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1 Introduction
SIMIAN (Surface ImpedanceMethod for |nterconnectAnalysis) is a twodimensional frequency

dependent series impedance extraction fimointerconnects and transmission linesng conductors of
rectangular or circulacross sectionUnlike theVVolume Filament Methodl], only the surface of the
conductor is divided, which can save significant amounts of computation time, espgbetijhe cross
sectional size of theonductor(s) is (arejomparable to thekin depth[2]. This methodhas alsobeen
extended to solvéhree dimensional probleni8]. SIMIAN returns the frequency dependestries
impedance matrior an n-conductolsystem, i.e.,the n x n matrixconsisting of self and mutual
resistances and self antutual inductances of and betweah n conductors.You now alsohave the
option to specify "loop ipedance" as thdesired output, which is one like the"per unit length”
impedance usually used in transmission line analysis (see section 7.1).

1.1 Some new features in version 2.1.

1.1.1 Some bugs have been fixed... (the never ending quest...).

1.1.2 Circular conductors are now supported.

1.1.3 Loop impedance (as opposed to partial impedance) can be directly calculated.

1.1.4 The volume filament technique (VFM) can now be used as an option.
See the sectiorEffective Internal Impedance (Ell) ‘type’" on page 8 for details.
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2 Input file format
There are three separate input part€€omment, global variables specification, and conductor

specification. The following is an inputfile that calculateseriesimpedance otwo conductors with
cross sectional geometry shown in Figure 1.

Input File:

* Example 1

* 20pum x 2Qum conductor separated byufn
* This is a comment

* CASE INSENSITIVE

* Following is frequency specification
freq 1e5 1ell 5 (x2.y2) (x2.,y2)

» <

* Following is unit specification
.unit m

* Fotl_lo;/ving is output format option (xLy1) (xLyl)
Jpartial yes
Figure 1: Example 1, Two conductor case.

*Following is first conductor specification

Line {

v=0

x1=0 y1=0
x2=20e-6 y2=20e-6
rx=1.2 ry=1.2
sigma=5.8e7
type=PW

}

* Following is second line specification
Line {

v=1

x1=25e-6 y1=0
x2=45e-6 y2=20e-6
sigma=5.8e7

}

end

2.1 Comments
Comments always preceded #yon each commenline. Comments can be ade anywhereexcept

inside conductor specification (inside the brackets: {}).
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2.2 Global Variables
There are three global variables in SIMIAN; these variables are preceded by a ‘peri@he global

variable determines the frequency range over which the calculation is performed. The syntax is:
.Freq <fmin> <fmax> <points>

<fmin> is the minimum frequencyfrax> is the maximunirequency, and goints> determines the

number of frequency points betweefmin> and <max>. The stepsbetween frequency points are

determined logarithmically, and the impedance matrix wiltleulated at a total ghoints+1 sample

frequencies includingmin andfmax.

The second globalvariable specifies the unit of lengtiised: m (meter), mm (millimeter), cm
(centimeter)um (micrometer)jn (inch), andmils (0.001 inch). Since this version of SIMIAN is only
for two dimensionsall the seriesimpedanceesultsare per unilength. Thisvariable determines the
units used in input file and output files. The defauthi@neter), and the syntax is

.Unit  <unit>
The unit of conductivity is siemens per <unit>.

The third global variable is related dotput format:partial impedance matrix doop impedancematrix.
The partial series impedance is the impedance of a$iseming current returns "somewhere at infinity"
and is most likely useful for inductaiesign. Fotthe loop seriesmpedance calculation, theser needs
to specify at least onigroundline” by assigningzero voltage (please see Condudtariablesbelow).
The dimension of the matrifor partial impedance i®v x N, where N is total number of conductors,
while for the loop impedance matrix it iSVg x Ng, where Ng is the total number afignal conductors

(all the conductors with nonzeraoltageassignecdare considered as sigranductorssee2.3 below).
This option can be used for transmission lines and interconnects. The syntax is

.partial <yes/no>
The default is *.partial no’

2.3 Conductor Variables
Two different conductorcross-sectionsre supported by SIMIAN:rectangular and circularEach

conductor in the n-conductor system has a statement describing its characteristics in the following form:

For rectangular cross-section:

* rectangular line specification
Line {

v=0

x1=0 y1=0
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x2=20e-6 y2=20e-6
rx=12 ry=1.2
sigma=5.8e7
type=PW

For circular cross-section:

* circular shape conductor

* xc and yc is coordinate of the center and rad is radius of the circle
circle {

v=1

xc=0 yc=0

rad=20e-6

nr=10

sigma=3e7

}

> X
Figure 2: Circular cross-section specifications.

Conductor shape Thefirst variable to specify ighe conductoshape. There are three conductor
shapes in SIMIAN. For rectangular shape conductor one cagitbee Line’ or ‘Plate’ option. This
variable must be specified just before the bradket“Line’ can beused in mostectangular or square
shaped conductor cases wttea conductoshape isnot a “wide strip” (like aground plane), or high
accuracy is required.Plate’ can be used for wide strips or ground platies, whenthe conductor is

much wider than it ighick); for a ‘plate’ SIMIAN automatically determines the segmentatjoe.,

ribbon width) so that computation time can be reduced [4]. An example using this type will be explained
in section "Segmentation Scheme"; this option can be efficiently used espetiatiyvidth/height ratio

is bigger than 1, wheteeightis distance between signal line and gropfade andwidth is thewidth of

the signal conductor.

For a circular conductor,the user should useécircle’. SIMIAN approximates the circular-shaped

conductor using a polygon withr’ vertices (see Number of Segments below).
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All the rest of the individual conductor characteristics are specified between two brgcleetd:}’ :

Voltage applied Voltage applied on each line. SIMIAN distinguishes only zaitage from non-zero
voltage. This voltage option is useddonjunction with ‘.partiakno/yes>* option described section
2.2. Zero voltageassigned conductor@re considered agrounds,and all non-zero voltageassigned
conductors are considered as signal lines.

v=<voltage in V>

Geometry Input: As shown in Figure 1lthe rectangular geometry of the each cmbor can be
represented by two sets obordinates: thdower left corner at x1,y1l) and upper right corner at
(x2,y2) of the rectangular cross-section conductor. Since this version of SIMIAN is two dimensional, z
coordinates are natecessary. Figure ghows circular conductors. Focircular conductorsthe user

needs to specify coordinates thfe center of eacleonductor,xc andyc, and theradius of each
conductoryrad.

Non-uniform Segmentation This option is onlyavailablewith ‘Line’ option. Conductors with
high aspect ratio (width/thickness) have hightn-uniform current distribution at highequency. To
capture thesaon-uniformities,the conductohas to besegmented into finer sections to capture these
effects (especially at higfrequency). Toavoid having too manyibbons, the conductor can be
segmented non-uniformly (see Figure 2) using finer segmentation near corners. The syntax is

rx= <ratio in x direction> ry=<ratio in y direction>
‘rx” and ‘ry’ are the ratios of two adjacent ribbon lengths in the x and y directiesygctively(ribbons
near cornergarealways shortest). @&aults are rx=1 and ry=Qniform segmentation). In Figure 3,
rx=2 and ry=1 (uniformsegmentation) isised,with 5 segments ithe xdirection, 2 segments used in
the y direction.

Figure 3: Nonuniform segmentation using rx=2 and ry=1 with nx=5 and ny=2

Number of Segments The number of ribbons used eachconductorface influence$oth accuracy
and computation time. These variables for rectangular conductors are specified as

nx= <# of segments in x direction>

ny= <# of segments in y direction>
and for the circular conductor as
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nr=<# of segments used along the perimeter>
We havefound thatwith our approach it is rarely necessaryuse alarge number ofibbons, even at
very high frequenciesDefault values arenx=5, ny=5 forrectangular conductor amd=10 for circular
conductor, which we have found to give good accuracy over wide ranges of frequency and geometry. In
many case reasonable accuracy can be achwetlechs few as one ribbon per fages., nx=1, ny=1,
this is particularly useful for an n-conductor system when n is large but fast computatidrdesired.
For a circular conductor, at least 4 ribbons are necessary.

Effective Internal Impedance (EIl) ‘type’: SIMIAN uses anmpedanceboundary condition [2]
to represent the interior @achconductor,called the effective internal impedan(€ll). This position
dependent value is assigned to the thin ribbons on the surface of the condlb&esare severalays
to divide the conductor to get an approximation to theBjlthis program usethe “transmissionline
model” and “modified plane wave model.” The syntax is

type=<EIll type>
where the Ell type can b&L’ (transmission line model)PW’ (plane wavenodel), or VF' (volume
filament techniqudl, 2]). The plane \eve model is somewhat moreimerically stable, while the
transmissiorline model is more accuratbpth are approximations of the effective internal imgueck
(EIl) used in the surface ribbon method (SRM). For a riagerous" approach(for peoplewho don't
trust SRM or who want teaompare thaesults betweerthe SRM and the volumeldment method
(VFM)), the usercanusethe conventional volume filament techniqude 2] instead byusing the 'VF'
option. The humber ofsegments specification' usiigx' and 'ny’ now becomes the number of
filaments used in x and y directions.

**Caution: Unlike SRM, VFM may need many filaments; the number of filaments required is
usually determined by frequency of interest and the conductor dimensions relativekimtdepth. For
instance, the following restriction on the number of filaments (and hence on filament size) is fairly safe:

X > | -x|0/nfuo

ny 2 |y,-y| O/mfuo .
In somecases,the usermay want to use both SRM andFM together. For instance, in a multi-
conductor system, where some conductor dimensions aleemughthat skin effect is not inportant,

\}

one carusethe 'VF' optionwith /X == 1 (Simian automaticallpsesthe 'VF' option inthis case),

while SRM with 'TL" or 'PW' options can be used fioe conductors whose dimensioare larger than
or comparable to the skin depth.

The default option is 'TL'.
'VF' option is not supported for circular conductor.
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Sigma conductivity of the conductor. Syntax is
sigma= <sigma>

End: All the files should be terminated witbrid

3 Segmentation Scheme
Since the total number oibbons used foeachconductor determines the computatiime, it is very

important to reduce themvithout loss of accuracy.Since SIMIAN only dividesthe conductor on its
surface, the problem can be reduced froimd\4N compared to the volume filament methétbwever,

more significant advantage comes from reduction afsHIf. To get accuratgesult in the volume

filament method, each segment has to be comparable in size to the skin depth at the frequency of interest;
if a filament is much larger than abduB of a skindepth, serious errozanresult. However, in the

surface ribbon method a mushaller number of segmentan beusedwhile maintaining reasonable
accuracy (typically less than 1% error at “low” frequencies, perhaps as much as 10% over a narrow band
of frequencies at “mid” frequency, and again about 1% at “high” frequency). For most casasarsing

than fiveribbons oneachside would not benecessaryand in many cases dsw as one peface is
necessary.

Figure 4 shows minimum segmentation method ugugté’ option in Conductor typeariable applied
to ground plane. Only one ribbon is usedeachside of signalines, and eightfor the "ground plane”
(segmented automatically using thite' option), resulting in a total of 20 ribbon3.he input file for
this example is shown below.

o0 @ @

"

Figure 4: Minimum Segmentation Scheme with ground plane.

* Example 2

* 3 conductor lines and one ground plane
freq 1e5 1lell 20

.unit m

Jpartial no

line {
v=1
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x1=1.5e-5 vyl
x2=2.7e-5y2
sigma=5.8e7
nx=1 ny=1

}

line {

v=1

x1= 3.7e-5 x2=5.7e-5
yl= 2.6e-5 y2=3.8e-5
sigma=5.8e7

nx=1 ny=1

}

1.8e-5
2.8e-5

line {

v=1

x1=7.2e-5 x2=8.8e-5
yl=2.4e-5 y2= 3.4e-5
sigma=5.8e7

nx=1 ny=1

}

plate{

v=0

x1=0 x2=13e-5
yl=0y2=1e-5
sigma=5.8e7

}

end

4 Output File
The usage of SIMIAN is

simian <Input file name> <w/r>

‘w’ option indicates therbasbeen nagpreviouscalculation on the same geometry; fir@gramcreates
‘induc’ for future use. 1’ option usesold ‘induc’ to redothe calculatiorover a new frequency band
for the previously run geometry. Since the inductances between ribbons are geometry dépenuent,
frequency dependerthis reduces over all computation time.

There are three output files produced by SIMIAN.

1. induc: produces self anthutual inductances betweebbons. The purpose of thidile is to reuse
these values when testing the same geometry over different frequency ranges.

2. plate: When the user decides to ube ‘Plate’ option tceextractseriesimpedance of ground plane,
the ribbon segmentation scheme automatically determines positions of ribbons on ground pldiie. This
contains that information.

3.Zs: Impedance matrix (Resistance and Inductance).
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The following is the Impedance matrix result (‘Zs’) for Example 1 using SIMIAN:

Impedance 2 x 2 matrix (R,L) at f=1.0000e+05 Hz
(4.3103e+01, 2.3235e-06) (-2.2987e-07, 2.1178e-06)
(-2.2987e-07, 2.1178e-06) ( 4.3103e+01, 2.3235e-06)

Impedance 2 x 2 matrix (R,L) at f=1.5849e+06 Hz
(4.3116e+01, 2.3234e-06) (-6.0394e-05, 2.1178e-06)
(-6.0394e-05, 2.1178e-06) ( 4.3116e+01, 2.3235e-06)

Impedance 2 x 2 matrix (R,L) at f=2.5119e+07 Hz
( 4.5583e+01, 2.3168e-06) (-1.1122e-01, 2.1174e-06)
(-1.1122e-01, 2.1174e-06) ( 4.5583e+01, 2.3169e-06)

Impedance 2 x 2 matrix (R,L) at f=3.9811e+08 Hz
(1.0982e+02, 2.2674e-06) (-6.7482e+00, 2.1225e-06)
(-6.7482e+00, 2.1225e-06) ( 1.1022e+02, 2.2672e-06)

Impedance 2 x 2 matrix (R,L) at f=6.3096e+09 Hz
(4.1038e+02, 2.2348e-06) (-5.1520e+01, 2.1261e-06)
(-5.1520e+01, 2.1261e-06) ( 4.0350e+02, 2.2350e-06)

Impedance 2 x 2 matrix (R,L) at f=1.0000e+11 Hz
(1.7044e+03, 2.2275e-06) (-2.5654e+02, 2.1273e-06)
(-2.5654e+02, 2.1273e-06) ( 1.7000e+03, 2.2276e-06)
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5 Examples and Results

5.1 Square Twin Lead

Example 1 is simulated with SIMIAN and compared with FastHenry [5] whichtheeglume filament
method accelerated using a multi-palgorithm. As Figure Shows, SIMAN can reduce matrix size
significantly. Forthe problemgiven, SIMAN only uses 30 to 40 total ribbonshile the volume
filament methodcheeds more tha800 filaments to accurately predict totasistance at higfrequency.
FastHenry accelerates matrix calculation with the help of a multigtgtgithm, and this samagorithm
canalso be applied tthe surface ribbon method. FiguresBowstheresults of FastHenry, SIMIAN,
and thesurface ribbon method (SRMising a nalti-pole algorithm. A otal 40ribbons were used for
SIMIAN and SRM with multi-polealgorithm, while800 filaments wereused for FastHenry. Ithis
particular examplethe timeadvantage can b&0 to 8000 times fastéinan using the volume filament
method, depending on whatethod isused formatrix calculation. Considering this is for only one
frequency point, tremendous time savings can be achieved by using the SRM.

3 3
4x10 | | & 50 filaments ' 4x10 || & 8ribbons
—+— 200 filaments —+— 40 ribbons
z —o— 450 filaments e —0- 80ribbons
= 800 filaments =
5 1x103 S 1x10%
) i %) ]
(8] o
c c
© ©
@ »
D D
o o
B =
15 s o
[ /“ =
1X102:i [ ] /&/ 1X102i B—a—a—a—r
8x 10— 8x10-F——r——
1x108  1x107 1x10® 1x10° 1x1019 1x10! 1x108  1x107 1x10® 1x10° 1x1010 1x101
Frequency (Hz) Frequency (Hz)
@ (b)
Figure 5: (a) FastHenry [5] results versus number of filaments; (b) SIMIAN versus number of ribbons.
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Figure 6: solid line: SIMIAN (40 ribbons); circle: SRM with multi-pole algorithm (40 ribbons); cross: FastHenry (800
filaments). (a) Real part of total Impedance (R). (b) Imaginary part of total Impedalrjce (
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5.2 Three Conductors over Finite Size/Conductivity Ground Plane

Figure 7shows resultérom simulatingExample 2. The total number abbons used in SIMIANwas 2
which wasconsiderably lesshan FastHenry (1250). Reasonable accuraayas achievedthrough SIMA
within a second (20 frequency points with SPARC 20).

16 pm

1x10°73
— SIMIAN « || — smian ¢
£ 1x10°H
. %  FastHenry IS ] %  FastHenry
1= < 4 T
= O 1x10™H
5 g
g ¥ 1x10%-
g ] E
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£ 2]
s 1x10 *
2 19
lxlo \Hw \Hw T IR lxlo \Hw \Hw T T \HHW T T T T
1x10® 1x107 1x10® 1x10° 1x10%0 1x10® 1x107 1x10® 1x10° 1x10%0
Hz Hz
(a) Example 2, 711
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1x1023 S ]
] 2 1x10°4 | — SRM i
2 1x101€ E ] x  FastHenry
E <
5 1 S
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R ] — SRM S
1x10'1E %  FastHenry g
1X10_2 )c T T \HHW \Hw \Hw 1X101: \Hw \Hw T T \HHW
1x10® 1x107 1x108 1x10° 1x10%0 1x10® 1x107 1x10® 1x10° 1x101C
Hz Hz
(b) Example 2, 212
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(c) Example 2, 713

Figure 7: Real and Imaginary part of Series Impedance of Example 2 (three conductors over a ground plane).

6 Notes

This SIMIAN programwas successfullgompliedwith ANSI C(g++). The platforms testethus far
include:

1. Sparc 20 machine with Sunos 4.1.3

2. Sparc 20 machine with Solaris 2.5

3. Pentium machine with Linux

4. HP workstation

To compile, just typerhake' after you untar thefile. The authors of SIMIANare notresponsible for
successful compilation, so good luck on your machine! We also distribute binary files of SIMIAN.
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7 Appendices

7.1 Appendix 1: Conversion between Z-matrix form and conventional
transmission line series impedance per unit length.

7.1.1 Two conductor case

Let A and B represent planes in which measurements of voltage or current can be made. Consider A to
be the “input plane” and B to be the “output plane”.

plane B

plane A
Figure 8: Two conductor example for conversion to transmission line formulation.

The impedance matrix formalism for such a two conductor system is written in terms of the voltages
across each conductor between planes A and B, and in terms of the current flowing down each conductor
(shown in Figure 9). Note in conventional transmission lines the “return path” is normally shown as an
ideal “ground,” and voltages should ONLY be specified within a single plane; voltage differences

between two different planes should not be considered (see Figure 10).

plane A Vq plane B plane A plane B
|+ - > . :
Va1 @— 411 —@ VB1 + @— ZT-line —@+
- A : Val VB
! _>|2 1 1 1
) : , <+ | :
Vao @— Z22 —@ VB2 é o -
'+ - - '
Vo

Figure 9: Z matrix representation for two conductors Figure 10: T-line series impedance only.

beginning in plane A and ending in plane B.

In the impedance matrix formalism the results are summarized by:

%11 4200010 DAO

12 ZypbHed el
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Note that this problem is assumed to be reciprocal (as it would be for any “normal” situation), so that
Iy =24y .

In the T-line formalism, since the return path is assumed to be ideal (i.e., no voltage drops occur in the
“ground line”):

Zrjined = Va—VB

To convert from the impedance matrix formulation to the conventional T-line formulation we need to find
a relation between V1, V2, 11, 12 in the Z-matrix form and VA, VB, and | in the T-line form. To do this
consider the case where a “short” is placed between the conductors in plane B and conductor 2 is
grounded in plane A, as shown below:

plane A plane B plane A V1 plane B
: : , + - > -
+ @— ZT-line Va1 @——

Va

: (212
Y ! VAzy 222
ZT—Iine = VA/ I : + <

We now have for the T-line:

Vg = 0 thatthenyields: Zt_jjpe = %
and for the Z-matrix:
VBZ = VB].; VA2 = 0; |2 = _Il’ that then yi6|dSV1 = VAl_VBl

The connection between the two formalisms is:
! Va1
1 = I andVp = Vp, orfinally Zt_jine = T
1

We can now evaluate the impedance matrix product:

A1 ZlZE:EJl 0_0OVa ~ Ve

Ho hH H -V A
to eliminate VB1. Solving for VAL in terms of 11 finally gives:

Zr-jine = 41+ Zpp — 20y .
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7.1.2 Three conductor case

Consider a three conductor system used as a transmission line, with two conductors (labeled 2 and 3)
connected together as ground. The equivalent Z-matrix circuit is shown below:

plane A Y plane B
1
+ <« > -
Va1 @—% Z1 —@@ Vel

—>

1
1212
— 2

Va2 — Z2 |—e@ VB2

V2
z 23 |
13 —»3

VAsy Z33 —@@ VB3
+ < > -

V3
Figure 11: Three conductor Z to T-line conversion.
This gives:
@11 4o 213D d Iy ] B/A]_—VB]_D
0_
12 L2 223 2 0= 0 Vm
Bz Zs ZgBHE(t12)H B Ve B
Solving for the current in conductor 2 gives:
1 = 1,38t 42 = 43~ Zp3
2=h

2Wp3— 2y — 233
And finally solving for VAL yields:

V Iyt Zyp =~ D3 = Z3) U3+ 210 — 43— L
Zrojine= "= Zyg + Zp3 — Zip - Ziz + ( ) )

1 2Wp3— Zyp — 233
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