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1. INTRODUCTION

The space layout to circuit extractor extracts normally resistances for all high resisti
conductors in the layout.

Paameter "low_sheet res", default 1 ohm, controls which conductorsvaredistie.

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

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

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

For example, when we do a flat resistane¢raction of the "switchbox4" demo layout,
we only extract resistances for the (high res) masks “"cpg" and "ba#é& that "caa"
represents the aeé (drain / source) areas of the "nenh" and "penh" fets. And that "cpg"
represents the poly gate and interconnect areas.

Note that, besides the almmes, there are also resistancegaeted for the contacts
(vias). Thefollowing contacts are defined in "scmos_n" technology file:

contacts :
# name : condition : layl lay2 : resistivity (ohm um~2)
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 !cpg cwn lcsn
| ¢ 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:ccacmflcwnl!csn:cmf @sub: 80 # metaltosubs

Note that parameter ho contact_res", default 0.1 ohm um™2, controls the usabes,
the abeoe mntact resistivities are alxracted. Notethat for the abee mntacts "unit
c_resistance le-12" is specified in the technology file.

The following command can be used to run the extraction:
% gace -Fr switchbox4
The following command can be used towite resulting circuit in SLS format:

% xsls switchbox4

Note that normally the resulting resistance network is redu€ed.example, when
parameter "min_res" is set to 100 ohm &igif 0), then the resulting resistors smaller than
100 ohm are renved!
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2. SELECTIVE EXTRACT

When you dort’'want to extract all high resigé wnductors in the layout, you can select
some of these high res conductors with option Which conductors you want to select
must be specified in the "sel_con" fileor example:
=sel_ 0 0
=out_0

239 cpg

1318 cmf

You e in the abee file two possibilities to specify a conducto®ne, you can specify a
terminal or label of the top layout celThis specification must begin with a '=’ character

on the line. Or, second, you can specify coordinates and a conductor mask name on the
line. Inthe abee ecification, name "sel_0_0" and "out_0" are tt®rminals in the
layout of "switchbox4".Note that point (23,9) on mask "cpg" is connected with terminal
"sel_0_0". Thusthis specification was not neededlso the specification of point
(13,18) on mask "cmf" as not needed. Because in the normal case, this conductor is
already lov sheet res. Note that the file "sel con" needs to be placed in the project
directory or in the "scmos_n" process directory.

The following command can be used to run the sekeettraction:

% gace -Fk switchbox4

Note that you don’find resistors for "out_0" in the resulting netw. This happens,
because all resistors are less than 100 ohm and are reduced. Specify another value for
parameter "min_res" to see these resistbs.example, gve the following command:

% ace -Fk -Smin_res=10 switchbox4

An other way around:

When you dort'want to extract all high resisg cnductors in the layout, you can select
some of the high res conductors with optipnwhich you want to exclude from the
resistance extraction.

Give the following command to exclude the specified "sel_con" conductors:
% gace -Fj -Smin_res=10 switchbox4

Note that a conductor path with contacts via substrate are not selected as one conductor
path. Notethat, when substrate resistancér&ction is chosen, there is no possibility to
selectve exract these substrate resistors.

Note that you may use the ™ character as wildcard at the begin or end of terninal and/or
label names to specify a set of conductors in the "sel_con" file.
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3. SELECTIVE RESEXAMPLES

% sace -Fj -v -Smin_res=10 switchbox4

Version 5.4.6, compiled on Tue, 31 Dec 2013 12:10:08

See http://lwww.space.tudelft.nl

parameter file: $ICDPATH/share/lib/process/scmos_n/space.def.p

technology file: $ICDPATH/share/lib/process/scmos_n/space.def.t

prepassing switchbox4 for selective extraction

2 (out of 154) interconnects selected for resistance extraction

extracting switchbox4

space: warning: no node join of subnodes with different conductor-type
for conductor mask 'caa’ at position (19, 28).

extraction statistics for layout switchbox4:

capacitances : 0
resistances 509
nodes 504
mos transistors 144
bipolar vertical -0
bipolar lateral -0
substrate nodes 14

overall resource utilization:
memory allocation : 1 .556 Mbyte
user time : 0.0
system time 0.0
real time 0.0 75.0%

space: --- Finished ---

Compare this result with a full res extraction:

% gace -Fr -v -Smin_res=10 switchbox4
Version 5.4.6, compiled on Tue, 31 Dec 2013 12:10:08

extraction statistics for layout switchbox4:

capacitances : 0
resistances 524
nodes . 517
mos transistors 1144
bipolar vertical : 0
bipolar lateral ;0
substrate nodes 14

overall resource utilization:
memory allocation : 1.152 Mbyte
user time : 0.0
system time 0.0
real time 0 .0 100%

space: --- Finished ---
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% ace -Fk -v -Smin_res=10 switchbox4

Version 5.4.6, compiled on Tue, 31 Dec 2013 12:10:08

See http://lwww.space.tudelft.nl

parameter file: $ICDPATH/share/lib/process/scmos_n/space.def.p

technology file: $ICDPATH/share/lib/process/scmos_n/space.def.t

prepassing switchbox4 for selective extraction

2 (out of 154) interconnects selected for resistance extraction

extracting switchbox4

space: warning: no node join of subnodes with different conductor-type
for conductor mask 'caa’ at position (19, 28).

extraction statistics for layout switchbox4:

capacitances : 0
resistances : 15
nodes 99
mos transistors 144
bipolar vertical .0
bipolar lateral -0
substrate nodes : 0

overall resource utilization:

memory allocation : 0.173 Mbyte

user time : 0.0
system time : 0.0

real time : 0 .0 100%

space: --- Finished ---

You can also request debug output:

% sace -Fk -Smin_res=10 -Sdebug.selective_res switchbox4
selected high-res tiles are:

tile_nr con x| bl
603 2 22 8
607 2 22 37
643 0 23 9
1110 2 41 46
1155 2 43 8
1156 2 43 33
2042 2 70 46
2087 2 72 8
2088 2 72 33
4734 3 154 41
4769 0 155 42
5061 3 165 41
5403 3 175 16
5460 3 177 41
5535 0 179 28

netname 'sel_0_0’ used 1 time
netname 'out_0’ used 1 time

The conductor numbers (con) can be found in the 3rd column of the header of the
"space.def.t" file. Thus: 2=cpg, O=cmf and 3=caa.
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4. IMPLEMENTATION DETAILS

The selectie resistance draction method uses a prepass "pp2EnumPair” to select the
node groups.Because we donhknow, which groups gonna be selected, we staringa
important \ertical edges of high res conductors of all the groups. All these edges are
placed into the "selResTiles" list by function WigleRef". Eachnode group gets only

one "contRef _t" data struct.

Note that a high res contact (via) betweem twnductors must also try to placeaw
"contRef_t" structs, one for each conductor group. Because the conductors can be lo
res. Thismust be done in "pp2EnuralP’, because in the extract pass the contact
conductor groups are connected when the tile becomes ready in function "redEhumT
But group select and "prick" setting is done in function "resEnumPair".

On the end a group canJanore than one data struct, because groups are joined
together The "selResTiles" list is @alys sorted on tile number (we domeed to sort).

Each nev tile gets a unique tile number in function "enumpaBbth the prepass and the
extract pass must ke exact the same number of tiles. All tiles are cleared by function
"clearTile". When the last subnode of a node group becomes yehédy function
"subnodeDel2" is called. The node group becomes ready (because each group has only
one node) and we look to the group "prick” flag. When the group is selected (by mask
coordinate or a name), the group "prick" flag was set. In that case weddtmié the
"contRef _t" data structs from the "selR#e3" list. When a group is not selected, we
delete all the group "contRef _t" data structs from the Ti$tus, on the end of prepass2,

we hare aly left over a list of selected data structi the extract pass we use this list of
selected data structsag to select the node groups and to set of these groups the "prick”
flag agin. Hov to use the selected groups, depends on Wengption-k or -j.

When in function "resEnunai®" for a nev tile the tile number matches with the data
struct(s) in the "selResTiles" list, then these data struct(s) areveenimm the
"selResTles" list. We remember each found conductor struct in the subnode list of the
new tile, by setting the "highres” flag of the conductor subnddiete that the structs are

not sorted on conductor numbéat/e call function “connectPoints" and this function shall

set the group "prick" flag. Note that the subnode "highres" flag is also used to flag real
high res conductorsThus, it must be reset in "connectPoints", when the conductor is not
high res. The special "highres" value 2 is used to indicate, that it was high res, but that
the conductor was putfafdeselected or because of a res filté&hte that only "highres™

value 1 conductors are really high reghus, we need this "highres” flag in each used
subnode of a tileWe @an't use a tile known bitmask to do this, because there can be too
mary conductors. Hwever, the tile structs become bigger in size, because the subnodes
are all part of the tile. And when by cap3d mode a bandwidth is used, thevélEemter

than normal. Note that thevé ime ends for a tile, when function "clearTile" is called.
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