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1 Introduction

1.1 Introducing ES3D

ES3D Electrostatic Field Solver for Multilayer Circuits), Version 1.0, is a computer program used for3be
electrostatic analysis of multilayer printed citdobards (PCBs), low-temperature cofired-ceramieGC) circuits,
integrated circuits (ICs), microelectromechanigaitems (MEMS), and similar structures used in rddiquency
(RF) and microwave (MW) devices, fast digital citsiand interconnects, and other hardware. An el@ofpan
analyzed structure is shown in Figure 1.1.

Figure 1.1 Structure analyzed by ES3D.

The input to ES3D is through a built-in graphicg@dor an interface to AutoCAD® and similar prograthat can
handle the drawing interchange file (DXF) format.

ES3D also has the capability to analyze arbitrafiigped conductors and dielectric bodies thatxaezrally
defined by the user.

The numerical technique implemented in the progeabased on the Method of Momefit$. The program output
consists of files with the following data:

e Self and mutual capacitances (matrix form),
» Acircuit description of the capacitances (in Tostome®-compatible format),

e Tabulated admittance parameters as a functioregfincy (in Touchstone®-compatible format).



1.2 System Requirementsfor ES3D

The following sections list the hardware and sofev@quired to install and run ES3D.

1.2.1 Hardwar e Requirements
The minimum hardware requirements include:

e IBM® or compatible computer with Pentium® or otleempatible processor,
« Hard disk with 50 MB of available space,
» 256 MB of available RAM.

1.2.2 Softwar e Requirements

ES3D requires a Windows® 98 or later operatingesysincluding ME, 2000, and XP.
1.2.3 Additional Requirements
Depending on the program distribution, additioreidware and software are needed, as follows:

e To download and install ES3D from the Artech HoW#eb site (http://www.artechhouse.com), an Internet
connection is required.

e Toinstall ES3D from a CD, a CD-read drive is regdi

ES3D can be installed only on individual computerg,on a network.

See also: Installing ES3D



1.3 Installing ES3D

ES3D is distributed on one standard CD, or it camgldwnloaded from the Artech House Web site
(http://www.artechhouse.com).

1.3.1 Installing from a CD

To install ES3D from a CD, perform the followingps:
* Insert the installation CD into a drive.
« Wait a few seconds for the installation prograrstart automatically.
o If the installation program does not start autoo@dly, perform the following steps:
= Open the Windows Start menu by clicking the Stattdm on the Windows taskbar.
= Select the Run option. The Run dialog box opens.

= Type the letter of the CD drive and “\Setup”. example, if the CD is in drive D:, type
D:\Setup, as shown below.

21|

= Type the name of a program, Folder, document, or
Internet resource, and Windows will open it For you,

open: I DnSekup| |

Ok I Cancel | Browse. .. |

= Click the OK button.

« While the installation program is loading, the $epueparation dialog box is opened, as shown below.

Setup iz preparing the InstallShield® Wizard which will
guide you through the application setup process. Please
= wait.

99 %

e Shortly afterwards, the ES3D Setup window openh thieé Welcome dialog box, as shown below.



<1 ES3D 1.0 Setup - 0

weicom= X

‘Wwelcome to the ES3D Setup program, T his program
willinstall ES30 on your compter

It is stranaly recommended that you exit all Windaws programs.
before runring this Setup program.

Click Cancel to quit Setup and then clase: any programs pou
have wrning, Click Newt to continue with the Setup program

WARNING: This program is protected by coppright law and
itemational treaties.

Unauthorized reproduction or distribution of this prograrn, o any
portion of t, may resultin severe civil and ciiminal penalties, and
will be prosecuted to the makimum extent possible under law,

E Cancel

Read carefully and follow the instructions giventbg installation program.

Click the Next button to continue or the Cancekduto terminate the installation. The installation
program opens the Choose Destination Location gliatix, where you can define the drive and directory
in which ES3D will be installed, as shown below.



<1 ES3D 1.0 Setup

Choose Destination Location:

Setup will install ES3D i the follawing foldsr,
Toinstall to this foldsr, click Next

Toinstall to a different folder, click Browse and select anather
folder.

fou can choose not o install ES3D by clicking Cancel to exit
Setup

Destination Folder

’7E Pragram FilesiAtechhESID Browse... ‘

<Back [[ News 1| | Concel |

The installation program suggests installing ES8Ehe directoryC:\Program Files\Artech\ES3D on the
hard diskC:. Most files from the distribution CD will be copigo this directory. Examples of input data
for ES3D will be copied to the directoG\Program Files\Artech\ES3D\Examples. You can accept the
nameC:\Program Files\Artech\ES3D or change the directory name or drive by clickimg Browse button.
If the specified directory does not exist, thealiation program will automatically create it.

Click the Next button to continue or the Cancetduto terminate the installation. Following thiss
files are copied from the installation CD to theéstinations on the hard disk. During this task,E$3D
Setup dialog box remains open, displaying the statuhe copying, as shown below.



< ES3D 1.0 Setup

Copying help files...

After copying all requested files, the installatiprogram announces that the installation is corapket
shown below.

<1 ES3D 1.0 Setup

Information

1 ) Setup is complate. ¥ou may run the installed program by double-clicking on the program icon,

Click the OK button to terminate installation. TE83D folder opens, as shown below.
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Details

You can run ES3D by clicking its icc B vou can create a shortcut to the program usiegtandard

Windows procedure.
A program group is automatically created on thegPams menu.

Remove the distribution CD from the drive and sfibie a safe place.

ES3D is now ready to run in the Windows environment

1.3.2 Downloading and Installing from the Artech House Web Site

Follow the instructions given by Artech House focessing and downloading the ES3D installation file
Save the downloaded self-extracting #83D_distribution.exe to a directory on the hard disk.

Locate the fileES3D_distribution.exe using Windows Explorer. Execute the file by doudlieking it. The
file is unpacked in the same directory where therdoaded file is saved.

Run progranSetup.exe.

The remainder of the installation procedure issdume as when installing ES3D from a CD.

See also: Running ES3DRemoving ES3D




1.4 Removing ES3D

Y ou can uninstall ES3D at any time by clicking the Uninstall ES3D icon in the ES3D folder.

Alternatively, use the standard Windows procedure as follows:

From the Start menu, choose Settings and then Control Panel.

In the Control Panel, choose Add/Remove Programs.

Select ES3D, click the Remove button, and click Yesif you are sure you want to remove ES3D.
Restart your computer.

Follow further instructions given by Windows, if any.

See also: Installing ES3D.



1.5 Running ES3D
After installing ES3D, you can run it in the following way:

¢ Open the Start menu and select the Programs option. The Programs menu opens.

e Inthe Programs menu, select the ES3D program group. The ES3D Group menu opens.

* Inthe ES3D Group menu, click the ES3D icon B

Alternatively, perform the following steps:

« Use Windows Explorer to locate the executable file ES3D.exe. If nothing was modified in the installation
procedure, ES3D.exe resides in the directory C:\Program Files\Artech\ES3D.

«  Doubleclick the ES3D icon £ or double-click the ES3D.exe name.
If you plan to use ES3D frequently, you may create a shortcut on the desktop.
To terminate ES3D, perform the following steps:

e Inthe ES3D main window, select the File menu.

* IntheFile menu, select the Exit option.

Alternatively, in the ES3D main window, press Alt+F4.

See also: Installing ES3D; Using ES3D Help.




1.6 Using ES3D Help

The ES3D Help uses standard Microsoft Windows® Helvices. Help is available in ES3D by pressimgRh
key or by using the Help menu.

Help for most ES3D windows and dialog boxes is fedan the fileES3D.hlp. For the 3D Viewer, Help is also
located in the filEES3D_View.hlp. Both files reside in the ES3D root directory.

The Help files can also be opened directly from &fléivs Explorer. Locate a file using Windows Exploiard
double-click the filename or its icon. The fl#S3D.hlp is also accessible by opening the Windows Stantume
selecting the Programs option, opening the ES3@rpra group, and clicking the ES3D Help icon.

Upon starting the ES3D Help, the Help window opand the ES3D Help Contents is displayed, as shalowb

=0l x|
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Click a section title to open the correspondingdopor example, clickind.1 Introducing ES3M@isplays the
following window:
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File Edit Bookmark Opkions Help
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1 Introduction :l

Figure 1.1

1.1 Introducing ES3D

E33D (Elecfrosfafic Field Solver for Mulfilaper Cirewifs), Version 10, is a computer program wused for the 3D electrostatic
analysis of multilayer printed circuit boards (PCEs), low-temperature cofired-ceramic (LTCC) circuits, integrated circuits
(ICs), microelectromechanical systems (MENE), and similar stractures used in radio-frequency (BF) and microwave (W)
devices, fast digital circuits and interconnects, and othet hardware. An example of an analyzed structute is shown in

4

Figure 1.1 Stracture analyzed by ESSD.

Available menus and options in the Help windowasédollows:

« Filemenu

0

(0]

0

Openl] opens a new Help file (with the default name extenklp).
Print Topicl prints the currently opened topic.

Exit0 closes Help; same as pressing the Escape keyrgy g Alt-F4 key combination.

+ Edit menu

(0]

(o]

Copy[ copies the selected text; same as using Ctrl+@xAselection can be made by dragging

over it with the mouse.

Annotate] annotates the currently opened topic.

« Bookmark menu

(o]

(0]

Definel] defines a bookmark.

List of bookmarks[d jumps to an already defined bookmark.

e Optionsmenu

(0]

(0]

(0]

Keep Help on Top[ allows a choice among always keeping the Help windo top of other
windows, not keeping it on top (turning it offy, wsing the default handling. The default
handling in the ES3D Help does not keep the Hefglasiv on top.

Display History Window[l shows a list of all windows displayed previouslyhin the current
session. From that list, you can jump directly foreviously displayed window.

Font[ selects the font size (small, normal, or large).

Use System Color s uses colors for the Help window as defined by therating system.

 Help menu



o Version[d displays copyright information about Microsoft Wowls Help and about ES3D.

The following buttons are available in the toolbar:

Contents] opens Help Contents.

Index opens the Index tab in the Help dialog box. Seddatyword to open a topic that contains
explanations on that keyword or click the Cancétdauto return to the Help window.

FindO opens the Find tab in the Help dialog box. Sednelentire ES3D Help for a word or a phrase.
Click the Options button to customize the searctliok the Cancel button to return to the Help vand

Back[ returns to the previously opened topic.
PrintO prints the currently opened topic.

Options] duplicates the Annotate, Copy, Print Topic, Forgel Help on Top, and Use System Color
options from the menus.

<<[J opens the previous topic in the sequence defindaeiieS3D Help.

>>[1] opens the following topic in the sequence defimethe ES3D Help.

See also: Running ES3DInstalling ES3D




1.7 Copyright
The software and the accompanying documentationapgright © 2007 by Artech House, Inc. No parttos
software and documentation may be reproduced,cstora retrieval system, or transmitted, in anyrfar by any
means, electronic, mechanical, recording, or ottserywithout prior written permission from Arteclotise.
For referencing ES3D, the full title of this softwas:

Marija M. Nikoli¢, Antonije R. Djordjevt, and Milo§ M. NikolE

ES3D: Electrostatic Field Solver for Multilayer Circuits

Version 1.0

Norwood, MA: Artech House, 2007

See also: About the AuthorsDisclaimer of Warranty




1.8 Disclaimer of Warranty

The technical descriptions, procedures, and comjpubtgrams have been developed with the greatestref and
they have been useful to the authors in a broagerahapplications; however, they are providedsawithout
warranty of any kind. Artech House, Inc., and théhars and editors of the software title83D: Electrostatic
Field Solver for Multilayer Circuits, Version 1.0, make no warranties, expressed or implied, thaeth&tions,
programs, and procedures in the software are freerar, consistent with any particular standard of
merchantability, or will meet your requirements &y particular application. They should not béeklpon for
solving a problem whose incorrect solution coulslitein injury to a person or loss of property. Amse of the
programs or procedures in such a manner is atstiesuwown risk. The editors, authors, and publishselaim all
liability for direct, incidental, or consequent dages resulting from use of the programs or proasdimr this
software.

See also: Copyright



2 Using ES3D

2.1 Getting Started

We shall run an example supplied with ES3D to take a quick tour through ES3D.

The example deals with the evaluation of capacitances of pads for soldering surface-mount devices (SMD) on
printed circuit boards (PCBs). In particular, we consider pads for mounting size 0805 components on the FR-4
substrate (Figure 2.1). Pads are rectangular patches in the top layer. The dimensions of a pad are 60 mils by 50 mils.
The separation between the padsis 30 mils. The substrate thicknessis 62 mils and the relative permittivity is 4.6.

The bottom layer of the PCB isasolid ground plane.

o

.

Figure 2.1 Pads for 0805 components (top layer). All dimensions are in mils.

Run ES3D. The ES3D main window appears as shown below.

=101 %]
File Wiew Project Help
IR R ]
b b 2 el Byl EE ] o E ] El
Project x
Ready e

e During the quick tour, you may prefer to keep the Help window on top of all other windows. To do so,
open the Options menu in the Help window, select the option Keep Help on Top, and check the On Top
option. Y ou may later check the Default option to prevent the Help window from always appearing on top

of other windows.

¢ Inthe ES3D main window, open the File menu and select the Open option. Locate the ES3D root
directory. Theroot directory is created during program installation and the default is C:\Program
Files\Artech\ES3D. Locate the subdirectory Examples. In this subdirectory, locate the file 0805pads.e3d,

as shown below. Open thisfile by double-clicking its name.



Look in: I&} Examples j - IfF -
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Combline.e3d [ JViaCAD.e3d
" LTcccap.ead
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:BJParaIIeIPIate.ESd

:]Plate.eSd

File name:  |0805pads.e3d Open |
Files of type:  |E53D Files [*.23d) Bl Cancel |/
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The ES3D main window now looks as shown below. It displays atop view of the PCB, with the two pads
(rose) and the PCB ground plane (blue).

ES3D - [0805pads.e3d] 101 =l
E:]Eile Edit Wiew Arrange Draw Project Compute List  window  Help _|ﬁ||ﬂ
W T R IEENEEE NN
[k & & Ova & Q|| «[020 p[E50 Lae [Elae0-om  ~] |
Project X
-3 Lapers
Ll Wias
Ready 250 3 150 il 4

To prepare the pads for the numerical analysis (using the Method of Moments [1]), the structure must be
segmented first. In other words, all conductor and dielectric surfaces must be divided into small patches.
Open the Compute menu and select the Segment option. After a short time, the program displays a message
about the number of unknowns (patches). Click the OK button to continue.

s30T

i Seqgmentation is finished,
Murnber of unknowns: 306

Display the segmented structure by opening the View menu and selecting the 3D View option. The ES3D
View window opens as shown below.
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Wiew Options  Clip Help

Close the ES3D View window by pressing Escape. This brings you back to the ES3D main window.

To start the numerical analysis of the pads, open the Compute menu and select the option Run. A progress
bar shows the status of computations, as shown below.

We are ready to examine the results. Open the List menu and select the option Ckt. Notepad opens the
output-data file 0805pads.ckt, which looks as shown below.

CAP 1 0 c= 1.636835e-001
CAP 1 2 c= 2.032912e-002
CAP 2 0 c= 1.637206e-001

Thefileisadescription of acircuit that represents the padsin Figure 2.1. The circuit consists of three
capacitors, shown in Figure 2.2, whose capacitances are in picofarads (pF).

"
Il 1

Clp



Figure 2.2 Equivalent network of partial capacitances for the pads shown in Figure 2.1.

Thefirst capacitor (c10=0.164 pF) is connected between the left pad (pad 1) and the ground. This capacitor
represents the self capacitance of the first pad.

The second capacitor (c12=0.020 pF) is connected between the left pad (pad 1) and the right pad (pad 2).
This capacitor represents the mutual capacitance between the pads.

The third capacitor (c20=0.164 pF) is connected between the right pad (pad 2) and the ground. This
capacitor represents the self capacitance of the second pad.

»  Close Notepad by opening its File menu and selecting the Exit option.
e Close ES3D by opening its File menu and selecting the Exit option. This concludes the quick tour.

See also: Running ES3D; Tutorial; Examples.




2.2 ES3D Components

ES3D consists of the main program ES3D.exe, which performs the majority of user-interface functions, and several
other executable files and dynamic-link libraries.

The user-interface functions are accessible in the ES3D main window, which typically looks as shown below.

Drawing area

Toolbars
ES3D - [0805pads.e3d] j =10 x|
[*J) Fle Edt View “Arrange Draw Project Compute List Window Help =128 x]
NEd sfmReco|adns np| [
[k M & O @ Q|| =56 y[EET Layer [@Lspfro-omi =] |
Project x
= = Layers
Project bar =@ Layer0
® Polygon 0
=0 Layer1
\ = Polygon 1
m Polygon 2
¥ Vias
Ready 250x150mil 4

The ES3D main window has several menus, toolbars, and areas. Several dialog boxes and windows are invoked
from the ES3D main window, as necessary.

e The Drawing area occupies the mgjor part of the ES3D main window. Several projects can be
simultaneously opened by ES3D. Each project has its Drawing window, which is located in the Drawing
area. In the example shown above, only one project is opened, and its Drawing window is maximized.

* Menusinthe ES3D main window perform the following functions:

o Filed handlesinput-datafiles. It starts a new project and opens, closes, and savesfiles. It also
handles importing and exporting of DXF files. The File menu contains alist of the most recently
opened projects, and it has an option to terminate ES3D.

o EditO handlesthe current drawing, including undo/redo actions and copy/paste operations.

o Viewl defines the layout of the ES3D main window and handles zooming and panning of the

drawing. The View menu also defines the grid and the draw mode setting, and it invokes the
ES3D View window.



(o]

Arrangel] handles polygon front/back ordering and subtracting.
Draw( initiates drawing rectangles, polygons, and vias.

Proj ect(] offers options for creating new layers and for numerical definition of polylines and vias.
It also handles the footprint and the sidewall metallizations, and it provides access to the Project
Settings dialog box.

Computel initiates the operations necessary to analyze the structure, including checking,
segmenting, and numerical analysis.

ListO invokes Notepad to open the three output files that contain results of the numerical analysis.
Window[ arranges the Drawing windows and enables switching among them.

HelpO opens the ES3D Help window and displays copyright data.

e Toolbar s duplicate some functions from the menus and provide additional tools and information. The
following toolbars are available in the ES3D main window:

(0]

~u B
Standard DEE|$E|@@@

operations, and zooming.

O manages input-data files, copy/paste

k.. A,
Tools kb & B AR O provides drawing tools for selection and drag-and-drop
operations, drawing polygons, rectangles, and vias, and panning and zooming.

J b |EI.EEI o |-EI.15 Layer | M Layer 0 - 0 mm

Info j |D displays information about
the current position of the drawing cursor and manages the active layer.

M B3 N
Compute

and listing functions.

O provides checking, segmenting, 3D viewing, running,

e Project bar O contains summary information about layers, polygons, and vias. It can also be used to access
properties of layers, polygons, and vias and to change the active layer.

e Statusbar displaysinformation about the polygon, via, or button that is currently under the cursor. It
also shows the dimensions of the footprint.

Several dialog boxes and other windows can be opened from the ES3D main window. The major dialog boxes and
windows are listed below.

*  Settings dialog box[d manages project settings for units, frequencies, segmentation, grid and footprint, and
listing output data. Select the Settings option in the Project menu to open the box. The Settings dialog box
looks as shown below.
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* Layerswindow[ contains information about layers and modifies layer properties. The Layers window is
opened if the Layers option in the View menu is checked. The Layers window looks as shown below.

A
Layer Er Z

7 = o [ET

W ET I Layer1 7 01

& ET W Layer2 7 [

W ET O Layer3 7 03

VBT B Layer 4 7 04

« Layer Propertiesdialog box[ defines data for alayer. The box can be opened by double-clicking the
layer name in the Layers window. The Layer Properties dialog box looks as shown below.

Layer Properties il

r Dielectric

Er |Hd

Upper surface [£2 fmi x|

— Layer

Mame ILa_l,ler1
v Yizible
[~ Locked

QK. I Cancel |

The box is the same as the New Layer dialog box.

« Polygon dialog box[ defines data for a polygon. The box can be opened by double-clicking the polygon
in the Drawing window. The Polygon dialog box looks as shown below.
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Via dialog box[1 defines data for a via. The box can be opened by double-clicking the viain the Drawing
window. The Viadialog box looks as shown below.
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ES3D View window( provides a 3D view of the segmented structure. The window can be opened by
selecting the 3D View option in the View menu. The ES3D View window looks as shown below.



The ES3D View window has functions for rotating, zooming, panning, and clipping the displayed structure.

See also: Reference Manual.




2.3 ES3D Input
2.3.1 Analyzed Structure

ES3D is designed for electrostatic analysis of 3ititayer structures, such as printed circuit bea{félCBs),
low-temperature cofired-ceramic (LTCC) devicesegrated circuits (ICs), and similar structures.

In the general case, the analyzed structure cerdisteveral dielectric layers, as shown in FiguBe The
permittivities of the layers may be equal or thegyrbe different.

.V( &o
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z A Q‘(\ . g q) o
CJ > Q\Qﬂ .//81
> Ny <
2 Alayer? Conductor 1
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z) /Layer 1
L%WO_QQH tor
0 Legh 3
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Figure 2.3 Structure analyzed by ES3D.

The overall shape of the structure is a parallpleghi The sidewalls of the structure can be indadigunetallized.
The surrounding medium is a vacuum.

The metallization layers coincide with the intedadetween any two adjacent dielectric layersaiag the
interfaces between the dielectrics and a vacuutrg.rfietallization layers are labeled 0, 1, 2, andrsd.ayer O is
on the bottom of the first dielectric &t0), Layer 1 is at the interface between the fifstetttric and the second
dielectric, and so on. In each metallization layleere are printed polygonal conducting patternstéitizations).
(A layer may be void of metallization.) Polygonsaidjacent or nonadjacent layers can be intercoaddsnt vias.

One or several polygons constitute one electrastamductor. Such polygons are assumed to be dehin
interconnected (i.e., to be on the same electiogiatential). Conductors are indexed 0, 1, 2, smon.

In the basic electrostatic-field representatiohcahductors are “hgtand the reference point is at infinity. In the
circuit representation, however, Conductor O isréference conductor (ground). All other conduct{@snductor
1, Conductor 2, and so on) are hot (signal) cormtacES3D gives results for both representations.

2.3.2 Data Input

Data that define the analyzed structure consistiseofollowing items:

«  Footprint dimensions, Length and Width. The footprint is a rectangle, located in ey plane of the
Cartesian coordinate system, as in Figure 2.3.cboedinates are within the limitsgLength and &y<
Width. The coordinate origin is in the lower-lefiroer of the drawing in the ES3D Drawing window.
Footprint dimensions are entered numerically wheew project is started, and they can be adjusited |
by using the Footprint option in the Project menu.

« Datafor sidewalls. Each of the four sidewalls of the structure cammbiévidually metallized by using the
Metallization option in the Project menu. The migtation is assumed to be the reference conductor



(ground).

- Datafor layers. Each metallization layer is defined by its nanedative permittivity of the dielectric
material that is below the layercoordinate of the upper surface@), and color. An exception is the
lowest layer (whose default name is Layer 0). Téyer is the bottom face of the structure. For kngr,z
=0, and the relative permittivity is 1, which is ttedative permittivity of the surrounding medium (a
vacuum). This data for the lowest layer cannot belifred.

A new layer is added by using the New Layer optiothe Project menu. A layer can be made visible or
invisible, locked or unlocked. Layer propertiesaofexisting layer can be modified by right-clickitig
layer name in the Project bar and selecting theétti@s option or by working from the Layers window
(The Project bar and the Layers window can be ayga or hidden by using the corresponding options i
the View menu.) A layer can be deleted by rightidhig the layer name and selecting the Delete optio

« Data for metallization patterns (polygons). Each polygon is planar. It is located on the uppeface of the
corresponding dielectric layer. A polygon is bouthdby a polygonal line (polyline). The polyline is
defined by a set of nhodes (at least three nonaligieeles). The nodes are interconnected by striangist
(edges). A polyline can be drawn opened or closetin the analysis, it is always treated as clo3ed
define a polygon, make the corresponding layewradiy clicking it in the Layers window. Draw the

polyline using the Polyline TOLg in the Tools toolbar. To close the polyline, préssC key on the

keyboard. A rectangle can be drawn using the Rgtarool o . A new polygon can also be defined by
selecting the New Polygon option in the Project mérhe Polygon dialog box opens, in which node
coordinates can be entered manually. Polygon emigesnot intersect each other. Theoordinate of the
polygon automatically matches tieoordinate of the layer in which the polygon iswin. The Index
entry is the index of the electrostatic conducaopart of which is the polygon.

« Datafor vias. A via is defined by clicking the Via Tool butt"® or the New Via option in the Project
menu and entering the coordinateg)of its center, its radius, and the two layerg @nd bottom) that are
interconnected by the via. A via is assumed toagabally interconnect all polygons that are pernettdy
it. All of the interconnected polygons must beldaghe same conductor. A via must intersect at leas
polygon. A via can be hollow or solid.

2.3.3 Data Importing

Data for polylines and vias can be input from AWI® or a similar program. In AutoCAD®, layers shdie
defined and 2D polylines plotted in each layetthie same way as in ES3D. Vias should be plottegireles in the
layer “VIA". The footprint outline should be a rectgle (a 2D polyline) in the layer “FRAMEX£0 andy=0). All
patterns must be within the footprint outline, @&wd edges of the footprint outline should bed andy=0.

The data should be saved in a DXF file (AutoCAD®sien 2000) and then imported into ES3D using thpdrt
option in the File menu. Upon import, the relatpermittivities and the-coordinates for layers should be defined
in the same way as when layers are defined in 8&DEeditor. The unit in AutoCAD® represents onerigsanit
that is defined in ES3D.

2.3.4 Data Saving

All input data required by ES3D can be saved ileausing the Save or Save As options in the Fig&mm The
input-data file can be loaded later using the Oggtion in the File menu.

2.3.5 Data Exporting

The data from the ES3D graphics editor can be ¢xgdo a DXF file (AutoCAD® version 2000), usingetExport
option in the File menu. In this export, polygome eonverted to lines that are elevated to taleastount the



actualz-coordinates. Each via is converted to two cirtdesited at the corresponding elevations and interected
by vertical lines that represent the walls of the v

2.3.6 Units

Lengths are entered in the unit selected by the(usi#imeter, meter, inch, or mil). The unit car befined using
the Settings option in the Project menu (Units.tab)

2.3.7 Frequency Range

The self and mutual capacitances for the analyizedtare form a multiport network whose admittage
parameters are tabulated at equispaced frequeiitiese frequencies are defined in the Settingsgliabx, by the
start frequency, stop frequency, and number ofukeegy steps. The frequencies are in the unit ssldzy using the
Settings option in the Project menu (Units tab).

See also: Reference Manual




2.4 Analysis Procedure

2.4.1 Data Saving

The structure defined in the ES3D graphics editor is saved by clicking the Save button = in the Standard toolbar
or by selecting the Save or Save As options in the File menu. The structure should be saved before proceeding to the
following steps. The extension of the saved fileis e3d. The filename becomes the name of the current project.

2.4.2 Checking

The defined structure can be checked using the Check button [4 in the Compute toolbar or by selecting the Check
option in the Compute menu. If an error is detected, it is reported in the Error dialog box.

2.4.3 Segmenting

Before the numerical analysisis performed, all metallic surfaces (polygons, vias, and sidewalls) and
dielectric-to-dielectric interfaces must be meshed (segmented) into patches (usually rectangular and triangular). A

self-adaptive segmentation is performed by clicking the Segment button &

the Segment option in the Compute menu.

in the Compute toolbar or by selecting

The parameters for the segmentation scheme are defined in the Segmentation tab of the Settings dialog box
(accessible from the Project menu).

The Resolution parameter defines the size of the smallest patch. The smallest patch size diminishes with increasing
Resolution. The recommended value of the Resolution parameter is 1.

The Refine parameter defines the rate at which the patch size diminishes going toward an edge or wedge of the
analyzed structure. Increasing Refinement increases the steepness of the patching scheme. The recommended value
of the Refine parameter is 1.

The Number of VIA segments parameter defines the number of vertices of a polygon that is used to approximate a
circular via. The recommended number isin the range 4-6. The polygon is midway between the polygon that is
inscribed into the viacircle and the polygon that is circumscribed around the viacircle.

2.4.4 3D Viewing

A segmented structure can be displayed as a 3D view by clicking the 3D View button 0 inthe Compute toolbar or
by selecting the 3D View option in the View menu. In the ES3D View window, the displayed structure can be
rotated around three orthogonal axes, zoomed in and out, and panned. The segmented structure can also be clipped
from the top or bottom to display the interior.

2.4.5 Analysis

The numerical analysis of the structure isinitiated by clicking the Run button Y inthe Compute toolbar or by
selecting the Run option in the Compute menu. Depending on the number of patches (unknowns), the analysis can
take from afraction of a second up to several minutes.

Segmenting the structure, running the analysis, and displaying results can be performed by using a single command,

"
AutoRun, available by clicking the AutoRun button = in the Compute toolbar or by selecting the AutoRun option
in the Compute menu.



See also: Reference Manual.




2.5 ES3D Output

The results of ES3D are as follows:

e Thematrix [B] of electrostatic-induction coefficients and the matrix [ C] of partial capacitances. Hereby,
the ground conductor (Conductor 0) is treated last@onductor, and the reference point (the
zero-potential point) is at infinity. The first roand column in each matrix correspond to Condutidine
second row and column correspond to Conductord saron. The output also contains the date and time
when the analysis ended and the duration of thgatation. These results are displayed upon setgctin
the C Parameters option in the List menu, and #neyautomatically saved in an ASCII data file wiie
extensiordat.

e Adescription of the network formed by the partial capacitances. The description is in
Touchstone®-compatible format. The capacitanceingr€. The potential of Conductor 0 is assumed to
be zero (i.e., this conductor is short-circuitedhi® reference point at infinity). Conductor O esponds to
node 0, Conductor 1 corresponds to node 1, and.sbhese results are displayed upon selecting kihe C
option in the List menu, and they are automaticsdlyed in an ASCII data file with the extensaih

* Tabulated admittance (y) parameters of the network formed by the partial capacitances. This is the same
network as described in tlokt file. The unit for the frequency is selected ia Bettings dialog box, the
format is the real and imaginary part, and the @&dmie parameters are in siemens (S). These reselts
displayed upon selecting the Y Parameters optidhdriist menu, and they are automatically saveshin
ASCII data file with the extensioytp, where the asterisk stands for the number of ports

The name of all saved output files is the sam&@aname of the project. The output files are savede same
directory as the input-data file.

The List buttor in the Compute toolbar opens one, two, or allahoetput files, depending on the settings in
the Output tab of the Settings dialog box (accésdibm the Project menu).

See also: Reference Manual




2.6 Tutorial

2.6.1 Example

In this tutorial, we shall analyze the structurewh in Figure 2.4. The structure consists of twalatitric layers,
ground metallization all over the bottom, and twotangular patches. The sidewalls are void of riedébn.

7y
Z, y
/

3.0 Layer 2

Conductor 1
1.5 ,,'La\fer'l
o Conductor 0
_ayer 0
0 13

[
[

Figure 2.4 Tutorial example. All dimensions areniilimeters. Not drawn to scale.

2.6.2 Starting ES3D

e Start ES3D using the standard Windows procedure EE8D main windovopens.

* Inthe Project menu, select the Settings option.

o Inthe Units tab, verify that the selected unitdoordinates is millimeter, as shown below.

Urits |Frequencies| Segmentation | Editor | Output |

— Coordinates

@i Com inch " mi

— Frequencies

" kHz &+ MHz " GHz

ak I Cahicel |

o Inthe Editor tab, enter 1 mm for grid spacing aadfy that the checkbox for the default
footprint is not checked, as shown below. Click @kcontinue.




Uitz Frequenciesl Segmentation  Editor |Dutput|
— Gind
Spacing:

mm

:

— Footprint
[~ Usze default faotprint

Drefault length: |25 i
Drefault width: |25 i

ak I Cahicel |

In the File menu, select the New option to stareéw project. The New Project dialog box appears as
shown below.

New Project il

Footprint

Length: I il
width: |25 i

ak. I Canicel |

In the New Project dialog box, define the Lengtd &idth of the footprint to be 13 mm and 12 mm,
respectively. Click OK to close the dialog box.

The ES3D main window appears as shown below.



ES3D - [Untitled1] B ] |
DEiIe Edit Wiew Arrange Draw  Project  Compube  List  Win Help 18| x|
NI EERIEEE N
IE b. & O v &M G{” 0] |‘|_E1 [ IE.S'I Layer I. Layer 0 - 0 rm j |
Project x
--% Layers
Ll Wias
yzb.
e
X
Ready 13 % 12 mm -

The Drawing window shows the top view of the laydilie horizontal axis is theaxis, the vertical axis is

they-axis, and the coordinate origin is at the lowdrderner. The Drawing window shown above displays
the footprint of the structure.

A grid is superimposed to facilitate drawing (bypping to this grid). If the grid is not displayetheck
the Show Grid option in the View menu. Also, veiifiythe View menu that the Snap to Grid option is
checked.

2.6.3 Defining Input Data

» Metallization patterns are drawn in layers. To ngenthe layers, the Layers window can be used. This
window appears detached from the ES3D main windiotlie Layers window is not already displayed,
check the Layers option in the View menu. The Layeindow should look as shown below.

Layers N E|
Layer Er z

7 o o [EEEEECE

e Layer 0 is the default layer at the bottom of ttracture ¢=0). This layer is active now. We want to
metallize this layer and make it be the ground cetat. Using the Polyline Todz or the Rectangle

Tool = , draw a rectangle all over the gridded region,(oger the whole footprint). The Rectangle tool
is easier in this case. Select this tool by cligkinin the Tools toolbar. Position the mouse cuegahe
coordinate origin (lower-left corner of the footm)i and left-click the mouse to define one pointhef

rectangle. Expand the rectangle by dragging thergibint (node) to the upper-right corner of thetfoint
and release the mouse button.



The ES3D main window looks as shown below.

ES3D - [Untitled1] B ] |
EjEiIe Edit Wiew Arrange Draw  Project  Compukte  List Window Help 18| x|
NI EEERIIEEEEEE]

s Mo & ’EVIA & G{” H] |5_21 [ I-D.?EI Layer I. Layer 0-0 mm j |
Froject x | O ]

E% Layers

E|. Layer 0
! “m Polpgon 0
------ i Vias

vt
O m]
Ready 13 % 12 mm -

The polygon that we have just drawn (Polygon Oisted in the Project bar as an object in Layer 0.

Once drawn, the rectangle is treated as any othlggen. In the Drawing window, right-click on the
rectangle that we have just drawn and select thpdrties option. The Polygon dialog box opens asvah
below.

x|
Conductor jndex: IE 0K I
Layer: [BLapert-0mm ~] ﬂl
Nodes:
% [rnm] |  [rnm] |j v Closed

1 i} 0.

2 i} 12

3 13 12

4 13 0.

A

E

7

g

|

10 LI

The Polygon dialog box defines the index of thetetstatic conductor to which the polygon belorigs.
the present case, this is the ground conductord@or 0). The box also displays the name of therlan
which the polygon is drawn (Layer 0) and the cquoesling layer elevatiore{coordinate). The node
coordinatesx)y) are displayed in the table. The Polygon dialog as a checkbox that defines if the



polyline is open or closed. In this case, all @strare exactly as we expected. Click the OK buitiariose
the Polygon dialog box and continue the tutorial.

* We need to define two more layers. According taFég2.4, the elevation of the upper surface ofitlse
layer isz=1.5 mm and the relative permittivity of the layeei=4.6. The elevation of the upper surface of
the second layer &3.0 mm, and the relative permittivityds=3.5.

To define the first layer, open the Project mend select the New Layer option. The New Layer dialog
box opens, as shown below.

x
— Diglectnic
Er I

Upper surface ID Imm j

— Lagper

Mame ILayer1
v Yizsible
[~ Locked

ak. I Cancel |

In the New Layer dialog box, define the relativemigtivity (4.6) and the elevation of the upperfsice of
the layer (1.5 mm). The elevation must be posiird all layers must have distinct elevations. Tame
of the layer can be arbitrary. Let us accept tHawdename of the layer (Layer 1).

In the New Layer dialog box, we can also defindéf layer is visible in the Drawing window andtifs
locked. Keep the selections as shown above to theviayer visible and unlocked. Close the New Layer
dialog box.

Repeat the same procedure for the second layatipepermittivity of 3.5, elevation of the top &aof
3 mm, name of Layer 2). Thereafter, the Layers wimghould look as shown below.

Layers |
Layer Er z

¢ BT @ Layer0 1 ]

W ET O Layerd 45 1.5

VBT O e 3 3

e Make Layer 1 active by clicking it in the Layersngow. In the Drawing window, draw a rectangle in
Layer 1. Let the lower-left node of the rectangiedn coordinates (2,3), and let the coordinatebef t
diagonally opposite node be (9,8), as shown below.



ES3D - [Untitled1] B ] |
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Project x
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Layer 1
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As we draw, all layers and respective polygondiated in the Project bar.

Open the Polygon dialog box for this rectangle defihe that this rectangle belongs to Conductdrhe
Polygon dialog box should thereafter look as shbelow.

X
Conductor jndex: 0K I
Layer: I. Laver 1-1.5 mm VI Cancel |
Nodes:
kfmm] | y[mm] |j v Clased
1 2 3
2 2 g
3 3 g
4 3 3
]
B
7
g
9
n hd|

If you do not have the same node coordinates asrshbove, you may modify them by entering
appropriate numbers in the table. Close the diatng

Now, draw a rectangle in Layer 2, as shown below.
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« Make this rectangle belong to Conductor 2, as shosiow.

Conductor jndex: IE 0K I
Layer: I @ Layer 2 - 3 mm VI Cancel |
Nodes:
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Verify if you have the same node coordinates av@b@lose the dialog box. This completes the daiati

e Save the input-data file by selecting the Saveoopti the File menu. Let us call this project Tiabdew.
(The sample filéTutorial.e3d, distributed with ES3D, contains the same dataeahave defined here.)

2.6.4 Computing

« After we have saved the input-data file, we proceeithe analysis of the structure shown in Figude 2

e Click the Check butto.'.21 in the Compute toolbar to verify the input datssHould be OK.



e Click the Segment buttc.E.E in the Compute toolbar to mesh the structure.rAfies operation is

completed, a message appears giving the total nuofilbeknowns in the numerical model, as shown
below.

530

i Seqmentation is finished,
Mumber of unknowns: 603

«  Click the 3D buttor*® in the Compute toolbar to display the segmentedtire. The ES3D View
window opens, as shown below.

=101 %]

Wiew Options  Clip Help

A top view of the structure is shown. The red pagcborrespond to the metallic rectangle in thdager
(Layer 2). The green patches correspond to thasesfof the dielectrics.

* To see the interior of the segmented structuren dpe Clip menu and check the ClipUpper optionsBre
the Delete and Insert keys on the keyboard to nimelipping plane down or up, respectively. After
clipping the top layer, the segmented structuré&dams shown below, displaying the rectangle in Ldye

Press Escape to close the ES3D View window andrréduthe ES3D main window.

«  Click the Run buttor.! to start the analysis. While the analysis is rogna dialog box displays the status



of computations, as shown below.

There are two stages of computations: filling ia thatrix elements and solving the resulting systém
linear equations.

After all computations have been completed, thiefdhg dialog box appears.

Click OK to continue. We are ready to see what E&38B computed.

2.6.5 Listing Results

The results of the analysis are automatically stamefiles named TutorialNew that have the extemsdat
(for the matricesB] and [C]), ckt (for the circuit description), ang®p (for the tabulateg-parameters).

Open the List menu and select the C Parametermsrofatisee the matriceB][and [C]. Notepad starts,
showing data similar to the data listed below.

Sun Aug 13 08:40: 45 2006

Cal cul ations [s]:

Matrix filling 4

Matri x inversion 0

Total tine 4

Total nunber of unknowns 603

B nmatrix [F]
2.53076e-012 -1.54752e-012 -4.53325e-013
-1.52926e-012 2.12146e-012 -5.44346e- 013
-4.37428e-013 -5.43586e- 013 1. 06058e-012

Cmtrix [F]
5.29915e- 013 1. 54752e-012 4.53325e-013

1.52926e-012 4.78535e-014 5. 44346e-013
4.37428e-013 5. 43586e-013 7.95645e-014

These are the results for the case when all elatio conductors (Conductors 0, 1, and 2) araedeas



hot conductors. The first row/column in the abowanines corresponds to the ground conductor
(Conductor 0), the second row/column to Conduct@nt the third row/column to Conductor 2.

e Select in the List menu the Ckt option to displag tircuit description of the equivalent network of
capacitances. In this case, Conductor 0 is asstoreel grounded, and the equivalent network is shiawn
Figure 2.5 (which is the same Rigiure 2.2 because in both cases we have two hot conductors)

b
1 !

Figure 2.5 Equivalent network of partial capaciesior the tutorial example in Figure 2.4.

Cio Cop

The results are in Touchstone®-compatible formdtthey look as shown below.

CAP 1 0 c= 1.577112e+000
CAP 1 2 c= 5.439660e-001

CAP 2 0 c= 5.169926e- 001
The nodes correspond to the indices of the condaicidie partial capacitances are in pF. There is a
capacitance of 1.577 pF between node 1 and grawouk(0), a capacitance of 0.517 pF between node 2

and ground (both are self capacitances), and aitapee of 0.544 pF interconnecting nodes 1 and 2
(mutual capacitance).

* We have not defined a frequency range for tabugatie admittancey] parameters. Hence, we shall not
examine theg-parameter file, and we are done with the outpsilts.

2.6.6 Ending ES3D

e Terminate the tutorial by closing ES3D. To do gmemthe File menu and select the Exit option.

See also: ExamplesReference Manual




3 Theory

3.1 Introduction

ES3D is based on anumerical technique for the electrostatic analysis of arbitrarily shaped metallic bodies and
piecewise-homogeneous dielectric bodies.

For the analysis, the geometrical dimensions of the metallic and dielectric bodies are given by the user. All
dimensions are finite. Hence, the analyzed structures belong to the class of 3D electrostatic problems. The relative
permittivities of the dielectrics are also specified by the user.

The primary objective of the analysisisto evaluate the electrostatic-induction coefficients of the structure. From
these coefficients, the self and mutual partial capacitances are calculated. The partia capacitances define the
equivalent circuit for the analyzed structure.

The numerical analysisis based on the Method of Moments [1]. Starting from the boundary conditions, a set of
integral equationsisformulated for the free and bound surface charges. These equations are solved using a
piecewise-constant approximation for the charges and the point-matching technique. Thereby, an adaptive meshing
technique is used to preprocess the geometry data defined by the user.

Although the user interface in ES3D is specialized for layered geometries, the numerical technique implemented in
the program can handle arbitrarily shaped 3D bodies. ES3D has a gateway for accepting input data for arbitrary
structures defined by the user.



3.2 Capacitances

We consider a system of conducting bodies situated in alinear isotropic dielectric medium. The dielectric medium
may be homogeneous or inhomogeneous. The reference point for the el ectrostatic potential (the zero-potential
point) is at infinity.

The charges of the conducting bodies and their potentials are related by linear equations. We reveal these relations,
starting from the simplest case of oneisolated body, continuing with a system of two bodies, and finally
generalizing the relations to an arbitrary number of conducting bodies.

3.2.1 Single Conducting Body

Consider an isolated conducting body (Figure 3.1). Let the charge of the body be Q. (There are no other free
charges in the system.) The charge Q is distributed over the surface of the body. In the vicinity of the body, there
exists an electric field due to this charge. The electric-field vector iSE.

Figure 3.1 Single charged conducting body. For simplicity, dielectric bodies are not shown.

The electrostatic potential of the body, with respect to the reference point at infinity, is given by the integral

R
(31 V= jEmu ,
M
where M is an arbitrary point on the surface of the conducting body (the body is equipotential) and Ris a point at

infinity. At any point of the system, vector E islinearly proportional to Q, which follows from the linearity of the
medium. Hence, the potential is also linearly proportional to Q. Consequently, the ratio

(32 C=QN

isaconstant quantity. Thisratio is referred to as the capacitance of the isolated body. The unit for the capacitanceis
farad (F).

In circuit theory, the equivalent scheme for the system shown in Figure 3.1 consists of a capacitor connected
between the conducting body and the reference point at infinity. The capacitance of this capacitor is given by (3.2).

As an example, the capacitance of an isolated sphere located in a vacuum is C=41€oR, where R is the radius of the
sphere and

(33) &7 =8.8542M10"1? Fim

is the permittivity of avacuum.

The capacitance (C) of a conducting body, located in a homogeneous dielectric whose relative permittivity isr, is
bounded by 4TeRn<C<41EROUt, Where Rin is the radius of the sphere inscribed into the body, Rout is the radius of the



sphere circumscribed around the body, and e=¢r€o is the permittivity of the dielectric.

3.2.2 Capacitor

A capacitor isformed by two conducting bodies (el ectrodes) carrying exactly opposite charges, Q and —Q (Figure
3.2).

Figure 3.2 Capacitor. For simplicity, dielectric bodies are not shown.
The electric-field vector (E) at any point is proportional to Q. The potentials of the bodies (V1 and V2, respectively)

are also proportional to Q. Hence, the voltage between the first body and the second body (V12=V1-V2) is
proportional to Q. The voltage can aso be evaluated as

B
(34) Vip=[EMl,
A

where A and B are arbitrary points on the surfaces of the two conductors. The capacitance of the capacitor is

(35) C=QNy,.

The unit for the capacitance of a capacitor isfarad (F). In circuit theory, the structure shown in Figure 3.2 is
represented by a single capacitor, connected between the two bodies, whose capacitance is given by (3.5).

Asan example, if we neglect the edge effect, the capacitance of the parallel-plate capacitor shown in Figure 3.3isC

=g0S/d, where Sis the surface area of each electrode, and d is the distance between the electrodes. Due to the edge
effect, the actual capacitance is greater than that evaluated by this simple expression.

?F
J&

Figure 3.3. Parallel-plate capacitor.

However, the situation shown in Figure 3.3 (where the conductor charges are opposite and equal in magnitude) is
not unique. It is possible that the charges of the two conducting bodies are arbitrary, Q1 and Q2. This situation is
more complicated and is treated in the next section.

3.2.3 Arbitrary Number of Conducting Bodies



We consider the general case of (N+1) conducting bodies (Figure 3.4). Free charges are located only on these
bodies. We shall refer to the first N bodies as the hot bodies. The last body is the reference body, assumed to be at a
zero potential. We assume this body to be at infinity. In practical cases, this body isthe Earth.

Conductor 1 Conductor N

Conductor 2

Reference conductor

Figure 3.4 Multiconductor system of N conducting bodies and the reference conducting body at infinity. For
simplicity, dielectric bodies are not shown.

Let the charges of the hot bodies be Q1,Qz2,...,QN. The charge of the reference body is Qn+1=—(Q1+Q2+...+QN). Let
also the potentials of the hot bodies (with respect to the reference body) be V1,Vz,...,VN. The charges and potentials
of the hot bodies are related by a set of linear relations, which we shall consider here.

Assume that only the first hot body is charged with Q1, while all other hot bodies are neutral (uncharged), as shown
in Figure 3.5. (In this case, the charge of the reference body is Qn+1=—Q1.)

i

Figure 3.5 The system of Figure 3.4 when all hot bodies are neutral, except for the first body.

Due to the linearity of the system, the potentials of all hot conducting bodies are proportional to Q, i.e.,

(3.6) Vi =2a11Q, Vo =axnQy,..., VN =an1Qy

where a11,a21,...,an1 are constant quantities for the given system. If the charge Q1 is positive, it is obvious from
Figure 3.5 that the potentials of all hot bodies are also positive. Hence, all coefficients ai1,a21,...,an1 are positive.

Assume, now, that only the second hot body is charged with Q2, and the other hot bodies are neutral. In this case,

(B.7) V1=2a15Q,Vy =a2nQs,..., VN =aN2Q, -

We continue with this reasoning, ending with the case in which the last hot body is charged with Qn. Now,

(3.8) Vi =anQn V2 =asNQn - VN = annQN -

Using the superposition principle, for the case when all hot bodies are charged with Q1,Qz,...,QN, respectively, we
obtain



Vi =aq1Qp +a92Q0 +...+ a\Qy

Vo =a +a +..ta ,
39 2 21Q1 +a0Q, oNQN
VN =an1Q +an2Qo +... +aynQy -

The coefficients ajj (i,j=1,...,N) are referred to as the potential coefficients. The unit for these coefficientsis V/C
(whichisreciprocal to farad).

Due to the reciprocity (which holdsin electrostatics for linear systems with isotropic media), aij=aji.

Equations (3.9) can be put in matrix form, [V]=[A][Q], where[V] is acolumn-matrix (avector) whose elements
are the potentials of the hot bodies, [Q] is a column matrix whose elements are the charges of the hot bodies, and [A
] isasquare matrix (of dimensions N by N) whose elements are the potential coefficients.

We can consider (3.9) as a system of linear equationsin terms of the charges. By solving this system in terms of Qx,
Qz2,...,ON, we obtain

Q =byVp +bpVo .+ bV
=boVq + ooV +... + Vy
(3.10) Q2: Do1Vy +booVs boNVN

Qn =bniVy +byoVo +..+byn Vi

where the coefficients bij (i,j=1,...,N) are referred to as the el ectrostati c-induction coefficients. The unit for these
coefficientsis farad (F). Due to the reciprocity, bij=hji. The coefficients hii (i=1,...,N) are referred to as the self
coefficients (also known as the capacitance coefficients), whereas all other coefficients (whose indicesi and j differ)
are referred to as the mutual electrostatic-induction coefficients.

In matrix form, (3.10) reads [Q]=[B][V], where [B] is a square matrix (of dimensions N by N), which isthe inverse
of matrix [A], and its elements are the electrostatic-induction coefficients. Matrices [A] and [B] are symmetric.

From (3.10) it follows that the coefficient bij can be evaluated as

(31D By =Q/Vjp, =0,k=L,... N k] -

The coefficient bij is evaluated in the situation when all hot bodies are grounded (i.e., galvanically connected to the
reference body), except for the body labeled j, which is at a potential Vj. (Figure 3.6 shows the case when j=1.) If
this potential is positive, the charge Q;j is also positive, but the charges induced on the other bodies are negative or
zero. (The induced charge on a conducting body can be zero if that body is completely shielded by another body.)
Hence, the self coefficients are always positive, whereas the mutual coefficients can be negative or zero.



Figure 3.6 The system of Figure 3.4 when all hot bodies are grounded except for the first body.
The self coefficient bii can be interpreted as the total (equivalent) capacitance between the hot body whose label isi

and all other bodies (including the reference body) connected together. The mutual coefficient bij equals the
negative of the mutual capacitance between the hot bodiesi and j. This becomes obviousif (3.10) is rearranged as

Q =ciVi +epp(Vy Vo) +..+ ey (Vi =)

(3.12) Q2 =Cp1 (Vo =Vp) +CoVp +...+ Con (V2 = V)

Qn =cn1VNn =Va) +en2(UN —V2) +..+CynWn

where

N
(813) ;=) b;
=1

isthe self capacitance of the hot body i (i.e., the capacitance connected between this body and the reference body)
and

(314) ¢ =-b(i#])

isthe mutual capacitance between the bodiesi and . All of these capacitances are referred to as partial capacitances.

Asan example, Figure 3.7 shows an electrostatic system when N=3, along with the corresponding network of partial
capacitances.

1
Conductor 3 P ||

Conductor 1 N
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Figure 3.7 Three hot conducting bodies and the equivalent network of partial capacitances.




In numerical techniques for the analysis of electrostatic fields, usually the el ectrostatic-induction coefficients are
evaluated first. Knowing these coefficients, the partial capacitances are calculated using (3.13) and (3.14).

3.2.4 Treatment of Capacitancesin ES3D

ES3D has ageneral kernel for the analysis of electrostatic systems. In the program, all conductors (as well as
dielectrics) are assumed to have finite dimensions. The ES3D kernel can analyze arbitrary structures, starting from
isolated bodies (as in Figure 3.1) up to multiconductor structures (asin Figure 3.4). ES3D can also analyze
structures where no conductor is grounded, as well as structures where one conductor is grounded.

The first example of a structure without a ground is one isolated conducting body (such as a square patch printed on
a PCB with no neighboring ground). In this case, the total number of conductorsis 1. Another exampleis a balanced
two-wire line, where the total number of conductorsis 2. In both cases, no conductor is grounded.

An example of a structure that has a reference conductor (ground) is a PCB that has a ground plane (such asa
microstrip circuit). Before the PCB is placed into the device under production, the ground plane is floating. Hence,
the ground plane merely represents a hot conducting body. However, when the device is assembled, the ground
plane becomes grounded, and its potential is assumed to be zero.

In order to be able to treat all of these cases, the following procedure isimplemented in ES3D. The conductors are
labeled 0,1,2,...,N. In the first step of the analysis, all (N+1) conducting bodies are treated in the same way asthe N
conductorsin Figure 3.4. The result of the analysis is the matrix of the el ectrostatic-induction coefficients [Bn+1],
whose dimensions are (N+1) by (N+1). These coefficients are printed to the output-data file with the default
extension dat, along with the corresponding partial capacitances.

For example, if the case shown in Figure 3.1 is analyzed, then only Conductor 0 is present. In this case, matrix [Bn+1
] consists of only one term, which is the capacitance of the body (as defined in Section 3.2.1).

For a system in which one conductor is assumed to be the reference conductor, the conductors must be ordered so
that the reference conductor comes first. The reference conductor is followed by the other (hot) conductors. The
total number of hot conductorsis N. Hence, the reference conductor is labeled 0, and the hot conductors are labeled
12,...N.

In the second step of the analysis, the reference conductor is assumed to be grounded (in practice, galvanically
connected to the Earth). Hence, in equations of the form of (3.10), we set the potential of the first conductor (in
ES3D, Conductor 0) to be zero. This effectively reduces the dimensions of the matrix of electrostatic-induction
coefficientsto N by N. The new matrix, [BN], is obtained from [Bn+1] by deleting the first row and the first column.
The corresponding partial capacitances form an equivalent network, which is described in the output-data file with
the default extension ckt. This network is used to evaluate and tabulate the admittance parameters.

Figure 3.8 shows an example for N=1. In the first step of the analysis, three partial capacitances are evaluated. The
capacitances are labeled using the indexing notation of Section 3.2.3, and they are presented in the dat file. In the
second step, Conductor 0 is assumed to be grounded. This short-circuits the capacitance c11. The equivalent
capacitance between Conductor 1 and the reference conductor is ci2+c22. Only this equivalent capacitance is
presented in the CKT file, which is connected between nodes 1 (i.e., Conductor 1) and 0 (ground).




Figure 3.8 Taking one hot body as the reference conductor.

ES3D also evaluates the admittance (y) parameters of the equivalent network. This network corresponds to the
output data in the file with the default extension ckt. The matrix of the admittance parametersis evaluated as[Y]=jo]
Bn], where w=2T11 is the angular frequency, and f is the frequency. The y-parameters are written to the output-data
file with the default extension yNp, N=0,1,2,...,9, where N is the number of hot conductors. For N>9, the default
extension is yN1N2, where N1N2 is the decimal representation of N.

ES3D always evaluates both matrices [Bn+1] and [Bn], along with the corresponding partial capacitances and they
-parameters. For the case of an isolated body (N=0), the matrices [Bn] and [Y] are empty.



3.3 Numerical Technique
3.3.1 Problem Statement

We consider a system that consistdlafonducting bodies and a number of piecewise-homames dielectric
bodies, as shown in Figure 3.9. The dimensiondl of the bodies are finite. The remaining spaca \&cuum.

Psz2
£

O,
£ 2 S5

0

Figure 3.9 System dfl conductors ant¥ piecewise-homogeneous dielectric bodies surroubgledvacuum.

The objective of the analysis is to evaluatedteetrostatic-induction coefficien{self and mutual) of the system.
These coefficients are calculated from the condymitentials and charges. The conductor potentialy?,... U,
with respect to the reference point at infinitye assumed to be known. The charge distributiomatuated by
solving a system of integral equations by usingmaerical procedure, as described in the followiecfisns.

3.3.2 Freeand Bound Charges

The primary sources of the electric field are ftharges (located on the conductor surfaces). Ttlemges
produce an electric field, which polarizes the elitlic bodies. The polarized dielectric bodies havénfluence on
the electric field. Physically, this influence igedto the fields of the dielectric molecules.

Each molecule of a polarized dielectric can bendgg as a tiny electric dipole. Equivalently, thgale charges
can be grouped into volume and surface bound chaagsumed to be located in a vacuum. We shallaitte

latter concept, in a similar way as[it]. For a homogeneous dielectric body (with no friearges within its
volume), there exist only surface charges. Hereeetectric field in the system shown in Figure &8 be
attributed to the conductor free surface chargbsse density ips(r') (wherer' is the position vector of the source
point), and the dielectric bound surface chargémse density ipso(r’).

The bound charges are located on the surfacebdbiatt homogeneous dielectric regions. These azgaces
between dielectrics and the surrounding vacuumirgedfaces between adjacent dielectric regionsyedksas
interfaces between conductors and dielectrics.fiféigtwo kinds of interfaces will collectively breferred to as the
dielectric-to-dielectric interfaces. The third kinflinterfaces are actually conductor surfaces.

Mathematically, the free and bound charges auslbses are treated together as total charges veuntaee



density is

B19 pst(r’) =ps(r') +psp(r').
The total-charge density is treated as the unkraemtity. It is determined by numerically solvinget of integral

equations, following the general principles of Method of Moment$l]. Thereafter, the free charges are extracted
from the total charges, and the capacitances #elated easily.

3.3.3 Boundary Conditionsand Integral Equations

The first integral equation for the total chargedérived from the boundary conditions for the eandr surfaces,
in a similar manner as {2]. For the surface of conductgwe have

(316 V(r)=Vj, j=1..N,

wherer is the position vector of the field point (whichrcreside anywhere on the surface of condygtdhe
potential is expressed in terms of the total chaage

@) VO =% [pal )€ r)0S.
S

where

(319 g(r,r'):m

is the free-space Green's function. In (3.85)lenotes all surfaces of discontinuities. Theseangluctor surfaces
(i.e., conductor interfaces with a vacuum or wiiglettric bodies) and dielectric-to-dielectric irisees (which
include dielectric-to-vacuum interfaces).

The integral equation based on (3.16) finally reads

(319 Y [pst g .r)dS =eqv(r),
s

wherej=1,...N, and the field point belongs to the surf&ef conductoj.

The second integral equation is based on the boywdaditions for the dielectric-to-dielectric imtaeces. We
consider the interface between two dielectrics, sehpermittivities are1 andez, respectively. One of the two media
can be a vacuum (when the permittivitgdis The boundary condition for the normal comporadrthe electric

field (which is derived from the generalized Gaasdaw) reads

(320 Eq(r) ()2 =Psbl’)
€ €0

whereE1(r)m(r) is the normal component of the electric fieldhe first dielectric, just at the boundary surfabe,
unit normal vecton(r) of the interface is directed from the second talsdhe first dielectric, angso(r)=pstr) is



the surface-charge density at the field point.
Generally, the electric field is evaluated by difietiating the potential as
(320 E(r)=-gradv .

By combining (3.17), (3.20), and (3.21), we obtdie integral equation for the dielectric-to-dietacinterface
considered,

r—r')m s + BT E2
r=ri® 280

622 VRS [ou(r)! pai(r) =0,

S
where V.P. denotes the integration in the prineidlie sense.

3.3.4 Solving Integral Equations

Equations (3.19) and (3.22) constitute a systemtefjral equations, in terms of the total-chargéase density.
The system is solved numerically, following the kited of Momentg$1]. We approximate the unknown charge
distribution in terms of a finite series of knowm€tions fk, k=1,...K, referred to as basis or expansion functions,

K

(323 pgi(r) =D oy fi(r),
k=1

whereak, k=1,...K, are unknown coefficients yet to be determined,lais the total number of unknowns for all of
the surfaces of discontinuities (conductor surfaoesdielectric-to-dielectric interfaces).

We adopt pulses as the basis functions, which atadara piecewise-constant approximation of thegsa
distribution. To that purpose, we divide each catdusurface and each dielectric-to-dielectriciifatee into a
number of subdomains that have the form of flaygohal patches (triangles, quadrilaterals, pentagamnd so on).
Each pulse is defined on one subdomain (patch)sev/karface is denoted By so that

1 onS
0 elsewhere’

(324 fi(r) ={

The patches need not have the same shape. For lexam@ can combine quadrilaterals and triangkeaddition,
the patches can be smaller going toward the edge®vide a better modeling of the edge effectthnd improve
the convergence of the numerical solution.

The expansion (3.24) is substituted into the irdkgquations (3.19) and (3.22).

For testing, we implement the point-matching teghei The matching points are located at patch cieistrBy
imposing the equations to be satisfied at thesetgoh system of linear equations is obtainedrimgeofa.

3.3.5 Evaluation of Integrals

The integrals appearing in the numerical solutian lbe evaluated explicitly. One class of integyads potentials
due to uniformly charged polygonal plates (FigurE03. These integrals are solved as proposég] i he basic
integrals that have to be evaluated in (3.19) hhgecommon form



329 [g(.r)ds=— [ 1 _ds.
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Figure 3.10 Location of the field poil and the patch when the projectighis outside the patch.

In Figure 3.10M is the field point and1' is the projection o onto the plane that contains the patch. The
projectionM' may fall outside the patch (as in Figure 3.10)nside it (as in Figure 3.11).

Ol

Figure 3.11 Location of the field poiM and the patch when the projectidhis inside the patch.

The integral over the patch is broken into integaler triangles (as shown in Figure 3.10). Skigginther details
and referring to Figures 3.11 and 3.12, the result
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whereS denotes the polygon surfac,is a vanishing circular surface around the p®h©oS denotes the border of
the polygong& denotes the border of the circular surface, calet®te unit vectors, and



+
(327) R=|r -r ',anda(p) = —sgn®’ {tan‘lﬁ—tan‘l_l IIOI ,
R R

Figure 3.12 Notation in (3.26) and (3.27).

Referring to Figure 3.12, the remaining quantitre€3.26) and (3.27) are:

+—_ ~
328 ro=r—-dm r&=rf-*m)H, 1=—2"10 G=7xA,
( 0 0 P

Iro =ro |

£ =(rE 1), PO = (1§ —1o) [ ,andR* =y (P%)2 +(1*)2 +d2 .

The second class of integrals yields electric fielde to these plates. The basic integral is oidairy performing
the differentiation of the potential. [B], the electric-field integrals are evaluated by etinal differentiation of the
potential. According to our experience, the nunaritifferentiation may result in significant nunwi errors when
the field point is close to the source polygon. tterwe evaluate the electric-field integrals exblicas follows:

K
(329 E=-0V=->(11-12),
k=1

where

|
ORy HOQ[F] 3gn(™), Ry=0,d=0
330) I11= ,

+ + + + - -
OR, og I_ * R_ -R EDI+ +DT +R EDI_ +D_R , elsewhere
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0, R, =0,d=0

33 12= )
333 sgn@d) (d [ﬁtan_l A* —tan™t A_)+|d| DAY [—I; OA~ [—I; elsewhere
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When the field point is far away from the sourcéygon, the closed-form formulas are not computatilyn
convenient, and their accuracy is jeopardizedutthgases, the polygon is treated as a point chdmge avoiding
the integration. This procedure is simple, suffitigaccurate, and it minimizes round-off errors.

3.3.6 Evaluation of Electrostatic-Induction Coefficients

The resulting system of linear equations is solv&dg the LU decomposition. As the result, the ficiehtsak are
obtained. Hence, the approximate distribution efttital charges, given by (3.23), is now known.

As the final step, the free charges must be segghfedm the bound charges to evaluate the capaeitaimhe

separation is based on the boundary condition fara-thickness conductor surface, where the pgvitytof the
dielectric on one face &, and the permittivity of the dielectric on the ettiace is2. This condition readg]

(333 ps(r) =z—§pst(r) +EL(r) () (g1~ €2),

where the unit normal vector is directed from tbhaductor surface into the first dielectric.

Once we know the densities of the free chargesaoh patchps, the resulting charge on conductas given by
(334 Q=) p«Sk-
k

where the summation is performed over all subdosnagsociated with the conductor considered.

Referring to Section 3.2.3, for a structure thatsists ofN conducting bodies (assuming the reference condtato
be at infinity), the conductor charges and poténaae related as

Q by -+ bn || M
G35 | i |=| : Sl
On] |bnt -+ ban [N

wherebij, i,j=1,...N, are the electrostatic-induction coefficients. deoefficients can be evaluated from a sét of
independent excitations of the system. The simplagtis to assume one conductor to be driven atential of
1V, and all other potentials to be 0 (i.e., theseductors are grounded).



Once the electrostatic-induction coefficients amewn, the self-capacitance of condudte evaluated using
(3.13). The mutual capacitance between conductamd] is evaluated according to (3.14).

If one conductor of the system is assumed to bathgal ground of the system (e.g., a ground ptaeugeshielding
box), the procedure described in Section 3.2.mEémented.



4 Examples

4.1 Introduction

ES3D isdistributed with several sample files that illustrate various features of the program. These files contain input
data for the electrostatic analysis of the following structures:

e Sguare plate (file Plate.e3d),

» Parallel-plate capacitor (file ParallelPlate.e3d),

e LTCC capacitor (file LTCCCap.e3d),
e Viawith pads (file ViaCAD.e3d),

e Combline-filter capacitors (file Combline.e3d),

e Coupled microstrip lines (file Microstrip2.e3d).

These examples are described in the following sections. They complement the examples described in Chapter 2
(Using ES3D):

e Padsfor 0805 SMD components (file 0805Pads.e3d),

e Two plates (file Tutorial .e3d).
Upon installing ES3D, al of these filesreside in the subdirectory Examples, accessible from the ES3D root
directory. All sample files contain complete data about their respective projects. The filename extension of these
filesis e3d.
The subdirectory Examples also contains sample files for the following topics:

e DXFfileimport (file ViaCAD.dxf),

« Stand-alone run of the kernel (file Sphere.lst).



4.2 Square Plate

Input-data file: Plate.e3d

The structure is an isolated square plate, which islocated in a vacuum. Its side isa=100 mm. The aim of the
exampleisto illustrate the accuracy of computations by ES3D.

The analyzed system has only one conductor, with an index of 0. The capacitance of this conductor is located in the
output-data file Plate.dat.

By changing the Resolution parameter in the Segmentation tab of the Settings dialog box (accessible from the
Project menu), one can change the number of unknowns and compare the results for the capacitance with the results
from [1], as shown below. Please restore the default parameter, Resolution=1, after going through this example. In
all cases, Refine=1.

ES3D
Resolution  Number of patches ~ C[pF]
0.25 9 3.863
1 49 4.007
4 232 4.066
16 680 4.073
Reference [1]
Number of patches C[pF]
36 3.87

100 3.95



4.3 Par allel-Plate Capacitor
Input-data file:ParallelPlate.e3d

The structure is a capacitor that consists of umee plates and is located in a vacuum. The didaah square ia
=1000 mm, and the separation between the platis2i30 mm. The aim of this example is to considerstesy that
consists of two conducting bodies and comparei#heé-theory results with the circuit theory visualiion.

The structure consists of two conductors. The imfake first conductor is 0, and the index of seeond
conductor is 1. The basic output of ES3D, locatetheé fileParallelPlate.dat, is the following matrix of
electrostatic-induction coefficients

787 -549
[BI=| 549 787 |PF

The equivalent scheme is shown in Figure 4.1. Eference point in the scheme is at infinity. Thpazdtances in
this scheme (referred to as partial capacitancedjsded as the matrixJ] in the same output fileParallelPlate.dat
). Their values are11=23.9 pF12=54.9 pF, anad22=23.9 pF.

I

Figure 4.1 Equivalent scheme of parallel-plate céapa

In the circuit-theory visualization, the chargegtaf two electrodes of the capacitor are alwayslkigumagnitude,
but opposite in sign. In terms of the partial cajgaces, the capacitance of the parallel-plate @#grais C=c12+c11c
22/(c11+€22)=66.8 pF.

The equivalent scheme in the second outputPideallelPlate.ckt, is obtained from the scheme shown in Figure 4.1
by short-circuiting Conductor 0 to the ground. Buagiivalent scheme consists of a single capacitomected
between Conductor 1 and the ground, whose capaeiia@=ci2+ c22=78.7 pF.

The difference between the two results comes flwrself partial capacitance of Conductocfi)( Only in cases
in which the mutual partial capacitan@e2 is much larger than the self capacitan@esgndcz2), the circuit theory
visualization is a good approximation of a two-coctr system. In other cases, nearby conductors@hectrics
influence the equivalent capacitance between tbhectvnducting bodies.

If we neglect fringing fields (i.e., the edge efjethe capacitance is calculated todaecoaz/d=44.3 pF. The
numerical result obtained by ES3D, however, demates that the edge effect is strong in this examfthe
capacitance obtained by ES3D (66.8 pF) is subsatntjreater. This can be explained by the fact tifva condition
d<<a is not met in the present case.



4.4 LTCC Capacitor
Input-data file: LTCCCap.e3d

The structure is amultilayer capacitor in LTCC technology. There are five rectangular plates that are interconnected
by vias. The relative permittivity of the ceramic material is 7. All layers (except for Layer 0) have the same relative
permittivity (7). Hence, there are no dielectric-to-dielectric interfaces inside the LTCC structure, as can be seenin
the 3D view (clipped) shown below. The dielectric-to-dielectric interfaces (green surfaces) exist only on the surface
of the LTCC device.

If we neglect the edge effects, the structure can be considered as four parallel-plate capacitors connected in parallel.
The dimensions of the active area of one rectangular plate are 2.2 mm by 1.5 mm, the distance between adjacent
platesis 0.1 mm, and the total capacitanceis 8.2 pF. This agrees fairly well with the capacitance obtained by ES3D,
which is8.75 pF. In the present case, the distance between the plates is much smaller than the plate dimensions, so
the contribution of the edge effect isrelatively small.



4.5 Viawith Pads
Input-data file:ViaCAD.e3d

This project demonstrates data interchange witlh@AD®, as well as using vias and overlapped polggan
ES3D.

A PCB through via with pads is drawn in AutoCAD B The resulting file\iaCAD.dxf (which is supplied as a
sample file), is loaded into ES3D, where layer ertips are defined. The resulting projectiaCAD, as shown
below.

ES3D - [¥iaCAD.e3d] ; o ] 4
E:]Eile Edit Wiew Arrange Draw Project Compute  List  Window  Help _|ﬁ||£|

Ded iR eoc@ a1 ui
IEF,- g 0O ws &M CKH % [4.74 v |5.39 Layer | B LAYERT - 1.58 mr = |

Project x
i Layers
¢ M LAYERD
i Vias
el Wia 0
Ready 5 = 5 mm v

In ES3D, one polygon can be drawn within anothdygmm (in the same layer). The area of the innera(ker)
polygon is assumed to be void of metallizatiowdf draw yet another polygon inside the smaller gofy we get a
new metallization pattern. In the present exampéestart from the outer rectangle and draw an actagthin the
rectangle (the larger octagon). The result is dagmnal metallization void. Thereafter, we drawtheo octagon
(the smaller octagon), which defines the via padeiallization void in the form of an octagonalgiremains, as
shown below.

To display the void in the Drawing window, the autectangle and the larger octagon must be mergedne



polyline bypolyline manipulations

The structure can be exported to the DXF formatgittie Export option in the File menu.

The capacitance between the via and the grourfabist®.5 pF.



4.6 Combline-Filter Capacitors

Input-data file: Combline.e3d

This structure is asimplified version of terminal capacitorsfor an LTCC combline filter. Both self-capacitances (to
the ground) and mutual (adjacent and nonadjacent) capacitances are provided. Touching polygons belong to one
conductor. The ceramic block is metallized all over its surface to obtain a closed metallic box. Hence, the structure
has no dielectric-to-dielectric interfaces. The 3D view of the structure (clipped) is given below.

The resulting network of capacitorsis shown in Figure 4.2. The capacitances (from the output file Combline.ckt)
are: €10=3.393 pF, c12=0.437 pF, ¢c13=0.159 pF, c20=2.598 pF, ¢23=0.496 pF, and c30=3.704 pF.

1 Cl3 3
% [| %
[
Cip C30
: 2
Ci2 2

I "

Figure 4.2 Equivalent network of partial capacitances for the combline terminal capacitors.

The contribution of vias to the capacitances is small. This can be verified by removing the vias and repeating the
analysis.



4.7 Coupled Microstrip Lines

Input-data file:Microstrip2.e3d

This project compares the results of 2D and 3Dya&eal of transmission lines. Two symmetrical couphéctostrip
lines are considered, on a substrate whose thiskads508 mm (20 mil) and whose relative permititiis 2.33.
The width of a strip is 1.5 mm and the separatietwben the strips is 0.5 mm. The length of thecttine isD=

10 mm. The microstrips are shown below.

Linpar[2], with the accuracy parameter set to 4, yieldfdahewing matrix of per-unit-length
electrostatic-induction coefficients (for a finit@eth ground plane):

(5] 9359 - 885] pF
"|-885 9359|m

We have to multiply this matrix by the line leng»=10 mm) to get a result that can be compared witBDES hus
we obtain

(5] = 09359 -0.0885
| -0.0885 0.9359

In ES3D, the Resolution parameter is set to 4,dtcinthe Linpar accuracy parameter, and it yidldsollowing
result:

B matrix [F]

1.91623e-012 -8.38377e-013 - 8. 39166e- 013
-8.373e-013 9. 66877e-013 -8.29717e-014
- 8. 37484e-013 -8.29777e-014 9. 67085e- 013

To obtain a matrix that can be compared with thgar output, the first row and column of mati{ pbtained by
ES3D should be deleted, because Conductor O isnessito be the ground, thus yielding

B,- 09669 -0.08297
2171 -008298 09671

The two results are reasonably close to each ofther 2D analysis is more efficient, as it requimser unknowns
for the same accuracy. However, the advantage argdlysis is its ability to analyze the effectslzcontinuities.



In this case, edge effects exist at the two endBepfines.

We can evaluate the edge effects in the followiag.WVe can increase the length of the analyzedtsim to
11 mm. To that purpose, we have to increase tlgtherof the footprint, ground metallization, and ttwvo strips.
ES3D vyields the new matrix,

B3] 10607 -0.09144
20712009144 1.0610

The difference between the two results,

‘ 0.0938 -0.00847
[B2] -[B2] = ,
-0.00846 0.0939

can be visualized to come from extending the ceptra of the structure fakD=1 mm. Thereby, the fringing fields
at the two ends of the coupled lines remain intact.

As a byproduct, we have the per-unit-length matfirlectrostatic-induction coefficients, which istained by
dividing this difference byAD=1 mm,

[ 938 -847]pF
B21= _g46 930 |m"
— O¢ . m

This result is closer to the Linpar result thandk@mate obtained by dividing matrik4] by D.

If we multiply [B2'] by D =10 mm and subtract this result froBe], we obtain

4 _[ 0029 00017
[le‘D[Bz]‘[o.oom 0028} F.

This term comes from the fringing fields at the tim2 ends. Due to the symmetry, the contributiofihe fringing
fields at the two ends are equal. Hence, the efiget @t one end of the analyzed structure conteibu
approximately by

B~ 0014 0.0008
2¢1=1 50008 0014 |P

The equivalent scheme that describes the edgé aeffece end consists of three capacitors. A camrachose
capacitance is 0.015 pF is connected between edaadohductor and the ground, and a capacitor whose
capacitance is0.0008 pF is connected between the two hot condiicto



5 Reference Manual

5.1 Structures Analyzed by ES3D

ES3D is primarily designed for the electrostatic analysis of 3D multilayer structures. Data input for such structures
can be performed by using the ES3D graphics editing capabilities or importing a DXF file from other programs. All
other activities are done within the ES3D environment.

ES3D also has a gateway for the analysis of arbitrarily shaped structures, which need not be layered. All activities
for this gateway are performed by the user, outside the ES3D environment. The input data for such structuresis
generated by the user and stored in an input-data file. The numerical kernel of ES3D is thereafter used on a
stand-alone basis. Finally, the results of the analysis are inspected and manipulated by the user.

In the general case, the structure analyzed within the ES3D environment looks as shown in Figure 2.3. The structure
is confined by a parallelepiped. Within the parallelepiped, the dielectric medium is layered. Metallization patterns
are located at the interfaces between adjacent dielectrics. The sidewalls of the parallelepiped can be metallized as
well. The surrounding medium is always a vacuum. A Cartesian coordinate system is associated with the structure,
so that for any point of the structure x=0, y=0, and z=0 (Figure 5.1).
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Figure 5.1 Bounding parallelepied for the analyzed structure.

The basis of the bounding parallelepiped is the footprint of the analyzed structure. The footprint is rectangular, and
it is defined by itslength (i.e., the dimension along the x-axis) and width (i.e., the dimension along the y-axis). The
height of the structure is defined by the maximal elevation of dielectric layers above the Oxy plane (Height=zmax).

All parts of the analyzed structure must fit into the footprint and height, i.e., 0<x<L ength, O<y<Width, and 0<z<
Height. If needed, the footprint can be modified by the user. The height is automatically evaluated and updated
based on the data for the layers. The length and width of the footprint must be positive. The height can be zero if the
structure consists of only one metallization layer (at z=0).

A dielectric layer occupies the complete footprint. A dielectric layer is defined by its relative permittivity and the
elevation (z-coordinate) of its upper (top) surface above the Oxy plane (Figure 5.2). The lower surface of the
dielectric layer coincides with the upper surface of the dielectric layer that is just beneath. The lower surface of first
layer is always at z=20=0. The total number of dielectric layersis M, and the layers are counted as 1,2,...,M. The
layers are ordered according to the z-coordinates of their upper surfaces, so that zmax=zv. The minimal number of
layersis 0. In this case, the structure consists only of one metallization layer (at z=0).
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Figure 5.2 Di€electric layers (side view).

For the structure shown in Figure 5.2, there are two dielectric layers (M=2). Thefirst layer is defined by the z
-coordinate of its upper surface (z1) and its relative permittivity (€r1). The thickness of this layer is zi—z0. Similarly,
the second layer is defined by the z-coordinate of its upper surface (z2) and its relative permittivity (er2). The
thickness of this layer is z2—z1. The height of the bounding parallelepiped is zmax=22 in this case.

The relative permittivities of the layers may be equal, or they may be different. The relative permittivities can also
be equal to 1 (asfor avacuum). In the segmentation procedure, no patches are defined for interfaces between two
dielectric mediathat have the same relative permittivity.

The metallization layers are located at €levations 20,z1,...,2v. Hence, the total number of metallization layersis M+1.
The lowest metallization layer (at 20) is at the interface of a vacuum and the lowest (first) dielectric layer, the next
metallization layer (at z1) is at the interface between the first dielectric layer and the second dielectric layer, and so
on. The last (highest) metallization layer (at zv) is at the interface between the last (top) dielectric layer and a
vacuum. The metallization layers are counted as 0,1,2,...,M, aslabeled in Figure 2.3. A metallization layer can be
void of any patterns, when it reduces to a dielectric-to-diel ectric interface. In ES3D, the thickness of the
metallization is always assumed to be zero.

The metallization patterns consist of polygons. Each polygon is bounded by a polyline. A polylineis defined by its
points (nodes). A polyline must have at least three nonaligned nodes. Polyline segments (edges) must not intersect
each other.

A conductor (in the sense of the electrostatic analysis) consists of one or more polygons. In electrostatics, the
conductor is an equipotential body. Hence, al polygons that belong to one conductor are always at the same
potential. Polygons that belong to the same conductor are assumed to be galvanically interconnected, even if such
an interconnection is not explicitly defined in the input data. An example is shown in Figure 2.3, where the large
patchin Layer 0 and the small patch in Layer 2 both belong to Conductor 0. Conductors are counted as 0,1,2,...,N.

Conductor O istreated in two ways (see Section 3.2.4). In the first case, ES3D treatsit as any other hot conductor. In
the second case, ES3D treatsit as being grounded.

The metallizations of the sidewalls of the bounding parallelepiped are always treated as Conductor 0. The
metallization for each of the four sidewalls can be defined individually. If it exists, the metallization coversthe
whole sidewall.

A ground plane at the bottom of the structure can be defined by placing arectangle all over the bottom surface. This
rectangle should belong to Conductor 0. In asimilar way, a ground plane can be defined at the top of the structure,
or at any interface between two dielectric layers within the structure. To define a closed metallic box, the top and
bottom ground planes should be defined, and all four sidewalls should be metallized.

Each polygon belongs to a conductor, which is defined by the conductor index that is associated with the polygon.
Asarule, each conductor should have at least one polygon. If thisruleisviolated, all results for a conductor with no
polygons are zero.



Two polygons (in the same layer) that belong to the same conductor can touch each other, but they must not
intersect.

Polygons (in the same layer) that belong to the same conductor can be drawn so that one polygon is completely
within another polygon. This procedure can be nested. The polyline that bounds the outermost polygon represents
the outer boundary of the metallized region. The polyline that defines the first inner polygon represents the
boundary of a metallization void. The polyline that defines the next inner polygon represents the boundary of a
metallization region, and so on. These polylines must not intersect each other. To display such voidsin the Drawing
window, two-by-two polylines must be merged into reentrant polylines.

A structure can contain vertical metallized holes (vias). A viacan start at any layer and end at any higher layer (i.e.,
alayer with a greater z-coordinate). A viagalvanically interconnects any penetrating polygon. Hence, al polygons
penetrated by a via must have the same conductor index (in other words, they must belong to the same conductor).
In ES3D, aviais modeled by aregular prismatic surface that has at |east 3 lateral faces. The top and bottom of avia
(i.e., the bases of the prismatic surface) can be |eft open (a hollow via) or covered with metallization (a solid via).



5.2 ES3D Program Modules

ES3D consists of several program modules. The main module is ES3D.exe. It performs the majority of
user-interface functions and computations. ES3D.exe should be executed to start ES3D. Other executable files and
dynamic-linked libraries (DLLSs) are called from the main module to perform specific actions as needed.

When ES3D.exe isrun, the ES3D main window opens. ES3D functions are accessible by using menus and toolbars
in the ES3D main window.

Several other modules may be of interest to the user. The first oneis Capacit.dll, which is the kernel for numerical
computations. The kernel can be run on a stand-alone basis, using program ES3DKernel.exe.

The module ES3DView.exe is the 3D viewer. This program controls the ES3D View window. It can also berun ona
stand-alone basis.

See also: ES3D Main Window; Stand-Alone Solver; 3D Viewer.




5.3 ES3D Main Window

The ES3D main window typically looks as shown below.

Drawing area

Toolbars
ES3D - [0805pads.e%d] { =10l x|
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® Polygon 1
® Polygon 2
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Ready ~ 250 % 150 mil Y

The ES3D main window consists of the Drawing area and several menus, toolbars, and bars. Several dialog boxes
and windows are invoked from the ES3D main window.

An accompanying window is the Layers window, which is detached from the ES3D main window. The Layers
window looks as shown below.

layers
Layer Er z

7 & o T

W ET O Layerd 7 01

W BT B Layer2 7 nz

@ ET O Layer3 7 03

7 BT B Layer 4 7 0.4

The appearance of the ES3D main window can be controlled by using the View menu. The display of the toolbars,
the Layers window, the Project bar, and the Status bar can be turned on or off individually.

See also: Drawing area; Menus; Toolbars; Project Bar; Layers Window; Status bar.




5.4 Drawing Area

The Drawing area occupies the central part of the ES3D main window. Several projects can be simultaneously

opened. Each project has its Drawing window, which is located in the Drawing area. In the example shown below,
only one project is opened and the Drawing window is maximized.

ES3D - [CeramicBlock.e3d] = |E||£|
_|&] x]

D File Edit Wiew Arrange Draw Project  Compute I;istm Window  Help
Ded iR ool zso ) na|
[E N & O v Q][0 v 056

Project x

Layer I W Laper 0- 0 mm j

Layer 0
m Paolygon 0
Layer 1
iom Polygon 1

Palygon 0, index=0

4 x 3 mm v

In the Window menu, options are available for arranging the Drawing windows and switching among them.

A Drawing window is used as a graphics interface for defining the multilayer structure to be analyzed.

Each Drawing window has its Control-Menu box L , which is used to manipulate the window (resize, move, and
close) and switch to the next Drawing window. The Control-Menu box appears in the upper-left corner of the
Drawing window. When the Drawing window is maximized, the Control-Menu box appears in the Menu bar.

See also: Menus; Toolbars; Drawing Polygons; Drawing Vias; Editing.




5.5 Menus

The ES3D main window has a Menu bar, as shown below.

File Edit Wiew Arrange Draw  Project Compute  List  Window  Help

Available menus and options are as follows:

e Filemenu handles input-data files:

(0]

0

New[] starts anew project. Shortcut: Ctrl+N.

Openl] opens an existing input-data file (with the default name extension €3d) and thus opens a
saved project. Shortcut: Ctrl+O.

Closel] closes the currently opened project. Shortcut: Ctrl+W.

Savel] savesthe input data that defines the currently opened project. Shortcut: Ctrl+S.
Save Asl saves the input data that defines the currently opened project with a new name.
Importd importsinput data from afile in the DXF format.

Exportd exportsinput datato afile in the DXF format.

ExitO closes ES3D. Shortcut: Alt+F4.

The File menu a'so contains alist of the four most recently opened input-data files, which enables quick access

to these files.

e Edit menu handles the current drawing:

0

Undo undoes the last operation in a Drawing window (up to 20 steps). Shortcut: Ctrl+Z.
Redol] redoes the last undo (up to 20 steps). Shortcut: Ctrl+Y.

Cut deletes selected abjects (polygons and vias) and places them into the Paste buffer. Shortcut:
Ctrl+X.

Copy[ copies selected objects into the Paste buffer. Shortcut: Ctrl+C.

Pastel] pastes the contents of the Paste buffer dlightly offset with respect to the original position.
Shortcut: Ctrl+V.

Pasteto Original X,Y O pastes the contents of the Paste buffer exactly to the original position.
Shortcut: Ctrl+T.

Deletel] deletes the selected objects (without placing the deleted objects into the Paste buffer).

Select All0 selects the complete drawing. Shortcut: Ctri+A.



«  View menu handles the layout of the ES3D main window and the appearance of the current drawing:

0 Toolbar s defines which toolbars are displayed:

LDEE + 2R & e

=  StandardO

DL RTRVEY

=  Tools

| 060w [095 Laver [WLaper0-0mm jl

= |nfold

M B3 ! E

=  Computel

0 Layerds[] definesif the Layers window is open or not. The Layers window is shown below.

Layers E|
I Layer Er z
¢ = u T

0
VBT B Layerd 36 1

0 Project Bar[ definesif the Project bar isvisible or not. The Project bar is an areain the left part
of the ES3D main window that ooks as shown below.

Praject x

H-%= Layers

E|. Layer 0

© im PolgonO
| BB Layerd

E ‘om Paolygon 1

0 StatusBar[ definesif the Status bar isvisible or not. The Status bar is an area in the bottom part
of the ES3D main window that ooks as shown below.

Paolygon 0, index=0 Z50 x 150 mil ,ﬁ|

0 Pan turns panning on and off. Panning is done using the mouse in a drag-and-drop fashion.
Shortcut: Ctrl+H.

0 Zoom[ turns on the Zoom tool. Shortcut: F8.
0 Zoom InO zoomsin for one step. Shortcut: Numpad +.

0 Zoom Out[d zooms out for one step. Shortcut: Numpad —.



Zoom AllO zooms the whole drawing. Shortcut: Ctrl+ F8.

Show GridO turnsthe grid display on and off. The grid step is defined in the Settings dialog box.

Snap to Grid[ turnsthe grid snap on and off. If it isturned on, all points can be drawn only at
grid nodes.

Draw M odel] selects the way that polygons are displayed. Two options are available;

= NormalO the bounding polyline is drawn and the area bounded by the polylineisfilled
with a color (if the polyline is closed).

=  WireFramell only the bounding polylineis drawn.

3D View[] opens the ES3D View window, where the segmented structure can be displayed.
Shortcut: Ctrl+F4.

Properties if one drawing object is selected (a polyline or avia), properties of that object are
displayed. Shortcut: Alt+Enter.

¢ Arrange menu manipulates polygons.

(0]

0

Bring to Front[ brings the selected polygon in front of other polygons in the layer. Shortcut:
Ctrl+F.

Send to Back[ brings the selected polygon behind other polygonsin the layer. Shortcut: Ctrl+B.

Subtract creates metallization voids from a pair of polylines.

e Draw menu starts drawing various objects:

(0]

(0]

0

Polylined draws a polyline. Shortcut: F4.
Rectanglel] draws a rectangle. Shortcut: F5.

Vial draws avia. Shortcut: F6.

e Project menu inserts new objects into the drawing and enables various settings:

0

New L ayer [1 opens the New L ayer dialog box in which parameters that define a new layer can be
entered. The parameters are the layer name, the z-coordinate of the upper surface of the dielectric
layer, and the dielectric relative permittivity. In this dialog box, it isaso possible to define if the
layer isvisible or not and if it islocked or not. Shortcut: Ctrl+L.

New Polygon opens the Polygon dialog box in which a polygon can be defined by supplying
data numerically. The data that defines the polygon consists of the index of the conductor to
which the polygon belongs, the name of the metallization layer in which the polygon is located,
and the x and y coordinates of nodes (points) that define the bounding polyline. In this dialog box,
it is also possible to defineif the polylineis closed or not.

New Viald opensthe Viadialog box in which avia can be defined by supplying data numerically.
The data that defines the via consists of the x and y coordinates of the via center, the viaradius,



and the names of the top and bottom metallization layers, between which the via extends. In this
dialog bo, it isalso possible to define if the viais opened (hollow) or if it has two caps (solid).

0 Footprintd defines the dimensions of the footprint that bounds the drawing.
0 Metallization defines the metallization of the four sidewalls of the structure.

0 Settingsd opens the Settings dialog box. This box has five tabs:

= UnitsO defines units for coordinates and frequency. These units are applied to all
respective quantities within the current project.

= Frequencies] defines the equidistant frequencies at which the admittance parameters
are tabulated. The frequencies are defined by the start frequency, the stop frequency, and
the number of frequency steps.

= Segmentation[] defines the segmentation parameters.

= Editor defines the grid spacing and default footprint that is used when a new project is
started.

= OutputD defines which output files are to be listed when clicking the List Results button
and in the AutoRun sequence.

e Compute menu starts operations necessary to numerically analyze the structure:
0 CheckO checksthe input data for consistency. Shortcut: Ctrl+F2.
0 SegmentO divides the metallic and dielectric surfaces into patches. Shortcut: Ctrl+F3.
0 Run( runsthe kernel for the numerical analysis. Shortcut: Ctrl+F5.

0 AutoRunO executes checking, segmentation, running the kernel, and listing output resultsin a
sequence. Shortcut: Ctrl+F6.

e List menuinvokes Notepad to display the output files that contain the results of the numerical analysis:

0 C Parameter s opens the file with the electrostati c-inductance coefficients and the partial
capacitances.

o0 CktO opensthe file with the equivalent circuit that represents the analyzed structure.
0 Y Parameter s opens the file with the tabulated admittance parameters of the equivalent circuit.

e Window menu manages the opened Drawing windows:

0 Cascadel] cascades the Drawing windows.
0 TileO tiles the Drawing windows.

0 Arrange lcons] arranges the icons of the minimized Drawing windows.



The Window menu also contains alist of opened Drawing windows. Thislist can be used to switch quickly
among the windows.

Help — opens the ES3D Help window and displays the copyright data:
0 Contentsld opensthe Table of Contents of the ES3D Help. Shortcut: F1.

0 About ES3DO shows the copyright information about ES3D.



5.6 Toolbars

The following toolbars are available in the ES3D main window:

e Standard duplicates the most common commands from the menus:

LEE + BB @ e

0 New[ same as the New option in the File menu. Shortcut: Ctrl+N.

0 Openl same as the Open option in the File menu. Shortcut: Ctrl+O.

0 Savell same as the Save option in the File menu. Shortcut: Ctrl+S.

0 Cutld same as the Cut option in the Edit menu. Shortcut: Ctrl+X.

0 Copyll same as the Copy option in the Edit menu. Shortcut; Ctrl+C.

0 Pastell same as the Paste option in the Edit menu. Shortcut: Ctrl+V.

0 Zoom In same asthe Zoom In option in the View menu. Shortcut: Numpad +.

0 Zoom Out[] same as the Zoom Out option in the View menu. Shortcut: Numpad —.
0 Zoom Al same as the Zoom All option in the View menu. Shortcut: Ctrl+F8.

e Toolsd provides drawing tools (cursors):

b & Owe QR

0 Select Object pointer for selecting adrawing object. Thistool is also used for drag-and-drop
editing, moving polygons and vias, and stretching polygons. Shortcut: F2.

0 Polygon Nodell pointer for drag-and-drop editing of polyline nodes (moving). Shortcut: F3.
0 Polylined pointer for drawing polylines. Shortcut: F4.

0 Rectangle pointer for drawing rectangles. Shortcut: F5.

o Vial pointer for drawing vias. Shortcut: F6.
0 HandO pointer for panning the drawing. Shortcut: F7.

0 Zoom[ pointer for zooming the drawing. Shortcut: F8.

With any of these pointers, clicking the right mouse button opens the Context menu that can be used for
editing polylines and vias.

e Infod providesinformation about the current coordinates of the drawing cursor and properties of the
current layer. In the Layer menu, the currently active layer can be changed.
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e Computeld duplicates some options from the menus:

|mBE»o ¢ n@|

(0]

(0]

Checkd same as the Check option in the Compute menu. Shortcut: Ctrl+F2.
Segment ] same as the Segment option in the Compute menu. Shortcut: Ctrl+F3.
3D View[] same asthe 3D View option in the View menu. Shortcut: Ctrl+F4.
Run[ same as the Run option in the Compute menu. Shortcut: Ctrl+F5.
AutoRun same as the AutoRun option in the Compute menu. Shortcut: Ctrl+F6.

List Results(] lists the default output-data files. Shortcut: Ctrl+F7.

The toolbars can be displayed or removed from the ES3D main window using the Toolbars option in the View
menu. In the corresponding submenu, check the toolbars that you want to be displayed.



5.7 Project Bar

The Project bar is an area located in the left piitte ES3D main window. Its visibility is contledl by the Project
Bar option in the View menu. The Project bar carga@ummary information abolatyers polygons andvias
Initially, the Project bar looks as shown below.

Project x

EESY [ oyers
F- § ias

Information about layers and vias can be expangeditking the Expand buttor® .When all items are expanded,
the Project bar looks like the example below.
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The Project bar lists all layers, polygons, and viaving IDs of these objects.

The Project bar can be used to change the curramirty layer. Left-click a layer name to make itbme the
active layer.

The Project bar can be used to modify layer prageerRight-click a layer name to open the Contesthm which
has the following options:

e Deletell deletes the layer.

« PropertiesC] opens the Properties dialog box, where you cangshaarious parameters that define the
layer.

A layer can also be deleted by selecting it andging the Delete key.
The Project bar can be used to select an objguil{@on or a via). This is particularly conveniéot an object that

is hidden by other objects drawn in higher laykedt-click a polygon or a via to select it. RigHiek it to open the
Context menu, which has the following options:



Cut deletes and moves the object to the paste buffer.
Copy[ copies the object to the paste buffer.

Pastel] pastes the object from the paste buffer at a looatightly offset from the originakfy) location
in the active layer. An object can be copied frame tayer and pasted into another layer.

Pasteto Original X,Y O pastes the object from the paste buffer to tharaidx,y) location in the active
layer. An object can be copied from one layer aasted into another layer.

Deletell deletes the object without moving it to the pastidr.

Bring to Front[ available only for polygons; brings the polygorfriont of the other polygons in the
active layer.

Send to Back[ available only for polygons; brings the polygon imelthe other polygons in the active
layer.

Index[ available only for polygons; opens the Index didbog in which one can change the index of the
conductor to which the polygon belongs.

PropertiesC] opens the selected object's dialog box (polygoriarin which one can change all of its
properties.



5.8 LayersWindow

The Layers window opens detached from the ES3D main window and it contains information about layers. The
Layers window is shown below.
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The Layers window is displayed if the Layers option in the View menu is selected. It is recommended that the
Layers window always be open, as the best layer control is achieved fromit.

The Layers window can be used to change the current drawing layer. Left-click alayer name to make it the active
layer.

The layer properties can be modified by double-clicking alayer name. The Layer Properties dialog box opens, as
shown below.
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In thisbox, all of the properties that define the layer can be modified. This box has the same functionality as the
New Layer dialog box.

Right-clicking a layer name in the Layers window opens the same Context menu as from the Project bar, with the
options of Delete and Properties. A layer can also be deleted by selecting it and pressing the Delete key.

To quickly toggle between the visible and invisible states of alayer, click the Visibility icon ¥ inthe Layers
window.

To quickly lock or unlock alayer, click the Lock icon = inthe Layers window.

To modify layer colors, click the Color icon B inthe Layers window. The Color dialog box appears as shown
below.



Basic colors:

LCusgtom colors:

L 0 Ny NNNy
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Define Custam Colarg > |
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Follow the standard Windows procedure to modify the color.



5.9 Status Bar

The Status bar is an area in the bottom part of the ES3D main window Its visibility is controlled by the Status Bar
option in the View menu. The Status bar |ooks as shown below.

Palygon 0, index=0 250 150 mil 4|

The left part of the Status bar contains information about the status of the ES3D main window (Ready/Busy) and
about various items that are currently under the cursor:

* For apolygon, itsID is displayed along with the index of the conductor to which the polygon belongs.
« For avia, itsID isdisplayed along with the elevations (z-coordinates) of its top and bottom layers.
*  For abutton, the button name and shortcut are displayed.

Theright part of the Status bar shows the footprint dimensions.

See also: ES3D Main Window.




5.10 Project Settings

Project settings are made by selecting the Settings option in the Project menu. The Settings dialog box opens as
shown below.

Units |Frequencies Segmentation | Editor | Qutput |
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Settings are applied to the currently opened project. They are also used as the default settings for new projects, as
long as the settings are not modified.

The Settings dialog box has five tabs, with the following functions:
e Units defines units for coordinates (lengths) and frequencies. This tab is shown above.

0 Available unitsfor coordinates are millimeter (mm), meter (m), inch (inch), and mil (mil). Click
the corresponding radio button to select.

0 Available unitsfor frequencies are kilohertz (kHz), megahertz (MHz), and gigahertz (GHz). Click
the corresponding radio button to select.

* Frequenciesl] defines the start frequency, the stop frequency, and the number of frequency steps for
tabulating the admittance parameters. The Frequencies tab looks as shown below.

Unitz ~ Frequencies |Segmenlatinn| E ditar I Dutputl

Start fregquency:

Mumber of frequency steps:

ID GHz
Stop frequency: |2 GHz
|4—
0K I

Cahicel |

The start frequency must be positive or zero. The stop frequency cannot be smaller than the start
frequency. The number of frequency steps must be positive or zero.



If the stop frequency is set equal to the start frequency, the program sets the number of frequency stepsto
0. If the number of frequency steps is entered as O, the program sets the stop frequency egual to the start
frequency. In both cases, the admittance parameters are evaluated only at one frequency.

In the above example of the Frequencies tab, the admittance parameters are tabulated at the following
frequencies: 0, 0.5 GHz, 1 GHz, 1.5 GHz, and 2 GHz.

Segmentation] defines the parameters for the self-adaptive segmentation. The tab looks as shown below.

Units | Frequencies Segmentation |Edit0r I Elutputl

— Seamentation

7

FResalution:

Riefine:

|1
Nurnber of YA seqments: |4
0K I

Cancel |

The Resolution and Refine parameters must be positive. The recommended value for both parametersis 1.
It is not recommended to use values less than 1. The number of via segments must be at least 3 and at most
16.

Editor O defines the grid spacing and the default footprint. The Editor tab looks as shown below.

|ritg Frequenciesl Seamentation  Editor |Elut|:uut|

— Grid
Spacing: |1E| il
r— Footprint

[~ Use default footprint

Default length: |1 0o il
Drefault width: 1000 mil

Ok I Cancel |

The grid spacing is uniform with equal steps in both coordinates (x and y). The grid spacing must be
positive.

If the Default footprint checkbox is checked, the default footprint is used for all new projects. The
dimensions of the default footprint are defined in this dialog box.

Outputd defines output files that are displayed automatically upon clicking the List Results button and at
the end of the AutoRun sequence. The Output tab looks as shown below.



Unitz | Frequencies | Searmentation | Editor UUtDUtl

— Default output

[ ' Parameters
[T Cht

ak I Cahicel |

One, two, or three files can be checked. At least one filename must be checked.

Click the OK button to accept the changes, and close the Settings dialog box. Click the Cancel button if you want to
reject the changes.

See also: ES3D Main Window.




5.11 Arranging Windows

Up to ten projects can be concurrently opened in ES3D. Each project has its Drawing window, which is opened in
the Drawing area. These windows can be arranged using the options in the Window menu.

A window can be maximized to occupy the whole Drawing area. If the window is maximized, its control buttons
- 10 X

appear just below the control buttons for the ES3D main window . Closing a Drawing window also
closes the corresponding project.

If windows are not maximized, they can be cascaded or tiled, which is determined by selecting the corresponding
option in the Window menu.

A minimized window appears as an icon. Icons can be arranged using the corresponding option in the Window
menu.

The Window menu contains alist of currently opened Drawing windows. This list can be used to switch among the
Drawing windows.

The Drawing windows can also be manipulated using the Control-Menu box D located in the upper-left corner of
each window. If the Drawing window is maximized, the Control-Menu box appears in the ES3D main window
menu bar.

See also: ES3D Main Window.




5.12 Help

ES3D Help uses standard Microsoft Windows® Helpises. Help is available in ES3D by pressing thek& or
by using the Help menu.

Help for most ES3D windows and dialog boxes isfedan the fileES3D.hlp. For the ES3D View window, a brief
Help is located in the fil&S3D_View.hlp. Both files reside in the ES3D root directory.

The Help files can be opened directly from Windolaacate a file using Windows Explorer, and doubiekcthe
filename or its icon.

See also: Using ES3D HelpES3D Main Window




5.13 AnalysisCycle
A typical cycle of the electrostatic-field analysis using ES3D consists of the following steps:
»  Defining input data.
*  Segmenting the structure.
» Displaying a3D view of the structure.
e Running the analysis.
» Displaying results.
All of the above steps are necessary, except for the 3D view.

Segmenting the structure, running the analysis, and displaying the results can be performed by a single command
(AutoRun).



5.14 Defining Input Data

To enter input data that defines a structure to be analyzed, several steps have to be performed:

e  Starting anew project.

» Defining footprint and sidewall metallization.

» Defining layers.

e Drawing and editing polygons and vias.
e Saving input data.

e Checking input data.

These steps are performed in the ES3D main window. Except for the first step, the steps need not always be
performed in the above order.

The checking step may be skipped, asit is automatically done before segmenting the structure.
After performing the analysis, the input data can be modified at will, and the analysis can be performed again.

See also: ES3D Main Window.




5.15 Starting New Project

To start anew project, perform the following steps:
e Goto the ES3D main window.

« Inthe Settings dialog box, select the unit for coordinates. This dialog box is accessible by selecting the
Settings option in the Project menu.

«  Select the New option in the File menu. The New Project dialog box opens as shown below.

New Project il

Footprint

Length: il

width: ISD i
ak. I Canicel |

* Inthe New Project dialog box, enter the footprint dimensions.

« Inthe Settings dialog box, define the frequencies for tabulating the admittance parameters, segmentation
parameters, grid spacing, and the default output files, as needed.

* To define the project name, select the SaveAs option in the File menu and save the project.

See also: ES3D Main Window; Menus; Project Settings; Defining Footprint.




5.16 Defining Footprint

The footprint is defined when starting a new project in the New Project dialog box. The default dimensions of the
footprint in this box are identical to the dimensions used for a previous new project. Alternatively, the default
footprint can be defined in the Editor tab of the Settings dialog box.

The footprint for an open project can be modified by using the Footprint option in the Project menu. The
dimensions of the footprint cannot be reduced so that objects (polygons or vias) fall outside the footprint.

See also: ES3D Main Window; Starting New Project.




5.17 Defining Sidewall M etallization

A multilayer structure has four vertical sidewdlisgure 5.). These walls correspond*s0 (left), x=Length
(right), y=0 (front), andy=Width (rear), where Length and Width are the dinmms of the footprint.

A sidewall can be void of metallization, or it cae completely covered with metallization. The meation
always belongs to Conductor 0.

To define if the metallization is present or natiest the Metallization option in the Project mefbe
Metallization dialog box opens as shown below.

Metallization x|

Cancel |

Each sidewall has an associated button. If a bustdepressed, the associated sidewall is metdllifa button is
released, the associated sidewall is void of mesilbn. Click the buttons to change the sidewatates, as
appropriate. Click the OK button to accept the ¢jesnand close the Metallization dialog box. Ctioé Cancel
button if you want to reject the changes.

A wall that is metallized is displayed in red iretBrawing window, but it is black otherwise. In tB83D View
window, a metallized wall has the color of Conduddblue). A wall that is not metallized has thwor of a
dielectric (green).

See also: ES3D Main Window




5.18 Defining Layers

When anew project is opened, the lowest layer is automatically defined. Its default name is Layer O (which can be
changed at will), the elevation is z=0, and the relative permittivity is 1. In a project, there must always be alayer
whose elevation is z=0. The relative permittivity for that layer must always be 1.

To define anew layer, perform the following steps:

In the Project menu, select the New Layer option. Alternatively, press the Ctrl+L key in the ES3D main
window. The New Layer dialog box opens as shown below.

x
r Dielectric
Er |

Upper surface |IZI Imm ﬂ

— Layer

Mame ILa_l,ler 3
v Yizible
[~ Locked

QK. I Cancel |

In the New Layer dialog box, enter the relative permittivity of the dielectric and the z-coordinate of the
upper surface of the dielectric. This coordinate is the elevation above the Oxy plane at which the
metallization pattern is created. When entering the coordinate, you can select the unit. This selectionis
temporary and only affects the present instance of the dialog box. In this dialog box, you can also modify
the layer name and define if the layer isvisible and if it islocked.

Y ou can define new layers, as necessary, up to a maximum of 10 layers. New layers can be defined at any time
during the process of entering the input data.

To modify an existing layer, perform the following steps:

In the Layers window, double-click the layer name. Alternatively, in the Layers window or in the Project
bar, right-click the layer name to open the Context menu, and then select the Properties option. The Layer
Properties dialog box opens.

The Layer Properties dialog box isidentical to the New Layer dialog box shown above. Iniit, you can
modify the data that defines the layer. An exception is the lowest layer, for which the elevation (z=0) and
the relative permittivity (1) cannot be modified.

To quickly toggle between visible and invisible states of alayer, click the Visibility icon ¥ inthe Layers
window. Making awindow invisible may help in viewing patternsin lower layers.

To quickly lock or unlock alayer, click the Lock icon = inthe Layers window. Making alayer locked
prevents the user from accidentally modifying the patterns in that layer.

=



e Tomodify layer colors, click the Color icon B inthe Layers window. Follow the standard Windows
procedure to modify the color.

e Todeletealayer, select the layer in the Project bar or in the Layers window and press the Delete key.
Alternatively, select the layer, open the Context menu, and select the Delete option.

To make alayer active for drawing, click the layer name in the Project bar, the Layers window, or the Info toolbar.

See also: ES3D Main Window; Layers Window; Project Bar; Toolbars.




5.19 Grid

The footprint areain a Drawing window can be gridded. The grid is uniform in both coordinates (x, y). The grid
begins at the coordinate origin (i.e., at the lower-left corner of the drawing).

The grid step can be adjusted in the Editor tab of the Settings dialog box. This box is opened by selecting the
Settings option in the Project menu.

The display of the grid can be turned on and off by checking and unchecking the Show Grid option in the View
menu.

Drawing and drag-and-drop editing of polylines (including rectangles) and vias can snap to the grid. The snap can
be turned on and off by checking the Snap to Grid option in the View menu.

See also: ES3D Main Window.




5.20 Drawing Polygons

Metallization patterns in layers are drawn as polygons. A polygon is bounded by a polyline, which consists of
straight-line segments (edges) and is defined by points (nodes). A polyline must have at least three nonaligned
nodes, and the upper limit set by the program is 50.

All points of a polyline have the same z-coordinate. That is the coordinate of the layer in which the polylineis
drawn. A polygon must be positioned compl etely within the footprint.

A polyline can be drawn open or closed. This choiceisirrelevant for the computations, as the polyline is aways
considered to be closed. The only difference isin the visual representation of the polyline. A closed polylineis
filled in the normal draw mode, unlike an open polyline. Polyline edges must not intersect.

A polyline can be convex, concave, or reentrant, as shown below.

s d

Convex Concave Eeentrant
A polyline can be drawn using the mouse. Alternatively, its nodes can be entered numerically.
To draw the polyline using the mouse, perform the following steps:

e Make active the layer in which you want to draw the polyline.

*  Select the Polyline tool £ in the Tools toolbar or select the Polyline option in the Draw menu.
e Left-click the mouse at the location of the first point. Release the left mouse button.

»  Left-click the mouse again, drag the next point to the desired location (as shown below), and release the
left mouse button. Repeat as necessary to draw al points.

e If thelast point drawn coincides with the first point, the polyline is assumed to be closed and the last point
is discarded. Otherwise, the polyline is assumed to be open.

*  Pressthe C key on the keyboard immediately after drawing the last point to close the polyline. The polyline
can also be closed later, by editing its properties.



e Pressthel key on the keyboard immediately after drawing a closed polyline to open the Conductor Index
dialog box, where you can define the index of the el ectrostatic conductor to which the polygon belongs, as
shown below.

Conductor Index x|

Indes: IE
ak I Cancel |

Theindex can also be defined later, by editing the polygon properties.

To enter node coordinates numerically, select the New Polygon option in the Project menu. The Polygon dialog box
opens as shown below.

Conductar index: IE Ok I
Laver: I & Layer O0- 0 mm vl Canicel |

Modes:

% [rrrn] | 3 [rm] |j [~ Cloged
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In the Polygon dialog box, define the index of the conductor to which the polyline belongs, select the layer in which
the polyline is drawn, enter the coordinates (x,y) for at |east three nodes, and check the box that defines if the
polylineis closed. Click the OK button when done.

The Polygon dialog box shown above also opens when editing properties of a polygon. The node coordinates can be
edited in thisbox. To insert anode or delete a node, right-click the entry for the coordinate x or y of anode. The
Context menu opens, with options to insert a node before the selected node or to delete the selected node.

A rectangle can be drawn using the Rectangle tool E in the Tools toolbar or by selecting the Rectangle optionin
the Draw menu. Left-click the mouse at the position of one node of the rectangle. Drag-and-drop the other point to
stretch the rectangle diagonal . After arectangle is drawn, it istreated as any other polygon with four nodes.

A reentrant polyline has pairs of coinciding edges. In the following example, there exists one pair of coinciding
edges.



The polyline defines one outer boundary and one inner boundary. The area between these boundaries is metallized,
and the area within the inner boundary is void of metallization. Hence, this reentrant polyline defines an annular
metallization pattern. The senses of the outer and inner boundaries must be opposite. For example, if the nodes on
the boundary are ordered counterclockwise, the nodes on the inner boundary must be ordered clockwise. Hence, the
reentrant polyline can be visualized as the result of closing the gap (cut) of the polygon shown below.

Gap

The coinciding edges of a reentrant polygon do not violate the nonintersecting rule for the polygon edges.

No two polylines belonging to different conductors can touch or intersect. Two polylines belonging to the same
conductor can be drawn so they touch each other, but they must not intersect.

Two polylines belonging to the same conductor and the same layer can aso be drawn so that one polylineis
completely within the other polyline. Such a pair of polylines defines an annular metallization pattern in the same
way as areentrant polyline. The metallization isin the area bounded by the two polylines. The area bounded by the
inner polylineisvoid of metallization. An example is the via with pads.

The void areais created during the segmentation of the structure, and it can be seen only in the 3D view. To see the
void in the Drawing window, the two polylines must be merged into one reentrant polyline, using the following
procedure;

»  Select the outer polyline using the Select Object tool i in the Tools toolbar.
e Hold down the Shift key or the Ctrl key and select the inner polyline.
*  Oncethe two polylines are selected, open the Arrange menu and select the Subtract option.

For example, when this procedure is applied to the via with pads, the Drawing window |looks as shown below.
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This procedure can be nested. Several polygons can be drawn so that one polygon is completely in the interior of
the previous polygon. To obtain meaningful results in the Subtract procedure, always merge pairs of polylines by
starting from the two outermost polylines.

See also: ES3D Main Window.




5.21 Drawing Vias

A metallized hole (via) interconnects polygons that are located in different layers, but al belong to the same
electrostatic conductor. The via extends between two layers in the multilayer structure. It can be aburied via, a
blind via, or athrough via.

All polygons that are penetrated by the via are automatically interconnected. The via must penetrate at least one
polygon. The viamust not interconnect polygons that belong to different electrostatic conductors.

In the drawing, aviais represented by a circle. The circle that represents the via must be completely within the
polygon (i.e., the circle and the polygon must not intersect).

A viacan be drawn in two ways. The first way combines the mouse and numerical entries. The second way is purely
numerical.

The first way consists of the following steps:

yla,
» Select the Viatool — in the Toolstoolbar or select the Via option in the Draw menu.

«  Left-click the mouse at the location of the via center. Release the left mouse button. The Via dialog box
opens as shown below.

via x|
—Via
® 0.1 i
e [T
Badius: |'| mm
Top layer: I M Layer 0- 0 mm j
Battom layer: I [ Layer 0 - 0 mm j
™ Solid
0K I Cancel |

In the Via dialog box, the coordinates (x,y) are already defined by the mouse click. Y ou have to enter the viaradius,
specify the top and bottom layers between which the via extends, and define if the viais solid or hollow. The
elevation of the top layer must be higher than the elevation of the bottom layer. The two layers cannot coincide.
Click the OK button when done.

The second way to define a via consists of selecting the New Via option in the Project menu. The same Viadialog
box opens, as shown above. The coordinates (x,y) now have to be supplied numerically. The other steps are same as
in the first way of defining avia.

The Viadialog box shown above also opens when editing the properties of avia.

See also: ES3D Main Window.




5.22 Editing
A drawing produced in the Drawing window can beedi{modified) using various features provided $8B.
Actions are performed on polygons or vias thatsglected in the active Drawing window.

5.22.1 Selecting Objects

To selecbne object (one polygon or one via), perform one effitllowing actions:

e Activate the Select Object to--.i in the Tools toolbar. Place the arrow pointer abthe object and
left-click the mouse.

» Left-click the polygon or via in the Project bar.
To selecmultiple objects, perform one of the following steps:

» Activate the Select Object tool in the Tools toollftretch a rectangular area that encompassebjatits
to be selected. To stretch the rectangular aresitiggo the pointer at one corner of the area, diekleft
mouse button, drag the pointer to extend the asekesired, and then release the mouse button.

« Activate the Select Object tool in the Tools toejtmnd hold down the Shift or the Ctrl key. Pldge t
arrow pointer above objects one-by-one, and légik¢he mouse.

To selectll polygons and vias in the drawing (in layers that\asible and unlocked), use the Select All opiion
the Edit menu

5.22.2 Menu Editing

Various editing functions can be performed usintioms in the ES3D main window Edit menu and Arrangnu,
as well as in the Context menu. (The Context meraumenu that opens by right-clicking the seleotgdct or
right-clicking the object name in the Project bar.)

The following actions can be performed with a poly@r a via that are selected:

e Cutl deletes and moves the object to the paste bufédecBthe Cut option in the Edit menu or in the

&

Context menu, or click the Cut butt.."—— in the Standard toolbar.

« Copyl copies the object to the paste buffer. Select thygy@ption in the Edit menu or in the Context

Eg
menu, or click the Copy butt in the Standard toolbar.

« Pastell pastes the object from the paste buffer to a lonatlightly offset from the originak(y) location
in the active layer. (An object can be copied frame layer and pasted into another layer.) SelecPtste

option in the Edit menu or in the Context menuglak the Paste buttoﬁ in the Standard toolbar.

« Pasteto Original X,Y [0 pastes the object from the paste buffer to tharalidx,y) location in the active
layer. (An object can be copied from one layer pasted into another layer.) Select the Paste tgiriii
X,Y option in the Edit menu or in the Context menu.

« Deletell deletes the object without moving it to the pasiffds. Select the Delete option in the Edit menu



or in the Context menu, or press the Delete ketherkeyboard.

e Bringto Frontd available only for polygons; brings the polygorfriont of the other polygons in the
active layer. Select the Bring to Front optionhe Arrange menu or in the Context menu.

* Sendto BackU available only for polygons; brings the polygon inelthe other polygons in the active
layer. Select the Send to Back option in the Areamgnu or in the Context menu.

e Properties] opens the selected object's dialog box (polygoriarin which one can change all of its
properties.

From the Context menu for a selected polygon, amedirectly change the index of the conductor tactvithe
polygon belongs.

The Cut, Copy, Paste, Paste to Original X,Y, antt@eoperations also work if all of the objects setected.
When pasting, all selected objects are always gdstthe currently active layer.

5.22.3 Drag-and-Drop Editing
Using drag-and-drop graphical editing, the selegi@gigon or via (or all selected objects) can bevedb
Additional drag-and-drop editing can be performedolygons, as follows:

e Use the Select Object t(}i
shown below.

in the Tools toolbar to select a polygon. The el polygon looks as

Four handles are visible, which define a rectatigi bounds the polygon. Grab one of the four resty
clicking it. Drag-and-drop to resize the rectangle.

k.
* Use the Polyline Node to—— in the Tools toolbar to select a polygon. The cele polygon looks as
shown below.

Handles are visible for each polygon node. Grahraile by clicking it. The selected handle becoreeds r

Clicking a polygon edge selects the handles fotwleenodes that belong to that edge.



Two or more nodes of one polygon can be selectdwbliling down the Shift or the Ctrl key and clicffin
the handles one-by-one. Alternatively, stretchcaarggular area to select all nodes that are witiérarea.

If several polygons had been selected by the S@lefetct tool before activating the Polyline Nodelto
multiple handles can be selected in the same w#yegsare for one polygon.

Drag-and-drop to move the selected node(s).

5.22.4 Other Editing Features

The Subtract operation is available for polygondigplay metallization voids. This operation hasdiwo polygons
that belong to the same layer and the same condudtien one polygon completely resides within theeo

polygon.

A layer can be edited by selecting it and openiivggltayer Properties dialog box.
The footprint can be edited using the Footpriniapin the Project menu.

Undo and Redo features are available by seledtimgdrresponding option in the Edit menu. Up tda&d drawing
steps (including editing) are handled in each Dngwiindow.

See also: ES3D Main Window




5.23 Viewing
Several options and functions are available to facilitate viewing the structure drawn in the Drawing window.
Polygons can be displayed in two modes:

* Norma modell the contour of the polygon is drawn. If the polygon is defined to be closed, the interior is
filled, using the color of the corresponding layer in which the polygon is located. (In the segmentation
procedure and in the numerical analysis, closed and open polygons are treated in the same way.)

e WireFrame modell only the polygon contour is drawn.

The selection is made using the Draw Mode option in the View menu.

The layers are displayed in the Drawing window, so that alayer with a higher elevation is drawn over alayer with a
lower elevation. Thus, polygons and vias in lower layers can be partly or totally hidden by objectsin higher layers.

In order to see acomplete layer, al higher layers can quickly be turned off by using the Visibility icon ¥ inthe
Layers window.

The drawing can be panned (translated) and zoomed. A drawing can be panned only if it is zoomed in.

To pan the structure, the following functions are available:

e Select the Hand tool ﬂ in the Tools toolbar. Left-click anywhere on the drawing and drag it.
e Usethe horizontal and vertical dides.
e Shift+Mouse wheel pans up/down. Ctrl+Mouse wheel pans left/right.

To zoom the structure, the following functions are available;

*  Zoom tool, which can be activated by selecting the Zoom option in the View menu or clicking the Zoom

tool % in the Tools toolbar. When the Zoom tool is active, the zoom cursor isin effect. Using this
cursor, click anywhere on the drawing to zoom in around the cursor. To zoom out, press and hold the Shift
key on the keyboard, and then click on the drawing (Shift+click). To zoom arectangular area, select it by
using the mouse.

e Zoomin and ZoomOut options in the View menu, which are duplicated by the Zoomln and ZoomOut

buttons

in the Standard toolbar. Zoom in and out is performed around the center of the drawing.

e ZoomAll option in the View menu, which is duplicated by the ZoomAll button in the Standard toolbar. The
complete drawing isfit into the Drawing window.

*  Mouse wheel, which zoomsin and out around the cursor.
A 3D view of a segmented structure is available by selecting the 3D View option in the View menu or clicking the
30
3D View button — in the Compute toolbar.

See also: ES3D Main Window; 3D Viewer.







5.24 Checking
The user can check the input data by selecting the Check option in the Compute menu or by clicking the Check

button E‘ in the Compute toolbar.

If no error is detected, the OK message is displayed in a dialog box, as shown below. Click OK to continue.

EEDI x|

If an error is detected, a message is shown in adialog box, as shown in the example below. Click OK to continue.

L E Polvgon 3 in Laver 4 is nok completely in the Fookprint
L]

The error messages are self-explanatory. To correct an error, modify the input data accordingly.
Error checking is automatically done before performing segmentation.

Error checking is also built into datainput in dialog boxes. A dialog box cannot be closed if inappropriate datais
entered.

See also: ES3D Main Window.




5.25 Segmenting

Theinput data must be segmented before numerical analysisis started. Segmentation consists of subdividing all
conductor surfaces and diel ectric-to-dielectric interfaces into small patches (subdomains).

To improve the accuracy and efficacy of computations, a self-adaptive segmentation procedure is applied, where the
surfaces are segmented nonuniformly. Patches are smaller toward edges and wedges of the analyzed structure.

The user can initiate segmentation by selecting the Segment option in the Compute menu or by clicking the Segment

button E‘ in the Compute toolbar. After segmentation is complete, a message is displayed informing the user
about the total number of patches (unknowns), as shown below. Click OK to continue.

Es3p x|

i Seqmentation is finished.
Mumber of unknowns: 4002

A segmented structure can be viewed using the 3D viewer.
Segmentation is executed automatically within the AutoRun sequence. In that case, no message is displayed.
The algorithm for segmentation has three parameters that can be modified by the user in the Settings dialog box.

This dialog box can be opened by selecting the Settings option in the Project menu. The parameters are located on
the Segmentation tab of this dialog box, as shown below.
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The Resolution parameter influences the size of the smallest patch in the segmentation scheme. The patch size
reduces as the Resolution parameter is increased. Consequently, the total number of unknowns (patches) increases.
The recommended Resolution parameter is 1. It is not recommended to use values smaller than 1, as small details of
the drawing can be missed in the segmentation.

The Refine parameter defines the rate at which the patch size diminishes going toward an edge or wedge of the
analyzed structure. Increasing the Refine parameter increases the steepness of the patching scheme. The
recommended Refine parameter is 1.

The Number of VIA segments parameter defines the number of vertices of aregular polygon that is used to
approximate acircular via. The recommended value isin the range of 4-6. The polygon is midway between a



regular polygon that isinscribed into the via circle and a regular polygon that is circumscribed around the viacircle.

See also: ES3D Main Window.




5.26 Computing

After all input data has been defined and checked, and after ssgmentation has been performed, ES3D is ready for
the numerical analysis of the electrostatic system being considered. The numerical analysisis performed by running
the program kernel (which islocated in the dynamic-link library Capacit.dil).

The kernel can be started from the ES3D main window in several ways:

* by selecting the Run option in the Compute menu;

'
* by clicking the Run button —=— in the Compute toolbar;

* by selecting the AutoRun option in the Compute menu;

"
* by clicking the AutoRun button —‘ in the Compute toolbar.

The AutoRun option and the AutoRun button initiate a sequence of steps (which include saving, checking, and
segmentation of input data, running the kernel, and listing output files), in which running the kernel is the main step.

Theinput data for the kernel consists of the segmented structure (described in the file with the name of the current
project and extension Ist) and data that defines the frequencies for tabulating the admittance parameters.

The kernel performs the following major steps:
*  Recheckstheinput datafor consistency.

e Formsasystem of linear equations based on the Method of Moments [1] (matrix fill-in). During this step, a
dialog box is opened showing the progress of computations, as shown below.

The computations can be canceled by clicking the Cancel button. The CPU time for thisstep is
proportional to the number of unknowns (patches) squared.

*  Solvesthe system of linear equations (using LU decomposition). During this step, a dialog box is opened,
showing the progress of computations, as shown below.

Solve Linear Equations

The computations can be canceled by clicking the Cancel button. The CPU time for thisstep is
proportional to the number of unknowns (patches) cubed. If the available RAM isinsufficient to store the
complete system of linear equations, swapping to the hard disk is used automatically, which slows down



the computations.

e Caculatesthe matrices of electrostatic-induction coefficients and partial capacitances and tabulates the
admittance (y) parameters.

See also: Analysis Cycle; Stand-Alone Solver.




5.27 Listing Results

Theresults of the analysis are written to three output-data files. The first file contains electrostatic-induction
coefficients and partial capacitances for the case in which all conductors are assumed to be hot. The second file
contains the equivalent network of partial capacitances for the case in which Conductor 0 is grounded. The third file
contains tabulated admittance (y) parameters.

These files can be opened individually by selecting the corresponding option in the List menu.
In the Output tab of the Settings dialog box one can select the default files that are displayed as the output. At |east

one file must be selected. The default files are displayed upon clicking the List Results button in the Compute
toolbar. The default files are also automatically displayed at the end of the AutoRun sequence.

See also: ES3D Main Window.




5.28 Project Files

Each project includes several files. One file corstéheinput data three files contain theutput dataone file is
auxiliary, and one file contains theXF export All of these files have the same name as theeptajame, and all
reside in the same directory as the input-data$itveral temporary files are also created, byt éine not
documented in this manual.
The files are listed below is the largest conductor index of the analyzedcstire.

* Input-data file, with the default extensieBd.

< Output-data file containing the electrostatic-intitut coefficients and partial capacitances fordase in
which allN+1 conductors are treated as hot. The default sitersdat.

» Output-data file containing the equivalent netwoflpartial capacitances for the case in which Cotatu
0 is assumed to be grounded. The default extefisitkh

« Output-data file containing the admittance paransetéthe equivalent network, tabulated as a fomctif
frequency. The default extension has the fgbm yip, y2p, ...,y9p, Y10, y11, ..., where the numbers
represenNN in decimal notation.

« Auxiliary file containing the output data of thegseentation, with the default extensiish Thelst file is
used as the input to the program for 3D viewing famdhe kernel DLL for numerical analysis.

« Export file in the DXF format, with the default narextensiorxf.
The input-data file is present upon creating tht@gqmt and saving it for the first time. It is autatically updated in
the AutoRun sequence. It has to be updated bysbehefore manually initiating the Segmentatio©becking

procedures.

The three output-data files are created wheneeeRtin procedure is activated, but they containalidl data if the
Run procedure is interrupted.

Thelst file is created whenever the Segmentation proeeducompleted.

Thedxf file is created only upon user's request to exiarinput data.



5.29 Input File

All input data that defines a project is stored in the input-data file, which has the default extension e3d. The
filename is the same as the project name. The input-data file can be stored anywhere on the computer. All other files
related to the project are stored in the same directory as the input-datafile. All files have the same name as the

project.

Theinput-datafileisabinary file. A description of the file structure follows.

The assumed numbers of bytes for variables are:

double=8 bytes,
float=4 bytes,
int=4 bytes,
word=2 bytes,
byte=1 byte,
char=1 byte,

string=as many bytes as the number of characters.

The variables are ordered as follows (metal anguage description):

string ES3D (4 bytes, without the terminating NULL character),
byteFi | eVer si on,

byte Fi | eSubVer si on,

word Fi | eRevi si on,

double Magni fi cati onFact or [ factor to convert from the internal unit for coordinates, which is 10 1
m, to millimeters (0.01),

double Fr equency St ar t [ start frequency for tabulating admittance parameters (in the selected unit),
double Fr equency St op stop frequency for tabulating admittance parameters (in the selected unit),
int nFr equency 0 number of frequency steps,

int Fr equencyUni t s unit for fStart and fStop (1€3, 16, or 1€9 Hz),

double Resol ut i on{ resolution parameter for segmentation,

double Ref i nel refine parameter for segmentation,

int Uni t sO unit for coordinates, selected by the user (0O=mm, 1=m, 2=inch, 3=mil),



double Gri dSpaci ngld grid spacing (unit: 10 um),

int Numvi aSegment s[0 number of segments for vias,

double Foot pri nt Lengt hO length of the footprint (unit: 10 um),
double Foot pri nt W dt h{J length of the footprint (unit: 10 um),

byte Met al Nor t hO indicator of whether the vertical surface of the dielectric for y=FootprintWidth is
metallized (O=false, 1=true),

byte Met al West [0 indicator of whether the vertical surface of the dielectric for x=0 is metallized (0=
fase, 1=true),

byte Met al Sout hO indicator of whether the vertical surface of the dielectric for y=0 is metallized (0=
fase, 1=true),

byte Met al East [ indicator of whether the vertical surface of the dielectric for x=FootprintLength is
metallized (O=false, 1=true),

int Number Of Layer s[0 number of metallization layers (at least 1),
for (inti =0; i <Number Of Layer s; i ++)[ datafor layers and polygons (conductors):
0 double Er O relative permittivity,
0 double ZJ zcoordinate of the layer surface (unit: 10 pm),
0 char Layer Col or [4]00 RGB values for the layer color (0—-255); the last byte is empty,
0 byteLockedO indicator of whether the layer islocked (O=false, 1=true),
0 byteVi si bl el indicator of whether the layer isvisible (O=false, 1=true),
0 char Layer Namre[51] layer name, maximum 50 characters, terminated by the NULL character,
0 int Nurber O Pol ygons O number of polygonsin the layer,
o for(intj =0; j <Nunber Of Pol ygons; j ++)0 datafor polygons:

e intl ndexO index of the conductor to which the polygon belongs (Conductor 0,
Conductor 1,...),

« int Pol ygonl DO polygon ID (as displayed in the Project bar),

e byted osedO indicator if the polylineis closed (O=false, 1=true),
e int Nummber O Nodes [ number of polygon nodes,

e for (int k=0; k<Nurber O Nodes; k++)[ datafor nodes:

. 0 U



e double xO x-coordinate of the node (unit: 10 pm),
e doubley y-coordinate of the node (unit: 10 um),

e double zO zcoordinate of the node (unit: 10 pum); it must be equal to the z
-coordinate of the layer surface,

int Nunber O Vi as number of vias,

for(inti =0; i <Number Of Vi as; i ++) datafor vias:

(0]

(0]

intVi al DO vialD (VIA O, VIA 1..),

doubler [ viaradius (unit: 10 pm),

double x [0 x-coordinate of the via center (unit: 10 um),
double y [0 y-coordinate of the via center (unit: 10 pm),

double TopLayer O z-coordinate of the viatop surface (unit; 10 um); it must be equal to the z
-coordinate of alayer surface,

double Bot t onmlLayer [0 z-coordinate of the via bottom surface (unit: 10 pmy; it must be equal to
the z-coordinate of alayer surface,

byte Sol i dO indicator if the viais solid (O=false=hollow, 1=true=solid),

int Next Layer | DO next available layer 1D (for the default layer name Layer O, Layer 1...),

int Next Pol ygonl DO next available polygon ID,

int Next Vi al DO next available layer vialD.



5.30 Output Files

The results of ES3D are the electrostatic-inductioefficients, the partial capacitances, and theig@nce matrix.
One set of results corresponds to the case in vdticonductors are hot (including Conductor 0)eTther set of
results corresponds to the case in which Condici®assumed to be grounded. The highest indexcohductor is
N.

The results of the analysis are written to thretputdata files. All of these files have the saraena as the project.
The output files are saved in the same directothaproject file (which contans the input datal).cutput files are
ASCII files. ES3D displays them using Notepad.

The output-data files are as follows:

« The file with the default extensiatat contains the matrix@n+1] of electrostatic-induction coefficients and
the corresponding matrixC] of partial capacitances. Conductor 0 is treated Aot conductor, and the
reference point (zero-potential point) is at irtfmi

An example of thelat file is shown below805pads.dat).

Wed Aug 09 18:18:58 2006

Cal cul ations [s]:

Matrix filling 1
Matrix inversion O
Total time 1

Total nunber of unknowns 306
B nmatrix [F]

5.24784e-013  -1.46662e-013 -1.47168e-013
-1.42821e-013 1.84015e-013 -2.0332e-014
-1.42845e-013  -2.03263e-014 1.84047e-013

Cmtrix [F]

2.30955e-013 1.46662e-013 1.47168e-013
1.42821e-013 2.08622e-014 2.0332e-014
1.42845e-013 2.03263e-014 2.08756e-014

The first row and column in each matrix corresptm@onductor 0, the second row and column
correspond to Conductor 1, and so on. The outgot@ntains the date and time when the analysisdend
as well as the duration of computations.

These results are displayed upon clicking the Restults button in the Compute toolbar (providedddte
file is checked as the default output) or uponcirlg the C Parameters option in the List menu. fllags
automatically displayed at the end of the AutoRequence (provided thaat file is checked as the default
output).

« The file with the default extensiakt contains a description of the network formed by phrtial
capacitances. The description is in Touchstone®gatiinle format.

An example of thekt file is shown below805pads.ckt).



CAP 1 0 c= 1.636834e-001
CAP 1 2 c= 2.032912e-002
CAP 2 0 c= 1.637206e-001

The potential of Conductor 0 is assumed zero thés,conductor is shorted to the reference pdint a
infinity). Conductor O corresponds to node 0, Cartdul corresponds to node 1, and so on. The
capacitances are in pF. This file is empti#0.

These results are displayed upon clicking the Restults button in the Compute toolbar (providedcitie
file is checked as the default output) or uponcilg the Ckt option in the List menu. The file is
automatically displayed at the end of the AutoRequence (provided thakt file is checked as the default
output).

The file with the default extension of the foy®p, ylp, y2p, ...,y9p, y10, y11, ..., where the numbers
represenNN in decimal notation, contains tabulategarameters (admittance parameters) of the network
formed by the partial capacitances from ¢kifile. The file is in the Touchstone®-compatiblerfat.

An example of thg-parameter file is shown beloWwg05pads.y2p).

# MZYR R1
0. 00000e+000 0. 000000e+000
0. 000000e+000
1. 156203e- 006

-1.277137e-007

0. 000000e+000
0. 000000e+000
-1.277496e- 007
1.156401e- 006

0
0
1. 00000e+000 0
0

O O ©o o

The first line is the standard header: the frequén MHz (this unit was selected in the Settidgdog
box), the format is the real and imaginary partl #ire admittance parameters are in siemens (Subeca
the reference resistance @.1The header is followed by a block for each freguye The first number
(hanging left) is the frequency. The remaining namskin the block are the admittance parameters. The
admittance parameters are purely imaginary, anehgork is lossless. N=0, no admittance parameters
appear in this file.

These results are displayed upon clicking the Restults button in the Compute toolbar (providedythe
-parameter file is checked as the default outputjpon selecting the Y Parameters option in thé Lis
menu. The file is automatically displayed at thd ehthe AutoRun sequence (provided yhgarameter
file is checked as the default output).



5.31 Segmentation File

The output of the segmentation procedure is written to an auxiliary file with the default extension Ist. Thefileisan
ASCII file. Thelst fileis used as the input to the 3D viewer program and for the kernel DLL for numerical analysis.
Thislst fileis also used as the input file for the stand-alone execution of the ES3D kernel and stand-al one execution
of the 3D viewer.

An example of thelst file is shown below for the case when N=2 (0805pads.Ist). Only the first few lines of thefile
are displayed.

3
67
12
12
215
4
0 0 0
8. 89 0 0
8. 89 19. 05 0
0 19. 05 0
4.6 1
4
77.47 0 0
77.47 19. 05 0
8. 89 19. 05 0
8. 89 0 0
4.6 1

Thefirst entry is the total number of conductors (N+1). The second entry is the number of patches for the first
conductor (Conductor 0). The third entry is the number of patches for the next conductor (Conductor 1), and so on.
Thereisatotal of (N+1) such entries. The next entry isthe number of patches for dielectric-to-dielectric interfaces.

These entries are followed by the data for patches. The first entry for a patch is the number of nodes (points,
vertices). For each node, the Cartesian coordinates (x,y,2) are given. The unit for the coordinatesis 0.01 mm=10 u
m. The final two entries for a patch are the relative permittivity of the medium that is on the positive face of the
patch and the relative permittivity of the medium that is on the negative face of the patch. The positive face is
defined by the right-hand rule, with respect to the orientation of the patch contour. The orientation of the contour is
defined by the order of nodes, as given in the above data.

See also: Capacitances.



5.32 Working with DXF Files
5.32.1 Importing DXF Files

The data for polylines and vias can be importethf&utoCAD® or a similar program that can handle ERg-
(drawing interchange files) format. In such a pesgya drawing should be created using the followires:

« All coordinates X,y) must be positive or zero. A drawing unit corragg®to one user's unit, which is
defined in ES3D.

e For drawing polygons, only 2D polylines that conhsigly of straight lines can be used. The inforomati
about the polyline width and elevation is not used.

e The default layer (“0”) is ignored.

« Define a layer named “FRAME". This layer defines footprint. Draw a rectangle in this layer, where
corner is at the coordinate origin (0,0), and ttreepcorner defines the footprint. In other woiitks,
coordinates are (Length,Width). Anything that iawlin must be within this rectangle.

* Create layers as in ES3D. Each layer should havecue name.

e Within each layer, draw polylines as needed. Poddidrawn in a layer are later translated to pudgli
drawn in ES3D in the same layer. In other wordshgaolyline defines a metallization pattern.

* Vias are drawn in a layer named “VIA”. Each vialimwn as a circle, the center and radius of which
correspond to the data for the via in ES3D.

e Save the data in a DXF file (AutoCAD® version 2000he filename extension @xf.

The DXF file is imported into ES3D using the Impogption in the File menu. The name of the DXF fikcomes
the name of the project. When importing the DXE,fthe user has to specify the following data:

« Unit for coordinates, so that one user's unit iBB8orresponds to one drawing unit in the DXF file,

- Data for layers: relative permittivities and eléwas -coordinates). One coordinate must be 0 (the lowest
layer). All other coordinates must be positive. o coordinates can coincide. For the layer whose
elevation isz=0, the relative permittivity must be 1. The relatjyermittivities must be positive.

After the import is performed, all polygons areigissd to Conductor 0. For all vias, the top anddrotlayers are
set to the lowest layer. Hence, additional dataishbe supplied that describes the polygons andidse

e Select each polygon that does not belong to Cond@ctSet the conductor index as appropriate.
* Select each via. Set the top layer and bottom lagexppropriate.

Before running the analysis, it may also be necggeamodify project settings (frequencies, segraton data, and
default outputs).

5.32.2 Exporting DXF Files

The data from the ES3D graphics editor can be ¢xgdo a DXF file (format compatible with AutoCAD®&rsion
2000) using the Export option in the File menuthis export, polygons are converted to lines thatedevated to
take into account the actuatoordinate. Each via is converted to two circtesated at the corresponding



elevations and interconnected by vertical lines tbpresent the walls of the via. The default fiew is the same as
the project name. The filename extensiodxis The exported file is not back compatible. In otwerds, it is not
ready to be imported back into ES3D.

An example of the exported drawing is shown beloariesponding tt TCCAP.e3d). The colors correspond to the
layer colors in ES3D.




5.33 Program Limits

ES3D has the following limits:
«  maxima number of layers: 10;
» maximal number of conductors: 20;
« maxima number of polygonswithin alayer: 20;
e maxima number of polygon nodes: 50;
e maxima number of vias: 10;
e maxima number of via segments:. 16;
«  maxima number of patches (unknowns): 6000;

«  maxima number of concurrently open projects: 10.



5.34 3D Viewer
A 3D view of asegmentedtructure is provided by selecting the 3D Viewiaptin the View menu of thES3D

30
main windowor by clicking the 3D View butto..—‘ in the Compute toolbar.

The structure is drawn in the ES3D View windowshswn below.

-loix]

Vieww Options Clip Help

Patches that belong to dielectric-to-dielectrieifdces are green.
Colors of other patches correspond to the conduettices. (In thédrawing window the color of a polygon
corresponds to the color of the layer in whichgb&/gon resides.) Colors are ordered so that Cdndgcis blue
and the conductor with the largest index is redhtnabove example (corresponding togasple file
0805pads.e3d), the total number of conductors is 3. Visibldlie above example are Conductors 1 (violet) and 2
(red). Conductor 0 is on the back face and is isibke unless the structure is rotated or clipped.
The displayed structure constitutes an object. § artesiamxes are attached to the object:

¢ Redl parallel to thex-axis in the Drawing window,

e Greenl parallel to the-axis in the Drawing window,

e Bluel parallel to thez-axis in the Drawing window.

The coordinate origin of the object displayed ia ES3D View window coincides with the centroid loé bbject.
(In the Drawing window, the coordinate origin istire lower-left corner of the lowest layer.)

The displayed object can be manipulated. It candmened, panned (translated with respect to theavifidrotated
(with respect to the three axes attached to thectipjand clipped (stripped by removing thin laytbes are
perpendicular to the blue axis).
The followingmenus are available in the ES3D View window:

* View menu resets, copies, and terminates the view:

0 Resetl resets the drawing to the initial state. ShortéitttR.

o Copyl copies the drawing to the Clipboard. Shortcut: €l



0 ExitO closes the ES3D View window. Shortcuts: Alt+F4 &stape.
Options menu controls the way the object is drawn:

0 Axisld toggles the axis display between on and off. Shitirfslt+A.

0 WireFramell displays polygon contours without fill. ShortcutitAN.

An example is shown below.

o FilledO displays filled polygons without contours. Shortchit+F.

An example is shown below.

o0 BothO displays filled polygons and contours. Shortcut:+Al.

An example is shown below.




e Clip menu controls clipping:

0 NoClipping turns clipping off;

o ClipUpper removes everything in the half-space above thitlgpplane;
o ClipLower removes everything in the half-space below thepatig plane;

The shortcut for toggling among these three optistise End key. The position of the clipping plasie
shifted up or down using the Insert and Delete kmapectively. An example is shown below in which
ClipUpper option is in effect.

e Helpd opens a summary of menus, keys, and mouse funcdiostcut: F1.

The following functiorkeys are active in the ES3D View window:
e F10 opens a summary of menus, keys, and mouse functan®e as the Help menu item;
» Escape, Alt+F40 closes the ES3D View window; same as the Exit opiticthe View menu;

« F5, F6, F70 rotates according to the right-hand rule aboutlinee axes of the coordinate system attached
to the object (red, green, and blue, respectively);

* Alt+F5, Alt+F6, Alt+F70 rotates according to the left-hand rule about tinee axes of the coordinate
system attached to the object (red, green, and t@apectively). The Shift key and the Control kay be
used instead of the Alt key.

« F80toggles the axis display between on and off; sasritb&Axis option in the Options menu;

e UpArrow, DownArrow, LeftArrow, RightArrow[ pans (translate) the drawing horizontally and
vertically;

e PageUp, PageDown[l zooms in and out;
* Homel resets the drawing to the initial state; same aR#bset option in the View menu;

« End0O toggles the clipping mode between on and off, avittkes clipping the upper and lower
half-spaces; same as circling through the thremuapin the Clip menu;

* Insert, Deleted movesz-coordinate of the clipping plane up or down (wispect to the coordinate
system attached to the object).



The leftmouse button and the mouse wheel perform the followimggctions:
o Left-click+dragd pans the drawing using the Hand cursor; simildh&Arrow keys;
e Wheeld zooms in and out; same as the PageUp and PageDaysn k

o Ctrl+Wheel, Shift+Wheel, Tab+WheelO rotates about the three axes of the coordinatersyattached to
the object (red, green, and blue, respectivelyjiesas the F5, F6, F7, Alt+F5, Alt+F6, and Alt+Fy&ke

Only one instance of the 3D viewer can be opentimi@ Close the ES3D View window before displaygngew
structure.

To save or print the drawing, copy the drawinght tlipboard, paste it into a program such as MicftdPaint® or
Microsoft Word®, and save or print the drawing.

See also: ES3D Main Window




5.35 Stand-Alone Solver

The ES3D kernel dynamic-link library (DLL) can bged on a stand-alone basis to offer more flexjbititthe user.
The input data to the kernel is the data for thigremted structure. However, the structure neethedayered
(planar) as generated by the ES3D graphics infhé.ahalyzed structure can consist of arbitraripstd conductor
and dielectric bodies.

The input-data file has the same structure asstiide. The restrictions regarding the maximal nunsbef
conductors, patches, and nodes are the same asyfother structure analyzed by ES3D. Additionatrietions are
that each patch must be planar and convex. The glamtaining the patch can be arbitrary (in otherds, it need
not be a coordinate plane).

The user is responsible for providing consisteptitrdata. The user should provide closed patchddcas for
each dielectric and properly specify dielectriatizle permittivities with respect to the patch ataion. No
checking of the data consistency is performed énkigrnel.

To run the kernel on a stand-alone basis, staptbgramES3DKernel.exe from a command window or from
another program (for example, by using @ieeat ePr ocess function). Supply the name of the input-data dite
the command-line parameter. The name extension lmedistt

ES3DKernel.exe sends messages to the user only by writing thetimetfile Kernel.log. This file is located in the
same directory aSS3DKernel.exe. No windows or dialog boxes are used. If the kiehas ended successfully, the
message “Done” is written to the fikernel.log. If an error occurs, an error message is writhsteiad.

The output-data files are automatically createdh wie same name as the input-data file. All filkeslacated in the
same directory as the input-data file. Wagarameters are evaluated at only one frequen®H4. (If needed, thg
-parameters can easily be calculated for any dtaquency, as they are linearly proportional tajérency.)

The 3D viewer progranS3DView.exe, can also be run on a stand-alone basis. The fofbe program is also an
Ist file. To run the viewer, start the progr&83DView.exe from a command window or from another program.
Supply the name of the input-data file as the conuvlane parameter.

A sample file for an arbitrary structurgphere.lst) is provided in the subdirectory Examples. The @iefines a
metallic sphere with a radius of 10 mm, embeddemlandielectric sphere, with a radius of 20 mm. Tdiative
permittivity of the dielectric is 5. The 3D view tfe sphere is shown below, with the top part dahp

The theoretical capacitance of the sphere is 10854 he capacitance computed by ES3D is 1.882 pF.



The stand-alone execution of the kernel enableasheto analyze more general structures than eaetfined in
the ES3D graphics editor. In addition, the userroange the generation of the input data and thiysindy the
ES3D kernel into an optimization procedure or acpdure for batch processing.

See also: Segmentation filrkComputing 3D Viewer.
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