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1. INTRODUCTION

Because the Green module is a blackbox for us, we want o kwooe of it. We know
that two spiders must be gén to it and that a Green value is calculated for thie.tveee
also the "Space Green API Implementation Note" in "share/doc/an0202.pdf".

spl ———=
green (spl,sp2) | - value

Sp2 ————=

Besides that the spiders needs teehaordinates, the spiders needs also be connected to
a face or an edge data structure depending on operation mode.

Before we can use function green, we need to init the Green mothike must be done

with a call to function greenlnit. This function needs some global variables and data to
work with. It has only one argument "meters" which specifies the unit (scalitgyf for

the spider coordinates. Function greenlnit returns the geetmf-which is equal to
"meters * 4 * PI". This factor can be used to scale the resulting Grakres. Besides

that the constant Epsilon0O is defined (8.855e-12 F/m), which is used to calculate the
capacitance values.

greenCase
e
reenType :
g. YP greenlnit (meters) +——
diel_cnt greenFactol
E———
diels

For CAP3D mode the greenCase and gregeTmust be set to DIEL (= 0)A global

array of dielectric medium data mustist. Thenumber of dielectric layers is specified
with "diel_cnt". Normally these data comes from a space technology file. Note that not
more than three layers can be specified and @ahees of the bottoms must bevgn in
microns. Wth thetecc technology compilerhoweva, it is a pssible to use more layers

by using the unigreen method. Then a special technology file is produced with calculated
Green data, but this cost a lot of time to produce.

Function greenlnit shall also init a lot of Green parameters, which detdu#isvcan be
changed by specifying these parameters in a space parameter file (or on the command
line). For CAP3D, most of these parameters starts with "cap3d.xxx", where "xxx" is the
name of one of the parameters.
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2. WHICH DATA USESTHE GREEN MODULE

It is important to knav which data must be \gn to the Green module. Nornally the
spiders are generated on base of a 3D layout boundary mesh. The faces are the top,
bottom and sideall faces of the 3D conductors. The edges are the edges aicde f
Depending on the chosen mode the data must be filled in correctly.

2.1 SPIDER DATA

The following spider members are used by the Green module:

spider -> act_x
spider -> act_y
spider -> act_z
spi der -> face
spi der -> edge
spi der -> nonents

First of all, the spider actual x,y,z coordinates. Second, if the spider is a center spider of a
face (PWC mode), then the spider must point tace fdata structure and not point to a
edge data structure (edge = NULL). If the spider is an edge spider of a face (PWL
mode), then the spider must not point to a face data structure (face = NULL), but it must
point to a face edge data structufiéhird, the spider moments member must be inited to
NULL. This member is set and used by the Green multipole method.

2.2 FACE DATA

The following face members are used by the Green module:

face -> corners[0]
face -> corners[1]
face -> corners[2]
face -> corners[3]
face -> area
face -> len

First of all, the face has three or four corner spidéise face corners array points to the
corner spiders. Member corners[3] is NULL when the face has only three coFuwers.
each face the members "area" and "len" must be calculatedalties \can not be zero.
The "len" of a &ce is the maximum found edge length of thaef Thiswo values can
be calculated from the corner points of the face.
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3. WHICH MODESUSES THE GREEN MODULE
The modes used are dependend of the parameter settings.
3.1 PWC VERSUS PWL

Function green calls eighter function greenPwl or greenPwc depending on the setting of
variable FeModePwl. This is the main entrance of the Green module:

doubl e green (spider_t *spl, spider_t *sp2)

{
val = FeMbdePwW ? greenPw (spl, sp2) : greenPwc (spl, sp2);
if (val < 0) val = 0;
return (val);

}

As you see, function green cannot return gatee value. Thusthe choice is between
Piecavise Linear (PWL) or Piecewise Constant (PWC). Only for be_mode "1c" and "1g"
variable FeModePwl is TBE. Thisis set by function greenlinit.

3.2 PWC MODE

Piecavise Constant (PWC) collocation (be_mode "Oc") is the default Green mode.
Piecavise Constant galerkin mode can be set with "0g". In that casmble
FeModeGalerkin becomes UE. By Piecavise Constant mode the center spiders of the
faces must be gen to the Green module. The face "len" is used for making a function
choice in combination with the distance of the spiders. The face "area" is used by
CollocationGreenPwc and GalerkinGreenPwd,dnly when the multipole method is not
used.

Private green_t greenPwc (spider_t *spl, spider_t *sp2)
{
r
d

spl -> face ->len + sp2 -> face ->len; [*r >0 */
spi derDi st (spl, sp2); /* d >= 0 */

if (d>r * pointGeenDist & d > 0) {
val = PointGeen (spl, sp2);
}
else if (d >=r * collocationGeenbist) {
val = Collocati onG eenPwc (spl, sp2);
if (d <r * asynCol |l ocati onGeenDi st &% spl != sp2) {
val += Col |l ocati onGreenPwc (sp2, spl);
val /= 2;
}
}

el se {
val = Gl erki nGeenPwc (spl, sp2);
}

return (val);
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Variable pointGreenDist is default "infinity", thus function PointGreen is normally not
called. This variable can be set with parameter “"cap3d.point_greddbte that
PointGreen is not called when spider spl is equal to spider sp2.

Variable collocationGreenDist is damilt "0", thus function CollocationGreenPwc is
always called. This variable can be set with parameter "cap3d.collocation_green", then
CollocationGreenPwc is only called for d >= r*collocationGreenDist, else function
GalerkinGreenPwc is called. Note that for equal spiders (d = 0) CollocationGreenPwc is
called only for collocationGreenDist is "0". When FeModeGalerkin isJERthen
collocationGreenDist is default "infinity" and GalerkinGreenPwcwsags called.

Function CollocationGreenPwc iswalys called twice when spider spl is not equal to
spider sp2 and variable asymCollocationGreenDist is "infinifyfiis variable can be set
with parameter "cap3d.asym_collocation_green".

Note that both functions CollocationGreenPwc and GalerkinGreenPwc shall default call
function greenMpole and return directlyutbonly if greenMpole returns TBE). This
because parameter "use_multipoles” is default "on" and useMultiPoles is TRUE.

Private green_t Collocati onG eenPw (spider_t *spo, spider_t *spc)

{
if (useMultiPoles &% greenMoole (spo, spc, &val)) return val;

area = spc -> face -> area;

c = spc -> face -> corners;

R3Set (opp, spo);

R3Set (cpl, c[0]);

R3Set (cp2, c[1]);

R3Set (cp3, c[2]);

R3Set (cp4, (c[3] ? c[3] : c[0])); /* triangle or quadrilateral */
val = doCol |l ocati onG een (opp, cpl, cp2, cp3, cpd);

return (val / (area * y_stretch));

}

You e abwe that CollocationGreenPwc uses tlaed "area" and variable "y_stretch"

and also the face corner spiders (this is also the case for function GalerkinGreenPwc).
Variable "y_stretch" is dedult "1" but can be changed with parameter "cap3d.y_stretch".
Note that this variable is also used by R3Set for the y-coordinate.

3.3 MULTIPOLE MODE

Default, for both collocation andatgerkin, the multipole function greenMpole is called
(parameter "use_multipoles” is "on"fror CollocationGreenPwc with unequal spiders it

is two times called, because the mean value is uBedction greenMpole internally uses
variable FeModeGalerkin to decide itsokking. It calls function getPiePoints, which
uses the face corner spiders for PWC (the face area is not EsedWL however, the

spider edge is used and if the edge points tace, fthen the code tries to go counter
clockwise (using macro ccwa) around thed. Notehat in PWL mode triangulaates

are used, which is checked by getPiePoints. Note that the Green module is not
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completely self supporting, because macroacalls function meshCcwAdjacent from

the spider module. Function getPiePoints calls function mediumNumber2 to test of all
peripheral points are laying in the same dielectric medilfnane point is crossing a
dielectric interface, then FALSE is returnedn that case function greenMpole is
returning FALSE and another method must be used.

The multipole method uses some parameters for fine tuning.
For example:

mul ti pol esM ndi st = paranLookupD ("cap3d. mp_min_dist", "2.0");

oMaxMyOr der = cMaxMpOrder = paraniookupl ("cap3d.nmp_max_order”, "2");
defval = nprintf ("%", oMaxMpOrder);

oMaxMoOr der = par aniookupl ("multi pol es_oMaxMpOrder", defval);
cMaxMpOr der = par aniookupl ("multi pol es_cMaxMpOrder", defval);

3.4 PWL MODE

Piecavise Linear mode can be set with be_mode "1c" or "Tdius variable FeModePwI
becomes TRE. By"1g" galerkin is used and variable FeModeGalerkin becom&tETR
By Piecavise Linear mode the edge spiders of the faces mustviee ty the Green
module (no center spiders are uset@ihe edges must point to faces, which musieha
triangular shape (three corner points). The face "len" is not used in this modeac&he f
"area" is used by CollocationGreenPwl and GalerkinGreenPuil,obly when the
multipole method is not used.

Private green_t CollocationGeenPwWl (spider_t *spo, spider_t *spc)

{
if (useMultiPoles && greenMool e (spo, spc, &al)) return (val);

area = val = 0;
R3Set (opp, spo);
for (e = spc -> edge; e; e = NEXT_EDGE (spc, e)) {
if (!(f = e ->face)) continue; /* sheet conductor */

sp2 ccwa (spc, f);
sp3 ccwa (sp2, f);
ASSERT (sp2 != spc && sp2 != sp3 && sp3 != spc);

R3Set (cpl, spc);
R3Set (cp2, sp2);
R3Set (cp3, sp3);
val += doCol | ocati onG een (opp, cpl, cp2, cp3, cpl);
area += f -> areag;
}

return (val / (area * y_stretch));

}

Note that the "area" must be set unequal zero, thus there must be a face "f".

The Nelsis IC Design System



Soace Green Module Usage 6

4. SOME OTHER FUNCTIONS
4.1 ccwa

This code is only used for Piecewise Linear mode.
#define ccwa(sp, f) meshCcwAdj acent (sp, f, (face_t *) NULL)

/* Find next spider in ccw (counter-clock wi se) order around face.
*/
spi der _t *meshCcwAdj acent (spider_t *sp, face_t *face, face_t *newface)

{
spi der Edge_t *e;

for (e = sp -> edge; e && e -> face != face; e = NEXT_EDGE (sp, €));

it (e) {
if (newface) e -> face = new ace;
return (OTHER_SPI DER (sp, e));

}
say ("Internal error %:%", _FILE , _LINE_ ); die ();

return (NULL);
}

4.2 NEXT_EDGE

#define NEXT_EDGE(sp, e) (e -> nb)

4.3 OTHER_SPIDER

#define OTHER _SPI DER(sp, €) (e -> oh -> sp)
4.4 PointGreen

Function PointGreen can only be called when parameter "cap3d.point_green" is set less
than infinity Note that the face corner coordinates are not used.

Private green_t PointGeen (spider_t *spl, spider_t *sp2)

{

poi ntR3_t pl, p2;

R3Set (pl, spl);

R3Set (p2, sp2);

return (greenFunc (&pl, &p2));
}
4.5 R3Set

This macro places the spider coordinates into a pointR3_t data structure.

#define R3Set(p, sp) \
R3Assi gn(p, sp->act_x, sp->act_y * y_stretch, sp->act_z)

#define R3Assign(p, a, b, c) (p.x =a, py =b, p.z =¢)
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5. OVERVIEW OF THE GREEN PARAMETERS

5.1 Standard Green Parameters

cap3d. be_node (string) (default: "0c" or "collocation")

Other values are: "0g" (or "galerkin™), "1c" and "1g".
See the space 3D capacitance extraction manual.

cap3d. point_green (real > 0) (default: infinity)

Sets variable pointGreenDist. See this note.
When set, function PointGreen is called by d >= pointGreenDist.

cap3d. col |l ocation_green (real) (default: FeMbdeGalerkin ? infinity : 0)

Sets variable collocationGreenDist. See code in this note.

When set, function CollocationGreenPwc/l is called by d >= collocationGreenDist.
When d < collocationGreenDist function GalerkinGreenPwc/l is called instead.
Note that pointGreenDist has higher priority (if set).

cap3d. asym col |l ocation_green (real) (default: infinity)

Sets variable asymCollocationGreenDist. See code in this note.
When function CollocationGreenPwc/| is called, it is called twice for unequal spiders and
the mean value is used, but only when d < asymCollocationGreenDist.

cap3d. max_green_terms (integer >= 1) (default: 500)
See the space 3D capacitance extraction manual.

cap3d. green_eps (real > 0) (default: 0.001)

See the space 3D capacitance extraction manual.
cap3d.col _rel _eps (real > 0) (default: 0.2)

In Galerkin mode, the "cap3d.green_epalue multiplied with "cap3d.col_rel_eps" is
used. Thigs done to get a higher accuyasf collocation.

5.2 Debug Parameters
debug. print_green_init (bool) (default: off)

Prints greenlnit setup information. Which Green mode is used (be_mode,
FeModeGalerkin, FeModePwl) The dielectric data which is used and some other settings.

debug. print_green_ternms (bool) (default: off)

Prints the green terms.

debug. print_green_gterns (bool) (default: off)

Prints all the green terms.
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5.3 Multipole Parameters
use_mnul ti pol es (bool) (default: on)

force_np_anaint (bool) (default: on)

When TRIJE, enforce use of analytical formulas for inner (collocation) integral in
multipole routine for Green function.

force_nmp_exint (bool) (default: off)

When TRJE, enforce use of analytical and adegtiumerical integration in multipole
routine for Green function.

cap3d. np_mn_dist (real) (default: 2.0)
See space 3D capacitance extraction manual.
cap3d. np_nmax_order (integer 0 ... 3) (default: 2)

See space 3D capacitance extraction manual.

mul ti pol es_cMaxMpOrder (default: cap3d. np_nax_order)
mul ti pol es_oMaxMpOrder (default: cap3d. np_nax_order)

See parameter "cap3d.mp_max_order".

5.4 Unigreen Parameters

cap3d. use_uni green (bool) (default: diel_blob_environment ? on : off)

When there is no diel_blob_environment, it is pudt & diel_blob_emironment gists,
when there is a non empty unigreen technology file.

cap3d. use_uni green_interpol ati on (bool) (default: on)

5.5 Integration Parameters

use_adptv_intgrtn (bool) (default: off)

When TRUE, use adapé integration when Stroud’ formulas failed to achie te
desired precision, in cgantional calculation of Green function (galerkin).

force_adptv_intgrtn (bool) (default: off)

When TRJE, enforce use of adap# integration instead of Strousl formulas, in
cornventional calculation of Green function to acheehe desired precision (galerkin).

5.6 doCollocationGreen Parameters
an_turnover (integer > 0) (default: 100)

This value is used as argument to functionsgira®elD and inggrate2D. Thisis the
maximum number of refinement steps that is tried in sequence to reachgbie tar
accurag. It can be used to control running timé&or galerkin a fixed an_turnver of
"1000" is used.
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col l ocation_node (integer) (default: 0)

When "1", then numeric collocation is not done fdrddgonal images.
accelerate_l evin (bool) (default: off)

When "on", then "accelerate_levin" is done for numeric collocation.
5.7 Special Green Parameters

cap3d. use_nean_green_val ues (bool) (default: off)

See the Green API note.

cap3d. nerge_i mages (bool) (default: on)

See the Green API note.

cap3d. use_| owest _nedi um (bool) (default: on)

See the Green API note.

cap3d. use_ol d_i mages (bool) (default: off)

See the Green API note.

cap3d.y_stretch (real > 0) (default: 1.0)

When set, a spider y-coordinate correction is applied. See code in this note.
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