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1 Introduction

1.1 Program function

RFE3 is a versatile numerical tool to nd RF (radio-frequency) ekctric
elds in conductive media for arbitrary three-dimensionalgeometries. The
program applies nite-element methods on a conformal hexakdron mesh for
high accuracy. You can de ne up to 127 regions to representeetrodes or
di erent materials. The amplitude and phase of the harmonigotentials on
electrodes may be set individually. Conductive materialsra characterized
by values of the volume resistivity and relative dielectriconstant. Material
properties may be uniform over a region of the solution voluenand may vary
following a user-speci ed mathematical function. The progm can export a
power density le that may be used in theHeatWave program for thermal
analysis. RFE3View , an interactive graphics analysis program, provides
full information on the amplitude and phase of electric eld and current
density throughout the solution region. The program genetas a variety of
two-dimensional slice plots as well as three-dimensionalofs of surfaces of
constant potential, eld amplitude or resistive power denity.
The package includes two programs:

RFE3.EXE determines one or more solutions in a window or under
batch le control

RFE3VIEW.EXEenerates plots and analyses of solutions froRFE3 .

MetaMesh , the AMaze conformal mesh generator, is required to create
solutions. RFE3 features fast and accurate calculations in random-access
memory. The programs use dynamic memory allocation; thewek, the size
of the solution is limited only by the installed RAM. A computer with 1 GB

of memory can handle over 10 million elements.

RFE3 has the power to address the full range of your applicationshd
keep pace with your growing expertise. Nonetheless, leargithe program
can be relatively painless if you proceed in manageable stepWe suggest
the following sequence of activities:

Follow the walkthrough example in the next section. This wilgive you
quick introduction to the programs.

Chapter 2 covers the theory of RF electric eld solutions in the non-
radiative limit.

Read Chap. 3 to understand the procedure fdRFE3 calculations and
the organization of data les.



I GROUNDEDCHAMEER

Figure 1: Geometry for theWALKTHROW&@&imple.

run solutions supplied in the exanig library.

to-

The examples illustrate many important techniques and mayesve as

templates for your applications.
Chapters 7 through 10 give detailed descriptions of the capiities of

the RFE3View postprocessor.
advanced functions. Other topics include creation of micszopic solu-

grams. Chapter 4 describes how to modifRFE3 scripts to invoke
tions to model small details (Sect. 4.3)

Tackle advanced topics when you have some experience witletpro-

Try some of the ready

de nition of contiuous spatial

matic operation of programs in the background under batch & control

variations of potential and material properties (Chap. 5) ad auto-
(Sect. 6.2).

Chapter 11 describes thdRFE3 output le format. The information
is useful if you want to port data to own analysis programs.



1.2 Walkthrough example

A quick way to understand the solution procedure is to step ttough an
example. We want to nd the capacitance and resistance betea the helical
electrode and the grounded chamber shown in Figure 1. The chier is lled
with puri ed water. This calculation would be quite di cult with analytic
methods. For reference, the conducting chamber has a radio5.0 cm and
a height of 15.0 cm. To begin, transfer the examples 168/ALKTHROUGH.MIN
and WALKTHROUGH .®CGRworking directory like NAMAZEBUFFERRunN the
program launcherAMAZE.EX&hd make sure the program and data directories
are set correctly (.e., to nAMAZBnd NAMAZIBUFFER

To begin, we shall useGeometer to conrm the geometry of the as-
sembly. Run the program, choose the commarfle/Load script and pick
WALKTHRU.MIMhe le content is listed in Table 1. Figure 2 shows a three-
dimensional view of the assembly with the chamber show as ataway. Use
the following operation to recreate the gure:

Click on View/Toggle parts/regions to display objects by their region
number.

Click on View/Orthogonal-perspectiveto change to an interactive 3D
view.

Use View/Part clipping to bring up the Clip parts dialog. In the row
for Part 2, setX in the Axis column andRemove uppeiin the Direction
column.

Move the mouse cursor into the display area and use the left dmight
buttons to rotate, shift or magnify the display.

Exit or minimize Geometer and run MetaMesh . Choose the command
File/Load MIN le and pick WALKTHRU.MIRhen chooseProcess mesho
generate the mesh of Fig. 1. Use the commarkdle/Save meshto create the
le WALKTHROUGH.MDF

We are now ready to usd&RFE3 . Run the program fromAMaze , choose
the Setup command and pick the le WALKTHROUGH.NMID& program dis-
plays the dialog of Fig. 3. Note that the grid contains a row floeach mesh
region. There are four columns in the grid where you can entemlues:
Potential amplitude and phase( xed voltage), EpsilonR (relative dielectric
constant) and Sigma (electrical conductivity in S/m).

The entries in the Control parameter section of the dialog have the fol-
lowing functions:

FREQUENCY The RF frequency in Hz. This entry is required. Enter
a low, non-zero value for a DC solution.
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Table 1. File WALKTHRU.MIiNput to MetaMesh

GLOBAL
XMesh
-5.20 5.20 0.20
End
YMesh
-5.20 5.20 0.20
End
ZMesh
-0.20 15.20 0.20
End
RegName(1) Chamber
RegName(2) ConductiveMedium
RegName(3) Bushing
RegName(4) Heater
END
PART
Region GroundedChamber
Type Box
Fab 10.40 10.40 15.40
Shift 0.00 0.00 7.50
END
PART
Region ConductiveMedium
Type Cylinder
Fab 5.00 15.00
Shift 0.00 0.00 7.50
Surface Region Chamber
Coat Chamber Chamber
END

PART
Region Bushing
Type Cylinder
Fab 1.00 1.20
Shift 2.50 0.00 0.40
Surface Region Chamber
Surface Region ConductiveMedium
Coat Chamber Chamber
END
PART
Region Heater
Type Cylinder
Fab 0.60 6.00
Shift 2.50 0.00 0.50
Surface Region Bushing
Surface Region ConductiveMedium
END
PART
Region Heater
Type Helix
Fab 2.50 0.60 9.00 3.00
Shift 0.00 0.00 3.00
Surface Region ConductiveMedium
END
ENDFILE



Figure 2: Three-dimensional view of theVALKTHROWSsembly. Part clip-
ping is applied so that the conductive medium is shown only ithe region
x 0:.0.

DUNIT. A factor to convert coordinate units used inMetaMesh to
meters. The value is the number of mesh units per meter: 39.33r
inches, 100.0 for cm.

RESTARGET Accuracy tolerance for the iterative matrix solution of
the nite-element equations.

MAXCYCLE Maximum number of cycles in the iterative solution.

OMEGA A parameter in the range 0.0 to 2.0 to control the iterative
matrix solution.

BOUNDARYand SUPERPOSITIONAdvanced program capabilities de-
scribed in Sect. 4.3.

The column options in the region grid box determine the maté&l proper-
ties of the regions. An entry in thePotential column speci es that the region
is a xed-potential electrode in both solution types. The seond column is
the phase of the potential in degrees. If no value appears,etidefault is
0.(°. Entries in the third and/or fourth columns designate a mateal region.
Enter the relative dielectric constant , in the EpsiR column and the electri-
cal conductivity in the Sigmacolumn. The default values are 1.0 and 0.0



[*| RFE3 script setup x|

= Control p

oK
FREQUENCY | 1.0000E+08 MAXCYCLE | 1500 l'_l
Carnicel |
DUNIT | 1.0000E +02 OMEGA, | 1.8000

RESTARGET | 1.RO0E-07
BOUNDARY I SUPERPOSITION |

- Region properties

Feghao M ame Potential Phase EpzilonR Sigma ;I
1|CHAMBER 0 0
2ICONDUCTIVEMEDIUM | 1.0E-3
SIBUSHING 2 [i]
4|HEATER 1 0

i o

Figure 3: Dialog to setRFE3 control parameters and region properties.

S/m. RFE3 issues an error messages if material properties are appliteca
xed-potential region and vice versa. The values entered ifig. 3 de ne a
solution with the following region characteristics:

Region 1. Fixed potential (boundary): =[0:0;0:0] V.

Region 2. Imperfect dielectric (Il medium): ; =81:0and =1:0
10 3 S/m.

Region 3. Dielectric (bushing): ; =2:71and =0:0 S/m.
Region 4. Fixed potential (coil): =[1:0;0:0] V.

Set up the dialog with the values shown and clicKK. RFE3 uses the infor-
mation in the dialog to create the scriptWALKTHROUGH &idlvn in Table 2.
Chapter 4 reviews the script format and advanced program capilities.

We shall rst perform a low frequency calculation to compareesults to
theoretical predictions. The activity also shows how to makdirect changes
in the control script. Click on the File/Edit script le comm and and choose
WALKTHROUGH.RMNthe editor, make the following change to the script
command:

* Freq = 1.0000E+06
Freq = 0.1



Table 2: RFE3 script WALKTHROUGH.RIN

Mesh = walkthrough

Freq = 1.0000E+06
DUnit =  1.0000E+02
ResTarget = 1.5000E-07
Omega = 1.8000E+00
MaxCycle = 1500

* Region 1. CHAMBER
Potential(1) = 0.0000E+00 ( 0.000)

* Region 2: CONDUCTIVEMEDIUM
Epsi(2) = 8.1000E+01
Sigma(2) = 1.0000E-03

* Region 3: BUSHING
Epsi(3) = 2.7100E+00

* Region 4: HEATER
Potential(4) = 1.0000E+00 ( 0.000)

EndFile
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The asterisk at the beginning of the rst line denotes a comnme. Therefore,
we shall perform the initial calculation at 0.1 Hz. At low frequency, the real
current density is much higher than the displacement currérdensity. The
ratio of current densities is given by:

Jr _ :

jd 2f r 0. (1)
For =0:001 S/m, , =81:0 andf =0:1 Hz, the predicted ratio isj,=jq =
222 1C.

ChooseRun in the main RFE3 menu and pick WALKTHRU.HIMhe pro-
gram uses information inNWALKTHRU.Mddied WALKTHRU.Hidl create nite-
element equations appropriate for the conformal mesh and neaial proper-
ties and then solves the equations. The complete procedurgkes about 25
seconds.RFE3 creates the binary le WALKTHRU.H®hich contains infor-
mation on the mesh geometry and the electrostatic potentialt nodes.

Next run RFE3View . Before proceeding to plots, we shall check some
numeric results. Click theRun script command in theFile menu and choose
the le WALKTHROUGH.Salkte 3 shows the contents of the le. In response,
the program automatically loads the data leWALKTHROUGH.Rdns a le
WALKTHROUGH IoAdutput, performs calculations of volumetric quantities
through the solution space and then analyzes volume and sack integrals
for Regions 1 (surrounding chamber), 2 (conductive mediumB (bushing)
and 4 (helical electrode). The program menu is inactive durg the time (a
few minutes) required for the calculations.

ChooseEdit data le in the File menu and openWALKTHROUGH.DA@
rst section shows results from the global analysis. The tigaveraged power
dissipation is 6263 10 4 W for an applied voltage of amplitudeV, = 1:0
V. From the equation

D — V02 .

P = R’ (2)
we infer a resistance of 798.4 . The surface integrals in theegion analysis
of the conducting chamber (Region 1) give the following vaés for real and
displacement current:1, =1:273 103 A and 4 =5:741 10 ° A, The
ratio of currents (222 1(P) agrees with the prediction of Eq. 1. The value of
I, implies a resistance of 785.5 (a di erence of 1.6% from thealue deter-
mined from the volume integral). The integral over the surfee of the helix
gives a real currentl, = 1:156 10 3 A for an implied resistance of 865.1 .
The di erences in the results illustrate accuracy limitatons in numerical cal-
culations. The volume integral involves an average over marlements and
gives the highest accuracy. The surface integrals involvéenti cation of and
eld interpolations over facets. The method achieves the Ilsé accuracy on
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Table 3: Contents of the le WALKTHROUGH.SCR

* File WALKTHROUGH.SCR

* NReg RegName

* e -

* 1 GROUNDEDCHAMBER
* 2 CONDUCTIVEMEDIUM
* 3 BUSHING

* 4 HEATER

INPUT WALKTHROUGH.ROU
OUTPUT WALKTHROUGH
FULLANALYSIS

REGION 1

REGION 2

REGION 3

REGION 4

ENDFILE

at or gently-curved surfaces (such as the chamber wall) anchay encounter
errors on complex sharply-curved surfaces (such as the halielectrode).

CloseWALKTHROUGH @I return to the main menu. Click onSlice plots
and then chooseSlice normal to Y in the Change viewmenu. In the Plot
control menu, click onSlice plot styleand chooseElement Finally, under
Plot quantities in the Plot control menu, pick |Jr|[Ref . You should see a
plot similar to that of Fig. 4. The gure shows variations of the amplitude
of real current density in the planey = 0:10. The plot is created at a
reference phase of O20@or an applied voltage of the formv (t) = V, cos(2ft ).
As expected, the current density concentrates on the outsdof the helical
electrode and equals zero inside the bushing.

To complete the analysis, ediWwWALKTHROUGH #Ithange the frequency
to f = 1:0MHz and change the conductivity for Region 2 from = 0:001
S/mto 0.0 S/m. Save the le, exit the editor and rerun the soldion. Return
to RFE3View and rerun the script WALKTHROUGH .®GRalyze the mod-
ied eld solution. The global analysis gives the followingvalues for region
eld energy: U =4:492 10 °J (water) and U =1:232 10 2 J (bushing).
The eld energy density is given by:

us= °2f (E E); (3)

whereE is the complex electric eld vector. Using the formulaJ = CV?2=2,
the predicted total capacitance is @08 10 !° F. The water accounts for
99.7% of the capacitance. The predicted amplitude of the gikicement cur-
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5.200E+00 Plot type: Vector
Plotted quantity: |Jr|Ref
Minimm:  0,0000E+00

Maximum:  1.3653E-01

0.0000E+00
9.75248-03
1.85058-02
2.92578-02
3.90108-02
4.87628-02
5.8514E-02
6.0267E-02
1.80198-02
8.77728-02
9. 7524802
1.07288-01
1.17038-01
1.26788-01
1.36538-01

-1.00E-01

NIRRT

5.200E+00

-1 000E-01 7 T.HORIT  5.208400 4  5.208400

Figure 4: Element plot of the magnitude of real current at thereference
phase 0.9 in the planey =0:1.

rentatf =1:0 MHz islg =2 fCV ( =5:660 10 3 A. For comparison, the
surface integral of displacement current density over thehamber wall gives
5754 10 3 A.

In this section we have seen a few of the capabilities &®#FE3 and
RFE3View . At this point, you can experiment with plotting capabiliti es of
the post-processor. Figure 5 illustrates some 3D capabi#is. The plot shows
a cutaway view of the chamber and electrode with values | at reference
phase 0.0. Note that the demonstration addressed two special cases evh
conduction was dominated by either real or displacement a@nt. The true
power of RFE3 lies in its ability to handle intermediate cases where both
real and displacement currents play signi cant roles.
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Figure 5: Three-dimensional cutaway view of the chamber arklical elec-
trodes along with a calculated values ofEj at reference phase 0%on the
chamber wall.
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2 Theoretical background

2.1 Electric elds in conductive media
Static electric elds can be written as the gradient of a scal electrostatic
potential:
E=r : (4)

Equation 4 also holds for RF electric elds at moderate freqgncy. In this
case, time-varying magnetic elds make a small contributio to the electric
eld, so that

r E=0: (5)

Equation 5 is equivalent to Eq. 4. If the electric eld variesas

E(X;y;z;t) = Eo(X;y;z)cos(t ) = Eo(X;y; z) Re[exp(i't )]; (6)
then Eq. 4 is valid over scale lengths of order
1

0
In Eq. 7, is the dielectric constant of the material. As an example, tang
= 10 g and L = 0:1 m, the quasi-static approximation is valid for RF
frequencies in the rangé 95 10° Hz or f 151 MHZ.
For a system of ideal dielectrics (no conductivity), we canambine Eq. 4
with the divergence equation,
r (E)=0; (8)

to derive the Laplace equation,

r(r)=0: (9)

Equation 9 holds when there is no free space charge.

We can derive a similar equation for a conducting medium at ee fre-
guency (no displacement currents). Because there is no tinaariation of the
charge in the media, the divergence of current density eqsatero,

r j=0: (20)

The current density is related to the electric eld by

= E (11)
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where is the electrical conductivity. Combining Egs. 4, 10 and 11liges an
alternate form of the Laplace equation

r(r)=0: (12)

Note that Eq. 12 has the same form as Eq. 9 if we replacewith

We can consolidate the developments to describe low-fregog RF elec-
tric elds in imperfect dielectrics. Here the distribution of charge in a medium
is determined by both real and displacement currents. We taka low angular
frequency in a region that satis es Eq. 7 and assume that theme depen-
dence of the electric eld (and all other time-varying quanties) follows the
form of Eqg. 6. In the equation, the quantity Eq(X;y; z) is a vector of three
complex numbers that gives the local amplitude and phase di¢ eld. Sim-
ilarly (x;y;z) is a complex number with information on the amplitude and
phase of the potential. Takingj, as the real current density in the conduc-
tive media and , as the space-charge density resulting from this current,
conservation of charge implies that

@ : .
@rt=ll = i (13)
The divergence equation assumes the form
|
r (E)=i=ir|“:r 'I—E: (14)
The expression on the right-hand side proceeds from the retm j, = E.

Equation 14 can be written as

r — E=0; (15)
or

r — T =0: (16)

Equation 16 is identical to Eq. 9 if we interpret the dielectic constant as
a complex number,

) T : a7

Equation 16 can be solved with standard solution methods byinsply re-
placing the potential and dielectric constant with the appopriate complex
numbers.

16



Figure 6: Special Neumann boundaries

2.2 Boundary conditions

The boundary is the outer edge of the solution volume. For RFlectric
eld problems, node potentials on the boundary can be set tone of two
conditions.

Dirichlet

Dirichlet boundary points have a xed value of the complex ptential
that does not change as thdRFE3 relaxation proceeds. A region of
uniform-potential nodes represents an electrode (equipattial volume).
Electric eld lines are normal to such a surface.

Neumann

A Neumann boundary is one where the normal derivative of theom-

plex potential is speci ed. The boundaries irRFE3 are limited to the

special case wher@ =@nr= 0. The special Neumann condition implies
that the electric eld is parallel to the boundary. One of theadvan-

tages of the nite-element method is that all boundaries thaare not

xed automatically satisfy the special Neumann conditiongven if they
are slanted or curved. Neumann boundaries are often used teduce
computation time for symmetric systems. For example, Fig. 6hows
an equipotential plot for a solution of the elds between twospherical
electrodes with a dielectric inclusion. Accurate resultsan be obtained
simulating only a portion of the inter-electrode volume. Syimetry ap-

plies on the bottom boundary, while the top boundary is far eough

from the object so that the eld is almost purely radial. In coxduc-

tive solutions, a special Neumann condition represents thgurface of
an ideal insulator (.e., current ow parallel to the surface).

17



3
3.1

Organizing RFE3 calculations

Procedures and les

The RFE3 package consists of the programfe3.exe that computes the
physical solution andrfe3view.exe , a post-processor for analyses of the
results. The solution program can run in two modes: interastely in a win-
dow or autonomously in the background under batch le contrb Similarly,
RFE3View can run as an interactive application under user control orwa
tonomously under script le control. The autonomous modeslw automatic
processing of large or repetitive data sets.
Two input les are required for a RFE3 solution:

A MetaMesh output le ( MPrefix.MDPF that describes the conformal
hexahedron mesh. The le contains node coordinates and thegion
numbers of elements and nodes.

A RFE3 script (FPrefix.RIN ) that sets control parameters for the
solution program and describes the physical properties assated with
regions.

The RFE3 le is usually prepared with the dialog described in Sect.2. You
can use an editor to compose a script or to add advanced feagar(Chap. 4).
A RFE3 calculation generally consists of the following steps:

1.

Use Geometer or an editor to prepare aMetaMesh script with a
name of the form MPREFIX.MINhat de nes the solution space and
describes the division into spatial regions.

Run MetaMesh to create a le MPREFIX.MDO# standard mesh infor-
mation. This le could be used as input for multipleRFE3 simulations
or for other AMaze programs.

Use theSetup command of RFE3 to prepare a script FPREFIX.RIN
that sets control parameters and de nes the material propées of re-
gions.

Use theRFE3 Processcommand to create a solution leFPREFIX.RQU
This le contains information on node spatial coordinates ad complex
potential.

(Optional) Prepare a standardAMaze analysis script SPREFIX.SQR
to control an RFE3View analysis session.

18



Table 4. RFE3 le types

| Name form | Function | Status |

MPREFIX.MIN| Simulation geometry, input to MetaMesh | Required
MPREFIX.MDF Output from MetaMesh , inputto RFE3 | Required

FPREFIX.RIN | Material properties, input to RFE3 Required
FPREFIX.ROU Output from RFE3 , input to RFE3View | Required
SPREFIX.SCR Analysis control, input to RFE3View Optional

PREFIX.DAT | Analysis data output, from RFE3View Optional

6. UseRFE3View to create plots or to generate numerical data using
the information in FPREFIX.ROWUhe analysis may be performed in-
teractively or automatically under the control of a script.

Table 4 summarizes the input and output le used INRRFE3 .

3.2 Script conventions

The RFE3 input script is a text le with data lines containing commands
and parameters. The script must end with theEndFile command. The
programs make no distinction between upper and lower casentBies on a
line may be separated by the following delimiters:

Space, blank
Comma [|]

Tab

Colon [1]

Equal sign [F]

Left parenthesis [(]
Right parenthesis [)]

You may use any number of delimiters in a line. This means thatou can
add indentations and customize the appearance of the scripFor example,
the two lines

Epsi 2 5.56
Epsi(2) = 5.56

have the same e ect.

RFE3 ignores blank lines and comment lines. Comment lines begirithv
the symbol [*] (asterisk). Most parameters are real numbersThe following
formats are valid.
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1.000
5.67E6
6.8845E+09
5

The nal number is interpreted as 5.0.

RFE3 accepts commands in any order. The program reads and analyze
all commands before starting the solution. Generally, it igood practice to
put control commands at the beginning and to group commandshéat set
material properties by region. The following example illisates a complete
script for RFE3 :

* File: CLAMP.RIN
DUnit = 1000.0
Freq = 5.0E6
ResTarget = 1.0E-7
MaxCycle = 200

Omega = 1.90
NCheck = 10

Epsi(1) = 1.0

Sigma(1) = 0.0
Epsi(2) = 500.0
Sigma(2) = 5.0
Epsi(3) = 800.0
Sigma(3) = 1.0

Potential(4) = 1.0 0.0
Potential(5) = 1.0 180.0
Potential(6) = 0.0 0.0
EndFile

You may place any amount of text in any format after theEndFile command.

Therefore you can add extensive documentation that can belp&l when you
return to a simulation after a long period of time.
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4  Script commands

4.1 Program control

This chapter reviews the full set of commands that may be inatled in RFE3
scripts. The rst group, discussed in this section, contrel program operation.
Each command is shown symbolically and in a form that it mighassume in
a program.

MESH MPre x

MESH = TriggerCon g

The pre x of the MetaMesh output le ( MPrefix.MDPF to use for the de -
nition of the solution geometry. If the command does not ap@e in a script
FPrefix.RIN , RFE3 searches for the default leFPrefix.MDF.

FREQ Freq

FREQ = 1.0E5

All electrode potentials in anRFE3 solution have the same harmonic fre-
guencyf although they may have di erent phases. Enter the value of &-
guency in Hz. This is a required parameter - the program stopgith an error
message if a value is not supplied. For DC solutions, enter mall value for
f rather than 0.0.

DUNIT DUnit

DUNIT = 100.0

Use this command to set the units used iMetaMesh to create the input
mesh. The real-number quantityDUnit is the number of working units per
meter. For example, if you used dimensions of centimeterstime MetaMesh
script, setDUnit = 100:0. The quantity DUnit is recorded in the output le
and is used inE for the input and output of positions. Default: DUnit = 1:0.

RESTARGET ResTarget

RESTARGET = 5.0E-6

The numerical calculation of RF elds requires the solutiorof a large set of
coupled linear equations, one for each active node in the wobn volume.
RFE3 uses an iterative technique based on corrections that reduthe error
in the complex-number potential at a point compared to prediions from
values at neighboring nodes. Theesidual is an average of the relative errors
over all nodes in the solution space during an iteration. Teicommand sets
a target value for the residual. The program stops if the errodrops below
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the value. For good accuracy, the relative residual shouldedess than 10°.

If the value of ResTargetis too low, the program may not converge because
of roundo errors. In this case, you can terminate a solutiomanually if you
running RFE3 in the interactive mode by using theStop command. Default
value: ResTarget=5:0 10 ’.

MAXCYCLE MaxCycle

MAXCYCLE = 2500

The integer parameterMaxCycle is the maximum number of iteration cy-
cles. RFE3 saves the solution and stops when it reachddaxCycle even if
ResTargethas not been attained. Default valueMaxCycle = 2500.

OMEGA Omega

Omega = 1.92

The real-number parametetOmegais the over-relaxation factor used to cor-
rect potential errors during the solution. This quantity may have a signi cant
e ect on the run time. If this command does not appearRFE3 picks val-
ues that vary with the iteration cycle following the Chebyslev prescription.
With this command, you can set a value manually. The value mude be-
tween 0.0 and 2.0 for numerical stability. Higher values germally give faster
convergence.

The remaining control commands serve specialized funct®and are used
infrequently.

NCHECK NCheck

NCHECK = 20

The operations to calculateResTarget take time; therefore, RFE3 usually
does not make a check on every iteration cycle. The integer raaneter is
the number of relaxation cycles between convergence checkefault value:
NCheck = 50.

FORMAT [Text, Binary]

Format = Text

By default, RFE3 creates output les FPREFIX.HOIn binary format. This
format can be loaded quickly and occupies minimal disk spaceé\ binary
output le is required if you want to use PhiView to analyze the solution.
Chapter 11 describes the binary le structure.We have inclded an option
to create output les in text format to make it easier to port results to your
own analysis programs. The string parameter can assume thalwesBinary
or Text.
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INITVAL FPre x

INITVAL = DistortionSwitch

In some circumstances, you can reduce the solution time farge meshes
by using precomputed initial values of complex-number potgial. In normal
operation, RFE3 initializes value of electrostatic potential to = [0:0; 0:0]
at all nodes that do not have a xed potential. When this commad ap-
pears, the program sets initial values at variable nodes eguto those in
the le FPrefix.ROU. One application for the command is to run additional
relaxation cycles to improve the accuracy of an existing sdion. You can
also use the command if you make small changes to applied putels or the
geometry of electrodes or dielectrics. The solution |&Prefix.ROU should
be available in the working directory and must have the sameo@indation
mesh as the input le MPrefix. MDF. A necessary condition is that the val-
ues ofl max » Jmax, Kmax; Xmin 1 Xmax s Ymin » ¥Ymax s Zmin and Zmax must match.
Within this limitation, there may be small geometric di erences between ob-
jects in the two les. If there are large di erences, the proedure may not
signi cantly reduce the solution time.

4.2 Basic material properties

Material properties in RF electric eld solutions are relaively simple so only
a few commands are required. The basic commands of this sestset prop-
erties that are uniform throughout a region. Chapter 5 desdres how to
de ne material properties that vary according to a mathemaital expression
over the region volume.

POTENTIAL RegNo A [Phi]

POTENTIAL(5) = 2500.0 (90.0)

This command sets all elements and nodes associated with @iom to a

xed potential condition. The integer parameter is a regiomnumber de ned

in MetaMesh . The rst real number is the value for the amplitude of

the potential in volts (V). The optional second real number s the phase
in degrees. RFE3 converts the number to radians for internal use. The
resulting applied voltage has the form:

V(t) = Acos(2ft + ): (18)

The xed-potential condition may be applied to both lled and open regions.
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EPSI RegNo EpsiRel

EPSI(4) = 12.6

This command sets a relative dielectric constant for all edeents associated
with a lled region. The integer parameter is the number of a egion de-
ned in MetaMesh . The second parameter is the value of relative dielectric
constant , = =epsilony (dimensionless). To model a oating electrode (con-
ducting object whose potential is not previously know), aggn a relatively
large value of dielectric constanti(e., 10%) to the region. Note that extremely
high values of , may slow convergence. The default for all unspeci ed regisn
is , =1:0.

SIGMA RegNo Cond

SIGMA(5) = 0.682

This command assigns a conductivity to elements within thepgci ed lled
region. The real number parameter is the value of in S/m. To model
a perfect insulator immersed in a conducting medium, set = 0:0. To
model a oating electrode, assign a relatively high value ofonductivity.
The default for all unspeci ed regions is = 0:0 S/m. Both the Epsil and
Sigmacommands may be used to de ne an imperfect dielectric.

4.3 Modeling small details in a large-scale solution

RFE3 incorporates a powerful feature that enables accurate calations of
elds near small features in a large solution space. Suppose wanted a
precise calculation of the elds on a eld emission tip. The adius of the tip
is much smaller than the scale size of the electrodes that ate the eld and
hold the tip. We need to do a large-scale calculation to nd tB macroscopic
elds (Solution 1 ), but we would need very small elements near the tip
to resolve the curvature. One approach is to use variable niesesolution
to create small elements near the tip. A limitation to this tehnique arises
from the structured mesh used in théAMaze programs - the region of small
elements must extend the full length of the solution volume.

Figure 8 illustrates an alternate approach. We create a samb solution
that extends over a small subregion of the original solutio(green outline).
The microscopic solution contains any electrodes that aredated within the
subregion. The dierence is that the electrode shapes may besolved in
much greater detail. The question is how to incorporate the atroscopic
elds correctly into the microscopic solution. One resoluon is to enclose
the second solution in a variable-potential Dirichlet boudary. Values of
on the boundary are calculated by interpolation at the corrgponding point
in the macroscopic solution (dashed red line). The total sation will be
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Figure 7: Creating a microscopic solution using thBoundary command.

approximately correct as long as new features (such as theurmled tip) are
well-removed from the variable-potential boundary.

De nition of the variable Dirichlet boundary is controlled by the following
command that appears in the script ofSolution 2 :

BOUNDARY FPre x [BScale] [BStatus]

BOUNDARY FEmitMacro 1.0 101111

The string quantity FPre x is the pre x of the output le for Solution 1 .

The real-number quantity BndScaleis an optional scaling factor applied to
potential values transferred fromSolution 1 to Solution 2 . The default is
BndScale= 1:0. The optional parameterBStatus is a string with six char-
acters, either '0' or '1". It can be used to control whether apgeci ¢ boundary

is assigned the computed Dirichlet condition. The order ofdundaries in the
string is XDn, XUp, YDn, YUp ZDn and ZUp. An entry of 1' indicates
that the Dirichlet condition should be applied. The defaultis BStatus =

'111111".

In response to theBoundary command, RFE3 loads Solution 1 into
memory and sets up the apparatus for making second-order eémpolations
of potential in the solution. Next, the program loops throu@y all nodes of
Solution 2 . If the node is on the boundary of the solution boxXRFE3 marks
it as a xed-potential point and sets the potential equal to te interpolated
value calculated at the position inSolution 1 . RFE3 issues an error message
under the following conditions: 1) the output le for Solution 1 is not
available in the working directory, 2) Solution 2 does not t completely
inside Solution 1 or 3) an interpolation failed. The program makes no
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Figure 8: Equipotential lines and element resolution in théarge-scale solu-
tion BOUNDTESTOIhe dashed line shows the boundary of the small-scale
solution.

further validity checks. You must ensure that the geometry b Solution 2
represents a correct microscopic section &olution 1 .

The example library contains les to illustrate the process The le set
BOUNDTESTO1.MéNd BOUNDTESTO1.Rtéscribes a large-scale solution,
while BOUNDTESTO02.VdNd BOUNDTESTO2.Réléscribe a microscopic so-
lution, a subset of the rst. Figure 9 shows the large-scaleokition which
covers a volume extending from -10.0" to 10.0" im and y and from 0.0" to
15.0" in z. A shaped electrode creates a eld on a at grounded plate. We
want to nd precise elds near a small protrusion on the plate The protru-
sion is smaller than the scale size o elements in the largeade mesh (0.5").
The microscopic solution covers a portion of the original &dion volume ex-
tending from -2.5" to 2.5 inx and y and from 10.0" to 15.0" inz. (dashed
line in Fig. 9). The element scale size is 0.25" in the bulk ohé solution and
0.05" in the region of the protrusion. The scriptBOUNDTESTO02.Rils the
following content:
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Figure 9: Equipotential lines and element resolution in themall-scale solu-
tion BOUNDTESTO02

* File BOUNDARYTESTO02.RIN

* NReg RegName

* 1 VACUUM

* 2 PROTRUSION
FREQ = 0.10

RESTARGET = 5.0E-8
MAXCYCLE = 2500
DUNIT = 39.37

NCHECK = 10

BOUNDARY BOUNDARYTESTO1
EPSI(1) = 1.0

POTENTIAL(2) = 0.0

ENDFILE

Figure 9 shows equipotential lines and the element divisiasf the protrusion
in the microscopic electrostatic solution, a subset of theriginal. The sur-
face of the protrusion is well-resolved and electric eld terpolations in the
vicinity will be accurate. The process is valid because thergsence of the
small protrusion does not signi cantly in uence values of ptential at the
boundary of Solution 2 .

In response to theSuperpositioncommand,RFE3 adds values from one
solution (Solution 1 ) to another (Solution 2 ). The following statement
may appear in the command script foiSolution 2 .
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SUPERPOSITION FPre x [SScale]

SUPERPOSITION UniField

The string FPre x is the pre x of the output le for Solution 1 . The restric-
tion is that Solution 1 must tinside Solution 2 . The real quantity SScale
is a scaling factor applied to potential values transferretfom Solution 1 to
Solution 2 . The default is SuperScale= 1:0.

If the Superpositioncommands appears in the scriptRFE3 opens the le
FPrefix.ROU after Solution 2 has been completed. The program performs
an interpolation in the space ofSolution 1 to determine the potential ; at
each node location inSolution 2 and adjusts values according to

9= ,+ SScale (19)

before writing the output le. You must ensure that the supeposition is

physically correct. In electrostatic solutions the presere of electrodes and
dielectrics in Solution 2 can make signi cant local changes to the macro-
scopic eld of Solution 1 , so that a simple superposition would be invalid.
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5 Spatial variations of material quantities from
mathematical functions

5.1 Program capabilities

Section 4.2 covered commands to de ne material properties; (and/or )
that are uniform throughout a region. This section descritge how to rep-
resent quantities that vary continuously in space followig a mathematical
prescription. It is straightforward to assign variable regn properties with
following commands:

EPSI RegNo > Function

EPSI(7) > 1.0 + ($x - 0.25)/5.50

EPSI(4) > 1.0 - 0.625*$z"2

Assign values of the relative dielectric constant, to elements of the region
according to a speci ed spatial variation. The spatial funtton is evaluated
at the center of mass of each elemenRFE3 issues an error message if the
value of the function in any element gives, 0:0.

SIGMA RegNo > Function

SIGMA(7) > 0.5 + 2.0*%(1.0 - c0s(3.14156*$x/15.0))

SIGMA(4) > 100.0 - 50*exp(($z/10) ~2)

Assign values of electrical conductivity to elements of theegion according to
a speci ed spatial variation. The spatial function is evalated at the center
of mass of each element and should return values in units ofr®/ RFE3
issues an error message if the value of the function in anyrelent is < 0:0.

FLIST RegNo [Epsi,Sigma]

FList(2) = Sigma

This command controls a listing you can use to check whetheomplex func-
tions have been de ned correctly. In response to the commanBFE3 opens
a text le and lists the position and corresponding calculagd values of the
function at all nodes or elements of the region. The string ¢ipns determine
which function associated with the region is listed. The lename depends on
the region number and function type. For example, the condtigity function
for region 19 is recorded in the 1eSIGMA019.LSTYou can inspect the le
with an editor or port it to a plotting or mathematical analysis program.

5.2 Function syntax

RFE3 features a exible and robust algebraic function interpretr. A func-
tion is a string (up to 230 characters) that may include the fllowing entities:
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Spatial variables,$x, $y or $z.

Real and/or integer numbers in any valid format €.g, 3.1415, 476,
1.367E23 6.25E-02, 8.92E+04... ). Integers are converted to real
numbers for evaluation.

Binary operations: + (addition), - (subtraction), * (multiplication), /
(division) and N (exponentiation).

Functions: abs (absolute value), sin (sine), cos (cosine), tan (tan-
gent), In (normal logarithm), log (base 10 logorithm),exp (normal
exponent) andsqt (square root).

Up to 20 sets of parentheses to any depth.

Any number of space delimiters.

The parser conforms to the standard algebraic rules and feses compre-
hensive error checking. Errors may include unbalanced patbeses, unrec-
ognized characters and sequential binary operations. Tdustrate a valid

example, the expression

1 - exp(-1.0%(($x"2 + $y"2 + $z°2)/24))

corresponds to

1#
XZ + y2+ 22

1 exp o7

(20)
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Figure 10: RFE3 display during a solution.

6 Running the RFE3 program

6.1 Interactive operation

The programrfe3.exe can run interactively in a window. In this mode you
can perform several solutions in a session and temporarigalve the program
to work on other tasks. You can launch the program fro\Maze or create
you own shortcuts. Figure 10 shows the program window.

The program menu has four main commanddzile, Setup Run and Help.
The following commands appear in thé-ile popup menu.

EDIT SCRIPT

EDIT LISTING FILE

EDIT FILE

The commands call up the internal editor to inspect or to mody text input

and output les for the solution program. With the Edit script command you
can work on les with names of the formFPREFIX.RINWith the Edit listing

le command you can pick les with names of the fornFPREFIX.RLSThe
Edit le command shows all available les. Choosing a le from an alteate
directory does not change the working directory of the progm. Note that
the main program will be inactive until you exit the editor.

SETUP

In response to this commandRFE3 prompts for the name of aMetaMesh
le and brings up the dialog of Fig. 3. Fill in values for contol parameters
and material properties to create a basic script. You can usan editor to
modify the script or to add the advanced functions describeoh Chap. 4.

The Run menu has three commands.
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START RUN

Pick an input le with a name of the form FPREFIX.RINo start a solution.

The working directory changes if you pick a le from an alterate directory.

The run begins if the requestedMetaMesh le MPREFIX.MD§ available in
the working directory. RFE3 displays information in the window to show
the progress of program operations (Fig. 10).

PAUSE RUN

The intensive calculations ofRFE3 make demands on the resources of your
computer, possibly causing other tasks to run slowly. If yomeed to per-
form critical work, you can pause the solution program durig the relaxation
process and restart it later without loss of data. Note thatfi you have a
dual-processor machine, the Windows operating system wihunt tasks so
that you have approximately the power of one processor wh&FE3 is run-
ning. To use the full power of the machine, you can launch twmstances of
RFE3 to perform two independent calculations.

STOP RUN

This command terminates the program during the relaxation gcess and
saves output data. For example, you may want to stop a run at a aderate
value of convergence to check whether the problem has beerrectly de ned.

The Help menu has a single command.

RFE3 MANUAL
The command displays this manual using your default PDF viegy. The le
rfe3.pdf must be in the same directory asfe3.exe .

6.2 Automatic runs under batch le control

Batch le control is a useful option for running large techntcal programs
like RFE3 . You can prepare scripts to organize complex operations. &h
sequenced programs run automatically in the background. Thfeature is
particularly attractive on dual-processor machines.

To run a singleRFE3 calculation in the background, go to the Command
Prompt from Windows and log to the data directory that contans the re-
quired MDRaNd RIN les. For example, suppose the data leSWITCH.MERd
SWITCH.RIMre stored innAMAZtBUFFERNd that the programrfe3.exe is
in the directory nAMAZB-rom nAMAZIBBUFFER/pe

.\RFE3 SWITCH <Enter>
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The program runs silently, writing detailed information in the listing le
SWITCH.RL¥ the solution is successful, the program creates the outp le
SWITCH.RQW the data directory.

The main function of the command mode is autonomous operatiander
batch le control. As an example, suppose you have prepareti¢ input les
SWITCHO1.MIN,,SWITCHO08.Mlidnd SWITCHO1.RIN.,SWITCHO08.RIN the
directory nAMAZEBUFFERNext you create the following batch leSWRUN.BAT
in the data directory using a text editor:

@ECHO OFF

ECHO Main switch data run

START .\METAMESH.EXE SWITCHO1
START ..\RFE3.EXE SWITCHO1
START .\METAMESH.EXE SWITCHO02
START ..\RFE3.EXE SWITCHO02

START .\METAMESH.EXE SWITCHO08
START ..\RFE3.EXE SWITCHO08

Type
SWRUN <Enter>

to generate all solutions without the need for further keybard input.
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7 RFE3View { le operations and plane plots

7.1 File operations

The function of the RFE3View post-processor is create plots and to cal-
culate numerical quantities fromRFE3 binary solution les. The program
has the following popup menusfFile operations Analysis, Plane plots Slice
plots, Surface plotsand Help. Initially, only the File operations and Help
menus are active. You must load a data le in order to create pts or to
perform analyses. This section reviews options in tHele operations menu.

LOAD SOLUTION FILE

RFE3View displays a dialog with a list of solution les with names of tle
form FPREFIX.ROWChanging the directory in the dialog changes the program
working directory. Pick an available le and click OK. The program loads
the solution and updates the status bar. If data retrieval issuccessful, the
analysis and plot menus become active.

SOLUTION FILE INFORMATION
The command shows a message box with information on the cumtly-loaded
data le.

RUN SCRIPT

Sometimes you may want to perform complex or repetitive anges on a
set of similar solutions. Analysis script operation is a pasvful feature of
RFE3View . This command displays a dialog with a list of analysis scrip
(sux SCRthat you have created. Pick a le and click OK. Changing di-
rectories in the dialog changes the working directory of thprogram. The
analysis script can load data les, open and close history els, and perform
any of the numerical functions described in this manual. Sgon 10.4 reviews
the analysis script language.
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Table 5: Create script - default le content

* AMaze script file
* |Insert commands here...
ENDFILE

--- Script command summary ----

INPUT FileName

[Close current solution file and load FileName]
OUTPUT FPrefix

[Close current data file and open FPrefix.DAT]
NSCAN 100

[Set the number of points in a line scan]

POINT xp yp zp

[Point field calculation at the given coordinates]
LINE xpl ypl zpl xp2 yp2 zp2

[Scan along a line between the given coordinates]
FULLANALYSIS

[Write analyses for all region to the data file]
REGION RegNo

[Write an analysis for region RegNo to the data file]
MATRIX FileName XMin XMax NX YMin YMax NY ZMin ZMax NZ
[Write a matrix of field values to the file FileName]
ENDFILE

[Terminate the analysis]

CREATE SCRIPT

Use this command to create scripts using the internal editorA box requests
a le pre x. The resulting script le will be saved as FPREFIX.SCR\ext, the
program opens the le in the editor and writes the referencast of allowed
commands shown in Table 5. Enter commands in the space abdwedFile.
After saving the le, you can run it using the Run script command.

EDIT SCRIPT

Use this command to change an existing script le. The dialogsts les in
the current directory with the subscript SCRChanging directories does not
change the working directory of the program.

OPEN DATA FILE
Several of the analysis commands likeoint calculation and Line scan gen-
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erate gquantitative information. You can automatically reord the data gen-

erated during an analysis session by opening a data le. Sugm le pre x

in the dialog or accept the default. The text data le has a nara of the form

FPREFIX.DABNd will be stored in the working directory. You can use an
editor to view the le or to extract information for mathematical analysis

programs or spreadsheets.

CLOSE DATA FILE

Use this command if you want to start a new le to record data. he data
le is automatically closed when you exit the postprocessoiOtherwise, you
must close the le before using theEdit data le command or loading the
le into another program. Failure to close the le may resultin a Windows
Resource Sharing Error.

EDIT DATA FILE
View or modify les with names of the form FPREFIX.DAT

EDIT FILE
Use the program editor to view or to modify any text le.

The Help menu shows program information and contains the following
command:

INSTRUCTION MANUAL
Displays this document in your default PDF viewer. The lerfe3.pdf must
be in the same directory asfe3view.exe .

7.2 Plane plots

Plane plots (Fig. 11) are two-dimensional plots that show th variation of
guantities over a plane normal to one of the Cartesian axes. |de plots
provide simple and quick views of the solution space. The tauque is to
generate a rectangular mesh of values over a speci ed plamagion and then
to create plots in a variety of styles. No attempt is made to amect the plot
mesh with the conformal mesh of the simulation. Slice plotgliscussed in
the next chapter, are also two-dimensional in a plane normé& an axis. The
di erence is that slice plots are built using the computatimal mesh. They
show precise region boundaries and equipotential lines irué scale. Slice
plots are more di cult to construct than plane plots.
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Figure 11: lllustration of a plane plot: potential at 0.0 phase for the
WALKTHROUW&&mple.

SET PLANE

This command brings up the dialog of Fig. 12 to set the plane ifahe plot.
Set the normal axis with the radio buttons at the top. For exarple, for a
choice ofz the plot will be created in the x-y plane. You can use the slider
bar to set the position along the normal axis or type a value ithe box.
The range of the slider bar is automatically set to the limitsof the solution
volume along the normal axis. The boxes at the bottom determe the plot
range in the normal plane. The default settings are the lim# of the solution
volume. Note that plane plots are constructed to Il the maxmum area.
They do not preserve scaling in the normal plane.

The following commands are in thePlot control popup menu:

PLOT STYLE
This command brings up the dialog of Fig. 13 to set the plot stg. As an
example, Fig. 11 shows thé-illed contours 3D plot style. The numbers at
the bottom give the resolution of the mesh used to create thdqt. Higher
values give more detail but require longer regenerate time$he default is a
51 51 mesh.
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Figure 12: Set plane dialog.

Figure 13: Plot style dialog.
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PLOT QUANTITY

Set the quantity to be plotted. The rst choice, PhiRef, is the quasi-static
potential at the reference phase. In this case the plot shows a snapsbbt
the spatial variation of at a particular phase. The default reference phase
is 0.C°. You can change the value with theReference phaseommand. Take
care in setting the value because the quantity of interest ngahave zero values
everywhere at a particular phase. The next quantity i3EjRef, the spatial
magnitude of the electric eld at the reference phase:

q —
jEj= EZ+EZ+EZ (21)

Other quantities include:

ExRef, E Ref, E,Ref (spatial components of the electric eld at the
reference phase),

jJdrjRef, IJxrRef , JyrRef , JzrRef (spatial amplitude and compo-
nents of the real part of the current density),

j JdjRef, IJxdRef, JydRef, JzdRef (spatial amplitude and compo-
nents of the displacement current density),

j EJAmp, jJ.JAmp, jJqjAmp and jJjJAmp (peak values of the electric
eld, real current density, displacement current density ad total curent
density.

P Avg (time averaged value of resistive power dissipation).

Spatial variations of the relative dielectric constant , or electrical con-
ductivity . The plots are useful if the quantities have a continuous
spatial variation de ned by a mathematical function.

In regard to power density, suppose the electric eld at a pot varies as
E,cos 2ft , where

q
Eo= Ef+ Ej+ EX: (22)
Then the time-averaged resistive power density is given by
. E?
p= =2 23
5 (23)

Note that electric eld and current density plots may appearjagged at dis-
continuities because of the limited resolution of the mesh.
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PLOT LIMITS
Set limits for the plotted quantity. When Autoscale is active, RFE3View
automatically sets limits based on the range of values in theolution le.

ROTATE PLOT

This command is active only for theFilled contours 3D and Gradient plot

3D styles. You can rotate the plot in 90 increments for the best view.
The following command is used to changed the reference phdse dis-

plays:

REFERENCE PHASE
Enter the reference phase in degrees

The commands of theExport plot menu are used to generate hardcopy or
to create plot les.

DEFAULT PRINTER

With this command, a RFE3View plot can be ported to any installed Win-
dows printer (including network printers, postscript drivers, PDF drivers...).
You can generate colored plots if you have a color printer. o that the

current screen plot is sent to the default Windows printer. fl necessary,
change the default using the Settings command of Windows loe¢ issuing
the command.

PLOT FILE (EPS)

PLOT FILE (BMP)

PLOT FILE (PNG)

Use this command to make a plot le of the current screen plotni either

encapsulated PostScript, Windows bitmap or portable netwé& graphics for-

mats. Supply a le pre x in the dialog box. The plot le will be created in the

current directory with a name FPREFIX.ERSFPREFIX.BMBr FPREFIX.PNG

COPY TO CLIPBOARD
The current plot is copied to the clipboard in Windows Meta le format. You
can then paste the image into graphics software.
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Figure 14: Slice plot { lled contour style.

8 RFE3View { slice plots

8.1 Setting the slice view

Slice plots are two-dimensional plots that show the variatin of quantities
over a plane normal to one of the Cartesian axes. In contrasb tplane
plots, slice plots are based on the structure of the mesh peajed to a slice
plane. This structure may be quite complex for a conformal ns&; therefore,
slice plots require more computational e ort. To facilitate the process, slices
are constructed at discrete locations along the normal axisorresponding
roughly to the planes of the foundation mesh. The precise réaring of mesh
information enables point-and-click analysis operation§point calculation,
line scan, ...) in the slice.

The Change viewpopup menu contains commands to set the slice plane
and to adjust the dimensions of the plot.

SET SLICE PLANE PROPERTIES

This command calls up the same dialog as th8et planecommand in the
plane plot menu (Fig. 12). You can change the normal axis, chge the
position along the normal axis, and set plot limits in the namal plane.

SLICE NORMAL TO X
SLICE NORMAL TO Y
SLICE NORMAL TO Z
Quick commands to change the normal axis.
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JUMP FORWARD

STEP FORWARD

STEP BACKWARD

JUMP BACKWARD

Move along the slice axis by small or large steps. The smalkgtis approxi-

mately one layer of the foundation mesh and the large step isl&yers. The

term forward implies motion toward higher indices of the normal axis. The
slider bar in the orientation area to the right of the plot (Fig. 14) shows the
current location.

ZOOM WINDOW

As an alternative to the entries in theSet slice planedialog, you can inter-
actively change plot limits in the normal plane using the mose. Choose the
command and move the mouse pointer into the plot area. The gtes bar
enters coordinate mode. It shows the current mouse positiamthe plot. Use
the left button to pick one corner and then move the mouse to eate a view
box. Click the left button again, and the plot regenerates. ® any coordi-
nate operation, press theé=1 key if want to enter values from the keyboard.
Note that the normal plane box in the orientation area to the ight of the
plot (Fig. 14) shows the dimensions of the slice plane and tlmitline of the
current zoomed view.

ZOOM IN
Enlarge the plot about the current view center.

EXPAND VIEW
Expand the plot about the current view center.

GLOBAL VIEW
Enlarge the plot boundaries to show the entire normal plane.

PAN
When the plot is zoomed, you can use this operation to shift ehcurrent view
center. Use the mouse to de ne relative start and end point®f the shift.

8.2 Setting slice plot properties

The commands in thePlot control popup menu are used to set the plot style
and mouse options.
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Figure 15: Slice plot style dialog.

SET SLICE PLOT STYLE

This command brings up the dialog of Fig. 15. Thdregion plot style is a
cross-section view of the mesh element divisions color-eddby region. In
contrast to the logical plane plot of MetaMesh , RFE3View attempts to
resolve the exact mesh structure in the plane. The Filled ctour and Con-
tour plot styles shows lines of constant value of the current plaguantity.
The Element plot style shows elements in the slice color-coded accorgito
a variety of computed quantities. TheRegion shadingoption at the bottom
adds light background colors to show the boundaries betwednerent dielec-
tric or conductive regions in contour line plots. . Only elecodes are colored
when region shading is inactive. Wheitlement outline is active the bound-
aries of elements are added in xed-potential regions. ThRegion shading
options at the bottom adds light background colors to show # boundaries
between di erent dielectric or conductive regions. Only elctrodes are col-
ored when region shading is inactive. Wheklement outline is active the
boundaries of elements are added in xed-potential regions

PLOT QUANTITY
RFE3View commands!plot quanbtityPick on the plot quantities discussed in
Sect. 7.

PLOT LIMITS

In the Auto-scale mode,RFE3View chooses defaults for the minimum and
maximum potential values of contours. Deactivaté&utoscaleto set the values
manually.
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NUMBER OF CONTOUR LINES
Change the number of lines foFilled contour and Contour line plots.

TOGGLE SNAP MODE

Mouse coordinates for commands such Zoom window Pan, and Scan in
slice may be entered in two modes. In the normal mode, the returnedpition
corresponds to the mouse position on the screen. In the snampade, the
program picks a point at an even interval close to the mouse gition. The
returned point depends on the value of the parametddSnap For example
if DSnap = 0:1 and the mouse is at position (6.2345,-5.6113), the retuihe
position is (6.2000,-5.6000). The status bar displays thectmal or snapped
position of the mouse.

SET SNAP DISTANCE
Change the value ofDSnap from the default value determined by the pro-
gram.

TOGGLE GRID

A set of dashed grid lines can be superimposed on slice ploRF-E3View
automatically chooses intervals and positions so that thenles occur at con-
venient values along the horizontal and vertical directios (for example, 0.01
rather than 0.01153). Listings of the grid intervals are inaded in the axis
labels. Grids corresponding to the normal plane axes are ik as solid
lines.

8.3 Analyses in a slice

You can determine eld values at points and along scan linesitlv the com-
mands of theAnalysis popup menu.

POINT CALCULATION

This command is useful to make quick checks of elds in the sion volume.
After you click the Point calculation command, move the mouse into the plot
area. The mouse pointer changes to a cross-hair pattern andet status bar
enters coordinate mode. Click the left button to specify a got or press the
F1 key to enter the coordinates from the keyboard. Note that mae coordi-
nates will shift between discrete values if snap mode is asti RFE3View
calculates potential and eld values at the point in the nornal plane given by
the coordinates. The following chapter describes the inteolation method.
Figure 16 shows the information display. RFE3View calculates complex
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Figure 16: Information display point calculation

values of the potential, electric eld spatial componentselectric eld mag-
nitude, resistive current magnitude and displacement cuent magnitude. A
complex number is represented by an amplitude (in SI units)ral a bracketed
phase in degrees. The results are recorded if a data le is ope
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LINE SCAN

Line scans are one of the most usefRIFE3View capabilities. After clicking
on the command, supply two points with the mouse to de ne a scaline (or
press theF1l key to enter coordinates manually). The snap mode is useful
in this application (for example, you may want the scan to exnd from
0.000 to 5.000 rather than 0.067 to 4.985.) The program contes a series of
values of eld quantities in the normal plane at equal interals along the line.
Complete information is recorded if a data le is open. The mgram also
makes a screen plot of the currently-selected quantity vers distance along
the scan and activates theScan plot display (Fig. 17). RFE3View adds
ducial lines to the plot using intelligent grid selection. This means that the
plot is adjusted to Il the screen and grids are drawn at usefuntervals (i.e.,
0.05 or 2.00).

FIELD LINE AT POINT

Use this command to add projected lines gEj at the reference phase in-
teractively. The program enters coordinate entry mode whegou click the
command. Move the mouse to a point in a vacuum or dielectric geon and
click the left button. RFE3View calculates the path of an electric eld line
starting at the point and plots the projection in the slice pane. You can
continue to add up to 250 lines. Click the right mouse button opresseCS
to exit coordinate mode. The lines are preserved if you chamgiews within
the slice plane, but are removed if you change planes. It is portant to
recognize the nature of the plot. The lines are three-dimeiosal trajectories
projected to the slice plane. The plots are most useful if thesld line re-
mains close to the slice plane. For full three-dimensionakld line plots, see
the Field line plot le command in Sect. 9.

FIELD LINES ALONG SCAN

Use this command to create several eld lines at one time. Sg# the start
and end points of a scan line with the mouseREF3View addsNj,. eld
lines at points spaced equally along the scan.

NUMBER OF LINES ALONG SCAN
Set Njine , the the number of eld lines added by theField lines along scan
command.

REMOVE FIELD LINES
Use this command to remove eld lines from the slice plot or tstart a new
set of lines.
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Figure 17: Scan plot display.

SET SCAN QUANTITY

With this command you can pick the quantity that will be displayed in screen
and exported plots of line scans. Pick the quantity from theist box and click
OK. A wide variety of quantities are available inRFE3View :

, Ex, Ey, Ez, JE], [Jrear] @and jdgisp] at the reference phase,
the amplitude of , Ey, Ey, E;, JE], jJrea] and jJgispj,
the time-averaged power density.

the relative dielectric constant , and electrical conductivity

SET NUMBER OF SCAN POINTS
This command sets the number of line scan points in the scre@tot and
data le listing. The default value is 50 and the maximum numier is 250.

In addition to the standard Export plot options, the Scan plot menu
contains the following command:
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OSCILLOSCOPE MODE

In oscilloscope mode, a scan plot assumes characteristi€saaligital oscil-
loscope.RFE3View superimposes a cross-hair pattern on the graph. Plot
values at the intersection are displayed in the informatiorwindow. Move
the marker along the plot by moving the mouse. If you click théeft mouse
button at a point, the program records information when a da le is open.
Press the right mouse button to exit the oscilloscope mode.

Click Return to exit the scan plot and return to the slice plot mode.
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Figure 18: Three-dimensional surface view of region bourrdss with color
coding by the magnitude of the real current density.

9 RFE3View { surface plots

Surface plots are three-dimensional views of the solutiopace (Fig. 18).
Three types of information can be displayed: 1) boundaried cegions color
coded by region number and shaded with distance from the vie®) region
boundaries color coded by the values of computed quantities the surface
and 3) computed quantities in a slice plane normal to one of ¢hCartesian
axes. Slice plane plots may be superimposed on either of tlegion boundary
plot types. Surface plots are created from the conformal ntesnd preserve
true spatial scaling.

The method to control the three-dimensional display with tle mouse is
identical to that used in MetaMesh . Figure 19 shows the active areas of
the screen. The central zoneA) is used for zooming in (left button) and
out (right button). Hold down the left mouse button in zonesB; C;D and
E to walk around the object. Hold down the right mouse button inzones
B;C;D and E to move the viewpoint to the right, upward, to the left and
downward. Note that changes are re ected in the orientatiorbox in the
upper-right portion of the screen. The plot is updated whenou release the
mouse button. You can control additional aspects of the theedimensional
view with the commands of theAdjust view popup menu.

You can control additional aspects of the three-dimensiohgaiew with the
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Figure 19: Active areas for mouse control of the 3D view.

commands of theAdjust view popup menu.

SET VIEW DIALOG

This command brings up a dialog (Fig. 20) where you can set spe view
angles, displacements and the distance to the viewpoifV iew. The param-
eter DView controls perspective. Set it to a large value for an orthogpdic
view. A value smaller than the dimensions of the system may selt in an
incoherent display.

RESTORE DEFAULT VIEW

This command is useful if you loose your orientation after geral rotations
and translations. The view is returned to the default: , = 3, , =0°
and , = 45° with the origin at the center.

+X VIEW

+Y VIEW

+Z VIEW

Rotate to views from the +x, +y or +z directions. Origin shifts are not
a ected

CENTER VIEW
Remove shifts by setting the origin to the center of the solidn volume.
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Figure 20: Tool area to adjust the 3D view.

The commands of thePlot control popup menu control the appearance
of the plot.

SURFACE PLOT CONTROL

This command brings up the dialog of Fig. 21. The group of cormrands on the
left-hand side controls the plot style. A three-dimensioriglot is constructed
from color-coded facets. There are two types of facets: 1gglent facets on
the boundary of a region with color coding by region number dhe selected
computed quantity and 2) rectangular facets comprising aisk plane with
color-coding by the values of the computed eld quantity. Ste plane and
region boundary information may be superimposed. Th8urface plot style
radio buttons control whether the facets of region boundags are plotted
as solid plates (hidden surface) or wireframe outlines. ThiEacet display
check box determines whether the boundaries of region fasedre plotted
in the hidden-surface mode. (Note that the facets of the skcplane are
always plotted as solids with no outline).RFE3View plots a reference grid
along the boundaries of the solution volume when thReference gridbox is
checked. The group of commands on the right-hand side consahe slice
plane. Thelnclude slice plotbox determines whether a slice plot is included.
The radio buttons determine the axis normal to the slice plam You may
move the plane along the chosen axis by entering values in thex or moving
the slider.
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Figure 21: Surface plot control dialog.

DISPLAYED REGIONS

The command brings up the dialog of Fig. 21 where you can piclegion
boundaries to include in the plot. Depress a button in théisplay column
to activate a region. The buttons in the column markedEj determine the
presentation style for boundary facets. If the box is unch&c RFE3View
colors facets by region number. If one or more buttons are degsed in the
JE] column, color code is by the computed eld quantity. The infomation

window shows the correspondence between color and the quigntNote that

the eld quantity is always calculated at a point near the faet outside the

chosen region. If the region is a xed-potential electrodehe color coding
gives the computed quantity at the surface in the adjacent vaium/dielectric

region. If a boundary separates two dielectric regions, tlmputed quantity
may depend on which region is chosen for display.

SET CUT PLANES

In a hidden surface plot, internal details may be obscured bgurrounding
parts or regions. This command brings up a dialog that allowgou to adjust
the displayed area along the, y and z axes. RFE3View does not display
facets that lie outside the limits. With this feature you cancreate cutaway
views. The default is that cut limits are set equal to the dimesions of the
solution volume so that all facets are included.

SET SURFACE PLOT QUANTITY

Use this command to set the quantity for color-coding of fat® on region
boundaries or in the normal plane. The choices arg JEj, jJ;j and jJq4 at
the reference phase, the amplitude of, JEj, jJ;j and jJg4j, and the time-
averaged power dissipation.
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Figure 22: Region display dialog.

SET PLOT LIMITS

By default the limits of the plotted quantity are automatically computed by
RFE3View . With this command you can set limits manually. Facets where
the computed quantity is outside the set range are plotted igray. The
feature is useful for emphasizing a certain range of valuase(, portions of
an electrode surface wherge|j exceeds a value). The command is essential on
occasions when a distorted element on a region surface letms inaccurate
eld interpolation, skewing the plot range.

FIELD LINE PLOT FILE

You can add electric eld lines (at the reference phase) to tke-dimensional
plots with this command. To use it, you must prepare a text lethat contains
any number of point coordinates. RFE3View reads the le an adds eld
lines that pass through each point. The le consists of datarles, where each
line contains three real numbersxX, y, z) separated by any of the standard
delimiters. Enter the coordinates in units set bypUnit. The le may contain
comment lines that start with an asterisk and should end witlthe ENDFILE
command. Lines are not plotted for target points within xedpotential
regions or outside the solution volume.
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RECORD FIELD LINE PLOT

Use this command to record calculated eld linesRFE3View prompts for
the name of an output text le with a name of the form FNAME.FLFA le
extract is shown below. The command functions only if a le oftarting
points has been opened with thé&ield line plot le command.

Electric field line plots for file: walkthru.HOU
DUnit(unit conversion factor):  1.00000E+02

Start point

X:  8.00000E+00

Y: 2.50000E-01

Z: 3.00000E+00
Forward

8.00000E+00 2.50000E-01 3.00000E+00
8.00599E+00 2.50385E-01 3.00003E+00
8.01197E+00 2.50768E-01 3.00006E+00
8.01796E+00 2.51151E-01 3.00009E+00
8.02395E+00 2.51532E-01 3.00011E+00
8.02994E+00 2.51912E-01 3.00014E+00

CLOSE FIELD LINE PLOT
Close the eld line plot le and remove eld lines from the curent plot.
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10 RFE3View { numerical analysis

The commands of theAnalysis popup menu are used to determine numerical
values for the solution. In the interactive mode, the menu iactive only when
a data le is open.

10.1 Point calculation - interpolation method

The Point calculation command brings up a dialog where you enter the,
y and z coordinates of any point in the solution space. In contrastot the
Point calculation command of theSlice plotsmenu, the point is not limited
to a slice plane. When you clickOK, RFE3View displays an information
box and also writes the results to the data le in the followig format:

--- Point Field Analysis ---
Position: [ 3.8000E+00, -1.0032E-01, 6.8000E+00Q]
Phi:  4.6236E-01 [ 0.00] (V)
Ex: 4.3284E+01 [ 0.00] (V/m)
Ey: 1.8338E+00 [ 180.00] (V/m)
Ez: 5.2995E+00 [ 0.00] (V/m)
|[E|: 4.3646E+01 [ 0.00] (V/m)
|JRes|:  4.3646E-02 [ 0.00] (A/m2)
|JDis|:  1.9668E-01 [ 90.00] (A/m2)
Power density:  9.5248E-01 (W/m3)
Number of data points: 32
Standard deviation:  3.8720E-04

RFE3View performs the following sequence of operations to make the
calculation:

Estimate the indices of the element that contains the targepoint.

Check this element and its neighbors using a nhormal coordimainver-
sion to determine the precise element that contains the taeg point.

Collect the nodes of the target element as well as neighbogimodes
that border on at least one element with the same region numbas
the target element

Fit three-dimensional, second-order functions to the readnd imagi-
nary parts of the potential values for the data set using a le#-squares
method.

Find the complex potential at the target point using the intepolation
function.
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Find the complex electric eld values by taking spatial dewatives of
the interpolation functions.

Although the process sounds compleXFE3View performs it with high
reliability. The e ort pays dividends in the accuracy of the interpolated
values. The second-order least-squares method gives eleceld estimates
that are substantially better than those derived from the diect use of the
guasi-linear nite-element form functions. Furthermore the requirement that
the nodes of the data set border on elements of the target regiensures that
data points will be collected from one side of a material boatary. Therefore,
RFE3View correctly handles the discontinuity in electric eld at sut a
boundary.

10.2 Line scans and matrix les

In the Analysis menu scans may be performed along arbitrary straight lines
between any two points in the solution volume. When you clickhe Line
scan command a dialog appears where you can specify the start andde
points. Enter values in units set byDUnit. In other words, if you used
dimensions of cm ilMMetaMesh and the RFE3 script contains the command
DUnit = 100:0, then enter the dimensions in cm. In the interactive mode,
RFE3View creates a screen plot of a selected quantity determined byeBet
scan quantitycommand. The command has no e ect on the data le listing
which contains all calculated quantities. The listing example in Table 6 has
been divided into multiple lines for clarity. The tabulated quantities are
complex values of , Ey, Ey, E;, JEj, jJ/j, JJdj, the time-averaged power
density, , and

The Create matrix le command controls a feature that is useful if you
want to write your own analysis routines or port results to m&hematical
software. In response to the comman®RFE3View performs interpolations
over a specied box region on a regular grid of values. It is noh easier
to use results in this form than to deal with the conformal mds directly.
Clicking on Create matrix le calls up the dialog of Fig. 13.2. Specify the
dimensions of the box along each axis (in units set lyUnit ) and the number
of calculation intervals. To illustrate, calculations areperformed at positions
with x coordinates given by

n (x Xmi
X = Xmin + ( max min )’ (24)
Ny
wheren = 0; 1; 2;:::;; n,. For example, if you setXpin =0:5, Xmax = 1:5 and
ny = 10, the calculations are performed at points withx = 0.5, 0.6, ..., 1.4,
1.5. You can also specify an output le name. The text le is aeated in the
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Table 6: Example of a line scan listing

Field scan between points
XStart:  4.5000E+00  YStart:
XEnd:  4.5000E+00 YEnd:

2.0000E+00
8.0000E+00

ZStart:
ZEnd:

0.0000E+00
0.0000E+00

X Y Z Phi

4.500E+00
4.500E+00
4.500E+00
4.500E+00

|E|

0.000E+00
0.000E+00
0.000E+00
0.000E+00

2.000E+00
2.120E+00
2.240E+00
2.360E+00

Ex

1.574E-01]
1.614E-01]
1.647E-01]
1.675E-01]

0.000]
0.000]
0.000]
0.000]

Ey

3.477E+01]
3.543E+01]
3.603E+01]
3.649E+01]

0.000]
0.000]
0.000]
0.000]

Ez

3.458E+01[
3.529E+01[
3.593E+01]
3.642E+01]

0.000]
0.000]
0.000]
0.000]

7.978E-01[ 180.000]
8.565E-01[ 180.000]
9.268E-01[ 180.000]
9.951E-01[ 180.000]

NG

3.573E+00[ 180.000]
3.042E+00[ 180.000]
2.536E+00[ 180.000]
2.082E+00[ 180.000]

Power NReg
6.045E-01 2
6.275E-01 2
6.490E-01 2
6.659E-01 2

3.477E-02[
3.543E-02[
3.603E-02[
3.649E-02]

0.000]
0.000]
0.000]
0.000]
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1.567E-08[
1.596E-08[
1.624E-08]
1.645E-08[

90.000]
90.000]
90.000]
90.000]



Figure 23: Create matrix le dialog.

standard AMaze eld-exchange format (Chap. 11). The stored quantities
depend on the solution type. You can inspect the le with an eitbr.

10.3 Automatic analyses operations

In response to the commanétull analysis RFE3View performs volume inte-
grals over all elements of the mesh. For each element the praign determines
the electrostatic eld energy and resistive power dissipain. The calculations
are intensive, so there may be a delay for large meshd®FE3View orga-
nizes energy by region and writes the results to the data lenithe format
shown in Table 8. Fixed-potential regions are listed separdy because they
have zero eld energy.
The walkthrough example of Sect.1.2 showed show to use vau# electro-
static energy and power dissipation to determine capacitae and resistance.
The volume integral method does not given information on muil ca-
pacitance and resistances when there are several electadi this case, you
can use theRegion propertiescommand to perform surface integrals over se-
lected regions. In response to the command with a speci edgien number,
RFE3View performs the following operations:

Carries out volume integrals over the region using the sameutines as
the Full analysis command.
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Table 7: Example of a matrix le

RFE3View matrix file: CondProbe.MTX

XMin: -5.20000E+00 XMax: 5.20000E+00 NX: 10
YMin: -5.20000E+00 YMax: 5.20000E+00 NY: 10
ZMin: -2.00000E-01 ZMax: 1.52000E+01 NZ: 10

X Y 4 PhiReal Philmag

5.20000E+00 -3.12000E+00
-5.20000E+00 -2.08000E+00
-4.16000E+00 -2.08000E+00
-3.12000E+00 -2.08000E+00
-2.08000E+00 -2.08000E+00
-1.04000E+00 -2.08000E+00
-1.86265E-07 -2.08000E+00
1.04000E+00 -2.08000E+00
2.08000E+00 -2.08000E+00
3.12000E+00 -2.08000E+00

ExReal

ExImag

1.34000E+00
1.34000E+00
1.34000E+00
1.34000E+00
1.34000E+00
1.34000E+00
1.34000E+00

1.34000E+00
1.34000E+00
1.34000E+00

EyReal

0.00000E+00 0.0000E+00
0.00000E+00 0.00@OE+00

2.37833E-02
8.72375E-02
1.40539E-01
1.78195E-01
2.05621E-01
2.30768E-01
2.38631E-01
1.77577E-01

1.28650E-06
6.27669E-06
1.65673E-05
4.00476E-05
9.474 82E-05
2.0705E-04
3.335@E-04
2.968DE-04

Eylmag

Fixed potential region
Fixed potential region
-6.22541E+00 -3.59335E-04
-5.78119E+00 -6.58375E-04
-4.36852E+00 -1.44329E-03
-2.97891E+00 -3.35707E-03
-2.46624E+00 -7.68932E-03
-2.20356E+00 -1.35255E-02

-3.22936E+00 -1.57424E-04
-4.31889E+00 -2.73293E-04
-5.10697E+00 -6.74488E-04
-5.79322E+00 -1.98081E-03
-7.33408E+00 -6.37505E-03
-1.13112E+01 -1.95168E-02

1.78654E+00 -7.05544E-03 -1.70877E+01 -3.90366E-02

Fixed potential region

EzReal Ezimag

EpsiR Sigma

-2.00967E+00 -6.01019E-05
-7.34671E+00 -2.86226E-04
-1.16066E+01 -6.88320E-04
-1.41479E+01 -1.29785E-03
-1.53910E+01 -1.27514E-03
-1.59560E+01 3.74719E-03
-1.52353E+01 1.69719E-02

8.10000E+01
8.10000E+01
8.10000E+01
8.10000E+01
8.10000E+01
8.10000E+01
8.10000E+01

1.00000E-03
1.00000E-03
1.00000E-03
1.00000E-03
1.00000E-03
1.00000E-03
1.00000E-03
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Table 8: Listing from the Full analysis command

Fixed potential regions

NReg Potential Volume
Amp(V) Phase(deg) (m3)
1 0.00000E+00 0.000 6.08182E-05
4 1.00000E+00 0.000 7.16931E-06
Dielectric regions
NReg Epsilon Sigma |[E|(min) |[E|(max)
(relative) (S/m) (V/m) (V/m)

2 8.10000E+01 1.00000E-03 1.62964E-05 3.57269E+02
3 2.71000E+00 0.00000E+00 1.29588E+02 6.23336E+02

Energy Power Volume
() (W) (m3)

2.24583E-10 3.13146E-04 1.39964E-04
6.16695E-13 0.00000E+00 2.98360E-07

Total field energy: 2.25200E-10 (J)

Total power dissipation:  3.13146E-04 (W)
Total volume: 2.08250E-04 (m3)
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Table 9: Listing from the Region propertiescommand
—————————— Analysis of Region Number 4 -------—--

Fixed potential:  1.000E+00[  0.000]

Volume integral quantities
Volume:  5.73522E-05 (m3)

Surface integral quantities
Surface area: 1.96319E-02 (m2)
Induced change: 8.317E-10[ 0.000] (coulombs)
Real current:  1.156E-03[ 0.000] (A)
Displacement current:  5.226E-10[ 90.000] (A)
Total current:  1.156E-03[ 0.000] (A)

Determines all element facets on the region surface, exdiougl those on
the outer surface of the solution volume.

Performs a surface integral over each facet. At an integrai point
representing a di erential surface area A, the program determines
the unit vector n normal to the surface. RFE3View also calculates
the electric eld E at a nearby position in the adjacent element with
relative dielectric constant , and conductivity

Forms the sum of ,(E n) Aand (E n) A.

The end result is a calculation of the free surface charge ohet region and
total current ow. Table 9 illustration the resulting listi ng in the data le.

With information on surface charge (or current), we can caldate the
matrix of mutual capacitances and resistances. To illustta, suppose we
have two electrodes and a ground plane and we want to nd the pacitance
between Electrode 1 and Electrode 2 as well as the capacitanbetween
Electrode 1 and ground. We apply a voltag&, = 1:0 V to Electrode 1 and
determine the surface charge on Electrode B§) and the ground electrodes
(Qg). The mutual capacitance between Electrode 1 and 2 (5;, = Q; and
the capacitance to ground isC;; = Q4. We could then do a second solution
with a voltage on Electrode 2 to nd Cy.
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10.4 Using analyses scripts

You can create a script that will automatically call the comnands of the
Analysis menu. RFE3View scripts have names of the fornSPREFIX.SCR
You can initiate an automatic analysis using theRun script command in
the interactive mode or by starting RFE3View from a batch le with a
command of the form:

START \AMAZE\PHIVIEW SPREFIX

The allowed commands listed below are show in symbolic fornioag with
example of how they might appear in a script.

INPUT FPre x.HOU

INPUT = WGUIDE1.HOU

Close the current solution le and load a binary solution lefrom the current
directory. The solution le must be in the same directory as e script

OUTPUT FPre x

OUTPUT: WGUIDE1

Close the current data le and open a new data le. The data lehas a name
of the form FPrefix.DAT .

NSCAN NScan

NSCAN = 100

Set the number of intervals for line scans. The default valuse N Scan = 50,
the maximum value isNScan = 250.

POINT xp yp zp

POINT = (0.00, 0.05, 4.67)

Perform a point eld calculation and write the result to the data le. Enter
coordinates in the units set byDUnit .

LINE xpl ypl zpl xp2 yp2 zp2

LINE = (0.00, 0.00, 15.00) (12.00, 0.00, 15.00)

Perform (NScan+ 1) calculations along a line in space and write the results
to the data le. Enter coordinates in units set by DUnit.

FULLANALYSIS
Write volume integrals for the full solution space to the dat le.
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REGION RegNo
REGION =7
Write volume and surface integrals for regiofiRegNoto the data le.

MATRIX FileName XMin XMax NX YMin YMax NY ZMin ZMax NZ
MATRIX WGUIDE.MAT 1.00 1.00 10.00 2.00 2.00 12.00

Write solution values computed eld values at an array of loation to a data
le in text format. The le is named FileName and is created in the current
directory.

ENDFILE
Terminate the analysis
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11 RFE3 le formats

RFE3 creates output les in binary or text format. The mode is contolled
by the Format command (Sect.4.1). The binary mode must be used to
communicate results toRFE3View . The text mode is useful to transfer
results to your own analysis programs.

As in MetaMesh , nodes are referenced with the indicek, J; K ] wherel
(the index along thex axis) extends from O tol nax , J (Y axis) from 0 to Jyax
and K (z axis) from 0 to Kax. The number of elements is approximately
equal to the number of nodes. A single element (in the direct of positive
X, Y and z) is associated with each node for storage. Nodes and elensent
have integer region numbers to associate them with structes in the solution
space.

The format of the RFE3 binary output le is simple and compact, mak-
ing it easy to transfer information to other programs. The cde extract
shown in Table 10 comprises the entire output algorithm. Inhe header,
the quantities | nax. Jmax and Knax are 4-byte integers.DUnit is a 4-byte
real, Frequencyis a 4-byte real andNCQuant is a 1-byte integer. Here
NCQuant is the number of stored quantities for the solution program.In
RFE3 NCQuant = 3. The recorded node quantities are the real and imag-
inary parts of the complex potential at the node and the relave dielectric
constant, electrical conductivity and resistive power desity in the associated
element (in the direction of positivex, y and z). RFE3 then records the
name of the quantity as a string of length 12. This informatio is used to
create labels inRFE3View .

The next step is to record information for each node. The quéties
RegNo (the region number of the node) andRegU p(the region number of
the adjacent element in the direction of increasing, J and K) are 1-byte
integers. The coordinatesX,Y and Z) and the stored quantities (, and ;)
are 4-byte real numbers. The nal step is to record region infmation. The
guantity NRQuant, the number of physical quantities stored per region, is
equal to 4 inRFE3 . The quantities are the relative dielectric constant,, the
conductivity in S/m, the amplitude of for xed-potential regions in volts,
and the phase of in degrees. The region quantity namesRQuantName)
are strings of length 12. The variabl& Fix is a 1-byte integer and the region
guantities are 4-byte real numbers.
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Table 10: Code to create thRFE3 binary output le

I Mesh size parameters
WRITE (OutField) IMax,JMax,KMax,DUnit,Frequency,NCQuant
I Names of calculated quantities
DO N=1,NCQuant
WRITE (OutField) CQuantName(N)
END DO
I Node and element information, potential values
DO K=0,KMax
DO J=0,JMax
DO [=0,IMax
MC = M(1,J,K)
NReg = C(MC).RegUp
EpsiR = ElementEpsiR(1+1,J+1,K+1,NReg)
Sigma = ElementSigma(l+1,J+1,K+1,NReg)
PDens = PowerDens(l+1,J+1,K+1)
WRITE (OutField) &
C(MC).RegNo,C(MC).RegUp,C(MC).x,C(MC).y,C(MC).z, &
REAL(C(MC).Phi),IMAG(C(MC).Phi),EpsiR,Sigma,PDens
END DO
END DO
END DO
I Number of region quantities and names of quantities
WRITE (OutField) NRQuant
DO N=1,NRQuant
WRITE (OutField) RQuantName(N)
END DO
I Number of regions
WRITE (OutField) NRegMax
I Region gquantities
DO N=1,NRegMax
IF (Reg(N).Fixed) THEN

NFix = 1
ELSE

NFix = 0
ENDIF

WRITE (OutField) NFix,Reg(N).EpsiR,Reg(N).Sigma, &
Reg(N).PotAmp,Reg(N).PotPhase
END DO
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capacitance calculation, 13
current conservation, 15
cutaway view, 52

Dirichlet boundary, 17, 25
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eld exchange format, 58
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surface plot controls, 49
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Laplace equation, 15, 16

mathematical functions, 29
MetaMesh
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script, 18
multiple processors, 32

Neumann boundary, 17
potential, electrostatic, 15
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region
material properties, 23
spatial variations, 29
resistance calculation, 12
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batch le control, 32
features, 4
le format, 22
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output le, 18
running in background, 32
running the program, 31
script, 18, 19

script dialog, 18
setup dialog, 6

RFE3 commands

Boundary, 8, 25
DUnit, 8

Edit le, 31

Edit listing le, 31
Edit script, 31
Epsi, 24, 29
FList, 29
Format, 22
Freq, 6, 21
InitVal, 23
Manual, 32
MaxCycle, 8, 22
Mesh, 21
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Omega, 8, 22
Pause run, 32
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ResTarget, 21
Restarget, 8
Setup, 31
Sigma, 24, 29
Start run, 32
Stop run, 32
Superposition, 8, 28

RFE3View
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analysis script, 18, 34, 62

data le, 35, 58

interpolation methods, 55

line scans, 56
making plot les, 40
matrix le, 56

numerical analysis, 44, 55

plane plot type, 36
printing plots, 40
slice plot type, 41
surface plot type, 49



RFE3View commands

Close data le, 36

Copy to clipboard, 40

Create matrix le, 56

Create script, 35

Default printer, 40

Displayed regions, 52

Edit data le, 36

Edit le, 36

Edit script, 35

Expand view, 42

Field line at point, 46

Field line plot le, 53

Field lines along scan, 46

Full analysis, 58, 62

Global view, 42

Input, 62

Instruction manual, 36

Jump, 42

Line, 62

Line scan, 46, 56

Load solution le, 34

Matrix, 63

NScan, 62

Number of contour lines, 44

Number of eld lines along scan,
46

Open data les, 35

Oscilloscope mode, 48

Output, 62

Pan, 42

Plot le, 40

plot limit, 43

Plot limits, 40

Plot style, 37

Point, 62

Point calculation, 44, 55

Record eld line plot, 54

Region properties, 63

Remove eld lines, 46

Restore default view, 50

Rotate plot, 40
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Scan quantity, 47

Set cut plane, 52

Set number of scan points, 47
Set plane, 37

Set plot limits, 53

Set slice plane properties, 41
Set slice plot style, 43

Set snap distance, 44

Set surface plot quantity, 52
Set view dialog, 50

Slice normal, 41

Solution le information, 34
Step, 42

Surface plot control, 51
Toggle grid, 44

Toggle snap mode, 44

Zoom in, 42

Zoom window, 42

small-scale solutions, 24



