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EMC and PCBs ? M ZUKEN

EMC measurement result:
Measured EMC problem at 600 MHz
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M ZUKEN

EMC-Mechanisms on PCBs A

The "EMC-Nightmare” of a PCB
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Some Basics #0 MZUKEN

Decibel ? Why dB ? What is that ?

Decibel notation will characterize the relation or proportion
between 2 quantities rather then giving just single value

Ratio dB
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Electronic Design Trends

A
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M ZUKEN
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The Good Old Days: Verification Disciplines MZUKEN
separated (or not needed at all) ‘

© Zuken 2011



The 3 Functional Columns of MZUKEN
Power Integrity Advance

ZUKEN Power Integrity Advance

Power Power Fast
Integrity Integrity fullboard

Simulation Simulation EMC
Analysis

AC DC

CM & DM
Voltages Emission

Impedance Current EMC
Z(f) Density Antennas
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M ZUKEN

Today: Concurrent Approach Needed A

Signal
integrity

Fower:
integrity
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- What causes PCBs to radiate ...

Overall PCB Radiation

M ZUKEN

Differential Mode (from
Transmission Lines)

Common Mode
Radiation

Voltage Driven

Direct

Crosstalk driven
/O nets

Current Driven

Radiation from
Power Distribution

Direct Cables

Ground Noise/
Plane Inductivity
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The Idea behind: UMR EMC-Expert M ZUKEN

System Approach

e

10

Modular new approach to EMC analysis: separated into
single algorithms, covering a specific EMI effect, individually

Based on available information about ICs, (i.e., circuit
models, IBIS)

Therefore shares/utitlizes information which might be already
inhouse (S| simulation process)

Treating:
v Differential- & common mode radiation
v" Power Bus analysis

Verified by measurements & numerical computations (at
UMR and their partners)

Goals:
- Fast identification of critical areas & configurations
- Estimation of potential radiation levels
- Usable within the design-flow, by non-experts, too!

© Zuken 2011 v



The EMC-Expert System Approach
The EMC Expert System Consortium

« Mission of the University of Missouri Rolla (UMR)
Expert System Consortium (EMC Consortium):

The software looks for EMI antennas on or off the board and evaluates
how hard they are being driven. It identifies any problems found with
the board layout and estimates the impact of these problems on the

radiated EMI from the system

Source: www.emclab.umr.edu/consortium

« Zuken is a member of this Consortium since 1996.
Other members include:

Apple Computer Corporation, IBM Corporation, Intel,
LG Corporation, Mentor Graphics, NEC Corporation,
NCR, Siemens, Sony Corporation

« Current research of the EMC Consortium
- System Level EMI predictions
- DC Power Bus analysis
- ESD related analysis

MZUKEN

11
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The EMC-Expert System Approach MZUKEN

« The EMC Expert System approach intends to
simulate the way how a human EMC expert will
treat/solve EMC problems.

« Its not intended to compete against
measurement and/or 3D solvers (as human
experts won'’t do either)

« Its not solving Maxwell (as human experts don’t
do either — most of them).

« Its all about:
- Looking the whole board at once
- Identify and qualify potential antennas
- Know/propose how to get rid of them

- Predict the effectiveness of a measure with respect to
EMC/far field
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PIA EMC&PI: MZUKEN
oise/Problem Source Identification

oal: Identification of sources, contributing effects and
configurations to a specific peak in the spectrum, feedback to
CAD layout
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A typical PCB ....
(from 2009, industry automation, Power-PC & DDR
Memory)

M ZUKEN

» The active devices
(ICs) will consume
the majority of the
energy

* They need the various
voltage levels to work
(on this board 17
different supply and
ground nets)

« Several BGAs are
used on this design

© Zuken 2011



So most of our digital PCBs have things like MZUKEN
this .... (hopefully)

What is this ??7?

=~
=y

b

A power
distribution
system
(PDS)




Lowered Noise Margins of M ZUKEN

todays ICs . -
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M ZUKEN

Power Distribution Systems A

Voltages are not equally distributed and not considered ideal over copper
planes

Voltage
Source

Example: 3.3V Power Distribution System

“Voltage drops” occur on the copper area and within the vias — but why ?

17 © Zuken 2011



. . % M ZUKEN
Basic Electrical Concepts #1 i

Voltage: Electrical potential difference (denoted AV and
measured in volts) between two points. A voltage may
represent either a source of energy (electromotive force) or it
may represent lost or stored energy (potential drop). Voltage
can be caused by static electric fields, by electric

current through a magnetic field, by time-varying magnetic
fields, or a combination of all three.

Current: Electric current is a flow of electric charge through a
medium. This charge is typically carried by moving electrons in
a conductor such as wire. An electric current (Amperes law)

produces a magnetic field.
No voltage without current, no current without voltage

Ground: Not an acceptable technical term at all (current
return path is what should be used, Dr. Archembault from IBM
invented the phrase that ground is a place to plant potatos or
carrots), so there even as well does not exist a “Ground-
Bouncing” like people assume it to happen, it's a narrowing of
the potential difference

18 © Zuken 2011



. . M ZUKEN
Basic Electrical Concepts #2 i

» Resistors dissipate enerqy
* Resistance = Voltage / Current (R=V /1)
« Voltage = Current * Resistance (V =1x* R)

Capacitors store energy in an electric field
« Charge = Capacitance * Voltage (q=CV)
« Current (Aq/ Atime) = C = (AV/ At) (1 =C *x AV [ At)
« Power plane over ground plane is a great capacitor!

Inductors store energy in a magnetic field

« Voltage = Inductance * (Al / At) (V=L * Al / At)
« Oppose current changes with a voltage

« Inductive kick: pull the plug on a vacuum cleaner

when it’s running!

19
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Basic Electrical Concepts #3

for resistances and capacitances

IS the guy to care for

* Requirements do increase (i.e.
JEDEC DDRX)

A voltage

VDD

[

VRet ac-noise

b))
«

Vss

»

For Signal Integrity you should care

For Power Integrity, Mr. Inductance

M ZUKEN

VRef(DC)ma
- VDDR2
VRefDC)min

—p
time

Figure 90 — Ilustration of Vg gpc) tolerance and Vg ac-noise limits
e =

20
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MZUKEN
When Integrated Circuits Switch .... -

« They (should) change logic state.

 They need charge.

« Voltage has to be delivered (for reaching logic levels).
» A switching current will occur !

Relation between voltage & current ? - Ohm’s law

21 © Zuken 2011



Signal
Integrity

. L MZUKEN
Power Integrity: Switching Current s fued

« |C Switching current depends on:
- Number of active outputs
- Activity state
- Driver rise and fall times

TTL Inverter 1 vCC
[}

- Clock frequencies

- Load conditions

V()

(o]

GND

I |
Input ' Intern ' Output

22 © Zuken 2011



MZUKEN

I?
It depends ... but | think YES
Design Challenges increase dramatically ! rema i e

Power Planes The Spartar-2E high-spesd design succassfully usss a cnedayer, tripk splk plane. Cne
quadrant of the design is shown in Figura 7. The dasign has 200-300 ps edgs raes and o

(Example: Xilinx design guides for S T R
Xilinx Spartan FPGAS) ¢

~ PDS Design for FPGAs

o0

suin e ooz

One capacitor per Ve pin
Yes, EVERY Ve pin - Vecint, Veco, Vecaux, Vref et e e e et

Wpop wokage is 2.5V, the layeut iz simpls becouzs only two planss ars required. An sxampls
split plare & shown in Figurs 8. Flans requirsments moy olso be driven by other S| conoames,
such as the noed ba avoid shapss that rescnate at sslscled Frequencies or ths need 1o avcid

Within the total count for each supply: B

- Allocate some in each frequency range
.+ 3% 680UF -
© % 22UF
: « 15% 022uF :
_____ S
» 50% 0001 uF

Figurs & Example Split Plane

RAPPABO (v1.0) Oclobsr 31, 3005 werewching o o

Pictures © Xilinx
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Evolution of Power Distribution Systems <&

et

24

M ZUKEN

The requirements on power distribution systems have changed in the last 20

years.

CMOS voltages are decreasing while more pins can switch simultaneously,
inducing serious switching current (and more power consumption), at higher
frequencies.

Matching the target impedance (ratio of voltage/current while switching) the

power distribution system is a key problem in modern high speed designs.

Year Voltage (V) Current (A) Max-Pins (IC) Ziarget (MQ) f [MHZz]
1990 5 1 68 250 16
1994 3.3 3 244 50 66
1998 2.5 12 >500 10 233
2002 1.8 50 >1200 2 800
2006 15 >100 > 2000 05-1 > 2GHz
2010 1.0 Several hundred > 4000 <<1 >3 GHz

© Zuken 2011



Basic Electrical Concepts #4

T

« We do have the relation between voltages (to be supplied) and cur

M ZUKEN

rents (occurring) -

Ohms law describes that can be applied for the relation between voltage, current and

impedance

« Resistance in the PCB design world goes to become impedance (ratio between voltage
and current in the switching process)

« Please Note: This is a different impedance the characteristic impedance of signal traces

(means, computed differently)

« Silicon vendors nowadays define Ztarget as requeriment/constraint

Table 1. PowerPC Processor Parameters

Parameter No. of
Processor Voo Notes
VsuppLy | Pmax Imax | VriepLe | VmippLepeT| di/dt | Zyapger | pPins
MPC8245 @ 300 MHz 1.8V 22W 1.22A | =100 mV 5.6% 0.1 A/ns 83 mQ 20 1,2
MPC8245 @ 466 MHz 21V 3.1 W 147 A |+ 100 mV 4.8% 0.1 A/ns 69 mQ 20 1
MPC7410 @ 500 MHz 1.8V 11.9W 661 A |+100 mV 5.6% 0.2 A/ns 15 mQ 18 1
MPC7445 @ 867 MHz 1.3V 21.0W | 16,15 A || + 50 mV 3.9% 0.2 A/ns 3.1 mQ 21 1
MPC7457 @ 1267 MHz 1.3V 256 W | 19.69 A || + 50 mV 3.9% 0.2 A/ns 2.6 mQ 21 1,3
ME‘C7447A @ 1420 1.3V 30.0W | 23.08 A || + 50 mV 3.9% 0.2 A/ns 2.2 mQ 21 1
Z

« The allowed voltage tolerance (voltage ripple) must

be known/defined (usually around 5 %) to derive Z;, e

25

_ (Power _Supply Voltage)x(Ripple Tolerance)

Z Tagref

Dynamic _Current
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Voltage Supply for ICs: MZUKEN

Power Distribution System (PDS) AR

« The power distribution system (PDS) will provide voltages and deliver charge to
the ICs on a PCB

* Charge on the board must be supplied over a broad frequency range:

Low frequency activities (we still have them)
In MHz range for CPU-peripheral interfaces
At the clock frequency (several hundreds of MHz)

Provide a low impedance path for parasitic voltages at various
harmonics of the clock

26 © Zuken 2011



M ZUKEN

e
Power Integrity ?

Power Integrity <& Ensure proper behaviour of power distribution
systems (PDS) (ako Integrity behaviour of power supply system) i

<
Agitude [ H
o 2 ow e | 2
g
Bl
&
o
g
x
a
H

PCB Design today -> Increasing challenges, complexity is growing R

continiously: ‘
- Faster data rates (i.e. serial interconnects)
- Super-complex devices (several 1000 pins)

- Very fast memory interfaces (DDR2 interfaces common, i.e. on ASIC
cells and/or FPGAS)

- Increased number of power supplies (dozends)

- Increased power consumption, problems with large currents
and thermal management

- Requirements beyond classical SI constraints (i.e. target impedances
and decoupling requirements for CPUs or FPGAS)

C=3 B=0 (I K

OLUTELY Nom
!e THEBEST!
Ei SOLID VIA WITHIN PAD £3 [

\u.\ o
Pictures © AMD and IBM 2577 pin CCGA

EVEN BETTER,
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EMC-What-Ifs: Show Field Hot-Spots & Coupling M ZUKEN
Voltages, fix problems on the fly

rﬁ_Lightning P.R.Editor Lightning P.R.Editor MBCB/MBC_neu

File Edit sSelect Wiew Configure Placement Routing Ublites Layer:10 (L1) Help

J == A HJKJ;' [0, 4 e Jh- Grn B2 R %= w0 B B |” =~ 2, .I'LrHJ—I LY S 1 ightring P R Editor Lightning P.R Editor MBCB,/MBG_neu 8 [=] 3
(] R & S & Ble Edit Select Yew Configure Placement Routing Utiities Layer:i10(L1) Help

B tmeX(on|welLlleH heHES B[~ LS 1ALV k4k? Fan

<] [select [ 99.1491 100.1890 [mm  [<10f 2= : RoLting Area Layout_BD, Layers: 10(1)-60(L&) 7
[Select [ 71.3283 111.7674 mm | 4I
=1of x|

M Fle Edit Simulation Window Help =18 x

BN Rl #|

EMl et I EMI Connector | EmI Heatsink |

E-Mat _ . Total _ Signal Loop . O Driven by o WO Coupled to W_Chd /
) 2 7 [dBVm))MHE] {8 BV m) ] MHz] [ER [dB(u ) MHz] R [dB(pm) Y MHz] B [dB)/MHz]
SIGNI0_SIGMN1T_SIGH13 | SIGNT0_SIGNT1_SIGN13 35.35 /950.00 35.35 /950.00 54.39/ 39000/ SIGN7_SIGNE_SIGNS

0.00/380.00

SIGN14_SIGN4_SIGNS 50.05 ¢ 0 50.05 CH1
SIGN7_SIGNS_SIGNY 0 54.39/3580.00 / CMNZ|

DM {70 |2 HE P8 Mdl s kg,
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EMC-What-Ifs: Show Field Hot-Spots & M ZUKEN

Coupling Voltages, fix problems on the fly

JE) Lightning P.R Editor Lightring P.R.Editor MBC8/MBC_neu I (=1 3|
Ele Edit Select ¥iew Configure Placement Routing Utlites Layer:10 (1) Help

B smeX on||wefllleH||brEa ez @6hui|~ VS UL A2 & b

] RE S &

[ Benefit

ities Layer:10 (L1) Help
WG HS 26BN UE ][N KD P

[mm |

| 84.3626 106.7836

Increase spacing

29

Allow quick EMC-
What-Ifs with respect
to EMC noise caused by
coupling structures.
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Questions before the coffee break ....

M ZUKEN

/' ~—

What are the 4 key features of PLIA EMC Analysis ?

1.

30

It screens complete boards |
Its FAST (to be used in design process)

It identifies EMI sources (root causes) in form of
structures on PCB (nets, ICs, connectors etc.)

It allows EMC and PI what-ifs

© Zuken 2011



Typical Ways of Treating EMC.:
Design Guidelines, Measurement (& Consultancy)

o

Typically during PCB design EMC issues are covered
upfront by design guidelines and then in prototype stage
by doing measurements.

If this won’t succeed, often external or internal EMC
experts are asked for help.

But EMC Design rules will not make a good circuit board
designer and measurement will not detect concrete error
sources.

And, experts are limited/rare (and not cheap).

So designers should:
1. Use common sense !

Visualize and analyze signal current paths
Locate parasitic antennas and crosstalk paths

Be aware of potential EMI sources and antennas

a ~ 0N

Use software tools which will help/automate steps 1.-4.
—> Lightning PIA EMC approach

31

M ZUKEN

VxH=J+22
Ot
VxE:—ég
Ot

Maxwell Equations ?
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EMC Mechanism: Differential Mode Radiation AL

Radiated emissions due to current loops created by signal

traces and return paths
- Large current loops created by signal and GND traces
- GND planes decrease loop areas drastically

Main parameters are: X R e
- Spectrum of the signal current I(f) (Driver, Receivers,
Terminations, etc.)
- Frequency f
- Loop Area A (distance to next reference plane of each net-segment)
- Distance to closest trace (trace length on top or bottom layer)

32 © Zuken 2011



M ZUKEN
Return Currents

 Currents always returns to their source!

They usually take the path:

- of least impedance (for
frequencies > 1MHz)

- Not the path of the least
resistance, only at very low
frequencies, around 10 kHz)

- of course not the path of shortest
distance or most
convenient/nicest routing path

Current loops create inductance !

“Ground” is not an acceptable
technicalterm. | &+ | o

33 © Zuken 2011



M ZUKEN

EMC Mechanism: Common Mode Radiation |

- Caused by parasitic antennas which are built up by:
— Board to heat-sink coupling
— Coupling between connectors
— Board to connector coupling

~ Connector to heat-sink coupling W
— Coupling through cables

1/O radiation

/0 and Voo emitted and received
PCB radiation transients
emitted and received
{DM-radiation) @
A( N T power supply
i

1O (Voo)

clocked loop area A4 -
current /
I inging \

i
\\
T Sk
i (17 G
- //////////.al 44; 4 = RE -
2 2, D .S

/ ot |
Ve
o ety 4 i i
A D s e e ‘ \
trrad] u i n mm; m,,,,: ’r
T

L

cable—
radiation
{CM-radiation)

GND

GND transients

crosslalk

connector
GND—rlppIe

bundle of cables loop area A,
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_ MZUKEN
EMC-Mechanismn: Common Mode EMC

Common Mode: I/O-Coupling

& Lightning P.R.Editor Design Name: EDPL200/EDPL200

Fle Edit Select View Configure Placement Routing Utlities Layer:10 Help
HE & B X * @ NLLEE BRieae=rE
RENA?PIvE GORDQA AR

Crosstalk between fast signals to neighbourhood (IO) lines will cause
noise voltages visible at the connectors
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Again: Effective Antennas

MZUKEN

I
),

&

A2

Half-Wave Dipole I

<

4 Electrically Small Loop l @

Ay

(

A4 Quarter-Wave Monopole]

S O N E——

» Size

* Two Halves

— Ay
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Pl Advance - Power Integrity Analysis

Capabilities of the Lightning Pl Advance
Power Integrity Solver

M Fast method to investigates the quality and
efficiency of all supply systems of a PCB:

- Detection of:
v Ineffective decaps,

v High impedance connection of decaps
to power supply system,

v" Critical input buffers, w.r.t. the power
bus noise voltage.

- Estimation of:

v Effective capacitance of total power
bus,

v" Total power bus impedance (including
self resonances),

v Current drawn by each IC,
v Power bus noise voltage, and
v Radiated electrical field.

37

M ZUKEN
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Pl Advance: Decou

DeCap potentially not effective ?

[’u Lightning EMC - routed.rif

|~ Ele Edit Simulaton Window Help

=Jor

B Ol B @ X L S S, a4 | Mz [v] mm [ e | =
Cormmon | Ic | Decap |
<, Component | @ \’[’f‘:fje e l"dtﬁ:‘a]"m - RES&;LZE]" T . Ineffect 3 Power Bus | . SMD | MNearestIC lia]
c610 | CA10 100.00 1.94 1142 +33V_GND  |Ves U100
611 Ce11 100.00 9.41 5.19 +3.3V_GHND Yes Us0z
c700 | c7o0 100.00 3.27 .80 +3IV_GND  |Yes U400
c701 | c7o1 100.00 155 12,80 +3IV_GND  |ves 700
702  Cyoz2 100.00 1.56 12.76 +3.3V_GMND Yes uios
c708 |c703 100.00 2.28 10.55 +33V_GND  |ves U404
c704 | C704 4700000 0.80 0.62 +33V_GND  |ves UE04
C705 |C70S 100.00 0.e0 i 17.794 +3.3V_GMND es [ =n =}
c706 | c706 100.00 1.44 12.26 +33V_GND  |Ves US04
C707  CTOF 100.00 1.69 12.25 +3.3V_GHND Yes 10z
c708 | c7o8 100.00 0.80 17.79 +3IV_GND  |Yes uson
<700 |c709 100.00 0.80 17.79 +3IV_GND  |ves ue0z2
802 Cso2 220000.00 0.e0 n.ze +3.3V_GMND Yes U106
cans | canz 100.00 0.80 17.79 +33V GND__|ves U106 [
oM 140 cN Hs| Pel Mdl B Rig

Change Value within Lightning from 470p to 100N = Quick What-If

“Lighmlng EMC - routed. rif - [Classification] Q@
b Fle Edt Simulaton  Window  Help =& %
E W@ X% @ 6 g e Mz [ [mm [ ne (v v [v =
Component | Net | Supply | Power Bus
@, Name | o Part Name @, ComponentType  #0 Valug | #0 Active | @ #Pins | @ Heatsink
7oz croz MCH182F 1042 Decap 100,00 yas 2 no
cma [croa MCH182F 1042 Decap 100,00 yes 2o
704 |C704 MSVDZICA7EM Decap 47000.00 yes 2 no
(o705 |c708 MCH182F104Z Decap 100.00 yes 2 E|
C706 C706 MCH182F 1042 Decap 100.00 yas 2 no
oz |cro7 MCH1B2F104Z Dacap 100,00 y@s 2o
ca  |cro8 MCH1E2F1042 Decap 100,00 yes 2o
709 709 MCH1B82F 1042 Decap 100,00 y&s 2 no
7o [crin MCH1B82F 1042 Capacitor 100,00 yes 2o
71 [e7i MCH1E2F104Z Capacitor 100,00 yes 2 no
ceon  |ceon LW TH100MCR 168 Capacitor 1000000 yes 2
€801 €801 UAXIHI00MCR 1GB Capacitor 10000.00 yas 2 no
ceoz  |ceoz UUR 1V22 IMNT 1G5 Decap 220000,00 yes 2o
cana  |ceoa GRIMHOF104Z50PT Decap 100,00 yes 2o
cand |cand UUR IH10IMNT 1G5 Capacitor 47000,00 yes 2o (sl
Ex m | =)
Bn | Eower Bus
4 Compenent | powar s |+ € BN L CPDCNS o oy, o, Core Fremency | ESR | EL C
c705 | c705 +3.3V_GND 0,10 0.0 100,00
DM 1/0 cN HS Fe d Bl Rtg

38

Z(fy [Thm]

[y

T
10 100

f [MHz]

—Z (C/10)

=7 (0) —Z(0%C)

H Impedances of C705 ﬁ

2(f) [Ohm]

f [MHz]

—Z (AN =Z(C) —Z (10%C)
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Pl Advance: Decoupling Effectiveness MZUKEN

over frequency for Copper Power Arew

« Impedance distribution at target
frequencies show impact of
decoupling capacitors

« Indicate quality of placement
location, value and connection
inductance

E

= J 3
| e E

« Placement or connection can be
changed on the fly in P.R.Editor
for what if capabilities

|||||| |||‘||||||,|
Lyl
um: o

Y N il

39 © Zuken 2011



: : : MZUKEN
Lightning PIA: DC Power Integrity

DC-Analysis of supply systems
« Table driven DC-Analysis
» Results for supply system / ICs / Vias In separate tables

[T
~ Power Bus

Supply system
results

~ Classification

U103

4, Name  ox

Part Name

4 Type

en

value

0 Active ¢ #Pins @ Heatsink | W

Heatsink Area
(mm?2)

Heatsink Height
(mm)

Lm——-——

| common | 1c | pecap | DC | pCIc | DCvia |

-

Name

V Supply
-
W)

_V Min

CN300  CN300 HIF3BA-34PA / HIF3BA34PA 34 no (m_A) (W)
CN900 | CNSOO HIF3BA-30PA / HIF3BA3Z0PA Ic 30 no +3.3V_GND +33V_GND 3.300 550 8608.892 43.596
U100 U100 AMD2910 [ AMD2901CY62146v33 ic 44 no

T T N > V_GN02 133G 5300

Voltages at U700 in power bus +3.3V_GND
o e
. =
Pin \oltage Rel. \oltage -
_Fin |\ Power aus | 0C | 1 3.272V 99.157 %
2, Name > " Bus | #» Source | #¢ Power Consumption Package(;‘es'srance - Min IC Voltage
(mohm) 10 | 3.272V 99.159 %
CN200 CN200 +3.3V_GND yes 1.000 3.300
CNBOD CNSOO  +3.3V_GND o 0.000 1.000 3.300 26 | 3272V 99,164 % V It d t |
uio2 U102 +3.3V_GND no 0.400 1.000 3.300 Ia‘ reSu e a'l S
U103 U103 +3.3V_GND no 0.125 1.000 3.300 43 3.2?3 V 99. 16? ufD Power Bus
Uio4 U104 +3.3V_GND no 0.300 1.000 3.300 ic | pecap | bC | DCI4
U5 U105 | +3.3V.GND  |no 0.400 1.000 3.300 60 | 3.27 99.174 9% K e Vhin a
uioe U106 +3.3V_GND no 0.100 1.000 3.300 65 3 2 99 174 Elj 00 | CN200  +3.3V_GND
U107 U107 +33V.GND no 0.130 1.000 3.300 " " & 2 ;I.Jpp?yP\nVohag&
uios U108 +3.3V_GND no 0.000 1.000 3.300 }:  ueo4 +3.3V_GND pa L
76 | 3. 99.172 % :
Ul09 U103 +33V.GND  ne 0.000 1000 3.300 U600 | +33V_GND 7] £
b uso2  +33v_aND 3300 3274 99.224
ulo Uilo +3.3V_GND r 1.000 3.300 ?E‘ US00  +3.3V_GND 3300 3273 99.19
ui1il vl +3.3V_GND no 1.000 3.300 i u201 +3.3V_GND 3300 3272 99.139
i tinna cn s san = 4 nnn noan H L uso1 +3.3V_GND 3300 3272 99.160
8] IC result details BEs = =
i uso1  +33v._GND 3300 3272 99.138
81 “ U700 +3.3V_GND 3300 3.272 99.156
I n ut oo cNsoo  +3.3v_GND 3300 3271 99.114
p P ui02 +3.3V_GND 3.300 3.271 99.111
e . ’ Close ] ’ He|p s uios  +33v_GND 3300 3271 99.112
C I aSS I fl Catl O n Ui +33v.6ND 3300 3271 99.106
7 ui7 +3.3V_GND 3.300 3.271  99.120
| &2 U202 +3.3V_GND 3300 3271 99.107 v
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. . . MZUKEN
Lightning PIA: DC Analysis

« DC solver allows analysis of DC Current Distribution and
IR-Voltage drops within PCB Supply nets

- High Current Nets as well
- Detection of potential trouble areas in the Layout
- Avoiding thermal problems and Power Supply problems

0
F R

IR-drop
zone

Culriparty wuriiuceriual



_ MZUKEN
Pl Advance DC Analysis

[ ]
>
S
D
<
28
T
(7)
Q
o
-
D
=,
Q
=
<
Q
O
O
-
-
Q
—+
D
o
~<
-
-
3
D
=,
O
D
W
e
-
=.
o
-

« Analysis is done very efficiently """"
—> large electrical system is divided into smaller portions
« Results are visualized graphically in 3D

Tabular results given in spreadsheet
« Can easily be compared with given limits

[¥] Power Bus Al
Common 1c | pecap | bc | DCIC | DCVia Per net and |C
"ln Component | & Powrer Bus -2 i S&qply i Vf\l‘;’l]m i rel.[;rh_]Mm
%1€ per Pin BELE

CN501  CN501 SW+3.3V_EURO_GND_AUDIO 3.300 3.300 100.000 - -

owerBus, (IC:
ICios  IC106 SW+3.3V_EURO_GND_AUDIO 3.300 3.199 96.930 o S E L S R
1C103  IC103 SW+3.3V_EURO_GND_AUDIO 3.300 3.197 96.888 Pin Name  DC Voltage
IC102 IC102 SW+3.3V_EURO_GND_AUDIO 3.300 3.197 06.885 a9 3.196 v
ICiod4  IC104 SW+3.3V_EURO_GND_AUDIO 3.300 3.196 096.840 43 3.196 v Per I C p I n
CN107 | CN107 SW+3.3V_EURO_GND_AUDIO 3.300 3.181 96.400 27 3196 v
CN106 CN106 SW+3.3V_EURO_GND_AUDIO 3.300 3.181 96.400 14 3.196 v
1C403  IC403 AU+11V_EURO_GMD_AUDIO 11.000 9 3.196 V
1402 IC402 AU+11V_EURO_GHD_AUDIO 11.000 3 3.196 ¥

1 3.196 WV

lential © Zuken 2011




. M ZUKEN
Pl Advance DC Analysis

« Model Detalls

[¥| Gradian 1.Viewer
Fle Animation Window Help

Passive
Model

Company Confidential © Zuken 2011



Sample: Investigation of critical Power Bus

+1.,8V-GND - DC Simulation

M ZUKEN

Comman IC Decap DC DC IC DC Via

. Vsupply _ VMin IMax Power
(m¥) ~— (mV) (mA) W

+1,8V_GND | +1,8V_GMD 180000 176843 218324 393

e Mame

Grid Size
Min Grid Size:  50.000 m |
Max Grid Size: 200.000 m |

44

Voltage Distribution (V):
Max. Voltage Drop = 32mV

© Zuken 2011



Investigation of critical Power Bus: M ZUKEN
+1,8V-GND - DC Simulation

Current Density (J) - 2 Current hot-spots

© Zuken 2011



PIA Working Flow (1 of 3)

46

M ZUKEN

no m yes

A
no yes

OK’?

Component Layer Net
Check Check Check
?

Step 1

-

© Zuken 2011



PIA Working Flow (2 of 3)

47

M ZUKEN

Component

Net

Supply

?

Step 2

-
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PIA Working Flow (3 of 3)

48

M ZUKEN

EMI-T

EMI-IT

\

4

EMI Net

EMI Connector

EMI-IIT

|—I;MI Heatsink

Y

EMI-IV

Power Integrity

- Power Bus
Capacitance

-Power Bus
Impedan

- Power Bus

Noise

ce

A

DC Analysis

© Zuken 2011



Library/Attribute Information for PIA

M ZUKEN

e —

49

PIA needs some information (of course) to work properly (but no special models
nor special data setup is necessary) — even better, in a high-speed or Sl flow it
should work smoothly.

It needs information (like a human expert), otherweise its blindfolded (like a
human expert will be too).

It does not need special models, but if presents uses information from IBIS
models assigned

First of all, it needs copper (airlines are not antennas, templates have no
capacitance) — however, the board must NOT be completely routed !

The user has to a certain extend interact with the software (= Classification),
this is a mandatory step !

With respect to data, Pl Advance needs to know:
— Layer stack (not a surprise, correct ?)
— Materials (conductivity)
— Device types (RES/CAP/IND), as well ICs and Connectors (for EMI analysis)
— Heatsinks (for EMC analysis)
— Values of discrete components
— Power/GND Pins of devices (connection to power supply systems)
— ESL/ESR values of DeCaps (for Pl AC analysis)
—  Source/Sink Current Path and Power Dissipation of ICs(for PI DC analysis) © Zuken 2011



Exercise 1. Check Design Data for PIA

Steps:

50

Launch Pred-HS on design hs_demo_routed

Select Parts in the CM Tree View

Switch to Modelling TAB
Compare the entries with those in the picture, discuss differences and impact of those

M ZUKEN

(ICs but as well resistors and capacitors) with your trainer.(we will fix that later in an
exercise and with provided data set)

I Constraint Manager - HS_demo_routed / HS_demo_routed

== g

File Edit View Simulation Teols Help

BHE P RE W W B

B -E-E-E-E-f

&

-5

®

¥ 5
F U6
L)
& U8
& U9
& UML
& X1
8 x2
&yl
& vz

T 82HS3ZLAB3A

£ 290-004-004

& ATOM_N270_FCBGA

AF CAP_0.1UF 0402 16V_X7R
4k CAP_10PF 0402

4F CAP_10UF 0603 63V

4k CAP_22PF

4k CAP_3900PF_0402_16V_XTR
4k CAP_TANT_22UF 16V

& CI505_CLOCK_GEN

& CONN_MAGIACK_ETH_USB
£ CONM_SATA_STRAIGHT_SMT_093_PCB
& CONM_SODIMM _DDR2

£ 1C_82574_GIG_ETHERNET
£ INTEL 94565E_NORTHBRIDGE
£ INTEL ICH7M_SOUTHERIDGE
& NS32032

W R43-1%-0805

W RES_D_JUMPER

W RES_LOOK

W RES_2.0K

e RES_4.99K

W RES_L0K

W RES_12.1

W RES_24.9

W RES_27.4

W RES 33.2

W RES 54.9

W RES 80.6

b RES_100

W RES_475

W RES_NET_S6

& XSTR 4401 50T23

3

=]

Al Constrints| Crosstalk| Distortion| Impedance| Delay | Misc| Modeling | Lengthening| Mutti-board| Skew|

Vendor

Device

Input Model

Output Model

Connective Model

Source

Status

Mo. of Pins

Fallback
Technology

Part Name|

Resistance
(Chm)

Capacitance | [inc

(pF)

(nH)

B2HS321AB3A

290-004-004

ATOM_N270_FCBGA

INT

Diamondville

Project

Part/As|

=

=
)

CAP_0.1UF 0402 16V_X7R

ZUKEN

Cap_OLuf

Project

Part/Asy

100000

=
=]

CAP_10PF_0402

10

=
)

CAP_10UF 0603 6.3V

ZUKEN

Cap_10uf

Project

Part/Asy

10000000

=
=]

CAP_22PF

ZUKEN

Cap_22uf

Project

PartiAs:|

22000000

=
)

CAP_3900PF 0402_16V_%7R

ZUKEN

Cap_3900pf

Project

Part/Asy

3900

5
=

CAP_TANT_22UF 16V

0

CK505_CLOCK_GEN

CONN_MAGJACK_ETH_USB

CONN_SATA_STRAIGHT_SMT_093_PCB

w &
0 |8 & rr o |8 |88

COMN_SODIMM_DDR2

3
H

1C_82574_GIG_ETHERNET

=
&

INTEL_945GSE_NORTHBRIDGE

INT

945GSE

Project

Part/As

g

INTEL_ICH7M_SOUTHBRIDGE

INT

82801GB

Project

Part/As|

652

NS32032

2

R43-1%:-0805

RES 0 JUMPER

RES_1.00K

RES 20K

RES_4.99K

RES 10K

RES 121

RES_249

RES 274

RES 33.2

ZUKEN

Res 33.2

Project

FPartfAs:

RES 54.9

RES_806

RES 100

RES_475

RES_NET_56

L EE T E E E E S E RS E BT I A T =TT

XSTR_4401 50723

o e e e e e e E A e e e e e )

XTAL 25MHZ_30PPM

© Zuken 2011



How to launch Pl-Advance

51

MZUKEN

From the software bundling point of view PIA is an add-on option to
PReditor HS (mandatory), but not license wise related to Sl-Verify

Pl-Advance is to be launched from CM using the E
PIA Icon gets active (only) when a license is present !

PIA will start up as separate application dialog

icon (or Tools-PIA)

v Lightning Constraint Manager - chxoc_err ' routed
Eile Edit “iew Simulation Tools Help

NEH & & =8 x|@rzmﬁ?ﬁ@ﬁl&%

% Syl

tem

El Buzzes
Differential Pairs
Power Metz
Met Claszes
Components
Parts

@ Skew Groups

""" 23] Relative Delay Pairs

o Waveforms
-] Boards
@I Scenarios

Al Ennstraints] Crozstall

Layer

:'D routed | All

© Zuken 2011



Exercise 2: Launch PIA & perform a EMI

Analysis

Steps

hs _demo_routed

Launch Pl Advance on design

MZUKEN

Run EMC Analysis

52

Raise Result Window (Radiation)
Inspect the various GUI columns

Why some columns in the various
results window are empty, others

are filled ?

Click
M Lightning EMC - routed. rif
File Edit Simulation Window Help ,
E M| = B X éu@nb.‘: | MHz [v] mm [v| ns v| mv [v||ma v ohm  [v] oE [v] e [
B3
M s s X
Component EMINet | EMI Cornector | EMI Heatsink Common | 1¢ | Decap
Modellin & Tatal . s Capacitance 2 Max (@ICs)
4, Name | 4l Source | & 9 o Partvendor |en 4 Name = = 8 Power Bus | P B
© - [%] [B v/ m)]/[MHz ] [nF] [Ohm]/[MHz]
cio  |cioo GRMA %CC% HCCHe +3.3¥_GND +3.3V_GND
ci1 |cion GRMA 9CCEN% HCCEN% +3.3v_SIGNERD | +3.3v_SIGNGE0
ciz  [cio2 GRIMA %CLR% %CLR% +3.3v_SIGNEBS | +3.3v_SIGNGES
ciz  |ci03 GRIMA %FULL% %FULL% +12V_GND2 +12v_GND2
cio4  |ci04 GRIMA %OE% HOEYs
CI05  |C105 GRIMA %PL% %PLY
CI06 |Cl06 GRIMA %RLD% %RLD%
ci7  |ci07 GRIMA HVECT% HVECT%
Cl0E  |C108 GRIMA 1 1
coi0 | c200 ECUX ADDRESS:ADD[0] | ADDRESS:ADD[O]
coml|caol ECUX ADDRESS:ADD[1] | ADDRESS:ADD[1]
cz0z  |c20z ECUX ADDRESS:ADD[2] | ADDRESS:ADD[2]
c203  |c203 ECUX[,, | | ADDRESS:A0D[3] | ADDRESS:ADD[3] =
< > ¢ > < >
M | M Classification g@ ] X
Frequency Component | Net | Supply | Power Bus Z\ﬁfR‘NING‘ et SIGNEST s ignored because it s connected on one side, |
-~
o Name | m Fart Name A, Compone | WARNING: Net SIGNSA is Ignored because it s connected on ane side,
only!
Ci00 (100 GRMMOF470ZSOPT Caparitor "
e T Capacitor m;zr:[dr\‘la Met VIDEO: [ 91.045100, 71.754900 ] segment of length 0
c10z  [C102  GRMHOFL04ZSOPT Decap
"WARKING: Net SIGNGES: [ 72.345000, 20.320000 | segment of length 0
€103 [C103  GRMHOFL04ZSOPT Decap skipped!
ippex
cin4 (0104 GRMMIFIN4ZSIPT Neran hd
< "WARKING: Net SG003109: [ 100.374900, 130.809900 ] segment of length 0
=kipped)
Bin | Power Bus
VWARNING: Net SG003100: [ 122.549900, 100.965100 ] segment of length 0
skipped!
"WARNING: Net SG00381: [ 116.210100, 104.775100 ] segment of length 0
skipped!
"WARNING: Net SG00370: [ 96.514900, 152,399900 ] segment of length 0
skipped!
"WARNING: Net SG00368: [ 126,995000, 88,265000 ] segment of length 0
skipped:

v
Aot @EAARSS. T AR ATS1A0 197 00100 1 ranmant of lonath 0

CM 140 CN HS PE Mdl Cls Rig
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M ZUKEN

Pl-Advance Information: Data Files A

« Some technical details behind
- Pl Advance reads CTF and RIF files from <design>\hotstage\emi directory

- As Pl Advance needs the newest RIF format , Pl Advance keeps a clone of the
design RIF and CTF under <design>\hotstage\emi directory

- Stored as well is classification data (.ecf) and options (.INI)
- These files are stored in XML or plain ASCII

2& L. v Computer » OS(C:) » demos » ZDWest » designs » hotstage b emi -
Organisieren - In Bibliothek aufnehmen + Brennen Meuer Ordner
I 1. designs “  MName Anderungsdatum  Typ GraBe
I 1. bluesky ) - -
o || emi_classified.avf 29.07.2005 16:31 AVF-Datei 1KB
| . || emi_classified.ctf 19.05.2009 14:21 CTF-Datei 1.504 KB
. Daughterbeard . - .
|| emi_classified.ecf 19,05.2009 14:21 ECF-Datei 66 KB
| ECAD-MCAD i . e ) .
i | emi_classified.ini 04.02.2011 13:43 Konfigurationsein... 1KB
. em
- - Pty emi_classified.rif 19,05.2009 14:21 PREditer XR Layou... 3461 KB
. hotstage
- g . lemc-log.bd 19,05.2009 14:21 Textdokument 3KB
A ce
1. data
Lo def
L oemi
1. scenario
g 5e

53 © Zuken 2011



Pl-Advance Information:
SI-Simulation vs. PIA EMC Analysis

M ZUKEN

SI-Simulation (LT/SIV)

Pl Advance (EMC)

Function Considers the Signal Quality (Signal Analyses the various Radiation effects on
Integrity) . PCBs.
Means the quality of signals which - Which enets could be responsible (in worst
arrive at the receiver. (Reflection, case) for radiation.
Crosstalk, Timing).
Typical model | Driver-TL-Receiver Driver-TL-Receiver-current + current return
path (+ IO-Lines + connectors) - System
| — M\
Results Very accurate. It shows where the problems are (could be).

The simulation results can be
compared against measurement.

The results are not matchable (comparable) to
the results from the measurement (chamber)
but...

54
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Pl-Advance Information: M ZUKEN
SI-Simulation vs. PIA EMC Analysis =N

SI-Simulation (LT/SIV) Pl Advance (EMC)
Process scs.exe (interactive simulation) engineer.exe engineer_solver.exe
(relevant for scs.exe (batch simulator) Only 1 engineer can run properly on a system.
simulation) impulse.exe (Library) (On hang-up, user may have to restart the

system (because new bmsmain process is

Client Server architecture, if needed, needed = sweeper))

SCS will restart automatically Needs/uses impulse.exe as well !
Required CTF RIF + CTF, to be found in the directory:
data <design>\hotstage\emi

Classification file .ECF

Results are | Field Solver + Simulation Engine | Fast UMR (University of Missouri Rolla)
computed by | (Telegrapher Equation Solver) EMC algorithms for full PCB EMC
simulation, developed by UMR EMC
Expert System consortium.

Time Domain ! Frequency Domain !

55 © Zuken 2011



PI Advance GUI

When Pl Advance

is launched (after cCM
has written the design

data), the GUI is
populated with the
current design data

—>Some pre-
processing is done
on these data

- Only Common
(and classification

if data is there) cells
are filled.

M ZUKEN

File Edit Tools Window Help
B X % @ & 3 ¥
W Common [= (=12 | PowerBus M Radiation (=== I
Component | Layer | Net common | 1¢ | pecap | pc [ peic | povia | EMIMNet | EMIConnector | EMIHeatsink |

&, Name 4] Source -M"?;J""g &v PartVendor #m. |j % Name w“p?:':;"“ W(Dhr%ﬂh\n?xMHz] > 0 o Name  o° (dBuv,,T:Ja"(MHZ] = (dBi\%;|j |
clo0 100 GRIMAOFS +12V.GND  +12V_GND %CC% %CC%
clo1 Clol GRMAOFL +1BY.GND  +18V_GND %CCEN% SCCENS
cloz L0z GRMAOFL +33V.GND  +33V_GND %CLR% SCLR%
cl03  C103 GRIMAOFL +33V.GND2  +33V_GND2 SFULL% HFULL%
Clo4  Cl04 GRIMAOFL +12V.GND  +12V.GND S%OES %OE%
c105 105 GRMAOFL +12V_GND2  +12V_GND2 %PL% %PL%
Cl06 106 GRMAOFL A2YGND  -L2V_GND %RLD% SRLD%
c17 Qo7 GRM40FL -12v_GND2 -12V_GND2 HVECT% %VECT%
clo8  C108 GRMAOFL OVDD_GND  OVDD_GND 1 1
c00  C200 ECUXIHL 2V5_ETH GND  25_ETH_GND ADD[0] ADDI0]
co1 0L ECUXIHL VREF_GND  VREF_GND ADD[L] ADDI]
0z 202 ECUXIHL « ADD[2] ADDR2] -
<om v ‘ i K n v

|
il Frequency [=] 23] | el Classification [=] (23] | el Lo =]
v vaiue 5.5 v 1s ussa.

Frequency

Component | Net | Supply | ViaType | DCVia | PowerBus |

H Net SIGN§7Z has V_Min not clesrly determined:

@ Name o, Part Name # T
cio0 €100 GRM4OFATOZSOPT apaciter
101 101 GRM40F104Z50PT Capacitor
Cclo2 102 GRM40F104, Decap
c03 €103 GR 750PT Decap
a

2y ower Bus | DC

[

Default value 0.0 V is used.

Nev SIGN672 has V_Supply not clearly determined:
Default value 5.0 V is used.

NOTE: Net SIGNE73 has V_Max not clearly determined:
Default value 3.3 V is used.

NOTE: Net SIGNG73 has V Min not clearly determined:
Default value 0.0 V is used.

NOTE: Nev SIGN673 has V_Supply not clearly determined:
Default value 5.0 V is used.

NOTE: Net SIGNE74 has V_Max not clearly determined:
Default value 3.3 V is used. a3
NOTE: Net SIGNG74 has V Min not clearly determined:
Default value 0.0 V is used.

NOTE: Nev SIGNG74 has V_Supply not clearly determined:
Default value 5.0 V is used.

Net SIGNE75 has V_Max not clearly determined:
Defsult value 3.3 V is used.

Net SIGNG7S has V_Min not clearly determined:
Default value 0.0 V is used.

Net SIGN675 has V_Supply not clearly determined:
Default value 5.0 V is used.

NOTE: Net SIGNE76 has V_Max not clearly determined:
Defsult value 3.3 V is used.

DM 0 CN HS PB Mdl Cls g
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M ZUKEN
Pl Advance GUI Issues (1 of 5) -

 Top Menu+icon Bar

File Edit Tools Window Help

_|1| E }{ ‘\ ::U Ilﬂl_s :;g} HLj '1'5 | ] [MH: v][ITIITI v][l‘lS v][l’l’l":l' v][.ﬁ. v][DhITI v]
Options \ Analyse DC
Result Export (XML) CM Voltage Map
Copy/Paste/Delete Analyse Pl
Text Search

Crossprobe/Classification/Analyse-EMC _
» Analysis Icon: Units

- Sensitive if no results are there, insensitive after analysis

- Becomes sensitive again if settings or data have changed
(results are discarted then) [ iehning e - routed it - fradtaton

Iuﬁ\e Edit Simulation Window Help

« All columns can be sorted (click on column header): sx =

EMI et | EMI Connector | EMI HeafSin

Total

- I = Name (B i) T “} Lo
Ascend I ng Z08(5] 208(5) B4.04 /09 Double Clek
. SDTC[S] SDTC[S] 54,30 / 6
- D eSCe n d I n g ZDB[2] Z0B[2] 64.25 / 99

=DTC[6] SDTC[B] 64,07 / §f
5G00333 5G00333 61.89 /99
spTCl1s)  |SDTCl1s) 61,54 / 60T
SpTCI0] spTC(o] 80.27 / 390.00
ZDB[4] ZDR[4] 58.39 / 429.00

57 © Zuken 2011



M ZUKEN
Pl Advance GUI Issues (2 of 5) -

Options:
« General: Decimal points & axis control W Options S
| General | Classification I Analysis | EMI I PI | DC |
« Classification Grid Size
Min Grid Size: | 50,000 pm -
. . Max Grid Size: 100,000 Hm -
« Analysis Settings
I Power System :
Include Power Planes Display Power Planes
« EMI: Change antenna distance for far Ground System
field analysis (>= 3m) Ideal Ground
Incude Ground Planes Display Ground Planes
. . . Visualization
- Pl Effectl\_/e Serle_s Resistance (ESR) Layer Stack StretchFackor: |3
and Eﬁ:eCtlve Serles IndUCtance (ESL) Via Current Threshold Factor: 0.001
defaUIt81 anaIySIS Settlngs (RLC grld Tracks/Vias as Lines [ Directional Current
size and grid size relaxation level)
. . . [ QK l ’ Cancel ] ’ Help ] 1
« DC: Grid Size settings, Power/Ground )
system settings and visualization -
issues
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Additional information in most table cells (double click of right mouse
button RMB)

RMB

CESTERmss . . =)
I File Edit Tools Window Help [-]=]x]
# BB X N s ¥ # (e [ <] [ <) [ <) <) fom <

EMI Net | EMI Connectar I EMIHeatsink|

—
mial Loop . /O Drven by p

. Total =
=" (dBuV/m) | (MHz] (dBuV/m) | (MHz)

© (dBu\a

vem 2
L

P —
db | TalH

89.71 | 720.00 -

A0 MName =

(dBpV/m) | (MHz

INIT* INIT 2984 240.00 | AMc TDI|

'FMC_TAG_ON' "FMC_ITAG_O™ BOAF |-'1_'E.ULI
QDRO_D11 QDRO_D".
QDR 104 8

Rl CM Vottoge S | eetje]
i 82.47 | 660.00
I PR I T
60 oo )] 22.24[12000 | Tl 2+
= 81.59 | 660.00
=} 40_{ ____________________________ _ 8134 | 450.00
= 09t 1T 120.00 | X4 316812000 | F!:f_2+
B T o B
T (1 IS W MO N 120.00 | X4 3161 120,00 | Re2-
DT || I NS N I T
2 [ emes
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f (MHz)

81.03 | 660.00

81.03 | 660.00 E

= _CM(Selected)

D /0 EN S P8 Mdl B Rig
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Status Bar (lower right of PI-Advance):

The first 5 indicators show green, yellow, or red levels of emissions for a specific EMC
effect. These change their status when a given, user-definable threshold is passed. The
thresholds are given in dB(uV/m).

« DM: Differential mode emission
« |/O: Emission due to 1/0O-coupling

« CN: Cables, attached at connectors act as antenna for current driven common mode
emission.

« HS: Heatsinks, act as antenna for current driven common mode emission.
- PB: PowerBus noise caused emissions.

The last three indicators have a continuous color between red and green depending on the
percentage of:

« Mdl: I/O buffer models available at IC pins

« Cls: Classification settings are not set to default for: Net type, Clock frequency, Rise- and
Fall times

« Rtg: Routing completion of the non-supply nets. |DM [I40) |CN |HS |PE |Mdl [Cls [Rig
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Result/Plot Windows (Spectrum, Impedances)

All spectral results can be visualized graphically by pressing the right mouse button (RMB)
on a selected result cell of a frequency domain result. Spectral plots resp. impedance
plots are available for the following result types: e T

— Electric field strength
— Impedance of the power bus and DeCaps

&
& & &

E-Field (dB(uv/m) )
w w2

: |
. o - L
— Noise voltage due to switching currents o IS NN 91 1111111 i l
— Common mode voltage due to the signal current per E-net. =
Zooming —

— Within these plot windows you can always zoom in by opening a rectangle with the left mouse button
pressed. Using the middle mouse button, the zoom area returns to the previous state.

Scaling

— The type of scaling (linear or logarithmic) and the displayed ranges can be controlled individually for
the x- and y-axis within the Option Dialog, depending on the content of the plot. The frequency axis
will always be displayed in the same manner, hence the setting for this axis can be done within the
General Tab of the Options Dialog.

Units

— The units can be changed within the Options Dialog, General Tab or within the toolbar, if this is enabled
in the Options Dialog.
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