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1. INTRODUCTION
See also the "Space UseManual", section 2.5.4 "Edge Capacitances".

When doing a 3D capacitance extraction foo tmetal lanes (length 40 um, width 0.5
um, bottom-height 0.7 um, thickness 0.5 uri}ith a rel. permittivity of the dielectric
medium of 3.86 and cap3d parameters (be_mode=0c, max_be_area=1, be=dihdo
min_coup_cap=0). Thudpr different spacing distances of the lanes, the \otig
couple capacitances (fF) are found:

spaci ng: 0.5 um 1 um 2 um 4 um 8 um 16 um 32 um
cap(P1,P2) : 2.246193 1.173493 0.510664 0.176731 0.051013 0.011220 0.001236
cap(P1, GND): 3.437741 3.797202 4.199253 4. 475913 4.594348 4. 633504 4. 643457

cap(P2, G\D): 3.437741 3.797202 4.199253 4.475913 4.594348 4.633504 4. 643457
cap of 1 netal |lane = 4.644692 fF.

O ml — fnished #pe —

| Extract | | Databaze | | Options | | Display | I

|

Fig.1 Two metal lanes with a spacing of 2 um.

You se that the value of the lateral capacitance between P1,P2 is higher by a smaller
spacing. Hwever, the value of the couple capacitance between P1,GND is smisier
happens, because the field lines of the electric field are going more to second lane and not
more to the ground planeThus, also the value of the edge capacitance to ground is
changing. Not¢hat P1 is a terminal node on the first lane and P2 on the second lane.

See next page for a 3D and 2D capacitance model of tive ahation.
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2. 3D AND 2D CAP MODEL
The 3D cap model:

P1 | P2 tn
C12
W w
— SpaCing — h
Cl C2
The 2D cap model:
P1 | P2
C12

-FC1e Cls TClea TCZea C2s C2e

In the 2D cap model you hea elge-surface caps (Cle, Clea, C2e, C2ea)
and surface caps (C1s, C2s) and the lateral cap (C12).

Without the lateral cap, when the spacing distance is large enough, you can say:
Cl = Cls + 2*Cle 2 = @s + 2*C2e Cl = C2 = 4.644692 fF

With a lateral cap, when the spacing is for example 2 um, you can say:

Cl = Cls + Cle + Clea C2 = C2s + Ce + Cea Cl = C2 = 4.199253 fF
=> Clea = Cle - (4.644692 - 4.199253) = Cle - 0.445439 fF

Thus, the edge-swate cap. Cle must be compensated for 0.445439 fF by a spacing of 2
um. We can male the following table:

spacing Cl conp_val ue of Cle
0.5 3.437741 1.206951
1.0 3.797202 0.847490
2.0 4.199253 0.445439 <=
4.0 4.475913 0.168779
8.0 4.594348 0.050344
16.0 4.633504 0.011188
32.0 4.643457 0.001235
64.0 4.644692 0.000000

To get a list of edge-surface cap values, we need tavKdibs. Onthe following page
you see a part of the lateral cap compensateEdgeCap code.
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void do_l atcap (capElemt *lced, coor_t |en, double d)

{
snA = begTile -> cons[lced -> pCon];
snB = endTile -> cons[lced -> nCon];
lcap = calc_latcap (lced, d);
capAdd (snA, snB, lcap * len, lced -> sortNr);
if (conpensate_|lat_part > 0) {
conpensat eEdgeCap (Il ced, lcap, d, lIced -> pCon,
snA, begTile, begTileNext, |en, begEl em;
conmpensat eEdgeCap (Il ced, lcap, d, lIced -> nCon,
snB, endTile, endTilePrev, |en, endE em;
}
}

voi d conpensat eEdgeCap (capElemt *|ced, double |cap, double dist, int |con,
subnode_t *subn, tile_t *tile, tile_t *tileAdj, double len, elemt **elem

{
tot EdgeCap = 0; k1 = k2 = -1;
for (k = 0; elen[Kk]; k++) {
if (elenfk] -> type == EDGECAPELEM {
eced = &elenfk] -> s.cap;
if ((eced -> pCon == lcon ||
(eced -> nCon == | con &% eced -> nCccurrence == EDCE))
&&% eced -> sortNr == lced -> sortNr) {
k2 = k; if (k1 < 0) k1 = k;
t ot EdgeCap += eced -> val;
eced -> done = 1;
}
el se eced -> done = 0;
}
if (k1 <0) return; /* no edge caps found */
| capPart = I cap * conpensate_| at_part;
if (totEdgeCap < |capPart) |capPart = tot EdgeCap;
for (k = k1; k <= k2; k++) {
eced = &elenfk] -> s.cap;
if ('eced -> done) continue;
if (eced -> nval) { /* distance/cap pair(s) */
if (lced -> nCon !'=lced -> pCon) continue;
conp_value = eced -> val - edgecapval (eced -> nval, dist);
}
el se conp_value = (eced -> val / totEdgeCap) * |capPart;
esubn = .. .;
capAddNEG (subn, esubn, conp_value * len, eced -> sortNr);
}
}

You e that compensate is not done for unequal ’Iced’ nCon and pCon! Thatuke v
of ‘compensate_lat_part’ only is used for edge caps which tanedistance/cap pairs!
Note that in the 5.4.5 version ggace parameter ‘compensate_lat_part’ is default '0’!
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3. 2D CAP XY-PAIRS

See the "Space UssiManual" section 3.4.13, also called distance,capacitivity pairs.
A "space.def.s" technology file, for example, has defined the following xy-pairs:

capaci tances: # edge-surface caps : distl valuel dist2 value2
ecap_ML_M : IML -ML M2 : -ML M2 : 8.64 0.067861 17.28 0.08
ecap_M_ML : I'M2 -M2 ML : -M2 ML : 8.64 0.11132

This gwes the following xy-pairs table in the "space.def.t" file:

Beoo X == #o-- Y cce He-o @ --- Hee- b - f-- po---

. 000000e+00 0. 000000e+00 8. 000000e- 11 1.000000e+00 2. 182411e+05
. 640000e- 06 6.786100e-11 8.217143e-11 1.147728e+00 2. 182411e+05
. 728000e- 05 8. 000000e- 11 8. 000000e- 11 0. 000000e+00 0. 000000e+00

. 000000e+00 0.000000e+00 1.113200e-10 0. 000000e+00 0.000000e+00
. 640000e-06 1.113200e-10 1.113200e-10 0. 000000e+00 0.000000e+00

COCONEF 00O W

The following function "edgecapval” is used for the compensation:

doubl e edgecapval (xyEl _t *xy, double dist)
{

while (xy -> next & dist >= xy -> next -> x) Xy = Xy -> next;
return (xy ->a * (1.0 - xy ->b * exp (-dist * xy ->p)));
}

When there only is one distancalive pair you see that compensation does ravk!w
Because alays the value of xy -> a is returned (xy -> b is 0.Byr the edge-surface cap
"ecap_M1_M2", which has tw distance,alue pairs the following compensation are
done. fer 'x’ distance lover than 8.64e-06 the 1-st record (the return value is between 0
and 6.7861e-11)For 'x’ distance laver than 17.28e-06 the 2-nd record (the retaines

is between 6.7861e-11 and 8e-1And, for X’ distance equal and higher than 17.28e-06
the 3-rd record (the return value isvays 8e-11). See figure:

[#5] = (s3]

[aS]

0.864 2592 432 6.048 7776 9504 11.232 1296 14688 16.416
0 1728 3.45% 5184 6912 864 10368 12096 13.824 15552 17.28
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4. NEW CHANGES
This is nev for the 5.4.6 distributed version of tggace andspace3d program.

The default value ofpace parameter ‘compensate_lat_part’ is changed back to '1.0°
(100% compensation). This change was made in "scan/getparam.c":

conpensate_| at _part = paranmLookupD ("conpensate_|l at_part", "1");

Thus, default there is wabys 100% compensation of edge-edge and edgeaesurf
capacitances by lateral capacitanggraetion. Ifyou dont want to hae compensation,

set the value of parameter 'compensate lat_part’ to '0’. This can be done in the
"space.def.p" parameter file or on the command line using of8ioFor example:

% space -F -C -Sconpensate_| at_part=0 sw tchbox4

Also the code of function 'compensateEdgeCap’ is chandedy there is alays
compensation for the found edge capacitanddso compensation for a single found
distance/cap pair and also for distance/cap pairs by undgedl hCon/pCon conductor
pins. Sedollowing part of code from "extract/latcap.c":

voi d conpensat eEdgeCap (capElemt *Iced, double |Icap, double dist, ...)
{

| capPart = lcap * conpensate_| at_part;
if (totEdgeCap < |capPart) |capPart = tot EdgeCap;

for (k = k1; k <= k2; k++) {
eced = &elenfk] -> s.cap;
if (!eced -> done) continue;
conp_val ue = 0;
if (eced -> nval) { /* distance/cap pair(s) */
if (lced -> nCon == Iced -> pCon)
conp_val ue = eced -> val - edgecapval (eced -> nval, dist);

}
if (conp_value <= 0)
conp_val ue = (eced -> val / totEdgeCap) * |capPart;

capAddNEG (subn, esubn, conp_value * len, eced -> sortNr);

}

See also the "Space UseManual”, section 3.4.13 "The capacitance listiy o define
distance,capacitivity pairs in the "space.def.s" technology file.

Note, havever, that you dort need to define distance,capacitivity pairs. That is only
needed for a more detailed compensatiblormally, you define one (maximum) edge
capacitivity value and use the standard compensation procedure.

Note that the last capacitivity value in a distance,capégitpairs list must be the
maximum capacitivity &lue. Thisvalue is used for the last\gn distance and all higher
distances.
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