS

Package decoupling modeled
using a capacitor w/ ESR, ESL
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Switching Power Noise

Ansoft Corporation U1 Power Bulk
240
Curve hfo pk2p
~1 1 -1 2 nS V(VCC UAt-2) |
. Transient i
period —
2] Traﬁs;’n:mQUL ! e
’ (“ (N — e w4
\! I | ‘ “, — V(VCC UA1-44)
e
5 |
%Si:ﬂ(tvcc_w-ea) Vs
%«80— ;ﬁ;/n(tVCC_W-M) 08658
‘ |
160 T h‘ Jl i I,
0 Wi | i i
| I| || !hr :.!! II‘F"l;
‘\ |I;| 1’ v
||
140 ‘
Shaded area represents time
domain violation of 1.8 V £ 10%
1‘20_0}]0‘ - lWU.UU‘ - I20.00‘ - ‘30,‘00‘ - ‘40“00| l IT“SO,O[OI]I | lﬁU‘UUI - ‘70!00‘ - lS0.00‘ - I90,|00I l I_'&),OO
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EM axtraction Dotorming Simulata in Choose capadion
af impodanco > frequencies of time domain ta ar prRometric
for crtical speciication check lor change o adaress
devices vindations compliance Viokiior::
Aller design
pecording lo
findings
80.00
?
T T
[,
2
[l
T
|
3Meter FF
-20.00 .
0.00 0.50 1.00 15 2.00
Freq [GHz]
XY: 2.060 2.405 m X1=0.25 X2=040 X3=0.80 X4=1860
Y1=54.95 Y2=75.19 Y3=43.44 Y4=55.31
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Choosing a Decoupling Capacitor §;}T

A subsidiary of ANSYS, Inc.

 To reduce the effect of a
resonance, choose a L TE
capacitor with a low T 22 nF
impedance at the | ==
resonant frequency g =~

i
o3 &5 -]
Fiwg [IHL]
EM axtraction Determing _Simulata in Choose capaciiorn
of impedance - frequencies of > time domain to ar pRometric
for criticel specilication check lor change o aoaress 10,000 'ﬁ"., ||l
devices vindations compliance Viowtion ] TN

A
- N

A CH T L] ; 1| I"||
HK"ﬂnl.'.llijl'l'g;:!; : = 0100 llu'lllr
Board w/
Bulk Caps

Freq [SHz]
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Bulk vs. HF Capacitors 1 @E%
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29 Apr 2008 Ansoft Corporation 10:14:54
U41 Impedance
power_integrity

100.000

g Board w/

impedance 800  1.000. ggl:rgsv?s
mOhm to 667
VI < /\ A HF Caps 1
1 =
EM extraction Determing Simuiato in V

Choose capaciior

of impedance frequencies of time domain to 3 ar pRometric
for critical specilication check lor change o aoaress
devices vindations compliance Viokiior::

T i No Resonance @ 50 MHz

findings

u.un1| R R [ R [ N
0.00 0.00 0.01 0.10 1.0o
Freq [GHz]
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Switching Power Noise

Ansoft Corporation U41 Power HF1
2.40
CUTvE TP
V(VCC’UM_OZ)GAS !
Transient
V(VCC_U41-21)
2.20 _U41-21)
Transient Bt g
v(vee_u4t4a) |
Transient D05
V(vCC U41—44‘3
2.00 ) 0.9182
1 L] V(VCC_U41-63)
| [ | | X 0.6925
|‘ [ | | ‘ | Transient
- ‘ ( ‘ [ i
=, ( | | [ V(VCC_U41-84
—1.80- ‘ Transient §%s10
> i
\ H
1 \
‘ ‘ |
| | ] L ¥ B
160 I O

1.20
0.00

Shaded area represents time
domain violation of 1.8 V £ 10%

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00
Time [ns]
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EM extraction
of impedance

for critical

devicas

>

Datarming Simufate in Choose capaciar
froquencies of time domain to ar prRometric
speciication check lor change o adaress

viedations compliance vinlations

100.00

Aller design
pecording lo
findings
80.00
1 4
60.00 '- — e —
1 3
— ] L] -.
40.00—
2
ul
U -
20.00
0.00—
' 3Meter FF
-20.00
0.00 0.50 1,00 150 2.00
Freq [GHz]
XY: 2082 23.526 H X1=0.21 X2=0.40 X3=080 X4=160
Y1=52.41 Y2=50.77 Y3=5264 Y4=61.68
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Extending Low Impedance ;q»}s\n\h
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* 10 1.2 nF capacitors
were added across the
board to extend
minimum high-frequency
iImpedance

* 1.2 nF capacitor was phesariersss @
chosen due to low 0 S e S
impedance at 200 MHz |a:: . * . i

» 4 of these were located - so e
near U41 :: ;---------; : ‘

Pl g

Inspiring Engineering
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HF 1 vs. HF 2

A
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29 Apr 2008

100.000

Target
impedance 800
mOhm to 667
MHz

10.000

Ansoft Corporation
U41 Impedance
power_integrity

New resonance @ 80 MHz

10:17:25

EM extraction I Simufate in Choose capaciar
af impodanco i timz domain to W i pRometric
lor enbical i - check lor change to address
devices : compliance Viokiior::
Impedance e
Aller design
sccodnglo € 800 mOhm @
findings
0.001| —r—rr , —— , —— ——r
0.00 0.00 0.01 0.10 1.00

Inspiring Engineering
© 2008 Ansoft, LLC All rights reserved.

Freq [GHz]

A subsidiary of ANSYS, Inc.

Board w/
HF Caps 1
Board w/
HF Caps 2

xceeds
) 350 MHz
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Switching Power Noise

Ansoft Corporation

240 —

N
=}
S

|

Y1[V]

1.60

EM axtraction Dotorming Simulate in Choose capadion
af impodanco > frequencies of time domain ta ar prRometric
for crtical speciication check lor change 1o address
devicaes viclatons compliance Viowtion
T Aller design ‘
pecording lo
findings
U41 Power
Curve Info pk2pk
V(VCC_U41-2) e
Transient
V(VeC_W1-21) oo,
Transient
V(VCC_W142) oo
Transient
—— V(VCC_U41-44)
A Transien t 0.4047
) A & v
/ A ‘ (VCC_U41-63)
I\ H A ;.\ ~ " ) ,‘,\ z A * ‘ ‘ h \ A | Transient 0.3083
10 Has 08 O A 0 G, b ol R AR 1\ ‘l‘
}\‘ AL IR A ¥ !\ WA, VI RO /\ NS i "I V(Vee W184)
| ‘ "” | ¥ | ’; WAL "‘."‘ "! “\“ \“70"‘ J mAR | I Transient
| | vl 1 \d' r[ r‘" |' “h ‘”‘\ !’ (| ‘ ‘
{ | VIR VW ]

"'v". 'i!"y RCARR \v‘s;

Shaded area represents time domain speC|flcat|on 1.8V +£10%

| T T | T T I T T I T T | T T | I I T T I T T |
10 00 20 00 30 00 40 00 50 00 60 00 70 OO 80 00 90 OO 100 00
Time [ns]
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Six 8 nF capacitors were
added near U41 to
cancel resonance at 80
MHz
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HF 2 vs. HF 3

A
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29 Apr 2008

100.000

Target
impedance 800
mOhm to 667
MHz

10.000

Ansoft Corporation
U41 Impedance
power_integrity

A subsidiary of ANSYS, Inc.

10:19:32

Board w/
HF Caps 2
Board w/
HF Caps 3

Impedance crosses
800 mOhm @ 500

EM extraction I Simufate in Choose capaciar
af impodanco i timz domain to W i pRometric

for criticel ] - check for change (o adaress | -

devices : compliance Viokiior::

T Aller design
pecording lo
findings
| ‘resonance @ 80 MHz| MHz
0.001 —r—rr , —— , —— , ——
0.00 0.00 0.01 0.10 1.00
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Freq [GHz]
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Switching Power Noise s eal i Wiy

for criticel speciication check for change io address

devices vinlations compliance Viowtion

- |

pecording lo

findings
Ansoft Corporation U41 Power
240 —
. Curve Info pk2pk
i V(VCC_U41-2)
i 0.2416
Transient

2.20 —] ek, 0.2685

- Maximum peak to peak noise of 371 mV =

| Transient L2

— V(VCC_U41-44)
2.00 — Transiont 0.3264

—— V(VCC_U41-63)

I | Transient 0.3708
|

N / | [/t i e /A " | IS, ') W\ 1M 1% | { g —— V(VCC_U41-84)
1.80 — | PO AN K ""| i SV R N A "‘ | "\,l,,‘: H’L ’( ;‘ \l | “ Transient 0.3142
T L WRTIA A OEINY &/ R IRV RTRTTAY /' O 1l S
U R el L |
i y » V f
- V
1.40—_
i Shaded area represents time domain specmcatlon 1.8V +£10%
120 O.EJOI I 10|00 o 20|00 o SOIOO - 40|00 o 50|00 o 60|00 7OIOO 80|00 o 90|00 o 100|00

Time [ns]
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Buried Capacitance

« Due to parasitic inductance
it is impossible to decouple
the board with capacitors at
frequencies greater than a
few hundred MHz

e Using a thinner dielectric
layer between power and
ground planes introduces
additional capacitance and
reduces high frequency
Impedance

Capacitance of C
parallel plates:

A
g_
d

Inspiring Engineering
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HF 3 vs. Buried Capacitance @E%
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03 Jun 2008 Ansoft Corporation 14:10:36
U41 Impedance
power_integrity_buriedcap2

- t b Board w/
leingls HF Caps 3
impedance 800 Board w/
mOhm to 667 Target impedance specification met Buried

MHz _  Capacitance

: HeHON _Simuiato in Choose capaciior
af impodanco timz domain to ar pRometric
ler entical checklor  —2 change tosadress
devices compliance vialations

T Aller design

pecording lo
findings

Impedance crosses
800 mOhm @ >667
| MHz

0.00 000 0.0 R X [ Y
Freq [GHz]
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Switching Power Noise

Ansoft Corporation Ud1 Power Buried
240 = "
| Maximum peak to peak noise 273.mV =
=+ 24% smaller than limit
200 — WO g
] : \ — VOO
i |l A Transwent
TNV 1y
= !“r ‘\j‘,\l :’\Q f’ \‘ ‘ ‘ i , i —v<vocu4154)
o TUAEVRBAU | [Pk A N | ” i U " !
' ;”v A !/\ \ i T ‘0 ’{v \'0 '\" fw A ”"“‘%"
160 —
Time-domain noise specification met
140
Shaded area represents time domain
specmcatlon 1.8V +£10%
. 0.‘00‘ - ‘10.|00‘ I 20|00 30‘00 40‘00 50|00 60‘00 70‘00 80‘00 - ‘90.‘00‘ - ‘10 .00

Time [ns]
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of impedance _} .,-um‘rgw
for critical Soacificztion aange fo adaress
devices I.rln-'h» TR picitions
Ml
T e, A
Loording lo &
findings
80.00
60.00 — —
— T I s .
nn- % 1
40.00 g A I
2
"’ j
ol ol L
20.00 ol l . | ‘. JIII‘I |IJ ,
| L fin'“wl 11 AT 1
0,00 I ‘I
_ |r I
] 3Meter FF
-20.00 : : — —— T T
0.00 0.50 1.00 1.50 200
Freq [GHz]
XY: 2.062 40.403 H X1=0.40 X2=0.80 X3=1.04 Xd=1.26 Xb=1.60
Y1=46.38 Y2=36.11 Y3=40.79 Y4=41.08 Y5=53.75
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Conclusions i&\

ANSOFT
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« S|/ PIl/EMI are all based on the same
electromagnetic fundamentals and cannot be
separated

* |Impedance and resonant mode simulations connect
the frequency domain to the spatial domain and allow
selection of capacitor value and placement

* Frequency domain extractions are useful for quickly
optimizing PDS designs, but time domain simulations
are necessary to ensure compliance with device specs

» Using a single design environment can help reuse the
same models for SI/PI/EMI simulations
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Questions i&\

ANSOFT
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Any Questions?
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