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1. INTRODUCTION

To understand hw capacitance extraction works ivgwritten this note. There are tw
capacitance extraction methodes, the standard (2D) capacitdraetien methode and
the 3D capacitancex@action methode.For capacitance extraction with theP&E
system see also the "Space Usdévfanual' [1] and the "Space Tutorial" [2For 3D
capacitance extraction with therA&&E system see also the "Space 3D Capacitance
Extraction Uses Manual" [3].

Use the following options for 2D capacitance extraction:

-C Al'l capacitors (excl. lateral) to ground node.
-C Al capacitors (excl. lateral).
- Al'l capacitors (incl. lateral).

Use the following options for 3D capacitance extraction:

-3c Al capacitors to ground node.
-3C Al capacitors.
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2. THE 2D CAPACITANCE EXTRACTION METHOD

This method does not kmoanything about the thickness of masks and the height
positions (z-direction) of the mask3he method is based on the mask surface area (x,y
dimensions) and the distances between mask edges and the length of mask@&dbes.

2D method, the capacitance values for capacitance elements are specified in the
technology file in the "capacitance listFor the syntax and description see also the
"Space Uses Manual" [1]. The capacitances are divided in different kind of coupling
capacitors.

1. Surhce capacitors.

2. Edgecapacitors.
Note that all capacitors are betweenotwonducting masks (layers). The saoé
capacitors can be between the following conducting layers:

1. Betweertwo different layout masks (cmf cms).

2. Betweerone layout mask and the ground plane (cmf @gnd).

3. Betweerone layout mask and the substrate plane (cmf @sub).

The edge capacitors can be between the following conducting layers:

1. Betweeredges of tw the same layout masks (-cmf =cmf).

2. Betweeredges of tw different layout masks (-cmf =cms).

3. Betweeredge/surface of twdifferent layout masks (-cmf cms).

4. Betweerone layout mask edge and the ground or substrate plane.
Note that the preceding '=’ character is used to denote the opposite edge. These edge
capacitors are called lateral capacitoiie opposite edge mask may only be used in
combination with an edge mask.

Note that the substrate plane @sub may also be written as %(mcl). Where 'mcl’ is a
mask condition list.
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2.1 ThePossible Pin Layer Combinations

The following pin (node) mask combinations are possible (sedeatgo

mask mask# occ_type

msk >=0 SURFACE
@gnd -1 SURFACE
@sub -2 SURFACE
%(mcl) -4 SURFACE
-msk >=0 EDGE

=msk >=0 OTHEREDGE

occl occ2 cap_type
SURFACE SURFACE SURFCAP
SURFACE EDGE EDGECAP
SURFACE OTHEREDGE nopossible
EDGE SURRCE EDGECAP
EDGE EDGE EDGECAP
EDGE O'HEREDGE LAICAP
OTHEREDGE SURRCE not possible
OTHEREDGE EDGE LATCAP
OTHEREDGE OTHEREDGE nqiossible

SURFCAP/EDGECAP notes:

mask mask note

msk msk notseful
-msk -msk notseful
@... @... nopossible
@... %(mcl) not possible
%(mcl)  %(mcl) nofpossible

Tecc gives the messagelricorrect pin layer specificatioi when the node mask
combination is not possible.
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2.2 SURFCAPElements Examples

For surface cap element matches is only ledkio the color of one tileFunction
enumTle(tile) does a RecogS(tile) to find the SURFCAP elements in the Tite
dimension of the tile surface area is used to calculate theabag VI hemask condition
list in the element specification must only contain SARE masks. TheSURFCAP
elements are only matched for the not EDGE mask positibimss, when you specify an
EDGE mask condition the SURFCAP element can not be found.

RecogS | tilel tile2 ‘ tile3
| cms | cms | |
1 cmf . cmf
[ Ggd | | |
Example of mask conditions for surface caps:
surfcap_cnfgnd : cnf ccenf @nd : 30.5
surfcap_cnfcms : cnf cms : cnf cms : 60.2

surfcap_cnsgnd : cns !'cnf : cnms @nd : 25.5

Note that the ground (substrate) plane wags present and is the @edt node (GND)
when a second pin mask is not specified.

Normally, no edge mask conditions are specifiedlhus, the SURFCAP elements are
placed on both the not EDGE masks and EDGE masks positions in the element table
(only for existing EDGE masks). This can be immaas bllows:

surfcap_cnfgnd : cnf l-cnf !-cms : cnf @nd : 30.5

surfcap_cnfcms : cnf cnms !-cnf !-cns : cnf cns : 60.2
surfcap_cnsgnd : cns !'cnf !-cnf !'-cns : cms @nd : 25.5

2.3 EDGECAPElements Examples

For edge cap element matches is looked to the color of one tile and the (edge) color of
another ne tile. Function enumPair(tile,netile) does a RecogE(tile,newtile) and
RecogE(netile,tile) to find the EDGECAP elements for the edge between the tile and
newtile. Only the edge length is used to calculate the edge alye.v Lookout not to
extract edge caps for internal mask edges.
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RecogE tle —————= newitile
Fig. A | cms | |
4|
Icmf -cmf Icms !-cms ‘
cmf |
Fig.B | cms |,
Icmf -cmf cms !-cms Cl%
cmf |
cmf -cmf cms I-cms
Fig. C | cms
| C2
lemf -cmf cms -cms C1
L cmf |
Fig. D — | cms | =—
C3 | C3
lcmf -cmf Icms -cms !
I cmf | _ |

The following conditions are needed to match not the false -cmf of Fig.C:

edgesurf_cnfcns : !'cnf -cnf cms : -cnf cnms : 5.8 # Cl
edgesurf_cnscnf : cnf !'cns -cnms : cnf -cnms : 5.8 # Q2

The following conditions are needed to match the edge/edge caps of Fig.D:
edgeedge _cnfcns : !cnf -cnf l'cns -cns : -cnf -cns : 2.5 # C3

The following conditions are needed to match the lateral/edge cap of Fig.A:

edgel ate_cnfcns : !'cnf -cnf !cns =cns : -cnf =cns : 1.0 # C4
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The following examples discuss the shielding problem:

Fig. A cms
= C12
— cmf — —
C1 C2 C3
@gnd
Fig. B oms
cmf
c1? cz2? C3?
@gnd

Note that in Fig.B mask cmf shields caps between cms and GMNYbe in this case the
surface cap C2 and edge-surf caps C1 and C3 must not be calculated.
Specify the following mask conditions:

surfgnd_cns : cns lenf : cms @nd : 3.
1.

2
edgegnd_cns : !cnms -cns lcnf : -cnms @nd 0

Possible the edge cap C1 is already shielded in Fig.A, specify:

edgegnd_cns : !cns -cns lcenf !'-cnf @ -cns @nd : 1.0
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As explained beforespace looks for each edge in both directions. Thus you must not
add an extra condition for the other direction.

IR cms ]

C2

cmf

tile;——ewtile,  tile;—hewtile
|

Only the follawing specification is needed for edge caps C1 and C2, begaessdoes
also RecogE(newtile2,tile2):

edgesurf_cnfcns : lcnf -cnf cns . -cnf cns @ 5.8

Don’t add the following specification for edge cap C2:

edgesurf_cnfcns2: cnf !'-cnf -cnms : -cnf cns : 5.8
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2.4 LATCAP Elements Examples

cms cms
| ///\_ ____________ §\: |
________ s ‘ N
R cmf R
: 1 [ 2:
: B —— | —_—

For the abee lateral edge caps between cmf/icms you specify the condition for
tile/newtile at position 1, as follows:

| atcap_cnfcns: !'cnf -cnf !cnms =cns : -cnf =cns : 5.8

Note that theecc program adds the condition for position 2 to the technology file {don’
forget to specify =cms for this purpose in the condition li$t)is condition has the same
element id as the previous condition. Thus, taad the following condition:

| atcap_cnscnf: !tcnf =cnf !'cms -cns @ -cnms =cnf : 5.8

Note thatspace only looks in the backward direction to find the other tile masken

both edge masks -cmf and -cms are present at position 1 or Zp#ueeriooks back for

both lateral elementsThus, both elements (with same id) can be at the same element
table position. Note thaspace needs a "lat_cap window" for lateral caxtraction.
Paameter "lat_cap_window" needs to be set > 0.
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3. THE 3D CAPACITANCE EXTRACTION METHOD

By 3D capacitance extraction method [3] are the capacitances calculated with the
dielectric materials constants and vertical dimensions with Grdenctions. The2D
capacitance element specifications in the technology file are in that case normally not
used. Sedahe "Non-3D Capacitances" section (3.9 on page 10) in the "Space 3D
Capacitance Extraction UserManual" [3]. Only an exception is made forfdgion
capacitances. Hwever, with parameter "cap3d.all_non3d_cap" set you caa 81kD
capacitances into account. Note that by 3D extractiorauttefthe 2D difusion
capacitances are used. But with parameter "cap3d.omit_diff_cap” setf'tqd&fault

"on"), you can use the 3D diffusion capacitancedréetDiffusionCap3d = TRE).

Thus, for etractDiffusionCap3d is TRUE may not the 2D diffusion cap elements be
used!

3.1 Diffusion Capacitances

See for diffusion capacitors also the "Diffused Conductors" section (3.7 on page 8) in the
"Space 3D Capacitance Extraction Uséfanual” [3].
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4. EXTRACTION WITH CAP ACITANCES TO SUBSTRATE

See for substratex#action also the "Space Substrate Resistance ExtractionsUser’
Manual" [4]. When you specify capacitors to substrate in the technology file:

acap_cnfsub : cnf . cnf @ub : 5.8
ecap_cnfsub : 'cnf -cnf : -cnf @ub : 1.2

or:

acap_cnfsub : cnf :cnf 9%cnf) : 5.8

ecap_cnfsub : !'cnf -cnf @ -cnf %cnf) : 1.2

Then are these capacitors connected with the substrate plane (SUBSTR node) in place of
the ground plane (GND node). By substrate resistaxitaction (options -b and -B) is

the substrate plane divided inveral substrate terminal nodes and the SUBSTR node.
Between these nodes is a network of substrate resistors. The capacitors to substrate
generate by substrate res extraction a substrate terminal position a@deteennected

to this substrate terminal nod#&Vith the "%(...)" notation it is possible to specify more
exactly the area of the substrate terminal.

Note that by 3D capacitance extraction thevabaibstrate terminal positions are not
generated by the 2D capacitance specification. Only for specified diffusion capacitors
they are generated.
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5. NODEASSIGNMENT OF 2D CAPACITANCES
5.1 EdgeCapacitances

Normally, when one subnode is used for a conductor in a tile, the edge cap is assigned
between tw subnodes. Hwever, by interconnect res extraction, the tile edges are
represented with nodepoints. And high res conductor edgestiva subnodes. This

edge begin and end points get each a part of the edgalcepassigned. See function
updateResEdgeCap in "extract/enumpair.c".

{ tilel (snl) nl nla nilb

L Lo L7 L
T T T

tile1/2 (sn2) ‘ n2 n2a R2 n2b

e nla nlb

—
L 1
cap_assign_type=t—=> ?\ /?

13 Cl6 16 C/3

—
L 1

Thus, parameter "cap_assign_type" can be used to change the default node assignment.
5.2 SurfaceCapacitances

Normally, when one subnode is used for a conductor in a tile, thaecgeuchp is assigned
between tw subnodes. Hwever, by interconnect res extraction, the tile edges are
represented with nodepoints. Note that one nodepoint is used for the tile, when it
contains only lav res conductors. When a tile is not a rectangular shape or the tile has
extra nodepoints (besides the corner points), then the tile is split in triangular parts.
Functions doRectangle and d@hgle are called by resEnumTile (see
"extract/enumtile.c"). Bothfunctions call function parPlateCap to assign atefcap
value parts to the nodepoint subnodes.

See the follwing figures for rectangular and triangular node assignmBatameter
"cap_assign_type" can be used to change the default node assignment.
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cap_assign_type=0 cap_assign_type=1

Thus, function doRectangle does 4 parPlateCap calls for cap_assign_type=0 and 16 calls
for cap_assign_type=1.

cap_assign_type=0 cap_assign_type=1

j 73
E: 73 73

Thus, function doTriangle does 3 parPlateCap calls for cap_assign_type=0 and 9 calls for
cap_assign_type=1.

5.3 3DSurface Capacitances

Note that not rectangular tiles or tiles witkira nodepoints (besides the corner points)

are not avays refined in "cap3d" modeThus, the resistor mesh can use th&ae
nodepoints, while cap3d assignment is done only to the corner points (using
cap3d.cap_assign_type > 0). This depends also on parameter "cap3d.max_be_area".
Because rectangular tiles are also refined, whenateetoo big. However, when using
piecavise linear mode (parameter "cap3d.be_mode"), all tiles are refined into triangular
faces.

F G F
; : & Q
tilel tile2 tllell,
, // tile2
AG—Ca FoAa0— S of

The 3D surface cap of tilel is assigned to A,B,C,D and of tile2(a) to C,D,E,F and of
tile2(b) to C,G,E,F Howeve, the 2D surhce cap of tile2(a) is assigned to C,D,F and
C,E,F and of tilel(b) to A,B,G and A,C,G and B,D,8ote that for optionz another tile

split is used.
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