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. Project Objective®

In this project you will use PowerSl to determine value and locations of
decoupling capacitors (maximum of 5) to reduce the power and ground
voltage noise and impedance for a 5 layer printed circuit board.
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*Note: In this tutorial:
* the dielectric constant is €,=4,
* the metal layers have thickness = 0.03556mm
* the dielectric layer thicknesses are
* layer 1: 0.5 mm.
* layer 2: 0.5 mm
* layer 3: 0.1 mm
* layer4:0.1 mm
* the plane x-y size is
* x=100 mm
* y=100 mm

* These values may be different in your design



Il. What is Cadence PowerSl|

PowerSl is a new generation power and signal integrity tool designed for the electrical analysis of integrated
circuit packages and printed circuit boards.

* |t provides fast and accurate full-wave results and allows designers to overcome the challenge of high-speed
design issues related to power, ground, and signal integrity.

* PowerSl simulates electromagnetic field phenomenon by full-wave methods (e,g. direct solution of Maxwell’s
equations without approximations) in the frequency domain.

* PowerSl is used for the analysis and design of electronic packages including chip carriers and printed circuit
boards.

* Package designers often analyze the power-ground system of a package by looking at its frequency-dependent
impedance; the lower the impedance, the better the power and ground system.

e PowerSl Install instructions can be found at

https://docs.google.com/document/d/19mCAR2YfwvplPLol ipDft8VabcYndrY3BfVrZvxIhM/edit?usp=sharing
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Ill. PowerS| Modes-Extraction

Extraction Mode

* Extraction Mode allows the easy and convenient extraction of S, Z, and Y parameters of
multiple port networks that model package and board structures, such as the power delivery
system.

* |t can extract N-ports (of S, Z, and Y parameters) into the industry standard, Touchstone format,
that can be used for subsequent analysis of larger scale systems.

* Combined with Sigrity Broadband SPICE, Extraction Mode provides highly accurate SPICE
models over broadband frequencies, which can be used for transient analysis of modeled
structures along with any active or passive circuits with commercial SPICE engines.




Ill. PowerS| Modes-Extraction Mode Flow

PowerSl Extraction Mode Flow
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11l. PowerS| Modes-Spatial

Spatial Mode

* Spatial Mode handles circuits containing multiple sources, and performs AC analysis on these
circuits. It can obtain spatial variations of voltages across planes as well as voltages and
currents in the circuit and physical structure components. Spatial Mode can also:

* Allow for multiple sources to be placed at various physical locations.

* Provides for easy and convenient assessment of spatial voltage distributions across the entire
structure.

* Enable quick identification of “hot spots” and their corresponding frequencies where peak
values occur.

* Determine the desired characteristics of decoupling capacitors at the most appropriate
locations.
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I1l. PowerS| Modes-Spatial Mode Flow
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V. Setup a 5 layer PCB model in PowerSl-
Steps

Launch PowerSl

Start a New File; PCB model has by default number of layers is 4, size 100mm x 100mm
Edit the default stackup by adding a new signal layer between Plane01 and Plane02
Define a power (VDD) and a ground net (GND) and assign to Plane01 and Plane02
Check grid settings

Create new Pad Stack

N o U oA W DN

Place VDD and GND vias for noise analysis




V. Setup a 5 layer PCB model in PowerS|-Step 1

1. Goto all apps in Windows Start button
2. open Cadence Systems Analysis Sigrity 2024.0
3. Double click PowerSl icon

All apps
@ OptimizePI
. % Pads to Spd
1 _d Cl Search . l
A8 - —
PowerDC
3 PowerSl
Q I n PowerTree
4@ Rif to Spd
All apps < Back
i : Sigrity Suite Manager
B =
P74 SPDLinks
Blueb Softw v =
uebeam Software @ 128
C .
% XcitePl
2 Cadence Systems Analysis Sigrity 2024.0 v @ XtractiM
N
@ Calculator
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V. Setup a 5 layer PCB model in PowerSl|-Step 2

1. Click on File Menu
2. Click on New start a new project

>@ Layout Workbench
File View Tools Help
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¥ Layout Setup
Load Layout File

¥ Simulation Setup
+/ Enable Extraction Mode

¥ Simulation

Simulation Files

¥ View, Check, Process Result
Network Parameter Display
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¥ Generate Model

d SPICE Model

Miscellaneous Layout Errors  Variables Check

Output Folder Browser Tcd Command

Ver: 24.0.1.07031.519846 100 (PowerSl I1)

€3 Layout Workbench [Untitled 2D View]
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Save...
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Archive Project
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V. Setup a 5 l[ayer PCB model in PowerSl|-Step 2

* Major parts of the workplace when you open a new file in PowerSl.
A square 4 layer design is created

A - Menu bar

| File Edit View Setup Tools Help
T wR|Ov O [ > s S k| : B - Toolbars
Powers! S e ENEE C - Workflow pane

P —" M OOND: ¥ HIE®O A Y (9} o 2|0 ® 6 » |Elsinai -
All Enabled Net(s) | | s | -~ » gphneoz D ShOW area
o @ o B e o0 |l paneor E - Output/Folder Browser/TCL

Load LayoutFile S - - -20 0 10 20 30 40 S0 60 70 80 90 20
Check Stackup . Lol : ferler et n Signal01

A Reader pane

Assign Capactor Madek F - Layer Selection, Net Manager,

Select Components = Or Component Manager

¥ Siraulation Setup
+/ Enable Extraction Mode

¥ Layout Setup B | ——— Ty |
A0 00 - =

Generate Port(s)
Setup Simulation Frequencies

¥ Simulation

Check Errors/Warnings
Set up Computer Resources
Start Simulation
ad Remote Simulation Files
Report
¥ View, Check, Process Result

Network Parameter Display
Check S-Parameter BBS

*Generate Model

Generate Broadband SPICE

Output

5 View Only Active Layer
Display Geometry Objects By

(® Net Color @ Layer Cojor

Miscellaneous Layout Errors  Variables Check

Qutput Folder Browser Tcl Command Net Manager Layer _¢clection

Ver: 24.0.1.07031.519846 100 (PowersSl II) Mouse (mm): X: -121.26582, Y: -39.24051 [ Ready
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V. Setup a 5 layer PCB model in PowerSI-Step 3

1. Select Check Stack up in the Workflow to open the Layer Manager

File Edit View Setup Tools
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Help
1> =@
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Load Layout File
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Output  Folder Browser Tcl Command

Material

Fill-in Dielectric

AIR]
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V. Setup a 5 layer PCB model in PowerSI-Step 3

We will create a signal layer to create striplines (for another project)
1. Right click on layer 2 and

2. Insert Under then
3. Select Signal Layer option

@ Layout Workbench [Untitied 2D Vie ‘
File Edit View Setup Tools Help

cadence]
mR|OVOv[iLRil b e SihhE|
PowerSI X
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¥ View, Check, Process Result
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Set Default Special Void Auto Set Layer Special Void

Unit: mm
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V. Setup a 5 layer PCB model in PowerSI-Step 3

This is our new 5 layer stackup
1. Click ok

Layer Manager -> Stackup

Stackup Pad Stack

Layer# Color Layer lcon | Layer Name Thickness (mm) Material Conductivity (S/m)  Fill-in Dielectric Frequency (Hz) Er Loss Tangent Shape Name Trace Width (mm) Tr

--IEI_________I

Signal03 0.03556 5.800000e+07 [FillSignal03_Avera 1e+09
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Total Thickness: 1.3778e+00 mm B Enforce Causality View Material Import

Set Default Special Void Auto Set Layer Special Void Filter...

Cancel Apply




V. Setup a 5 layer PCB model in PowerSI-Step 3

* Thisis our new 5 layer stackup

* Note surrounding dielectric layers Editable fields

Layer Manager -> Stackup

Stackup Pad Stack

Layer# Color Layer lcon | Layer Name Thickness (mm) Material Conductivity (S/m)  Fill-in Dielectric Frequency (Hz) Er Loss Tangent ‘hape Name Trace Width (mm) Tr
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V. Setup a 5 layer PCB model in PowerSI-Step 4

Create two nets, VDD and GND
1. Right click in the Net Manager window
2. Click New
3. Repeat steps 1 and 2
_4. Double click the NewEntity net names to rename one to GND and the other VDD

5. Click on box icon next to net name andSelect
green for GND color
6. Select Yellow for VDD
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V. Setup a 5 layer PCB model

Classify GND net as a GroundNet and Classify VDD as a PowerNet

1. Rightclick on GND net
2. Select Classify
3. Select As GroundNets

yout Workbench [Untitled 2D View]
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Property
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V. Setup a 5 layer PCB model in PowerSI-Step 4

Assign Plane02 to GND net
1. Select Plane02 as your active layer

2. Right Click on shape to get shape menu
3. Click on shape name Box002 to get properties
4. Assign shape to net GND from the pulldown menu

) S50 e Box Properties
Layer Selection

: o ® @ » B signaioz
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V. Setup a 5 layer PCB model in PowerSI-Step 4

Assign Plane01 to VDD net

1. Select Plane01 as your active layer

2. Right Click on shape to get shape menu

3. Click on shape name Box001 to get properties

4. Assign shape to net VDD from the pulldown menu
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V. Setup a 5 layer PCB model in PowerSI-Step 5

Check grid settings

1. Go to Tools menu

2. Select Options>Edit options

3. In Options menu select Grid and Unit under Layout and set layout unit to mm
and snap objects to grid

=d 2D View] Options

Tools Help

Check File Grid and Unit

Background General Layaut unit: mm Y
Launch Broadband SPICE... o File Manager

h T2B... . . )
Launch T2B _ ~ | Themes &% Snap objects to grid
Manage Analysis Model Libraries... ) 110 100 -90 -80 B Hotkeys

. Xgrid 1 Pts/mm Y grid 1 Pts/mm
Analysis Model Manager... Layout

Model Assignment... The grid can be toggled on/off by selecting View->Show->Show Grid

Grid and Unit

Library Vi
iew
Wizards

Processing
MCP Editor...

Trace Editor... Trace
S Model Checking... Error Checking

Translator
Options Edit Options... 3D Layout View
Script Recorder Import Options... Display
Script Library . Export Options...

Quality




V. Setup a 5 layer PCB model in PowerSI-Step 6

Create a new padstack for model vias Select the
1. Click on Edit menu and

2. select Pad Stack Library ...

3. Click on New button to create new Pad Stack

4. Double click on NewPadStack and Rename to trainingPad

a Layout Workbench [Untitled 2D View]
File Edit View Setup Tools Help
[ I Layer Manager -> Pad Stack (~DefaultPadStack - Built-in <no pad>)

Stackup...
Surface Roughness Library... Stackup Pad Stack

Material File...
Badstacks

Pad Stack Library... e ——— Xsection View Layer PadType Shape Width Height OffsetX OffsetY Rounded/Chamfered Corner Corner:UL Corner:UR Cornel
WireBond Model Library... D Defaultliblayer  Regular
Anti
Lead Model Editor...
Thermal
Backdrill Editor... - —
= Signa egular

Transform Stackup... Anti

Transform Stackup By Nodes...
Inner Lead Converter... ® Normal Drill @ Rectangle Drill @ Oblong Drill

Outer Diameter: 0.4 mm
Node
Plating thickness: mm (Solid Via)
Trace
Conductivity: S/m I% Use default conductivity
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~DefaultPadStack Select material:

Via Inner fill material:

Shape New Delete Outer coating thickness:

Coupled Lines Global Plating Thickness Outer coating material:

Rotate

Move




V. Setup a 5 layer PCB model in PowerSI-Step 6

Enter pad dimensions for DefaultLibLayer for new pad stack trainingPad

Select the new pad stack trainingPad

Enter 0.4 for Outer Diameter

e wNheR

Layer Manager -> Pad Stack (NewPadStack)

Stackup Pad Stack

ﬁadStacks
Xsection View Layer PadType

~DefaultPadStack
D Defaultliblayer Regular
traningPad
Anti
Inermal

= Signal02 Regular
Anti

(® Normal Drill

Quter Diameter: 0.1
Plating thickness:
Conductivity:
Current default pad stack:
DeiauiiFadSiack Select material:
Set As Default Inner fill material:

New velete Outer coating thickness:

Global Plating Thickness Outer coating material:

Select circle for Pad Shape with width 0.5 mm for the DefaultLibLayer
Select circle for Anti Pad with width 0.6 mm for the DefaultLibLayer

Click Set As Default button to set this via padstack as default for all vias

Shape Width Height  OffsetX OffsetY Rounded/Chamfered Corner
Circle

Circle

@ Rectangle Drill @ Oblong Drill

40 o

mm (Solid Via)

S/m 5 Use default conductivity

v

Unit: mm

Corner:UL

v

Corner:UR

Corner:L
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V. Setup a 5 layer PCB model in PowerSI-Step 7

Create vias for VDD and GND connections from Signal02 Layer
Left click on add via icon then left click on PCB area.
In the Via Editing window select upper layer to start creating via
Select lower layer to complete creating via.
The via will be created using the Default padstack
Click Add
Add vias using table below

ouhkwnNE

& 2DView X
. o L9 [_] 1 : = = = a =

= |— =< =| Mk

o 1 A‘u_;uuhx,u‘d‘u_u_l‘ugl o
1

Layer connection
coordmate coordmate

Signal02 to Plane01(VDD)

Select an upper layer to start creating a via.

Default padstack ‘trz 4 " will be assigned to the
new via.

VDD -47.5 1.5 Signal02 to Plane01(VDD)
VDD  -25 e -15 Signal02 to Plane01(VDD)
GND -35 8 Signal02 to Plane21(GND) s
GND -47.5 -2.5 Signal02 to Plane21(GND) Info
GND -25 -25 Signal02 to Plane21(GND)

SDSU SDSU

Note:
* VDD vias will be from Signal02 to Plane01
* GND vias will be from Signal02 to Plane02

. — Click upper layer first

T4 Piane02

- Medium04

EH=SRE B E signalo3

Click lower next

Add 5

Hints

Click Add for new via or click OK to exit!

Info

Default padstack ‘traningPad’ will be assigned to the
new via.

Cancel
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V. Setup a 5 layer PCB model in PowerSl|-Step 7

e PCB should look like image below after via placement
* Note the via labeling for devices and VRM
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Device 1
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V. Setup for simulating with Spatial Workflow

1. Click on File
2. Click on Switch Workflow
3. Select Noise Coupling analysis

Layout Workbench [Lab2-3b_tutorialbuild.spd 2D VieVjili
| Switch Workflow
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Open...
Save...
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n
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n
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Close

Switch Workflow...

Customized Workflow

Reuse SPD file...

Merge

Print... Ctrl+P
Print Preview

Print Setup...

Evnort To lmans Fila




V. Setup for simulating with Spatial Workflow

Add two excitation sources to layout to represent the active components in the design
Steps:

1. Click Setup Excitation

2. Click on Define excitations manually then

3. Click on Finish

Noise Coupling Analysis
¥ Layout Setup

Load Layout File

Check Stackup

Select Power Ground Nets
¥ Simulation Setup

+/ Enable Spatial Mode

Disable/Enable Decaps
Excitation Setup Wizard
Setup Excitation

Setup Simulation Frequencies

s B P |
o d g

Setup Field Observation @ Define excitations on the enabled nets

Assign Capacitor Models = (® Define excitations manually 2
¥ Simulation

Check Errors/Warnings

Set up Computer Resources

Start Simulation

¥ View, Check, Process Result

Show Geometry 3D View

Switch Workflow ...

e vver bl et ecct e bbb v lbecet

Output

Finish Can




V. Setup for simulating with Spatial Workflow

Define first model Sink1:

Click New button in the Component Manager to select New Model Definition
Select New Model Definition

Click ok

Name New Model Sink1

Provide two external nodes 1 and 2

Define an AC source of 100 mA

ouhkhwnNeE

Component Manager

Find Definition Type Local Parameters : Global Parameter

i All Enabled Net(s)

(® Component Model — —

Search Mode: (®) Normal @ Regular expr
Name:  Sink1
Model Name Tags ! External Nodes :

s 12
(*) New Model Definition 2
@ New Component
@ New Component By Selected Nodes - Pin Based

. Sort Nodes By Coordinate New

@ New Component By Selected Nodes - Net Based Model File
Definition : Type:

1112 AC=100m File Name :
Load Assign Filter Y MCP Connection:

'\‘ okt Node Layout Node Layer Name

Header/Footer Info : ﬂ Read-Only

+ BxdNode=1 2
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V. Setup for simulating with Spatial Workflow

Define second model Sink2:
Click New button in the Component Manager Note two models
Select New Model Definition in Component
Click ok Manager —
Name New Model Sink2 SR O LD B
Provide two nodes 1 and 2 :
Define an AC source of 75 mA - o

e sink2

Component Manager -
E < Definition Type Local Parameters : Global Parameter
Find (®) Component Model

Sub it Model Statement N Val
- , ame alue

i All Enabled Net(s)

L [Fereitecelk

Search Mode: (&) Normal Regul )
earc ode: lormal . egular expr Name : Sink2
External Nodes :
Model Name Tags - ﬁ.‘l New Load Assign Filter Y

(® New Model Definition 2 Ckt Node Layout Node Layer Name
@ New Component
@ New Component By Selected Nodes - Pin Based New

@ sort Nodes By Coordinate Model File
@ New Component By Selected Nodes - Net Based

Definition : Type:

11 12AC=75M File Name :

MCP Connection:
5 New Load Assign Filter Y

'\‘ okt Node Layout Node Layer Name

Header/Footer Info : 5 Read-Only

+ ExtNode=1 2

Footer

Net Manager Layer Selection Component Manager




V. Setup for simulating with Spatial Workflow

Create two components that are referenced by models Sink1

and Sink2

Click New button in the Component Manager

Select New Component Definition then

Click OK

Select Sink1 for the model Definition Name

Give component reference designator of S1 and click ok button
Repeat steps 1-3

Select Sink2 for the model Definition Name

Give second component reference designator S2 and slick ok button

N A WNRE

v
Search Mode: (®) Normal @ Regular expr
Type

® New Model Definition 2 - Model Name Tags

& sink1

@® New Component By Selected Nodes - Pin Based 7
- G Sink2

@® New Component By Selected Nodes - Net Based

(®) New Component

Load Assign Filter Y

Layout Node Layer Name

Note in the Component
Manager that each model
references one component

Component Manager

Definition Name : Find

RefDes : v ’

Start number: ~
Search Mode: (*) Normal @ Regular expr

End number:

OK Cancel

iviodel Name Tags
@r Sink1

Definition Name : @ s

RefDes: G Sink2

Start number : 2] =

End number :

OK Cancel

Load Assign Filter ¥
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V. Setup for simulating with Spatial Workflow

Connect the two components to the layout VDD and GND nodes at locations shown below
1. Click on Node icon to activate to make sure we can select nodes in our layout
2. In Layer Selection Menu, Select Top Layer Signal02 as the Active Layer

i All Enabled Net(s)

10 20 30 40 50 60 70 80 LV 30
s clect Node

4

Layer Selection (3
E signaloz

) Plane0?
Ed signalo3
Ed Pianeo
a Signal01
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V. Setup for simulating with Spatial Workflow

Connect the two components to the layout VDD and GND
nodes at locations shown below

1. Left click on component S1 in the Component Manager
2. Left click on the S1 Ckt Node 1

3. Right click on VDD via node

4. Left click Link

Left click on S1 Ckt Node 2

Right click on GND via node

Left click link

Repeat steps 2-7 for component S2

Click on View>Show>Components to see components

__ T Components visible on layout

Zoom P Ei R R k|
Component Manager ? Show W Nodes FTYTY FTTY FYEYY FYY FYNT FYTYN YN FYTY FYNTY YV YN FYTN AT FTTE YWY v rvwn evil T
H Layer Selection Alt+L |¥ Shapes
| B | D ® © » Fina
[ &5 | S =

Zone Manage v Traces
.

2} MIP 3D View » |V Vias
10

o~ » |v Pads
| (I P Search Mode: (®) Normal @ Regular expr Toolbars

Pane » |V Wirebonds

v Status Bar v Leads

Model Name v Show Ruler Components.

G sink1 Auto-tip mponent Outlines
B 51 Open 2D Curve View
G sink2
=

v Grid

Open Spatial Distribution View Object Outlines Ctrl+Shift+0

Open Radiation View Special Voids

Show Log Files... ¥ All Coupled Lines

Selected Traces’ Nodes

€
&  Via01:vDD
q
Backdrill Editor

Node-Shape Contact
rrors/Wamings Polygon Vertice

&  Node01:vDD Computer Resources Hooked Ports
B Link mulation Mesh Ctrl+Shift+M

Select Net VDD ¥ Design Outline

Disable Net VDD i |New| Del Edit Load Assign Filter | ¥ , Process Result Component Pin Name

" beometry 3D View v Degassing Holes
CkiNode Layout Node Layer Name .

I 2

2

Layout Node Layer Name

== Node01:VDD Signal02
PartialCkt  Sink1
+ \Bxtode =182 Node07::GND Signal02

1112AC=100m
.EndPartialCkt




V. Setup for simulating with Spatial Workflow

Creating VRM terminating model as a resistor of .01 ohm
1. Click new then New Model Definition

2. Name component model EdgeTerm

3. Add external nodes (1 2)

4. Define model as resistor with value 0.01 ohm

Definition Type Local Parameters : Global Parameter

Component Manager [ (® Component Model ® Subcircuit ® Model Statement
Name Value

All Enabled Net(s) " Name: EdgeTerm 2

10
External Nodes :

1 = 3

Search Mode: (® Normal @ Regular expr

Model Name Tags
G sink1
(® New Model Definition v B s

New

® New Component % I Model File

® New Component By Selected Nodes - Pin Based o |ﬁ 52 Definition : Type:
@ sort Nodes By Coordinate Rt120.01 4 File Name :

@® New Component By Selected Nodes - Net Based
MCP Connection:

L3 - -
< New Load Assign Filter Y Header/Footer Info: (% Read-Only

«t Node Layout Node Layer Name + ExtNode=1 2

Footer

OK Cancel




V. Setup for simulating with Spatial Workflow

Creating a component using Edgeterm model and link to layout
1. Click New button . Click Ckt Node 1 of Rt

2. Select New Component Type (then click ok) . Right click VDD node
3. Select Name EdgeTerm . Select link
4

Give component reference designator of Rt then click ok) . Similarly click Ckt Node 2 of Rt
Select link

Layout view after linking

Component Manager
: Tkt ® O 0 |Bi|® @ © » _Fina : . (@ ©®®» Fna L F i || ® @ 6 > rina
H i All Enabled Net{ v K|lw®~ »
| 0 | All Enabled Net(s) v ELAR R i All Enabled Net(s) v EALUR v e I o 1 _BE) [&] ‘j‘ v 2
10 i 10 2 3 40 5 0 8 < 0 0 12 ) 50 { 45 40 35 30 25 20 T3 10 5 0 TV PPON FOOOTPOPPY PR PPVON Foout PPN FPPT PO IPout PPN vt YT T AP T N Search Mode: @ Normal @ Regular expr
buwszhunt B L L Lol L L Search Mode: (®) Normal @ Regular exj 1} [T PO [ L L L [T P [ | Search Mode: (® Normal @ Regular expr
New ? X
= Model Name Tags
Type 7 Model Name Tags
_ % EdgeTerm > &
, New Model Definition 2 v @ sink1 v % EdgeTerm G sink1
® New C t i
ew Componen v @ o [ﬁ Rt . PR
@ New Component By Selected Nodes - Pin Based N
.- v G sink2 v G sink1 v @
Sort Nodes By Coordinate
' ] s2 =g
@ New Component By Selected Nodes - Net Based Il
G sink2 %
& New Del Edit Load Assign Filter Y
ccccccc
- - . ) 1 |Node03:vDD |Signal
1 i3 New Del| Edit Load Assign fFilter {8 via02:vDD |2 |N0dtO9.:GND Is ----- 02
Ckt Nod Layout Nod Layer N
o outWode  [LayerMName 4 Backarill Editor & New Del Edit Load Assign Fiter ¥
&  Node03:vDD
s Link 7 Ckt Node Layout Node Layer Name 19)
Select Net VDD 1 5
P - Disable Net VDD 2
Definition Name : EdgeTerm 3 I L
RefDes : Rt 4

Start number:

End number:



V. Setup for simulating with Spatial Workflow

Setup Simulation Frequencies
1. Click on Setup Simulation Frequency to open Frequency Ranges for constant AC course\

2. Enter start, end and increment frequencies as in screen capture below

Noise Coupling Analysis

¥ Layout Setup = : All Enablg
Load Layout File Gc -90 -85 20 g Y= an - 50 4
Check Stackup

Select Power Ground Nets

¥ Simulation Setup

«” Enable Spatial Mode
Disable/Enable Decaps
Setup Excitation

Frequency Ranges - constant AC source
Setup Simulation Frequencies

Setup Field Observation
up H fvatt Starting Freq. Ending Freq. Sweeping Mode Freq. Increment Points/Decade

Assign Capacitor Models ;
- = = 100 kHz 600 MHz Linear 10 MHzl _ 2

¥ Simulation
Check Errors/Warnings

Set up Computer Resources

Start Simulati
art Simulation . Export OK Cancel

SDSU SDSU
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V. Setup for simulating with Spatial Workflow

Specify the plane layers to observe the voltage distributions

1. Click on Setup Field Observations

2. Select Add observation between top and bottom planes in the Distribution Observation Wizard
3. Note Plane02~Plane01 in the Distribution Views

¥ Simulation Setup
+/ Enable Spatial Mode
DRI RS Distribution Observation Wizard ? Upper Plane:
Setup Excitation
Setup Simulation Frequencies = (®) Add observation between top and bottom planes
Setup Field Observation @ Add observations between every neighboring planes Lower Plane:

Assign Capacitor Models = @ Let me define the observations manually

¥ Simulation
Check Errors/Warnings . Distribution Views:

Set up Computer Resources Plane02 ~ Plane01 3

Start Simulation

¥ View, Check, Process Result

Show Geometry 3D View

Switch Workflow ...

Output

OK Cancel




V. Setup for simulating with Spatial Worktlow

Setup observation of voltages at components S1 andS1

Click on Setup>Simulation View>Component Voltage

Click on S1 Component

Left mouse click on Ckt Node 1 for positive node of observation point
Right mouse click Ckt Node 2 for negative node of observation point
Select green for the Curve_Color

Click Add button

Repeat steps 2-6 for S2 component, select Cyan for Curve Color

Component Voltage View ?
Component Voltage View
— Curve_Color:

Layout Workbench [Lab2-3b_tutorialbuild.spd 2D View] Component Ckt Node/SubCkt Node green 5 Curve_Color:

NoUusEWNE

File Edit View | Setup @ Tools Help » (74 Rt ] 1 VDD 3 Curve Name: Component Ckt Node/SubCkt Node an
= E | ¥ { Simulating Frequencies... ‘ K | > [Zﬂ S1 E 2 =GND > @ Rt 1 =VvDD Curve_Name:
PowerSI Simulation View 4 Component Voltage... > [ s2 4 > Y s @2 1GND
z Show Enabled Components 5
Noise Coupling Analys Macro... Layout Voltage... > [/d S2
Cutting Boundary 4 Current...

+ Left mouse click z Show Enabled Components
Layout Setup )
o 3 - Right mouse click + Left mouse click
Load Layout Fil, Component Manager Alt=C | 3D Spatial... 19 “ ! - lick

Check Stackup Net Manager Ctrl+Alt+N Quick Find - Right mouse clic
Quick Find

Sweeping Manager ® In component tree

® Innode list

Select Power GL
(*) In component tree

Simulation Setup > @ Innode list

=>52.2#:GND
>51.2.#:GND




V. Running Spatial mode simulation

Start the simulation
1. Click on Start Simulation in the workflow panel
2. Note that voltage distribution simulates across the frequency bandwidth we setup and stops at end frequency (600MHz)

Layout Workbench [Lab2-3b_tutorialbuild.spd 2D View

File Edit View Setup Tools Help & 2Dview X AA Spatial Mode Curve X & 3DView X
Wl Ov Qv Inl> ~
PowerS|
Layer Mame: Voltage: Plane02 ~ Plane01 Z % ¥ Present Distributions
Noise Coupling Analysis : ;
pling Analysi Freq: IGDDMHz | I,‘ % Voltage: Plane02 ~ Plane01
Min Yalue: 918.251uY Max Value: 255.762mY
¥ Layout Setup T Loaded Distributions
Load Layout File
Check Stackup
Select Power Ground Nets
¥ Simulation Setup
= y 3D Struct Results Overl
+/ Enable Spatial Mode . ZE Y | sEm £ Results Overlay
Disable/Enable Decaps 230.3 My Local Auto @ Global Auto
® Fixed
Setup Excitation j 204.8 m¥
Setup Simulation Frequencies —1179.3 mY et
Setup Field Observation —{153.8mY Min Value:
Assign Capacitor Models —125.3my Linear ® LogScale
¥ Simulation 102.9 Y Start Freq:
Check Errors/Warnings
= 7737 mY
Set up Computer Resources End Freq:
_ . 51.89 mY
Start Simulation
Report Starts the 26:4 my Faster Slower
simulation.
¥ View, Check, Process Resu SHELw .
Show Geometry 3D View Show Peak
ow Peal

Switch Workflow ...

SDSU SDSU




V. Running Spatial mode simulation

Find the peak voltage level and frequency at which it occurs
1. Click Show Peak button to see maximum distribution voltage is about 8.4 V
2. Slide the frequency slider to find peak frequency at about 200 MHz

& 2DView X AA Spatial Mode Curve X & 3DView X
: ) o Ex v

Laygrflame: Vokgge: Plane02 ~ Plane01 ¥ Present Distributions

Voltage: Plane02 ~ Plane01

665Y Max Value: 10,8927

w_

Loaded Distributions

B 3D Structure % Results Overlay

10,89 Y
® Local Auto ® Global Auto

® Fixed

10,07 ¥

9,238 V
Max Value:
841V

7.582 Min Value:

6.755 ¥ (® Linear ® LogScale

5.927 Start Freq: | 200.1

5.099 ¢

End Freq:
4,272V

Sl Faster

B[]

2,617V l
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V. Running Spatial mode simulation

Find the peak voltage level and frequency at which it occurs from Spatial Mode Curve
1. Click the Spatial Mode Curve to see voltage distribution are our two observation points
2. Note peaks at 200 MHz due to resonant frequency of the power planes

& 2DView X AA Spatial Mode Curve X & 3D View X

W | LA A ¥ | Amplitude ¥
Present Curves
(V] (V)_curve12~(S1.1, §1.2) Amplitude
~ [l v_curvets~(s2.1, 52.2)

Loaded Curves
curve12~(51.1, $1.2) (V)
curve13~(S2.1, S2.2) (V)
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V. Running Spatial mode simulation

Add decoupling capacitors to reduce the peak voltages at the sink locations and across the layout

First Create new model definition for decoupling capacitors
Click Setup>Component Manager>New button
Select New Model Definition
Name model Capacitor
Provide External Nodes penmton bype , e B e

(®) Component Model

Define a capacitor with self resonance model of 205 - -

Name: | Capacitor

External Nodes :

Setup Tools Help

Simulating Frequencies... : YEE® @ : New

Model File

Simulation View i All Enabled Net(s)
= o 10 >0 an a0 z0 =5 =0 an an an 0 a0 Definition : Type:

Macro...
*SRF 205 MHz File Name :
Cutting Boundary Cl112a1n
L12a 2b 0.6n
Component Manager Alt+C AR

MCP Connection:

Net Manager Ctri=Alt+N ® New Model Definition

Sweeping Manager ® new Component Header/Footer Info : z Read-Only
® New Component By Selected Nodes - Pin Based

® New Component By Selected Nodes - Net Based

+ ExtNode=1 2

OK Cancel




V. Running Spatial mode simulation

Add decoupling capacitors to reduce the peak voltages at the sink locations and across the layout

Create 5 decoupling capacitors form Capacitor model

Click New button in Component Manager

Select New component

Give Reference designator name ‘decap’

Enter 1 for start number and 5 for end

Note 5 decap references are create for Capacitor model

e

Component Manager

Definition Name : Capacitor
RefDes : decap
Start number: 1

@ New Component By Selected Nodes - Net Based

End number: 5

OK Cancel

PartialCkt

Search Mode:

(*) Normal

Model Name
’?4'1' Capacitor
: decapl
decap2

decap3

decap4
decap5

® Regular expr
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V. Running Spatial mode simulation

Add decoupling capacitors to reduce the peak voltages at the sink locations and across the layout

1. Create VDD/GND vias next to sinks and in the voltage ‘hotspots’
2. Connect decaps at these locations

3. Rerun simulation to see reduction in peak voltage distribution
4. Note reduction to 263.1mV

& 2DView X AA Spatial Mode Curve X & 3DView X
: ') / |Z*1 ¥

Layer Name: Voltage: Plane02 ~ Plane01

Freq: 530.1MHz
Min Yalue: 33.3588mY Max Yalue: 263.148mV

263.1 mV
240.2 mV
217.2mV
194.2 mV
171.2 m¥
| 148.3 mV¥
125.3 m¥

102.3 m¥

79.32 mV
56,34 mV

33.36 mV

¥ Present Distributions
Voltage: Plane02 ~ Plane01
Loaded Distributions

B 3D Structure x Results Overlay

®) Local Auto ® Global Auto
® Fixed

Max Value:
Min Value:
(® Linear ® LogScale

Start Freq:  530.1

End Freq: 600 MHz

Faster Slower

Show Peak
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V. Running Spatial mode simulation

Add decoupling capacitors to reduce the peak voltages at the sink locations and across the layout

1. Change colors of peak voltages (right click color box next to curve name)

2. Select preferred color

3. Load Curves from simulation with no decaps by Right click in Loaded Curves area and selecting
appropriate file from automatically saved files for each simulation

Curve Pattern Property - curved4~(S1.1, §1.2) (V)

> Jerry - San Diego State University (SDSU.EDU) > Signal Integrity-20241021T184822Z-001 > Signal Integrity > PowerSl
Present Curves

Style: ¥ Ppattern: None ¥ width: 1
AN romaA. €11 €1 Mark:  None ¥ | Mark Size ¥ | Mark Interval older
Show All Curves Sample: 2 .
Hide All Curves -20241021T1848227-001 Name Status Date modified
FD Calc... D Lab2-3b_tutorialbuildspatial_decaps_111... ©@ 11/10/2024 4:18 PM
1) P
Bi Propery [d-tab2-3b Futonialbulldspatial 111024 1553 @ —  11/10/2024 3:53 PM
Save
Reset All Curves’ Colors D Lab2_3b_spatialanalysis_noextravias_ja_1.. @ 11/10/2024 3:46 PM
Delete D Lab2_3b_spatialanalysis_ja_111024_15251... ©@ 11/10/2024 3:25 PM
Loaded Curves
Delete All % | (V_curve0~(s1.1, 512 [7) Lab2_3b_spatialanalysis_ja_111024_15163.. © 11/10/2024 3:16 PM
[ 1~(52.1, 52.2] )
W . curver : [7) Lab2_3b_spatialanalysis_ja_111024_15160... © 11/10/2024 3:16 PM
3 Show All C
ow AT e [ Lab2_3b_spatialanalysis_ja_111024_15034.. © 11/10/2024 3:03 PM
Hide All Curves
FD Calc... [] Lab2-3b_tutorialbuildspatial_111024_1458... @ 11/10/2024 2:58 PM
Save
[] Lab2-3b_tutorialbuild_111024_143007_27.. @ 11/10/2024 2:30 PM
Reset All Curves’ Colors 20241021T1848227-001
Delete All [] Lab2_3b_spatialanalysis_ja_111024_14292.. @ 11/10/2024 2:29 PM

Load

SDSU SDSU




V. Running Spatial mode simulation

Compare peak voltage distribution with and without decoupling capacitors

& 2DView X AA Spatial Mode Curve X & 3D View X
: W | EAl ¥ | Amplitude ¥
Present Curves
V] (V)_curved4~(S1.1, 51.2) Amplitude

[V (V)_curve5~(S2.1, 52.2)

10

|
\

Frequency (MHz)
Loaded Curves

[ (V)_curve0~(S1.1, 51.2) curved~(S1.1, 51.2) (V)

(V] . (V)_curvel~(S2.1, S2.2) curve5~(S2.1, S2.2) (V)




VI. Simulating with Extraction Worktlow

In the current model using spatial mode simulation:
1. Change to Workflow to Model Extraction
2. Save with new model name e.g.<original name>_extractionversion

Layout Workbench [Lab2-3b_tutorialbuildspatial_decaps.spd 2C
File Edit View Setup Tools Help

New
Open... Ctrl=0O
Save... Ctrl+S

Switch Workflow

Celsius Layout Workflow List Of PowerSl

Clarity 3D Layout

OptimizePI &% Model Extraction

PowerDC Noise Coupling Analysis

PowerSI EMC/EMI Simulation (Radiation)

SPEEDEM EMC/EMS Simulation (Plane Wave Susceptibility)
Resonance Analysis

Save As...

Save Workspace (Chip)
XtractiM
Close
VR Noise Metrics Check
S-Parameter Assessment

Sigrity ERC
Sigrity Starter Kit

EEEEERQEEER

|}
|}
-
-
Advanced Package eXtractor W ERC -Trace Imp/Cpl/Ref Check
|}
-
"

Switch Workflow...

Customized Workflow

Reuse SPD file...

Merge »
Print... Ctrl+P
Print Preview

Print Setup...

Export To Image File
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VI. Simulating with Extraction Worktlow

Use Ports for Extraction Workflow

1. Go to Setup>Port...

2. Click New button twice

3. Change Reference Z(ohm) to 1 ohm (then close Port menu)
4. Select Portl in the menu bar pulldown menu

LI LausTov_wuu IGIUUIIU}PGLIQI_UC\.GP)_CALI ﬂ\.l-bl
0 enabled ports out of 2 total ports

Setup Tools Help Emr : :zef Z(Ohm) Index

: 3 - : Porti

Simulating Frequencies...

. All Enabled Net(s)
Port... ; -

Macro...

Cutting Boundary

Automatic Port Setting

Component Manager Alt+C 0 Net Based
Find RefDes by Name:
Net Manager Ctri=Alt=N

Generate Ports for Circuit(s):

Layer

Sweeping Manager

Show Hooked Ports Edit Differential Ports Edit Circuit Port Check Ports

Find & Fit Port Reorder Delete




VI. Simulating with Extraction Worktlow

Right click on VDD via originally connected to S1

Select positive Hook to connect positive port terminal to VDD
Right click on GND via orginally connected to S1

Select negative Hook to connect negative port terminal to GND
Show ports View>Show>Hooked Ports
Similiary repeat steps for S2 location

ok wNE

Via01::vVDD
Backdrill Editor
Node01:VDD
Link
Unlink 51.Sink1.1
Show Connected Circuit: $1
Hook
Hook
Select Net VDD
Disable Net VDD

Via04::GND
Backdrill Editor
Node07::GND
Link
Unlink $1.Sink1.2
Show Connected Circuit: 51
Hook
Hook
Select Net GND
Disable Net GND

View Setup Tools Help

k| !

Show Nodes
Layer Selection Shapes
Zone Manager v Traces
3D View v Vias
Toolbars v Pads

Pane v Wirebonds

Status Bar v Leads
Show Ruler v Components

Auto-tip Component Outlines

Open Network Parameter Display v Grid

Cascading Network Parameter Object Outlines

Open Radiation View Special Voids

Show Log Files... v All Coupled Lines

5 Selected Traces’ Nodes

rrors/Warnings 4 Node-Shape Contact

omputer Resources | | Ppolygon Vertices
N R
ulation Hooked Ports
ad Remote Simulation Files 9 Mesh

v Design Outline

, Process Result ; Component Pin Name

Ctrl+Shift+=0

Ctrl+Shift+M

7 View>Show>Hooked Ports




VI. Simulating with Extraction Worktlow

1. Go to Component Manager and deactive decaps in your model before
extraction simulation (click A box twice to see a red X to indicate
component is deactivated)

2. Start Simulation

3. Select Z parameters from the Extraction menu options

Component Manager ?

Find

v

Search Mode: (®) Normal @ Regular expr

Model Name Tags
’\';4'11 Capacitor
: decap1
decap2
decap3
decap4
decap5
(ﬁﬂ EdgeTerm
o Rt

£ New Del Edit Load Assign Filter ¥

Ckt Node Layout Node Layer Name

1 Node029::VDD Signal02

2 Node031::GND Signal02

File View(BNPV) Operation View

w8 Oy Qv s 52N
PowerSl
Model Extraction

¥ Layout Setup

i | Normal View
Setup
" 0

Z Amplitude (Ohm)

7|z v | Amplitude

'| e RIS

Load Layout File

Check Stackup

Select Nets

Assign Capacitor Models
Select Components

¥ Simulation Setup

+’ Enable Extraction Mode
Generate Port(s)
Setup Simulation Frequencies

¥ Simulation

Check Errors/Warnings

Set up Computer Resources

Start Simulation

Download Remote Simulation Files
Report

¥ View, Check, Process Result

T
i
i
i
i
1
i
i
1
i
1
i
i
i
i
i
1
¥
i

i
i
i
i

]
i
I
i
i
i
i
i
i
I

Network Parameter Display
Check S-Parameter by BBS

¥ Generate Model

annen 4n Denardlnmd COICE Andal

SDSU

Frequency (MHz)

SIMULATION - Z0[1,1] - Z(1:Port1::VDD, 1:Port1::VDD)
SIMULATION - Z0[2,2] - Z(2:Port2::VDD, 2:Port2::VDD)




VI. Simulating with Extraction Worktlow

1.

Component Manager

Find

Search Mode:

Bl 2] B B8]

]

Go to Component Manager and reactivate decaps in your model

before extraction simulation (click A box once)

(®) Normal

Model Name
'{/4;1' Capacitor
' decapi
' decap2
; decap3
' decap4
“ decap5

‘(94'" EdgeTerm

“ Rt

v

® Regular expr

Tags

File  View(BNPV]
w S| Oy Qv

Operation View

Ae, B2, (10

Zik MR

& 2DView X VY NetworkDisplay X

W ‘ @ !:i Normal View

Setup

Go to Tool bar and click Start Simulation blue arrow

Select Z parameters from the Extraction menu options

Right click in Network Parameters panel and load simulation without
decaps for comparison

& 2Dview X VY Network Display X

Tools i L]

v [ z1(mp:1.000000)
W zip,n
I~ zip2
Network Parameters 4
v . Z0 - SIMULATION
I— Z0[1,1] - Z(1:Port1::VDD, 1:Port1::VDD)
[- Z0[2,2] - Z(2:Port2::VDD, 2:Port2::VDD)
v [l z10mp:1.000000) - (C:\Users\jaguirre2\One...
Ii Z1[1,1] - Z(1:Port1::VDD, 1:Port1::VDD)
I— Z1[2,2] - Z(2:Port2::VDD, 2:Port2::VDD)

Save Simulation Result

Load

Load DC+Normal data > DCFitted
Merge DC+Normal data

Load Sweeping Results

Unload All Networks

v |z v | Ampiitude viiB| % w| e ™

Z Amplitude (Ohm)

No deca]é)s ,,,,,,,,

200 400

300
Frequency (MHz)

SIMULATION - ZO[1, 1] - Z(1:Port1::VDD, 1:Port1::VDD)
SIMULATION - Z0[2,2] - Z(2:Port2::VDD, 2:Port2::VDD)



The End



