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Virtual System Analysis with HFSS & Slwave

Assemble ECAD & MCAD ' Xy
— Select appropriate solver S OL° %%1
— HFSS, Slwave or PlanarEM
— Connect TX/RX up within
Schematic circuit analysis
— LNA
— |BIS & IBIS-AMI
— QuickEye & VerifEye -«
— HSPICE*
— PSPICE**

Slwave is a hybrid EM solver that complements HFSS | , of%%

Full-wave extraction due to its speed & capacity. % " *HSPICE solver requires Synopsys
license; Nexxim supports HSPICE

Slwave enables full Package and PCB Panel Analyses | 2ynsax

With a high fidelity hybrid SOI‘Iero * % Uses Nexxim solver With
PSPICE syntax

Slwave includes Nexxim PI/SI/EMI circuit capabilities ANSYS

to provide end-to-end solutions/work flows.




Slwave

What is Slwave? PCle Card Power Distribution

— Hybrid 2.5D full wave EM field solver
— Models layered structures

— Analysis performed
e Signal Integrity
e Power Integrity
e DCIR drop analysis
e EMI/EMC
e Decoupling capacitor optimization
e PSPICE, HSPICE, & Spectre ckt analysis

Ansoft LLC SYZ Impedance Profile Extraction Al_dnd_SYZ
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Supported ECAD Translations

. Cadence

— Allegro = 16.0, 16.1, 16.2, 16.3, 16.5, & 16.6
— APD = 16.0, 16.1, 16.2, 16.3, 16.5, & 16.6
— SiP Digital/RF = 16.0, 16.1, 16.2, 16.3, 16.5, & 16.6
— Virtuoso = 5.10, 6.14, 6.15, & 6.16 (Linux only)
. Mentor Graphics
— Expedition = v2005, v2007.1 thru EE7.9 (uses HKP design flow)
— Boardstation = 8.x (uses HKP design flow)
— Boardstation XE = v2007, v2007.1, v2007.2, v2007.3 and v2007.7 (uses HKP design flow)
— PADS = PowerPCB v5.2a, v2005 and v2007 (ASCII Flow)
. Zuken (Sold by Zuken)
— CR5000 = 10 and higher (Zuken translator for .anf & .cmp)
— CR8000 = 2013 and higher (Zuken translator for .anf & .cmp)
* ODB++
— Altium Designer = R10 and greater
— Mentor Expedition = EE7.9.1 and greater
— Mentor PADS = 9.4 and greater
— Zuken Cadstar = 12.1 and greater
. IPC-2581
—  Pulsonix = Revision 8.5 build 5905 and greater
. Other ECAD Formats
— .anf = ANSYS neutral file format
— .gds = IC Chip format
— xfl = Apache Sentinel format
— .dxf = AutoCad drawing format

¢ Added Lead Frame Editor capability to Slwave and ANSYS Electronics Desktop
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/ Analog/IP _Thermal

DC AC SYZ Plane Resonance ! Near/Far Field

ALinks for EDA: Signal Net Analyzer

ECAD Translation Loop Inductance Frequency Sweep Z & Xtalk Scanning
SI Circuit:
Pl Advisor: Decoupling Optimization IBIS, IBIS-AMI, Transient, ...

Siinavesbe




Functionality

Slwave — DC

Slwave - PI

Slwave

ECAD Translation

v

<

Slwave & 3D Layout GUI

IR DC solver (Joule Heating with Icepak)

DC Path Resistance Solver

v
v
v

Plane Resonance Solver

Automated Decoupling Analysis Optimization

AC SYZ Solver

AC Frequency Sweep Solver

Synopsys HSPICE Integration

AN N B N BN AN Y B Y I

Z, Scanner (Single Ended & Differential)

Cross-talk Scanner

TDR Wizard

Near-Field EMI solver

Far-Field EMI Solver

Flight Time Signal Net Analyzer

Circuit Analysis (IBIS, IBIS-AMI, .tran, .ac, ...)

Network Data Explorer & Macro-modeling

Conducted & Radiated EMI with Circuits

NN NN RN RN N RN RN N N N N RN RN RN RN




Silwave — DC

* A product offering specialized for predicting DC power delivery
issues within PKGs and PCBs.

1. The solver uses a unique Adaptive Mesh Refinement process to ensure
highly accurate predictive analyses for Chip, Packages, and Printed
Circuit Boards which include ECAD primitives such as planes, traces,
vias, bondwires, solderballs and solderbumps.

2. Produces the following analytic results
J DC voltage drop (Voltage) for all nets including GND and V4
. DC current direction (Amps/Area?) that includes return paths
. DC current magnitude (Amps) into and out of vias
. Power density (W/Area?) and power loss (Watts) per layer

3. Has bi-directional coupling to Icepak to account for thermal losses
(joule heating)

4. Automated reports for user defined pass/fail criteria using .html
formats

© 2016 ANSYS, Inc. April 24, 2016



DC Adaptive Mesh Refinement

1 Adaptive Pass

3 Adaptive Passes
10 Adaptive Passes
20 Adaptive Passes

8 © 2016 ANSYS, Inc. April 24, 2016
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DC Results & Analysis

Path Resistance

Time & RAM

Path Resistance

Initial Mesh

Voltage Source to 17.236 mQ
U1 (path) 1 - Pass

Voltage Source to 16.850 mQ
U2 (path) 1 - Pass

3 Passes

9 © 2016 ANSYS, Inc. April 24, 2016

11 Seconds
6.7 MB

10 Seconds
6.7 MB

Adaptive Passes

18.278 mQ
3 — Adaptive Passes

17.870 mQ
3 — Adaptive Passes

17 Seconds
8.1 MB

16 Seconds
8.1 MB

)
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DC Results & Analysis

ANSYS, Inc.



Slwave Thermal Solutions using Icepak Solver

* Joule Heating & Temperature analysis from Slwave

— Uses Icepak Solver:
e Joule Heating
e Conduction only analysis

e Forced convection (fan) analysis
» Air can flow across (parallel) PCB or normal (perpendicular) to PCB

e Natural convection analysis
e Simplified cabinet enclosures included
e Component power (Watts) allocation during setup

— Ability to “Open” and perform more detailed analysis in Icepak GUI

Results v 3 x

El. DC IR Drop Simulations
3 DCIR_5V_3p3_1p8_1p2 1p0
- i Icepak Simulations

- Q

Open project in lcepak |

Hide Temperature
Wiew Profile
View Simulation Properties

Rename Solution

Delete Solution

11 ©2016 ANSYS,Inc.  April
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Slwave-PI
What is Slwave-PI?

Power Integrity Platform utilized to Launch & Solve ECAD

Simulations

2.5D & 3D Field Solvers
— Slwave Hybrid AC & DC Solvers for Pl

— 3D Field Solvers for PI*
e HFSS, Q3D Extractor, & PSI

Models layered structures (Chip, PKG, & PCB)

Creates 3D MCAD models for ANSYS Workbench, Q3D
Extractor & HFSS

Analyses performed by Slwave-PIl Core Solvers

— Power Integrity

3D DC Resistance Solver with Adaptive Mesh Refinement
2.5D Resonance Solver

2.5D Driven Terminal Frequency Sweep Solver

2.5D AC SYZ Solver

2.5D Capacitor Loop Inductance Solver

PDN Channel Builder: Creates Apache RedHawk Model

Pl Advisor: 2.5D AC SYZ Decoupling Capacitor Optimizer

12 © 2016 ANSYS, Inc. April 24, 2016

Analyses performed by Slwave-PI 3D Solvers™

— Power Integrity

*Additional licenses required other

HFSS 3D Layout: General Purpose 3D Solver for PKG PI
PSI: 3D Prism Element Solver for Package PI

Pl Advisor: Option to use PSI 3D Solver for Decoupling
Capacitor Optimization

Q3D Extractor: Quasi-static Lumped RLC Extraction for
PKG & PCBs

CPA: Full-wave RLC parasitic Extraction for PKGs




Slwave HPC Acceleration

Distributed Discrete S-Parameter Sweeps

— Shared and distributed memory operation

-

Parallel Processing Improvements for Full-Wave
Electromagnetic Solvers

scalability > 90%
/ y

Seung-Cheol Lee. Sergey Polstyanko, Denis Soldo, Matthew Commens, Prakash Vennam, and Steven G. Pytel Jr.
ANSYS. Inc.
275 Technology Drive
Canonsburg, PA 15317

Abstract—As computing resources become  increasingly - 2
parallel for both nd distributed memory  systems, 1L NUMERICAL METHODS
computational elect tie methods need to take full  Among the various numerical methods, the finite element
advantage of new architectures in order to reduce simulation o e T EC eratile and accurate
Umes, Several different aspects of the solution process make It echniques for the analysis of arbitrary complex 3D siructures.
cult for traditional finite element fleld solvers to effectively  ypo, “combined with proper meshing and error control
i

utilize distributed and shared memory resources. This paper will

Speed up
o N & (@)} (0]

provide insight into recent advancements made in the finite techniques it has proven to produce highly reliable results [1]. | | | |
element method matrix solve (shared memory) and frequency pety: we_will raview, e spplicaion of the, FEM. foe
sweep (distributed memory) that drastically reduce simulation y (PI) effects
times for signal and power integrity applications. d geome! wries encountered in mode
ed circuit board (PCB) designs. and we present three
Keywords—finite clement method: HPC: high performance  different full-wave, FEM based clectromagnetic field solvers O 2 4 6 8

computing; signal integrity; power integrity that can be used for these applications. The differences
between these approaches will be highlighted both in terms of

I INTRODUCTION performance and u|\p‘lucnhlli1y et N u m be r of n Od es

Compute clusters utilizing engineering software with schedule  Wwpep dealing with arbitrary 3D structures, tetrahedral meshes
management tools such as IBM Platform LSF, Altair PBS  a hod suited for aceurate opometry antation  Thev

Cores | Configuration Runtime Speed Up
1 1 node 92hr 39 min 1x
16 1 node 16hr 18min 6X

32 2 nodes 5hr 28min 17x

64 4 nodes, 2hr 50min 33x

128 8 nodes 1hr 31min 61x

13 ©2016 ANSYS, Inc. April 24, 2016 [ y/



Pl Advisor: Automated Pl Analysis

Optimizes Decoupling Capacitors

for Power Integrity

Slwave AC Solver or PSI AC Solver

Slwave AC Solve Time = 15 min 7 sec

— Frequency Setup
e 1KHz<=f<1GHz
— Genetic Algorithm Setup
e Optimized for Impedance
e Optimized for Total Number of Caps
e Optimized for Capacitor Types
e Optimized for Price

Original solution
— Total # Caps: 74

Optimized Solution
— Total # Caps: 18
— Capacitor Types =5
e AVX, Samsung, and Kemet

14 © 2016 ANSYS, Inc. April 24, 2016
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Slwave

What is Slwave?

Platform to Launch & Solve ECAD Simulations

Field Solvers
— HFSS, Q3D Extractor, CPA, & PSI

Thermal Solves
— lcepak

Circuit Solvers
— Nexxim & Synopsys HSPICE

Models layered structures (PKG & PCB)
Analyses performed by Slwave Core Solvers

Creates 3D MCAD models for ANSYS Workbench,

Q3D Extractor & HFSS — Signal Integrity
e Zo & Crosstalk scans for PCB & PKGs

* 2.5D AC SYZ solver: Fast, High Capacity Hybrid Solver

Analyses performed by Slwave Core Solvers * Signal Net Analyzer: Impedance & Flight Time Solves

¢ Slwizard: Creates & Solves Transient CKT Schematics

— Power Integrity * TDR wizard
¢ 3D DCR Solver with Adaptive Mesh Refinement
2.5D Resonance Solver EMI/EMC
2.5D Driven Terminal Frequency Sweep Solver * 2.5D Near-Field Solver

2.5D AC SYZ Solver .
* 2.5D Far-Fiel Iver

2.5D Capacitor Loop Inductance Solver SDFa eld Solve

PDN Channel Builder: Creates Apache RedHawk Model * 2.5D Driven Terminal Frequency Sweep Solver

Pl Advisor: 2.5D AC SYZ Decoupling Capacitor Optimizer o

2.5D Resonance Solver

15 © 2016 ANSYS, Inc. April 24, 2016



Leadframe Editor

ABBLOS4d 7
FILE IMPORT HOME EDIT GEOMETRY CIRCUTT ELEMENTS VIEW VISIBILITY TOOLS
E Cadence Allegro/APD/SIP... E Mentor Board Station RE/XE Design... UIF‘C2581... t Leadframe Design... :
ﬁ DXF... ﬂ Mentor Expedition Design = S ODE+~+...
Bl GDSIL.. E Mentor Pads Design... bl Zuken CR5000 Design...

Third Party EDA Layouts

Lead Frame Editor Lead Frame Editor

* Creates Slwave & 3D Layout .anf e Slwave QFP Package from Lead
Geometries Frame Editor

* Creates HFSS & Q3D .sat Geometries

16 © 2016 ANSYS, Inc. April 24, 2016



Impedance & Flight Time Calculations

SNA provides:

1. Z, Profile & Delay

for all paths of a signal#

2. Reflection Noise
through transient analysi

17 © 2016 ANSYS, Inc. April 24, 2016
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Display |Transient Response Plot v} Compute Plot [ Transient Simulation Optmnsl [ Frequencies] | Accumulate 8& Compare Plots Export Plots... 1 [ Clear Plots
| A-MI-COL m Layer Type Length (mils) Delay (ns) Z0(ohms) TopReflL.. BottomRef .. TraceSeparation(.. l. PinSo.
(L |A-MI-CRS £ = Net A-MII-RXCLK
¢_ = Path: Pin SQFP20X20_144:U7-60 -> Pin SQFP28X28_208:U1:25 (Length: 5572.78 mils)
| A-MIF-RXDO ToP
[ |A-MIFRXD1 BASE o
JA-MIFRXD2 TOP icro
P Voltage wavefo rm at receiver IC
[ | A-MI-RXDV
| A-MIFRXER
|A-MI-TXCLK Accumulate Selections for Tra —
A-MIFTXDO G
G nere asma Length Units _ Delay Units -

|| shows Selected Net Only | Export Table... Close




Zo Scans (SE & Differential) with Reporting
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Create & Solve Circuit Schematics

sTiE ~ €

=
i =

ions... Compute Compute
RLGC 3D Mesh | Advisor.

Q3D Extractor (TP}

K W

FDN Channel
Builder...

S
I
I —

fjr,rﬂ.;h

"

i

Receiver 10: A_10_K24:P1

Receiver 0: A_0_.J25:P1

e e —
ot ssnsas s
L

3

.

Receiver 1: A_1_H26P1

Receiver 2: A_Z_H25P1

wwl %ﬁfz wl s "'“T

rcuit Analysis
- Transient

> Qu i‘eI«Ey e Driver & (Aclive). A_B_ 18701

e () ez

gty

Receiver 3: A_3_G25P1

e —
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Slwave SYZ Solver Integration into AEDT 3D Layou

* Slwave Solution Setups are now part of ANSYS
Electronics Desktop 3D Layout

* Enables parametric solves

[PCB_Pkg_Merge - board - Layout]
Window Help

Edit Libraries P B2 He 1

* Enables usage of Electromagnetics RSM | ) com—r

F XY Plane

b Run Script.
Pa ipt
Record Script ToFile...
[PCB_Pkg_Merge - board - Layout] Record Seript to Project...

Properties 2 x

Open Command Window

Edit Libraries ' BT 22 el 5 H

Name Unt | Evaluated Value i Password Manager...
o] T { UbooyTock o —
Project Tools b Options 4
SWi il il X -
wan: I = il vpane | Keyboard Shortcuts...
SPad_dia 19 mi 19mi Run Script...
Custemize.
Pause Script
Extemnal Tools...
Record Script To File...
Record Script ta Project... [ Show Queued Simulations

T8 Edit Active Analysis Configuration
Open Command Window
Import Array from Table
Password Manager...

| - Job Management » Select Scheduler...
I options » General Options... LT
. Calibration Wizard
Keyboard Shortcuts... ]88 HPC and Analysis Options...
Metwork Data Explorer Moenitor Jobs...
Customize
Export Options Files... PEmag
$Width = 3mil I
5 HPC and Analysis Options E3 & | Analysis Configuration ==
Corfiguraiens | Options | Configuration name: [Local
The local and interactive job configurations:
Design Type: [ HFSS 3D Layout Design - I Use Automatic Setings
Avaiiable Corfigurations: Configuration Details: -
Machines | Jab Distbution | Options |
Ackive Name: Total Tasks | | Make Active

Machines for Distributed Analysis
Total Enabled Tasks: 12 Total Enabled Cores: 12

d.

[ Mame [ Tasks [ Cores [ RAM Limt () Enabled |
2|9

| Jlocanost |12 v

it

(Optimetrics Variations

[Optiore:

|AllowOFfCore : True
Import Machine Details:
6 Local machine

iy

" IP Address format: 192.168.1.2)

€ DNS Name format: www server.com)
oK Cancel € UNC Name format; \server): e

Import Machines from File Add Machine to List ‘

20 © 2016 ANSYS, Inc. April 24, 2016




Project Manager

Slwave Parametric Design within AEDT 3D Layout

SIwave_3D_Layout_PKG_PCB*
54 Slwave_3D_Layout_PKG_PCB*
(3] Circuit Elements
Boundaries
=} @ Exdtations
=5 Analysis
Cosim Options (HFSS)
[7] stwave syz 1

o boy Sweep 1
g’l Design Verification
Optimetrics
#2) ParametricSetupl
- [[F] Results
Tig Field Overlays
...[Ifi Far Fields
@-23 Definitions

Sweep Definitions |Table | General | Caloulations I Options |

5 nc#| Wariakle |
$pko_MS_Width
$Top_PRG_Etch

Description
Linear Step frorm 1.76mil to 2.25rmil, step=0.25mil

Single Value at1.1 LI

Single Value at1.25 ik |
Properties $PCE_MS_Width Linear Step from 4mil to bmil, step=1mil
$TOF_PCB_Etch Single Value at1.15
Name | Value | unit [ Evalusted Value | | Single Value at1.25
Name Parametric Setup 1
Enabled I

Single Value at1.4

| »

Sync | UnSyne |

|
I S—

|
L P PUB i s st AR
| ———

P
—

LY TR U g e ki AR

PSR

(€]
a0 FLI_PCR g g s AR

1L PV g v ey b shie WA

e |
I

e LB s e e b LA




Improved AC SYZ Accuracy

 Advanced 3D DDM solver improves accuracy for

— Traces routed across splits, unreferenced traces, poorly referenced
ports, vias & large antipads

— HFSS
— Slwave DDM Option
—  Without Slwave DDM

selfind S Plot 1 plane hole dhfss 4

Curve nfo

Unreferenced
Traces = s

(STRIPLINE_SYMVETRIC_PERFORATED_PLANE_A_0_T1 STRPLINE_SYMVETRC_PERFORATED_PLANE_A_0_T2))

22 © 2016 ANSYS, Inc. April 24, 2016 o



Slwave Conformal Soldermasks

| Layer Stackup Editor =3
Color | Name = Thickness mis) &y Material Conductivity {S/m) & Dielectric Fil Diclectric constant | Losstangent | Translucency | Blevation fmils) | Roughness (ils)
Top_Corformal_SM = CONFORMAL COAT SolderMask 0 31 0.035 £4.5
yO  tep 1 EDB_copper 5.8E407 SoideriMask 31 0.035 0 63.4 HJ: 0, HJ:0
Diclectric_1 DIELECTRIC 4 EDB_FR4_cpaxy ] 44 0.02 59.4
O] planst METAL 065 EDB_copper 5.8E407 EDB_FR4_spoiy 44 0.02 ] 58.75 HJ: 0, HY:0
Diclectric_2 DIELECTRIC 52 EDB_FR4_cpaxy 0 44 0.02 675
@ plns2 METAL 065 EDB_copper 5.8E407 EDB_FR4_spoiy 44 0.02 ] 6.1 HJ: 0, HY:0
Diclectric_3 DIELECTRIC 4 EDB_FR4_cpany ] 44 0.02 21
@ bottom METAL 11 EDB_copper 5.8E407 SoideriMask 31 0.035 ] 1 HJ: 0, HY:0
Bottom_Cenformal_SM CONFORMALCOAT 1 SolderMask ] 31 0.035 ]
Add / Delete / Move Layer(s) Edit Selected Layer(s)
_ Add pbove Selectedlaver | 464 [ Update | DiclecricFil |SoiderMask +] [ Update ]
Add Below Selected Layer JE— R
—_————— Name top Update Translucenc y [ 0% Update
Move Selected Layers Up Tpe  [METAL v] [CUpdate |  Thickness L1 mils [ Update |

Move Selected Layers Down Material [EDB_copper -] [ Update | Roughness | HI: 0, H: 0 | mis [ Update |

Selectall [DIELECTRIC = | layers [ apply | [ EditMaterislProperties | [ InvertStadup |([¥)Conformal Coat)y Units [mils - Cancel

Single Ended Zo Single Ended Zo Single Ended Zo
Without Trace-Trace Coupling With Trace-Trace Coupling With Trace-Trace Coupling
W|thout Conformal Soldermask Wlthout Conformal Soldermask Wlth Conformal Soldermask

Y m”

‘lﬁ |
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24

Trace Cross Section and Surface Roughness

Trace Cross Section Shape Editor &J
_—
Layer: |SURFACE |
Shape: |Trapezoid 'l

Set Absolute Values For Etching

W1

Wz

Note: Mo graphic representation.

Affects STwave solution only.

Edit Layer Roughness

oK l | Cancel

© 2016 ANSYS, Inc.

Etching Style
@) Over Etch
Under Etch

Formula (Trapezoid Only)

Q@ W1 =Width * 0.85

W1 =Width - 0.85 * Thickness

Set Ratios
Top: |_J
85 %
Bottom:
100 %

Slide Both Simultanecusly

April 24, 2016

Tep Reonghness | Bottom Ronghness

Hammerstad -Jensen

EMSE Ronghness ]

@) Huray

Model | Medinm Loss

| Create |

MNodule Radinsg

Hall-Huray Surface Ratio

0.5

3

| MICTONS

b




Combined AC and DC simulation results

Sweep | Sensitivity | Distributed Analysis (HPC)|
Merging DCR point with frequency-swept AC results S eton s
Improved accuracy over the entire frequency [¥] Compute exact DC point
ba n dwidth Frequency Range Setup
Start Freg Stop Freq | Wum. Points f Step Size | Distribution
LUHZ 0OHz 1 Linear
i 1kH= aMHz 100 Bw Decade
i JhHz SGHz 101 Linear
DCIR SYZ DCIR + SYZ
Il 100
100 + 100 r—
10 10 10 —

1 \

1 1 ]

\ ; \

0.1 0.1 o 01 \
\ =

0.01 0.01 0.01

0.001 0.001 H 0.001 ”

0.0001 : : : 0.0001 , . 0.0001 : , ,
1€09  1E06  0.001 1 1E-09 1E-06 0.001 1 1E-09 15;05 0.001 oH 1
Frequency in GHz Frequency in GHz requency in GHz

1/0hm
1/0hm
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-80 dB
Coupling




Slwave & HFSS EMI Virtual Compliance

50001 CISPR25 | |I |

25.00

0.00+

-25.00

|I.i.|ihL.|J|iu

LI
1.00

Spactrur fiHz|

RADIATED EMISSIONS
This example shows radiated emissions (using a Quasi

Peak detector) that are captured by the bi-conical PCB MODEL COURTESY OF M

antenna for every angular position of the PCB
simulated in Slwave.
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Slwave Near-Field EMI
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Conducted EMI with CPM

Transient Power Noise

Max(E) at 3 meters

e

Chip Power Model

Input

Level

Buffer | Shifter

Bffr1

© 2016 ANSYS, Inc.
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Realize Your Product Promise®

SYS

Silwave-CPA

Requires Q3D 3D Solver license
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What is Slwave-CPA?

* The CPA (Chip-Package-Analysis) solver is a 3D full-
wave, FEM based solver for fast and accurate
extraction of RLC parasitics.

— It is optimized to analyze power and signal nets on packages

w - -/ U)UQOQ &i\_w
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Silwave-CPA

 Automated .html reporting for partial and loop
resistance/inductance

* The CPA solver is capable of producing per
bump/ball resolution RLC extracted parasitics

* Visual Bar graph plotting is available for
solderball/bump and Pin Groups

Q3D PDN A 12.3 310.6 24.8 4.51 - 748 -
(TPA)
CPA PDN A 12.9 312.4 25.8 0.4 11x 210 4x
Q3D PDN B 9.1 224.8 24.8 4.51 - 748 -
(TPA)
CPA PDN B 9.2 230.7 25.9 0.4 11x 210 4x
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Slwave-CPA

Wirebond Package PDN System

Solver Solve Time Speed
(PH) (PF) (Hours) (GB) Reductlon

PDN C
(TPA)
CPA PDN C  1.61 79.9
Q3D

PDN D 0.16 12.6
(TPA)
CPA PDN D 0.16 12.9

128.4

129.3

973.4

979.3

0.1 480x 13 5x
48 - 71 -
0.1 480x 13 5x

Coupled Microstrip Lines

Solver Solve Time Speed
(mg) (nH) (PF) (Mlnutes) Up (MB) Reductlon

Trace A 386 3.42

CPA Trace A 386 3.22
NPE Trace B 386 3.44
CPA Trace B 386 3.30

1.17
1.17

1.19
1.17

450
1.0 3x 300 3x

- 450 -
3x 300 3x




