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1. INTRODUCTION

Normally, the space3dlayout to circuit extractor uses for accurate (3D) substrate
resistance extraction (optiofB) the makesubregprogram to calculate the substrate
resistances. Sedso the "Space 3D Substrate Extraction Application Note" (report EWI-
ENS 03-04 and 04-06).

As an addition to the 3D substrate res method, we can also calculate 3D substrate
capacitances. have nodified themakesubreprogram sources to makhis makesubcap
program. Yu only need to compile the sources with the define MAKESUBCAP.

For the calculation of 3D capacitances, thakesubcaprogram uses the same input data
as themakesubreprogram. Thusin this implementation, themakesubcaprogram must

also use the same "sub3d.be_wintlo Thus, the same initial substrate spider mesh is
used. Butpossible is chosen for another mesh refinement and calculation m&hbd.

the result is mapped to the same number of substrate termitis.that also the sub3d
Greens functions are used for the calculation. The result values are written in the cell
layout viev "subcap" file.

To use these results, tepace3dextract pass must also read this "subcap” file and add
these substrate capacitances into thlé&aeted circuit network (li& the substrate
resistors). Sgbarameter "add_sub_caps" to "2" to let this happen. See the figurne belo
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=+ prePassl Sgggzid — extrPass @
T masks ) circuit files
B In — files
layout vie @ @j ’
Y W @

cont_bﬁ
— layout view

layout view

makesu bcap

Note that themakesubcaprogram must use the same extraction environment as the
space3dprogram. Thughe samespaceparameter file, technology file and cell name
(and project path) must be used.

When themakesubcaprogram sources are made free in the public domain, the user can
easy modify these sources to radis/her own programFor a more detailed xgplanation
of themakesubcapser program, see the following section.
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2. THE MAKESUBCAP PROGRAM

The makesubcapprogram reads the substrate contacts and calculates the substrate
capacitance alues. Thecalculated substrate capacitance values are written to stream
"subcap”. Br an werview see the following flav chart:

prepass 1 space3d extract pass
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|
Iayou\ view
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1
1
1
1
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1
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makesubcap
cellname

technology file

parameters file

Note that by the mesh refinement optinmlso a prepass 0 is used.

In appendix A, a listing is gen of a rumber of files. As example, the cell "sub3term" is
used (see the "Space Substrate Res. ExtractionsUdanual).

Appendix B gves a fow chart about ha the makesubcaprogram can be testedNote
that thespace3d'sub3d.internal” mode cannot be used to calculate 3D capacitances.

Note that thanakesubcaprogram is default using the "sub3d.xxx" parametdis.use
different parameters as theakesubreprogram, use a préte "subcap3d.xxx" parameter
Only for parameter "sub3d.be_window" this is not\a#d. For the Green module, who
only is working with "sub3d.xxx" parameters, the "subcap3d.xxx" parameters must be
corverted to the "sub3d.xxx" parameters.
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3. MAKESUBCAP OPTIONS
Command line:

makesubcap [-e def | -E file] [-p def| -P file] [-S paramrvalugd [-Uhv] cell

Options explanation

-e,-E

for specifying a technology file (sepacé

_p,_P

for specifying a parameter file (ssgacé

-S

for specifying additional parameters (Space

for estimation, no green / schur calculation (Seecé

for getting help info

for setting verbose mode (equakip

4. MAKESUBCAP PARAMETERS

parameter deiult comment

dehug.print_cap3d_init of prints debug information
debug.sergr_matrix of prints debug information
delug.print_matrix off prints debug information
delug.print_green of prints debug information
delug.print_spider df prints debug information

no_green df see optionU

no_schur df see optionU

param_erbose df prints read parameters

print_time of prints used time of program modules
sub3d.be_shape 4 only for pwc setable to 3
sub3d.be_windo -- must be specified
sub3d.edge_be_ratio 1 see documentation
sub3d.edge_be_split 0.5 see documentation
sub3d.edge_be_splivl 4 £e documentation
sub3d.max_be_area -1 vaue > 0 needed

elim_sub_node of eliminate the substrate node "SUBST
verbose of verbose mode, equal to

Note that "sub3d.be_shape" isvays 3 for pwl.
The program does not support parameter "extract_window".
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5. GREEN/SCHUR MODULE PARAMETERS

parameter detult comment
collocation_mode 0

check_collocation 0

an_turneer 100

accelerate_lén off

delug.print_green_init of
delug.print_green_terms fof
delug.print_green_gterms fof

use_adptv_intgrtn of

force_adptv_intgrtn of

force_mp_anaint on

force_mp_gint off

use_multipoles on

test_multipoles of
multipoles_oMaxMpOrder oMaxMpOrder
multipoles_cMaxMpOrder cMaxMpOrder
sub3d.use_mean_greealues of

sub3d.mege_images on

sub3d.mp_min_dist 2.0
sub3d.mp_max_order 2

sub3d.sa_dist infinity in microns
sub3d.edge_dist 0.0 in microns
sub3d.be_mode Oc
sub3d.use_leest_medium on
sub3d.use_old_images fof
sub3d.neumann_simulation_ratio 100

sub3d.point_green infinity
sub3d.collocation_green 0
sub3d.asym_collocation_green infinity
sub3d.max_green_terms 500

sub3d.y_stretch 1.0

sub3d.green_eps 0.001

sub3d.col_rel_eps 0.2

lu off schur module
coeficient of schur module
print_coef of schur module, for debuggin

(@}

Note that "sub3d.collocation_green" is "infinity" for FeModeGalerkin.
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6. PREFASS PARAMETERS

For information abouspace3drepass parameters, see iekesubreseport 04-06.

7. THE COILGEN EXAMPLE

For information about this example, see thakesubreseport 04-06.

8. MAKESUBCAP SOURCES

Themakesubcaprogram is almost equal to theakesubreprogram.
For more information about these sources, see alsmékesubreseport 04-06.

Here, i shall only xplain the changes made to timakesubreprogram sources to get the
makesubcaprogram. Seappendix C for the changes made to the source files.

The ZMAKE script has get a wezmake_taget "makesubcap” to compile the sources
with the zmakeprogram. Notethat the sources are compiled with the compile define
MAKESUBCAP.

The gettech.c source file mustwieead technology files with minorPrNr 1 till 3A
technology file with minorPrNr == 3 can contain subcaplayers detase data must be
present, else thmakesubcaprogram cannot rk. Thesubcaplayers data is stored into

the data struct of the sublayers data. Note that variable edeféile is set to an empty
name string.This is needed, else the Green module tries to use the technology unigreen
file.

In the sub3d.c source file is added function init_sub3d_params. This function calls
init_param_sub3d for each "subcap3d.xxx" parameter which must set the "sub3d.xxx"
parameter Note that for "subcap3d.be wind®d this is not done. And note that
"sub3d.use_unigreen"” isvadys set to "df'. All calculated Green values are divided by
Epsilon0 to get the correct capacitance values after Schur mamigion.

At last, the subcont.c source file is changed to write stream "subd@gause
capacitance values are written, the "g" before a value is changed into "c".

Of course, thespace3dprogram sources are also changeldow after running
makesubreshe makesubcapprogram must be running. And tlspace3dprogram must
be prepared to read capacitance values from stream "subcap".

Note that the technology compilierccis also changed, to makt possible to specify the
"subcaplayers" data.
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9. APPENDICES

APPENDIX A -- List of files

layout cell "sub3term"

40
b
30
15 35
10
a C
0
0 10 40 50

cont_blin

% dbcat -vs cont_bln sub3term
=> | ayout/sub3ternicont_bln

x| : Xr: yb: yt: ct:
0 40 0 0 1 (BN 1)
0 40 40 40 1025 (EN 1)
60 140 120 120 1 (BN 1)
60 140 160 160 1025 (EN 1)
160 200 0 0 1 (BN 1)

160 200 40 40 1025 (EN 1)

c11xl Oyb O c 1.167170e-16
nr_nei gh 2

c 22 xl 60 yb 120 ¢ 1.790923e-16
nc 1 c 1.303761le-17

nr_nei gh 2

¢ 3 3 xl 160 yb 0 ¢ 1.167170e-16
nc 2 ¢ 1.303761le-17

nc 1 c 6.995180e-18

nr_neigh 2

NOTE: coordinates are in internal units (4 * database unit).
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APPENDIX B -- Testing makesubcap

% cat elems

subl ayers :

# nane conductivity top
epi 6.7 0.0
substrate 2.0e3 -7.0

subcapl ayers :

# nane conductivity top

c_epi 6.7 0.0

c_substrate 2.0e3 -7.0
#EOF

% space3d -B -Eelemt -Pparamp sub3term -Sadd_sub_caps=1 - Ssub_rc_const =8. 855e- 12
% xsls sub3term > netlistl

% space3d -B -Eelemt -Pparamp sub3term -Sadd_sub_caps=2

% xsls sub3term > netlist2

%diff netlistl netlist2

2c2

< /* Date: 31-Aug-05 15:56:09 GVI */

> [* Date: 31-Aug-05 15:56:11 GMI */

% cat netlist2

/* Generated by: xsls 2.37 30-Aug-2005 */

/* Date: 31-Aug-05 15:56:11 GV */

/* Path: /[ul52/52/work/si non/ CACD/ deno/ deno/ sub3t er mf pr oj ect nane */

network sub3term (termnal c, b, a)
{
res 1.265872M (c, a);
res 679.1891k (c, b);
cap 6.99518e-18 (c, a);
cap 13.03761e-18 (c, b);
cap 116.717e-18 (c, SUBSTR);
res 75.86724k (c, SUBSTR);
res 679.1891k (a, b);
cap 13.03761e-18 (a, b);
cap 116.717e-18 (a, SUBSTR);
res 75.86724k (a, SUBSTR);
cap 179.0923e-18 (b, SUBSTR);
res 49.44378k (b, SUBSTR);
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APPENDIX C -- Changes to the Source Files

I ndex: ZMAKE (revision 1.2, date: 2005/08/22)

29a30, 54
zmake_t arget makesubcap {context} {
term:invoke context sheet renpve conpil e: define: LI CENSE

set sheet [term:new sheet]
term:invoke sheet add conpil e: defi ne: MAKEDELA 1
term:invoke sheet add conpil e: defi ne: MAKESUBCAP 1

set sources {
edge.c enuntile.c face.c gettech.c input.c
lunp. ¢ main.c nesh.c pqueue.c refine.c scan.c slant.c
spedge.c spider.c sppair.c sptile.c
strip.c sub3d.c subcont.c tile.c update.c

set libraries {
src::libddm:Iibddm
src::space: :auxil::auxil
Src::space::green::green
src::space: :schur::schur

}

VVVVVVVVVVVYVYVVVYVYVYVVVYVYVYVYVYV

I ndex: gettech.c (revision 1.4, date: 2005/08/22)

73c73
< if (majorPrNr > MajorProtNr)
> if (majorPrNr > MajorProtNr || minorPrNr < 1 || mnorPrNr > 3) {

142,156¢142, 144

< /* Read dielectric information */

< if ((diel_cnt = getnum (fp_tech)) > 0) {

< for (i =0; i <diel_cnt; i++) {

< while ((c = getc (fp_tech)) !'="\n") if (c == EOF) techReadError (13);
< }

> /* Skip dielectric information */

> for (i = getnum (fp_tech); i > 0; --i) {

> while ((c = getc (fp_tech)) !'="\n") if (c == EOF) techReadError (13);
158a147

> #i f ndef MAKESUBCAP
167a157, 174

el se say ("error: no sublayers found in technol ogy data!"), die ();
#el se
/* Skip substrate res infornmation */
for (i = getnum (fp_tech); i >0; --i) {
while ((c = getc (fp_tech)) !'='"\n") if (c == ECF) techReadError (14);
}

/* Read substrate cap infornation */
if (mnorPrNr > 2 & & (substr_cnt = getnum (fp_tech)) > 0) {
substrs = NEW (substrate_t, substr_cnt);
for (i = 0; i < substr_cnt; i++) {
if (fscanf (fp_tech, "% %e %e", substrs[i].nang,
&substrs[i].conduc, &substrs[i].top) != 3) techReadError (15);

VVVVVVVVYVYVYVVYV
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>

> }

>}

> el se say ("error
> #endi f

while ((c = getc (fp_tech))

192a200, 202
> #ifdef MAKESUBCAP

> usedTechFil e
> #el se

193a204

> #endi f

I ndex: sub3d.c

(revision 1.5, date

'="\n") if (c

no subcapl ayers found in technol ogy data!"),

2005/ 08/ 22)

111a112, 152
> #ifdef MAKESUBCAP

> void init_paramsub3d (char *k

> {

\

-

v
{

~
~

~ —
~ -

VVVVVVVVYVVVVYVVVVVYVVVVVVYVVVVYVVVYVVYVYVYVYVYV
H#

it (v Il

/*
init_param sub3d
init_param sub3d
init_paramsub3d
i
i
i

MAKESUBRES */

ni t _param sub3d
ni t_param sub3d
ni t_param sub3d

(v = paranLookupS (nprintf ("subcap3d. %"
paranfet Opti on2 (nprintf ("sub3d. %"

char *v)

k), v)))

K), v);

oid init_sub3d_parans ()

(" be_wi ndow",
(" max_be_area"
("edge_be_ratio",
("edge_be_split",
("edge_be_split_Iw
("be_shape", NULL);

NULL) ;

NULL) ;
NULL) ;
NULL) ;
NULL) ;

/* GREEN nodul e */

ni t _param sub3d
nit_param sub3d
ni t_param sub3d
ni t_param sub3d
nit_param sub3d
nit_param sub3d
nit_param sub3d
ni t_param sub3d
ni t_param sub3d
ni t_param sub3d
ni t_param sub3d
nit_param sub3d
ni t _param sub3d
ni t_param sub3d
ni t_param sub3d
nit_param sub3d
nit_param sub3d
ni t_param sub3d
ni t_param sub3d

i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
init_param sub3d

endi f

117a159, 162
> #ifdef MAKESUBCAP

("use_uni green", "off");
("use_uni green_interpol ation",
("test_unigreen", NULL);
("use_nean_green_val ues"
("nmerge_i mages", NULL)
("nmp_m n_dist", NULL)
("rmp_nmax_order", NULL)
("saw_dist", NULL);
("edge_dist", NULL)
("be_node", NULL)
("use_l owest _medi unt', NULL)
("use_ol d_i mages", NULL)
("neunmann_si mul ation_ratio",
(" poi nt_green", NULL)
("col l ocation_green",
("asymcol | ocati on_green",
("max_green_terns", NULL)
("y_stretch", NULL)
("green_eps", NULL)
("col _rel _eps", NULL)

NULL) ;

NULL) ;

NULL) ;

NULL) ;
NULL) ;

> init_sub3d_parans ()
> #endi f
>

520a566, 570

>

> #ifdef MAKESUBCAP
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> #define Epsilon0 8.855e-12 /* Farad/ nmeter */
> val /= Epsilon0;
> #endi f

I ndex: subcont.c (revision 1.2, date: 2005/ 08/22)

38a39, 41

> #i fdef MAKESUBCAP

> dnsSubres = dnOpenStream (| key, "subcap", "w');
> f#el se

39a43

> #endi f

172al177, 180

> #i fdef MAKESUBCAP

> fprintf (fp_subres, "c % % xI %d yb %d c %e\n",

> inSubTerm sc -> group, sc -> xl, sc -> yb, n -> substrCon);
> #el se

174a183

> #endi f

180a190, 192

> #ifdef MAKESUBCAP

> fprintf (fp_subres, "nc %d ¢ %e\n", on -> sc_nr, con -> val);
> #el se

181a194

> #endi f
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