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1. INTRODUCTION

When requested with optiom, the space layout to circuit extractor extracts resistances
for all high resistte @wnductors in the layout. Note that parametemw'lsheet res",
default 1 ohm, controls which conductors are low/high resstNote that parameter
"low_sheet_res" is forced to 0 ohm, when requesting an extraction with all conductors
being high resiste (f not zero) with option%R.

When we look into the technology file of the "scmos_x&naple process, we can find the
following resistivities for the conductors:

conductors :
# name . condition : mask : resistivity : type

cond_mf: cmf cmf : 0.045 : m  # first metal
cond_ms : cms :cms : 0.030 : m # second metal
cond_pg : cpg s cpg : 40 : m # poly interconnect
cond_pa : caa !cpg lcsn : caa 70 : p # p+active area
cond_na:caalcpg csn:caa 50 : n # n+active area
cond_well : cwn cwn : O :on # n owell

Thus, when we do a flat resistance extraction of for example the "switchbox4" demo
layout, we normally xtract only resistances for the "cpg" and "caa" masks (if thangi
condition is matched). Note that "caa" represents theeaglrain / source) areas of the
"nenh" and "penh" fets. And that "cpg" represents the poly gate and interconnect areas.

The following command is normally used to run a resistance extraction:
% gace -Fr switchbox4

The following command can be used to run an all resistance extraction:
% gace -%FR switchbox4

However, it is equal to the following resistance extraction command:

% gace -Fr -Slow_sheet_res=0 switchbox4

In the last case wexeact also resistances for the "cmf" and "cms" masks (the metal
interconnect). Hwever, when we dort’ want to extract resistance for example for all
"cpg”, then we must change the condition for the "cpg" condu&mrexample, we can
use the "cx" filter mask to split out the condition:

cond_pg : cpg cx :cpg : 40 : m # poly interconnect
cond_pgx: cpg cX :cpg O : m # p olygate

But naw, with a filter, we @an also get the ake result with following clause:

filters : # masksl : masks2 : fmask : type
r_cpg: cpg : © CX Sor

However, the filter becomes only agt, when following command is gen:

% 9ace -Fr -Senable_filter=r_cpg switchbox4
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Thus, you dort’need to split the condition of the "cond_pg" conductor element.

When there is also a "r_caa" filtathich must be enabled, you cangyihe command:

% gace -Fr -Senable_filter=r_cpg,r_caa switchbox4

However, you can keep it sort, by using wildcardsor example:

% gace -Fr -Senable_filter=r* switchbox4

Note havever, when giving this command directly to a command shell, you must escape
the wildcard characteryou can use a backslash before the '*' character or you can place
the part between single quotation marks:

% gace -Fr -Senable_filter="r*" switchbox4

Other wildcard possibilities are brackets and question makkguestion mark and the
braclets match one character on a string position. Thus, if yee foa example 3 filters
called "filter1", "filter2" and "filter3".You can select all filters with:

% gace -Fr -Senable_filter="*" switchbox4

% gace -Fr -Senable_filter="filter?’ switchbox4
% gace -Fr -Senable_filter="filter[1-3] switchbox4

When you want to select only filters "filter1l" and "filter3", you can specify:

% gace -Fr -Senable_filter="filter[13]’ switchbox4

Mor e @out the technology file filters section.

First you must kne that the filters section must be placed after the conductors section.
You can specify filters for conductors, to force the resistivity value to be zero, when the
filter mask is enabled and is layingeo the conductor in the layout. When in the
conductor filter specification "masks2" is specified, then the contacts between "masks1"
and "masks2" are also filteredror example, mask "cpg" can only V& a ontact with

mask "cmf". When you also want to filter these contacts, you need to specify:

filters : # masksl : masks2 : fmask : type
r_cpg: cpg : cmf : cX oo

Note that this specification does not filter the "cmf" maBkcause the "masks2" part is
for resistance filters only used for contact$ie "masks2" part can contain "@sublt b
not "@gnd", because there dbexist contacts with ground "@gndFor example

filters : # masks1 : masks2 : fmask : type
r_cpg : cpg cmf cecmf@sub: cx:r

shall filter the masks "cpg" and "cmf* and also the contacts between "cpg"/"cmf* and
between "cmf'/"@sub" and (if possible) between "cpg'/"@sulNote that this
specification can also be specified wittotseparate filters (using different filter names),
but by using the same filter mask "cx".
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2. CAPACITANCE FILTERS

First, when requested with optie, the space layout to circuit extractor shallxgact

edge and surface couple capacitances for the layout mAskis.when using optionl,

shall also extract lateral couple capacitances. Of course the capacitances need to be
specified in the "capacitances" section of the used technology file.

The following command is normally used to run a capacitance extraction:

% ace -FC switchbox4
When you want to use a capacitance filter example "c_cpg", you must enable it by
specifying the parameter "enable_filteFor example:

% 9ace -FC -Senable_filter=c_cpg switchbox4
With a capacitance filter you can filter out certain capacitances. The capacitance filter
must be placed in the used technology file after the "conductors" seletioexample:

filters : # masksl : masks2 . f mask: type
C_Cpg:cpg . ¢ pg @gnd @sub : cX : ¢

Because a capacitance hasagis two pins, both the "masks1" and "masks2" parts need
to be specified. Of course, the specified masks need to be conductor @agkshe
"masks2" part may contain also "@gnd" and/or "@suliie abwe fiter shall filter out
edge and suatce capacitances between "cpg"/*@gnd" and "cpg"/"@sub" and (if possible)
also filter out lateral capacitances between "cpg"/“cpg".

Mor e aout 3D capacitance extraction.

The abwe fiter works also for 3D capacitanceteaction. Normallythe "capacitances"
section of the used technology file is in this case not more WBéida "vdimensions"
section for the to use conductor masks needs to be specified and also a "dielectrics"
section. © do the 3D capacitancexgaction, you need to use the 3D version of the
layout to circuit extractorFor example, with filteruse the following command:

% gace3d -C3 -Senable_filter=c_cpg switchbox4

Note that the “flat" x@raction option-F does not need to be specified, because a 3D
extraction needs walays to be flat (ecept when parameter "allow_hierarchical_cap3d" is
specified). Whemlso a resistance extraction must be done (with filters), runxéonge

the following command:

% gace3d -C3r -Senable_filter="c*,r*' switchbox4

Or, when all filters must be used, the following command:

% gace3d -C3r -Senable_filter="*" switchbox4

Note that you can waiys use this command, also when there are resistance filters and
resistance extraction is not used. Because, in that case the resistance filters are skipped.
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3. IMPLEMENT ATION

Function "readé@chFile" shall read the used technology file and shall try to read the filter
section when "optCap" or "optintRes" is specified. On forehand, a list of filter data
structures in allocated (with maximum possible couRgameter "enable_filter" is read

and only the to use filters are installed in the list. First, if needed, the capacitance filters
are read. The number of found capacitance filters is counted with "nrCapFikat".

that only the first 60 capacitance filters may contain "@gnd" and/or "@sub", because
bitmasks "gndFilters(2)" and "subFilters(2)" are used fgisteation. Notehat only the

first 32 resistance filters may contain "@sub", because a bitmask "rsubFilter" is used for
the raistration. Thenumber of resistance filters is counted with "nrResFiltePjinter
"cap_filter" points to the first capacitance filter in the filigr Pointer'res_filter" points

to the first resistance filter in the fikkkst. Thepointer is NULL, when there is no cap/res
filter. Each layout mask has a unique mask color Bite color bits of all cap filter
masks are s&d in "cap_filter_masks" and for the res filter masks in "res_filter_masks".
For capacitance xract, the color of a tile is tested against the "cap_filter_masks", b
only when "cap_filter" is setThe used conductors areved in bitmasks "conl", "con2"

and "con". Note that "con" contains "conl | conZhus, only the first 32 conductors can

be used for the filterskFor the capacitance filters, not more than 32 different filter masks
may be used.Variable "nrCapFilterMasks" counts the used numbBro arays are

used, to sa info about the capacitance filter masks. Array "fmConBM" contains for
each filter mask a bitmask of the used "con". Array "fmColor" contains for each filter
mask the used mask color.

In function "enumPair" in a metile the "HasCapFilter" bit is set in the "known" field,
when "cap_filter_masks" is present in the tile "color". In function "updateEdgeCap" and
other functions, macro "HasCapFilter" is used to check the tile "known" field, if true
function "filterThisCap" is called for the capacitor conductor pins to do a more accurate
test if this capacitor must be skipped.

if (HasCapFilter(tile) && filterThisCap(tile,cap->pCon,cap->nCon)) continue;

Also, in function "resEnumPair” (if res is present) in & iiée the "HasReskFilter" bit is

set in the "known" field, when "res_filter_masks" is present in the tile "col@ter on,

in function "connectPoints" the macro "HasResFilter" is used for high res conductors to
filter them out by not setting the subnode highres flag to 1. Note that "psn" is a subnode
in the "otherTile" and is not a subnode of a node point.

j=1;

if (optPrick) { /* test for selective res */ }

if (j && HasResFilter(otherTile) && filterThisRes(otherTile,i,-1)) j = 0;

if (j) { psh -> highres = 1; SET_KNOWZ(otherTile); }

else { psnh->highres =2;}

Note that function "filterThisRes" is also used in function "resEnumTile" to possible filter
out contacts (by changing the value into 0) betweencomductors.
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Here follows a part of the code of function "filterThisCap":

for (i = 0; i < nrCapFilters; ++i) {
if (COLOR_ABSENT (tile -> color, cap_filter[i].mask)) continue;
if (cap_filter[i].conl & (1 << c1)) {
if (c2<0){
if (i< 28){
if (c2 == -1) {if (gndFilters & (1 <<i)) return 1; }
else if (subFilters & (1 <<i)) return 1;
} elseif (i <60){
if (c2 ==-1) {if (gndFilter2 & (1 << (i-28))) return 1; }
else if (subFilter2 & (1 << (i-28))) return 1;
} else return 0;

else if (cap_filter[i].con2 & (1 << ¢2)) return 1,

}
if (c2 >= 0 && (cap_filter[i].conl & (1 << c2)))
if (cap_filter[i].con2 & (1 << c1)) return 1;
}

return O;

In function "resEnumTile" is only resistancemct done for conductors when the tile has
more than one node point (pTRb != pTR). This indicate, that there is at least one
conductor with high resistity. The resisite @nductors are done in function
"triangular”, we mak a ®rt array of these conductors by using "lastA" and "conNums".
Here a small part of the code used:

pTR = tile -> rbPoints;
pTRb = tile -> tIPoints;
if ((split = (pTRb = pTRY))) { /* high res tile */
lastA = 0;
for (con = 0; con < nrOfConductors; ++con)
if ((sn = tile -> cons[con])) {
snl=pTR ->cons[con];
sn2 = pTRb -> cons[con];
subnodeJoin (snl, sn2);
if (sn -> highres == 1) { /* HIGH_RES */
conNumsJ[lastA++] = con;
conVal[con] = sn -> cond -> val;
conSort[con] = sn -> cond -> sortNr;
} else {/* LOW_RES */
for(p = pTRb->next; p; p = p->next) subnodeJoin(snl,p->cons[con]);
for(p = pTR ->next; p; p = p->next) subnodeJoin(snl,p->cons[con]);
makeAreaNode (snl);
}
}
ASSERT(lastA > 0);
triangular (tile);

}

From abee wde, you see, that the subnodes of the last goints must be joined
together And you see, that the tile can contaiw lcesistve @wnductors, which node
points must be joined together.
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4. IMPLEMENT ATION FOR 3D CAP

Function "spiderPair" is called by function "enumPair" or "resErimiP Thereis a left
tile "tile_I" and a right tile "tile_r", both tiles are chexk for "HasCapFilter". If true,
there is made a list of filter masks, see code part for "tile_|":

if (HasCapFilter (tile_l)) /* which filtermasks are in tile_| */

for (i = 0; i < nrCapFilterMasks; ++i)
if ICOLOR_ABSENT (tile_I->color, fmColor[i])) nF_I[nFilters_I++] = i;

Now, for each mesh conductor (< 32) we find in "tile_I|" or "tile_r", we enakfiter
bitmap. Notéfilterl" for "tile_|" and "filter2" for "tile_r", see code part for "tile_I":
filterl = filter2 = isGate = isGat2 = 0;
con = 1 << conductor;
if (nFilters_| && m -> solid_])
for (j = 0; j < nFilters_l; ++j)
if (fmConBMI[nF_lI[j]] & con) filterl |= (1 << nF_I[j]);

After that, we test if a filter is found in "tile_I" or "tile_r" and set the "isGate" and
"isGat2" bitmask.A special bit (28) in "isGate" is used to flag cap-filteiseance. Note
that bit 30 is used to flag a diffusion conductor and bit 31 to flagfeaapnductor See
following code fragment:
if (filter || filter2) { /* cap filter found in (tile_1 || tile_r) */
filter12 = filterl | filter2;
for (j = 0; j < nrCapkFilters; ++j)
if (filterl2 & (1 << cap_filter[j].nr)) {
if (cap_filter[j.con & con) { /* conductor found in filter j */
if (j <28) isGate |= (1 <<j); else isGat2 |= (1 << (j - 28));
}

}
if (isGate || isGat2) isGate |= 1 << 28;

For each nev created conductor spider "isGate" and "isGat2" is set, see the functions
"spiderFindNew" and "spiderNew":

spiderFindNew (tile_t *tile, ..., int level, int conductor, ...)

{
if (Ispl) spl = spiderNew (x1, y1, z, conductor, tile);
else if (isGate) spl -> isGate |= isGate;
spl -> isGat? |= isGat2;

}

Note that the global variable "filter" is used in function "ag€" and "spiderFindFace" to

set the "filter" field in a ne face. Buffirst, variable "filter" is set to "filter1" or "filter2".

In function "meshRefine", in the called "reconstraci#" functions, the face "filter" and
"type" fields are used for the face split and merge operations. Note that only faces with
the same "type" and "filter" fields may be merged.
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At last "addCap", this function does use the functions "extractGnd" and "extractCoup" to
decide of the calculated capacitance value "val' may be added by function "capAdd".
See the following code fragments from the source file "cap3d.c":

if (lextractGateGndCap3d) { g ndFilters |= 1 << 31; subFilters |= 1 << 31;}
if (lextractDiffusionCap3d) { gndFilters |= 1 << 30; subFilters |= 1 << 30; }

#define hasFilter(sp) (sp->isGate & (1 << 28))
#define hasDiff(sp) (sp -> isGate & (1 << 30))
#define hasGate(sp) (sp -> isGate & (1 << 31))

int extractGnd (spider_t *s1) {
if (s1 -> isGate) {
if (s1 -> isGate & (s1 -> subnode?2 ? subFilters : gndFilters)) return 0O;
if (s1 ->isGat2 & (s1 -> subnode?2 ? subFilter2 : gndFilter2)) return 0O;
}

return 1;

}

int extractCoup (spider_t *s1, spider_t *s2) {
if (s1 -> isGate) {
if (hasFilter (s1) && hasFilter (s2)) {

conl = (1 << s1 -> conductor);

con2 = (1 << s2 -> conductor);

f =981 ->1i sGate&s2->isGate & OxOfffffff;

for(i=0;f ++i,f>>=1)if (f& 1) {
if((cap_filter[i].con1 & conl) && (cap_filter[i].con2 & con2)) return O;
if((cap_filter[i].conl & con2) && (cap_filter[i].con2 & conl)) return O;

}

f=s1->1i sGat2&s2->isGat2;

for (i=28;f; ++i, f>>=1)if (& 1) {
if((cap_filter[i].conl & conl) && (cap_filter[i].con2 & con2)) return O;
if((cap_filter[i].conl & con2) && (cap_filter[i].con2 & con1l)) return O;

}

}
if (hasDiff (s1)) {
if (hasDiff (s2)) return extractDiffusionCap3d;
else if (hasGate (s2)) return extractGateDsCap3d;

else if (hasGate (s1) && hasDiff (s2)) return extractGateDsCap3d;
}

return 1;

}

void addCap (spider_t *s1, spider_t *s2, schur_t val) {
if (s1!=s2){
if (s1->subnode->node != s2->subnode->node)
if (extractCoup (s1, s2)) capAdd (s1->subnode, s2->subnode, -val, 0);
if (extractGnd (s2)) capAdd (s2->subnode, s2->subnode?2, val, 0);

}
if (extractGnd (s1)) capAdd (s1->subnode, s1->subnode2, val, 0);
}
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5. EXAMPLE TECHNOLOGY FILE

# space element definition file for scmos_n example process
# with transistor bulk connections and substrate terminals

# f or substrate contacts and nmos bulk connections, and

# with information for 3D capacitance extraction.

unit resistance 1 # ohm
unit c_resistance 1le-12 # ohm um™2

unit a_capacitance 1e-6 # aF/um™2
unit e_capacitance le-12 # aF/um

unit capacitance le-15 #fF
unit vdimension le-6 # um
conductors :
# name condition mask : resistivity : type
cond_mf: cmf . ¢cmf 0.045 m  # first metal
cond_ms :cms . cms 0.030 m # second metal
cond_pg : cpg : C pg 40 m  # poly interconnect
cond_pa : caa lcpg lcsn : caa 70 p # p+ active area
cond_na:caalcpg csn:caa 50 n # n+ active area
cond_well : cwn :cwn : O n # n well
filters :
# name masksl : masks2 fmask : type
cfilter_1 : caa cpg cwn : caa cpg cwn : X :C
cfilter_1g: caa : @gnd : cx :C
rfilter_1 : caa cpg cwn : 1 CX Sor
rfilter_2 : cms @sub : cx or
fets :
# name : condition . g ated/s : b ulk
nenh:cpgcaa csh:cpg caa : @sub # nenhMOS
penh : cpg caa lcsn : cpg caa : cwn # penhMOS
contacts :
# name condition layl lay2 : resistivity
cont_s : cva cmf cms cmf cms 1 # metal to metal2
cont_p : ccp cmf cpg :cmf cpg 100 # metalto poly
cont_a : cca cmf caa Icpg cwn Icsn
| ¢ cacmfcaa !cpg lcwn csn
: cmf caa 100 # metal to active area
cont_w : cca cmf cwn csn . ¢cmf cwn 80 # metal to well
cont_b : ccacmflcwn lcsn:cmf  @sub: 80 # metaltosubs
junction capacitances ndif :
# name condition maskl mask2 : capacitivity
acap_na: caa lcpg csn lewn :@gnd caa : 100 # n+ bottom

ecap_na: !caa -caa !-cpg -csn !-cwn : @gnd -caa : 300 # n+ sidewall

junction capacitances nwell :

acap_cw : cwn
ecap_cw : lcwn -cwn

@gnd cwn : 100 # bottom
@gnd -cwn : 800 # sidewall
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junction capacitances pdif :
acap_pa: caa Icpg lcsn cwn : € aacwn : 500 # p+ bottom
ecap_pa : !caa -caa !-cpg !-csn cwn -cwn : -caa cwn : 600 # p+ sidewall

capacitances :
# polysilicon capacitances
acap_cpg_sub : cpg lcaa lcwn: cpg @gnd: 49
acap_cpg_cwn : cpg Icaa cwn: cpgcwn 49
ecap_cpg_sub : Icpg -cpg !'cmf lecms Icaa lcwn : -cpg @gnd : 52
ecap_cpg_cwn : Icpg -cpg lcmf lcms lcaa cwn : -cpg cwn 52

# f irst metal capacitances

acap_cmf_sub : cmf Icpg lcaalcwn: cmf @gnd: 25
acap_cmf_cwn : cmf Icpg lcaa cwn : cmfcwn 25
ecap_cmf_sub : lemf -cmf Icms Icpg Icaa lcwn : -cmf @gnd : 52

ecap_cmf_cwn : Icmf -cmf Icms lcpg lcaa cwn : -cmf cwn 52
acap_cmf_caa: cmf caa lcpglcca: cmf caa : 49

ecap_cmf_caa : lemf -cmf caa lcms Icpg : -cmf  caa : 59

acap_cmf_cpg : cmf cpg lcep: cmf cpg 49
ecap_cmf_cpg : lcmf -cmf cpg lcms : -cmf  cpg : 59

# second metal capacitances

acap_cms_sub : cms Icmf lcpg!caalcwn: cms @gnd: 16
acap_cms_cwn : cms Icmf Icpglcaa cwn: cmscwn 116
ecap_cms_sub : lcms -cms !emf Icpg !caa !cwn : -cms @gnd : 51

ecap_cms_cwn : lcms -cms lcmf Icpg lcaa  cwn : -cms cwn : 51
acap_cms_caa: cms caa !cmflcpg: cmscaa: 25

ecap_cms_caa : lcms -cms caa !cmf Icpg : -cms caa : 54

acap_cms_cpg : cms cpg !emf: cmscpg: 25
ecap_cms_cpg : lcms -cms cpg !cmf : -cms cpg : 54

acap_cms_cmf : cms cmf lcva: cmscmf: 49
ecap_cms_cmf : lcms -cms cmf ;- cmscmf: 61
Icap_cms : lcms -cms =cms : - cms =cms: 0.07
vdimensions :
v_caa_on_all : caa lcpg : caa:0.300.00
v_cpg_of _caa: cpg !caa : ¢ pg:0.600.50
V_cpg_on_caa : cpg caa : cpg:0.350.70
v_cmf :cmf : cmf:1.700.70
v_cms . cms : cms:2.800.70
dielectrics :

# Dielectric consists of 5 micron thick SiO2
# (epsilon = 3.9) on a conducting plane.
Si02 39 0.0
air 1.0 5.0
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