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1. Introduction

This version of the "Spaceutorial" shows hw to use thehelios Graphical User Integfce

in combination with theSpace Extraction System. Users who want to igpace and its

tools directly by hand from the command line are adviced to read the standard "Space
Tutorial" version (report ET-NT 92.22).

This tutorial is intended faspace users who want to kia easy access to the extractor and
its tools, and who not directly want to kmaletails about he to give the commands.
Because tool wocation is very easy witlnelios and becauséelios allows to easily
browse the layout and circuit datababkejos will be a very useful assistant for both first
time users and experienced users.

1.1 Using Space

Soace is used to ®ract a netlist from a gen mask-level layout. Dependingn the
options specified whenvoking space, the netlist

» can be flat, hierarchical (the same hierarchical structure as present in the layout) or
mixed flat/hierarchical.

e can contain interconnect capacitances (e.g. capacitances to the substrate, fringe
capacitances, cross« coupling capacitances and capacitances between parallel
wires)

e can contain interconnect and substrate resistances.

The extracted network (including its parasitic information) can be used to verify the
functionality and the performance of the circuit, e.g. by meampesflayout simulation
or timing analysis.

1.2 Document Structure

This document is structured as folle Section2 gives an ntroduction to some basic
concepts that are used in connection with the extraction program.vel gime
definitions, it describes hothe database that stores the design data is arranged, and it
shavs the relation of the x¢raction tools with the Unix file system and the Unix
command shell. Section 3vgs an &ample of a layout-to-circuit extraction for a
particular circuit. This section discusses each of the different tools that are used in
conjunction with the extraction program and it shows the relation between these tools by
calling them for the gen extraction eample. Finally the last sections describe some
extraction strategies for particular applications such as special dedreet®n and sea-
of-gates circuit extraction.

1.3 Notes

— The Space System, tispace extractor and its tools, is based on the Release 3 of the
Nelsis IC Design System.
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— Throughout this document, we assume that all installation-related space files and
directories are stored under thesr/cacd directory If this ICDFATH directory is
different at your site, please read these phrases with the correct pathname substituted
for /usr/cacd. Consult your system administrator if you doknow the correct
pathname.

If you are going to usspace, make dure that there is an entfysr/cacd/share/bin in
the command search path of your Unix shell. Note that the environragable
ICDPATH does not need to be set manuallys set by a shell script before each tool
invocation.

— For helios various colors, fonts, and other Xikdows resources are specified in the
file /usr/cacd/share/lib/app-defaultsHelios. You should add this information to
your X Windows resources, e.g. by running the iodb

% xdb -merge /usr/cacd/share/lib/app-defaults/Helios

Be sure that the path in this file to the iconPixmap and AboutBitmap.labelPixmap
resources are correctly specified if your IGDH is different.

— For helios on Sun platforms it may be necessary to set thewollp ervironment
variables in order to notify X Windows where it can find certain libraries:

For finding the directory with X Windows naé language support stuff
% setenv XNLSPATH /usr/lib/X11/nls

For finding a ley ymbol database
% setenv XKEYSYMDB /usr/lib/X11/XKeysymDB

The paths may of course be somewhat different on other machines.
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2. Basic Concepts
2.1 Projects

Soace operates in a database that is callquagect. In this project, it finds the layout
data and stores the extracted circuit data. Under Unix, a project is a directory wvith tw
subdirectories (calledew directories, layout and circuit) where the actual data is stored,
and aprojlist file. The projlist file contains a list of related projects (e.fbrary
projects), as is discussed in section 2&l design data that belong to a project are stored
in the file structure underneath the project directdryecessaryproject directories can

be mared, copied or archied like ardinary Unix directories. Note that if a project is
referenced, it is a library projecBecause other projects are using it andkndnere it is
located, it is not wise to nve this projects to another location.

Each layout is designed in a particular process (e.g. ES2 ECPDO7 or MOSIS scalable
CMOS) and using a particular valueoflambda)). Therocess and value are set for a
particular project; all cells in the project share the same proces3d adde. This
information has to be specified when the project is created, and is, among other
information, stored in file namedmrc in the project directory.

Lambda is a specification of the elementary distance unit of the layout data.ygittgih
dimensions of the design descriptions are expressed in (integer) values bfutlits
Lambda should be specified small enough in order to represent all valid layout positions.
Also, it should be specified not too small in order torgmeinteger oerflows for lage
layouts.

The technology files fospace contain capacitance values per meter or per meSpace
uses the value ofto corvert a layout in the project database into its (would bgsiuial
dimensions, to produce its (would be) capacitances and/or resist&ocezample, with

A = 0.5 microns a layout feature of Aunits becomes 2 microns when the design is
actually etracted. Br current processes, typical valuesiare around 0.01-0.1 micron
or108-10"m.

2.2 Library Projects

Projects form local databases. There is no direct interference, such as name clashes,
between data in different projectslowever, projects are not completely isolated from

each other An import mechanism permitsremote cells (cells in other projects) to be used
locally, without actually copying themA cell from another project may be imported into

the local project to makit available for instantation (hierarchical inclusion), while an

alias (local name) may be assigned to it.

This concept is particularly useful if remote projects contain large collections of reusable
predefined cells.These projects can then operatelisary projects. The cells in a
library project can be accessed from other projects (with the same technology, and
without copying of design data.
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Such a é&cility is virtually mandatory for certain design styles such as standard-cell or
gae-array design, but is also very useful for full-custom design.

An example of multiple projects with imported cells is depicted in the figurgvbelo

Q Project X
O
O O
O
O O O Project Y

O
O

O O
O O

As one can see, some of the cells in projects X and Y are defined hierarchically
instantiating local cells. Project X Wwever also contains cells which instantiate cells
from project Y These remote cells %a keen imported previously into project X, before
instantiating (= referring) them within this project.

2.3 Technology Independence

Soace, and its auxiliary programs, are technology independénmformation about the

masks present, elements to be recognized, values of parasitics etc., is stored in certain
files in a process directoryror each process supported, there is a directory that in turn
contains the tool-specific data fileShese directories together are called tdohnol ogy

base, and reside in a special place, known by all tools, in the Unix directory tree.

Introducing a n& process merely implies that awelirectory with the corresponding
data files has to be created. More information om twoenter a ne process, the format
of the datafiles etc., is\gin dsewhere.

2.4 Starting Helios

When startinghelios, helios looks in the home directory of the user for a fitelios,
which has the following format:

OpenedDatabase /u/21/21/space/projects/myIC
PrevisDatabase /u/21/21/space/projects/myIC2

The first line contains the name of the project database opened last time yaliagin

and the second line contains the name of the previous project database you has not
opened last time. Both lines can be there 0 or more times.

Note that the QuickReference line (third line) is obsolédelios uses nw allways the
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file $I CDPATH/share/lib/helios.message for the on-line help message$o dart helios
in the background type:

% telios &

When you starbelios you can get one to three wing® depending on settings. The main
window with the menus is of course the most important wingeee the picture)You
can recognize this wineoby the title bay which displays the name Helios followed by
the Working Directory Note, you can also gg a poject-path to helios to be opened.

Note: The werking directory is normally a project directoryf it is not a project
directory you can not perform dlelios menu commands. In that case open xstiag

project with the "Database. Open" command or else create avn@oject with the
"Database— New" command. Note: A lot of menu commandsvéadso keyboard

shortcuts to actete them. The use of thieis is aly possible if the main windwois the

actve window. Note: Helios tries to read the fildhelios.defaults from the working

directory This file contains sad settings forhelios and thespace extractor and other
tools.

— Helios — /u/21/21/space/projects/myIC |-
Database Layout Extractor Circuit Options Help
—List of Cells Frogram Output

layout view ’753\’9 Clear
HIGH_OUT [ea —— ; =
declof ~| CmdLineWin ||

dubiny i , I}

i Cammand history a| QuickRefWin

nan3

nandrout

oscil Command line Help

sram_n : This is the ‘helios’ interface to SPACE, one of the world's j

switchbox4 q 0.0 o q
term3 best Submicron Parasitic Artwerk to Circuit Extractors, as
4 Execute Command well as to various toels of the NELSIS IC design system.

Hopefully, the interface is essentially self-explanatory.

o |+ "

Se(lzeecl}.ed Clear L Close _I Float on Top |5

Another windav is the *‘QuickRefWin” window, which tells you in short whatvery
menu command is doingYou can open this winde by dicking on "Options— Show
quick reference" or renve it from the screen by closing it.

Another useful winde is the ‘CmdLineWin” window, which can be used to start non-
interactve commands. Ifthis windav is open, most menu commands are not directly
executed ut put in the "Command line" field of this wingo Thus you can edit it before
execution. You can also click on old commands in the "Command history" field and
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execute these commands again.
Note: Click also some time on "Help About" and "Help— Paameters & Files".

To leave helios click on the menu command "DatabaseExit" or type Control+X. The
helios file in your home directory isveays updated. If you click on "Sa" in the Exit
window, you will get a filehelios.defaultsin the working directory with sed ettings.

—| Exit Dialog

Fave your setlings in the default file hefore exit?

1 Save Mo Cancel

2.5 Job Control

Somehelios commands, lik kg space jobs can run for hoursin the banner of the main
window, you can see lvemary programs are running. If you want to terminate some job

or see which jobs are running, you can click in the banner on the running message to get
the job control winde. See the following picture:

~| Helios — fu/21/21/space/projects/mylC | . |J
Database Layout Extractor Circuit Options 1 program running Help
—List of Cells———— —Program O ] u

~| Job Control Dialog |
I

layout view — Save

HIGH QuUT k| Terminate | @]=$ICDPATH bin/spacedd -1 -1 -r -Phelios.defp switchbox4
decloid

dubiny L |

iny !

nani

nandrout ‘
oscil

sram ‘

sram_h

switchboxd 2

term3

1 Close

Selected
Cell: Clear |

[4]> SICDPATH/binfspace3d —-I -1 -r -Phelios.def.p switchboxd

‘ switchhoxd El

Note that jobs started in the background (with an ‘&’ at the end of the command line) are
for thehelios interface directly terminating and not more visible. Commands started this
way cannot be terminated.
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2.6 Tools

Foace is accompanied by a number of auxiliary tools that perform tasksriating and
removing projects, listing the contents of a projects, extracting a SPICE netlist from a
project and so on.

The tools are normally woked by the user through the Unix command interpreter
shell. Thats, the user wrks from a Unix shell and all corresponding mechanisms apply
to the process of tool wocation. Fr instance, the user may go through the file system
and position himself in a (project) directory with such commands asdcd, and store

the output of a tool in a particular file with the usual 10-redirect mechaniéiss, the
selection of the »ecutable that will be run is done using the usual search path
mechanisms. Butow we ae doing this all from th&elios space user interface.

As an example, we stwhow one may mwee o a poject ‘alu_proj” and irvoke a bol to
inspect the contents of that project. Click on "Databas®pen” and select the correct
project path by filling in the "Selection" field:

Selection:
/u/21/21/space/projects/alu_proj

or browse through the file system to reake correct selectionDouble click in the
"Directories” field till the “alu_proj” is located and is shown in the "Databases" field.
Click nowv on "alu_proj" in the "Databases" field to finish the selection and click on the
"OK" button. Thenone mwes to he particular project directarwhere one may iroke

the Nelsis toobdblist by clicking on "Database. List". Thiswill list the contents of the
project database in a hierarchical way (with option -h). Note that helios has an option to
change the prompt in the "Program Output” windo a $orter one. The output of the
dblist command will appear on the screen, for example:

[1]space:alu_proj> dblist -l -h

layout:
1 - r and_cnt (2)
2 - sel_reg8 1 (16)
3 - | atch 8 (0)
3 - s elect 8 0)
2 - f eedback 1 3
3 - mod2_fb 3 (0

==== end of task [1] ====

The following flow-diagram ges an werview for the most important tools of the Space
System. Afterthat one finds a list of all tools that are veld for extraction, including a
short description of each of these tools. If you can start the tool directly fiwghioa
menu, it is mentioned between parenthesis after the tool name.
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helios mgdel
file
xcontrol space putdevmod
SLS
Xsls :
file

GDS 1l cai S g xspice SPICE
fle [ ] 9 ‘ PIC® == file

layout ‘ circuit }

I / — N S | I
CIF 1 it database xedif |- EPIF
file file
other layout- « different types of

generating programs simulators and verifiers

« mkpr (Database —» New)
This program is used to create and initialize a project direcoproject directory
is the working directory for the extractor and contains subdirectories in which the
design data is stored.

* rmpr (Database - Remove)
This program remaes a poject directory when it is not needed anymore.

e addproj (Database - Import cell)
This program adds other project directories to the library list of the current project,
allowing cells in the library projects to be used in the current project. See also
impcell.

* impcell (Database — Import cell)
This program mads a cell from a library projecwalable for use in the current
project. Onlya reference is made, the data is not copied.

* rmdb (Database - Delete cell)
This program deletes a cell from a project directory.

» dblist (Database - List)
This program lists the contents of a project directiogy which cells are in it.

e dbclean (Database — Clean)
This program remees intermediate data, which is generated by some tools and
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saved in the project because it can be used more then once, from a project.

« makeboxl, makegln, makemesh, makesize (Extractor - )
These programs prepare a layout for extraction, e.g.eaxgand a layout before
flat extraction. For eficiency reasons, their result data are stored into the project.
For example, a layout n@ needs to be expanded only once if it is extracted twice,
with different options. These tools are normally natolked by the designerbut
they are automatically imoked by space.

» gpace (Extractor - )
This program is the actual layout-to-circuit extractor.

» tecc (Database - New technology)
This program compiles a user defined technology filesface into a format
suitable as input faspace.

 dali (Layout — Editor)
An interactve layout editing program.

* cg (Layout - Import)
This program writes a GDS Il layout into the project.

o ccif (Layout - Import)
This program writes a CIF layout into the project.

e macro (Layout - Status)
This program lists the macro status for layout cells. An instance of a ‘macro’ cell
is aways flattened during extraction (noialys for all masks). The program can
also change the macro status for local cells in old projects. Usgctohéol
program for ne projects.

e xcontrol (Layout — Status)
This program is used to set the extraction status for a cell. It supersedes the
programsmacro anddevice. The xcontrol data is stored differently in the project
database. Thisakes it possible to set locally the status of an imported cell.

» xspice (Circuit —» Retrieval options)
This program retriees a PICE netlist from a project.

» xedif (Circuit - Retrieval options)
This program retriees an DIF netlist from a project.

 xds (Circuit - Retrieval options)
This program retriees an $.S netlist from a project.

» xpstar (Circuit - Retrieval options)
This program retriges a Btar netlist from a project.
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e xnle (Circuit - Retrieval options)
This program retriges a NLE netlist from a project.

o xspef (Circuit - Retrieval options)
This program retriees a cetailed SPEF (IEEE Standard Parasitic Exchange
Format) netlist from a project.

o xspf (Circuit — Retrieval options)
This program retriees a cetailed SPF (Cadence Standard Parasitic Format) netlist
from a project.

* xvhdl (Circuit - Retrieval options)
This program retriees a VHDL (VHSIC Hardware Description Language) netlist
from a project.

* icdman (Help - Manual pages)
This program is to consult the on-line Nelsis designers manual.

* putdevmod (Database — Device models)
This program stores information about devices into a project circuit itedoes
not set the device status fomnprojects.

* device (Layout - Status)
This program lists the devmod status for circuit cellbis devmod status is the
device status for old project cells. The program can also change the device status
for local cells in old projects. Use tleontrol program for ne projects.

 match (Circuit - Match)
This program compares twdrcuits (e.g. a reference circuit and axtracted
circuit) and tells whether or not thare equvalent.

* highlay (Circuit —» Highlay)
This program is used to high-light the layout of one or more conductors and/or
devices.

Apart from the abee ols, also other tools areailable in the Nelsis System that closely
co-operate withspace, such as different kinds of layout generating programs and
simulation programs, such dasneye andsls (see the manual pages and/or ssegnuals

of these programs)Use the command "Circuit Simeye" to start an X Whdows Motif

tool that can be used to sthdhe results of different simulators and to edit stimuli for
them. You can also run the simulatats andspice from that interface.

2.7 File Structure

In this section we will explain where the different parts of the system are located in the
Unix directory hierarcih In this section (in fact, throughout this document) we assume
that these parts are subdirectories of the diredtmn/cacd, but this can be diérent at

your site.
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/usr/cacd/share/bin This directory contains thexecutables. Soif you are going to
usespace, make aure that there is an entfysr/cacd/share/bin
in the command search path of your Unix shell.

lusr/cacd/share/man  This directory tree contains all on-line manual paglsere is a
subdirectory for each of the sections.

/usr/cacd/sharel/lib This directory tree contains all shared data files such as
technology data.

/usr/cacd/share/demo This directory tree contains projects with actual design
examples, among which designs presented in this document.

lusr/cacd/share/doc ~ This directory contains the documents (in PostScript form)
related to th&gpace System.

2.8 Hierarchy and Terminals

An electrical network or circuit as extracted dpace, is built up from primitve dements
(transistors, capacitors and resistors), subcircuits (when the input layout is hierarchical)
and terminals. Terminals (sometimes also calleports or pins) are connectors to the
outside world and are used for building up the hierarchical structure of the cifbeit.
netlist specifies the connectivity among all these elements.

For space to be able to produce terminals in théracted circuit, the input layout must

also hae terminals. Layoutterminals are named rectangular areas or points in an
interconnect layer of the layouGSpace uses the terminals in the layout to create, name
and connect the terminals in the circuit according to a one-to-one correspondence
between layout terminals and circuit terminal&minal names must be unique within a
cell.

For flat extraction, only the topmost cell musvéderminals. Br hierarchical etraction,

the topmost cell and all the other cells in the hierarolst hae terminals, unless the

cell has a macro status. When a cell has a macro status, the instances of the cell are
always flattened, wen in case of hierarchical extraction; the macro status is set for a
particular cell by using the prograxoontrol. You can see the macro status also with the
programmacro. Use thehelios "Layout - Status” menu command to see or set the
macro statusSpace identifies a connection from a cell beingracted (the parent cell) to

a wbcell (or child cell) when a layout feature of the parent cell touchesedaps a
terminal of the child cell.Space identifies a connection betweenonaubcells when a
terminal of one subcell touches aredaps a terminal of the other subcell.
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NOTE:
If there are connections between cells thae tdce not via terminals, use flat
extraction only or st the macro status for all subcells thavehahis type of

connections.

In case of hierarchical extraction without setting the macro stgiarse would not detect
such connections. Inatt, space would be unable to represent those non-hierarchical
connections in a hierarchical circuit description. The program will et givarning in
case of such non-hierarchical connections.

Hierarchical extraction is also impossible (in the sense that it results in an incorrect
circuit) if the functionality of the child cells is modified by layout features in the parent
cells. For example, for hierarchicak&action, when a polysilicon feature in a parent cell
overlaps an actie aea feature in a child cell, this will modify the actual circuit that is
defined (by creating a transistor element), while this wileha influence on the circuit

that is extracted.
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3. Basic Extraction

In this chapterwe will make a bur past most tools ancm@ain the basics of using the
space layout-to-circuit extractor while using thnelios user interface.

For the examples we will use a hypothetical (but realistic) N-well CMOS proteske
directory /usr/cacd/share/demo there are example designs that we will use.

3.1 Online Manual Pages

The first thing to remember in case one needs some help or information about the tools in
the system, is thevailability of on-line manual pages of all commands, data-files, etc..
They can be shown in a wingowith the command "Help> Manual pages".

For example, information about the commadblist can be obtained by searching and
clicking on the correct line in the "Ingéfield and after that you see the contents in the
"Manual Page" field.

3.2 Project Creation

To dart working withspace, first aproject directory has to be created with the command
mkpr. A project is a Unix directory that contains an IC databadkpr will generate
such a project directory with the name that isigias an agument, after it has asked for
the process to be used (e.g. scmos_n, ecpd07 yoother process \ailable in the
technology base) and for the value of lambdawill do all initializations that are
necessary at the start of a project. In particuldpr creates the file and the wie
directories as was discussed in section 2.1.

Now give the command "Database New" and male a poject with the namétutorial”
and click on btton "Process” to select tleemos n process and enter avalue of 1
micron. Afterthe project has been created, the working directory is the project directory.

— New Project Dialog

Project: Auiz2 1421 /projectsitutorial

Process: ||5cmos_n

Design Length Unit lambda: ] 1.0 [micron]

|| rake F'rnjectl Cancel |

When the environment variable ICDPROCESS is helios will show this detult
process name (in place of the current process name) in the f&BPROCESS can
specify a process name as well as a path to a process diresleoy when the process
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directory contains a file called "defit_lambda" helios will fill in this default lambda
value (in place of the current value) in the form.

3.3 Entering a Layout

A layout to be extracted usirsgace can be supplied in different formats,dilkCF and

GDS Il. For each layout language, there is a specific tool for entering the layout into the
project. for CIF this is theccif program and for GDS I, this is thegi program. These

two programs ta& a Lhix file containing the layout, and store the design data into the
layout viev of the project.

In the following &kample we will shar how to enter a layout into the tutorial projecin

the directory /usr/cacd/share/demo/switchbox there is a IGDfle named
switchbox4.gds. G the command "Layout. Import" and select in the form the layout
format "GDS II" and click on the "Layout file'uitton to select the GDS Il file. Note: Set
first the Filter field to /usr/cacd/share/demo/switchbox/*.gds and click on the "Filter"
button. Clickthen on the correct file name and click on the "OHttdn to leae te file
selection windw. If needed select some layout import "Options”. Click on the "Import
Layout" button to start the import process (see picture).

~| Import Layout
Layout format: GDS ||

Layout file:

fusrfcacdrswitchboxiswitchboxd gds]

— Options
| g g e | O pyrdas c ik
™ Cell overwrite mode ™ Test for 45 degree
_| Werbose
_| Terminal for text, size |0 [lambda]
_| Custam mash Beh
Impart Layout Accept Set Defaults Cancel

[2]> cgi -4 -f Jusr/cacd/share/demo/switchbox/switchbox4.gds

cgi: GDS unit changed into lambda value of 1 micron

cgi: GDS values multiplied by 0.001.

cgi: -- program finished --

==== end of task [2] ====
Normally, most tools are relately silent about their operationThey usually only gve
messages when something goes wrovigL can supply the "grbose” setting to obtain a
little more feedback on the operation of the tools.

When terminals (pins) are defined as TEXT structures in the GDS file,esatitial for
text".
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3.4 Listing the Contents of a Project

Now, in the main windw field "List of Cells" you can directly see which cells are in the
"layout vien". Notethat the top-leel cells in the hierarchare displayed in boldface.

In order to get more information about the hierarchical structure of the design, you can
use the "Database List" menu command or type Control+L to get a cells listing:

[3]space:tutorial> dblist -cl -h -d

layout:
1 - s witchbox4 4)
2 - declofd 4 (6)
3 - d ubinv 1 (0
3 -nan3 4 (0)
3 - n androut 1 0)
circuit:

==== end of task [3] ====

The first number on a line is thevék of the corresponding cell in the cell tregéhe

second number (if present) is the total number of times (incl. copies) the cell is used, and
the third or last number (between parentheses) is the number of instances of sub cells.
Note that if you select a cell and the "Selected Cell:" field is filled in, only a hierarchical
listing of the tree of that cell is made.

3.5 Extracting a L ayout

To extract the cell namedan3, first select this cell from the "layout view" of the "List of
Cells" field. Click on the name, thus the "Selected Cell:" field is filledAfter that
select the "Extractor. Extraction options" form (see picture)

—| Extract Options

Hierarchy: hierarchical non-incremental | I~ verbose

- extract anly the top cell

— Capacitance Extraction

Wode:  fast extraction {area/perimeter farmulas) — | Details |

Type:  cap’s to substrate, verical & lateral coupling caps — I

— Interconnect Resistance Extraction

Mode:  accurate extraction — Details |

Type:  all interconnects — |
— Substrate Resistance Extraction

Mode:  no extraction — potais |

— Circuit Reduction

Extract Accept Set Defaults | Cancel |
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and set extraction mode "Hierarchy:" to "hierarchical incremental”, and the "Capacitance
Extraction" and "Resistance Extraction” "Mode" fields to "no extraction”.
Now, dick on the "Extract” button to start the extraction process.

[4]space:tutorial> space3d -Phelios.def.p nan3
==== end of task [4] ====

Now, the circuit ofnan3 has been placed in the circuit wie To see this viey, ®lect the
"circuit view" from the "List of Cells" field.

The "verbose" mode (option -v) can be used to obtain more feedback orspabais
actually doing. To hierarchically extract the complete tree sufitchbox4 just gve the
following commands: Select the cell yoant to extract and enable the "verbose" mode
toggle in the "Extract Options" form and click on "Extract" to start titeaetion. You

get the following output:

[5]space:tutorial> space3d -v -Phelios.def.p switchbox4

Version 5.0.0, compiled on Wed May 21 07:05:38 GMT 2003

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

parameter file: helios.def.p

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

extract hierarchy of switchbox4

preprocessing nan4rout (phase 1)

preprocessing nan4rout (phase 2 - removing overlap)

extracting nan4rout

extraction statistics for layout dubinv:
capacitances :
resistances :
nodes 10
mos transistors
bipolar vertical
bipolar lateral
substrate nodes

o o

(@l elNeie]

nan3 already extracted
preprocessing dubinv (phase 1)
preprocessing dubinv (phase 2 - removing overlap)
extracting dubinv
extraction statistics for layout nan4rout:
capacitances :
resistances :
nodes
mos transistors
bipolar vertical

Sl NeRe)

preprocessing declof4 (phase 1)
preprocessing declof4 (phase 2 - removing overlap)
extracting declof4
extraction statistics for layout declof4:
capacitances : 0
resistances : 0
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nodes . b1
mos transistors : 0
bipolar vertical : 0

preprocessing switchbox4 (phase 1)

preprocessing switchbox4 (phase 2 - removing overlap)
extracting switchbox4

extraction statistics for layout switchbox4:

capacitances : 0
resistances : 0
nodes 42
mos transistors .0

overall resource utilization:

memory allocation : 0.223 Mbyte

user time : 0.0
system time : 0.0

real time : 9.3 0%

space3d: --- Finished ---
=== end of task [5] ====

The circuit nev has the same hierarchical structure as the layout, to see it type
Control+L.

The messages produceddpace demonstrate the following:

* Space reports which parameter control file it is using. Note thios always
makes a parameter file fapace and adds this with optiorPhelios.def.p to the
command line.You can include your own parameters at thgibeing or end to
this file (see "More Options" form).

* Space reports which technology file it is usingYou can specify your wn
"Element Definition File" in the "More Options" form.

e Space hierarchically (incremental) extracts the cell namsetchbox4, its children
and their childrenFor flat extraction, choice "flat" in the Extraction Options form.

» Space emplgys a preprocessing step before actually extracting a €l step
involves cowerting a polygon description into an edge description. The edge files
(called gIn files) are retained in the database sincg ¢he be used in other
extraction passes, e.g. with other options.

* Space detects when a cell has already been extracted, and skips thos¢Hueiés.
space skipsnan3.) To re-extract a layout for which a circuit already exists, choice
"hierarchical non-incremental” in the Extraction Options form.

By default space produces a circuit without gnparasitics information. This can be
changed by supplying options to the program indicating which type of parasitics must be
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extracted. Thefollowing table lists some common choices, for a more comprefgensi
description, see the space usemanual or the space manual pages.

Capacitance Extraction

Mode: Type:

fast extraction capacitances substrate (-c)

fast extraction ,» and vertical coupling caps (-C)
fast extraction . » andlateral coupling caps (-I)
I nterconnect Resistance Extraction

Mode: Type:

fast extraction all(non-metal) interconnects (-r)

accurate eraction  allinterconnects (apply mesh refinement) (-z)
accurate eraction  onlythose interconnects specified in ... (-k)
accurate etraction  allinterconnects, but those specified ... (-])

Now, extract switchbox4 again, but also extract capacitances to substrate. Go to the
"Extract Options" form and choice for "Capacitance Extraction” "Mode: fdshation”

and "Type: capacitances to substrate”. Also use the "hierarchical non-incremental” mode
since the cells were alreadyteacted. Choicén the "Extract Options" form "Hierargt!’

is "hierarchical non-incremental'Finally, dso turn on "verbose" mode. Click woon

the "Extract" button toxecute thespace command. Theutput must be something &k

this:

[6]> space3d -Iv -c -Phelios.def.p switchbox4
Version 5.0.0, compiled on Wed May 21 07:05:38 GMT 2003
See http://lwww.space.tudelft.nl
parameter file: helios.def.p
technology file: $ICDPATH/share/lib/process/scmos_n/space.def.t
extract hierarchy of switchbox4
extracting nan4rout
extraction statistics for layout nan4rout:
capacitances : 10
resistances : 0
nodes 11
mos transistors
bipolar vertical
bipolar lateral
substrate nodes

OO oo

extracting nan3

extraction statistics for layout nan3:
capacitances : 8
resistances : 0
nodes 9
mos transistors © 6
bipolar vertical 0
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extracting dubinv

extraction statistics for layout dubinv:

capacitances : 6
resistances 0
nodes 7
mos transistors 4

extracting declof4

extraction statistics for layout declof4:
capacitances : 31
resistances 0
nodes 52
mos transistors : 0

extracting switchbox4

extraction statistics for layout switchbox4:

capacitances
resistances
nodes

mos transistors

overall resource utilization:

memory allocation : 0 .286 Mbyte

user time
system time
real time

space3d: --- Finished ---
==== end of task [6] ====

34
0
43

.0

0.0
0.0

1.1 3%

A flat netlist can be produced using the "flat" mode: Go to the "Extract Options" form and
choice "Hierarchy: flat" and for "Capacitance Extraction" is "Mode: xtcaetion” and

turn "verbose" mode bénd click on the "Extract" ltton. Afterthat, male a herarchical

cell listing of all the cells: Clear the "Selected Cell:" field (click on the "Cleattbh)

and type Control+L. The output must be something tiks:

[7]> space3d -F -Phelios.def.p switchbox4
==== end of task [7] ====

[8]> dblist -cl -h -d

layout:
1 - s witchbox4 4)
2 - declof4 4 (6)
3 - d ubinv 1 (0
3 - nan3 4 (0)
3 - n androut 1 (0
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circuit:
1 - declof4 (37)
2 - d ubinv 1 (10)
3 - nenh 2 (device)
3-cap 6 (device)
3 - penh 2 (device)
2 - nan3 4 (14)
3 - penh 3 (device)
3 - nenh 3 (device)
3-cap 8 (device)
2 - n androut 1 (18)
3 - penh 4 (device)
3 - nenh 4 (device)
3-cap 10 (device)
2 -cap 31 (device)
1 - s witchbox4 (144)
2 - nenh 72 (device)
2 - penh 72 (device)

==== end of task [8] ====

The listing reeals that the switchbox4 circuit wohas no subcells. Instead, it has 144
devices (transistors) as primiis. Thecircuit declof4 has become a topde(root) cell,
since it is not instantiated anymore by the switchbox4 circuit.

For flat extraction,space needs a flattened gln description, and thus it re-preprocesses the
switchbox4 layout. This would ke keen reealed if the verbose setting was used.

3.6 Retrieving a Circuit

The progranmxspice can be used to retiie a $ICE netlist from the circuit wie of the
project. If SPICE transistor models are present in the technology base,athe
automatically appended to the SPICE network (the "omit model definitions" setting in the
"Advanced Options" form can be used to inhibit thi$he output ofxspice can be
redirected to a file Alternatively, the output is stored in a file namedme.spc, where
name is the name of the circuit, when the "Output: to file" setting is enaNede: If a

file name is specified, standard output is redirected to that file.

To dbtain a SPICE netlist of nan3, click on the cell nan3 in the "List of Cells" field and
use the menu command "Circuit Retrieval options” and click in the "Output:" field on
the "to" (file) radio button and click on the "Rewg& button to eecute the command.
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— Circuit Retrieval Options

Export Format: SPICE — _| verhose

Output: (& to window

to e ‘

Hierarchy: (@ only top-level cell
__local hierarchy

_full hierarchy _| exclude libraries

Advanced Options |

Retrieve | Accept | Set Defaults Cancel

[9]space:tutorial> xspice -f nan3
==== end of task [9] ====

Use the appropriate Unix commands (elgjandcat) to inspect the contents of the file.
Note: Use the "CmdLineWin" winao to do this. Dont use an interacte pager like
more. For simulation, only the input stimuli argpice option settings must be added to
this file.

3.7 Removing Projects and Data from Projects

When a cell has beerxteacted, the gin files (or redundant files in general) can be
removed with the dbclean command. Seledhe cell switchbox4 and click on "Database
- Clean- layout view" to remwe the redundant layout files.

[10]space:tutorial> dbclean -lv switchbox4

-> layout/switchbox4

dbclean: -- program finished --
==== end of task [10] ====

If you want to clean-up\erything, then the selected cell field must be emptyu can
deselect the selected cell by clicking on the "Cleattem. Thenthe menu command
"Database- Clean- all views" will remaove dl redundant data of all cells in the current
project. Havever, the program also allows less drastic modes of operation, see the
manual page afbclean.

All cells in the layout vier are remaed using the menu command "DatabaseDelete
cell" and clicking on the "Delete all" button.

[11]space:tutorial> rmdb -aif layout
==== end of task [11] ====

Note: Without the-f option, the program will ask for confirmation in order not to
accidentally remee nore than actually anted. Donot remae this option while using

helios. Agan, less drastic modes of operation are also possible, see the manual page of
rmdb.
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Finally, a project can be renved with the "Database- Remwe' command. ¥u get a
confirmation windw and if you are sure to do it, click on "OK".

[12]> rmpr -f /u/21/21/space/projects/tutorial

rmpr: -- program finished --

==== end of task [12] ====
Note thathelios has done a change directory before reimpthe current project. If there
was a pevious working directorythat project directory is openend (if possible). Look to
the title bar of the main winaoto find out the m& working directory If the project
directory only contains project files and subdirectories (layout and circuit), it issedmo
entirely Otherwise it just becomes an ordinary Unix directory.

A project can only be renved if it does not contain gncells. Thatis, it must be empty
like it was just created. Note that a project with the “forogtion is alvays remwed.

3.8 Simulation Model Support

The simulation models of the devices that occur in the network are normally specified
using the control file okspice. The model parameters may be specified as a function of
some layout parameters dikhe transistor emitter area and perimeter and the transistor
base width. The latter is especially useful for the extraction of bipolar circuits (see
section 6).Below, we gve a smple example that specifies the SPICE model of an nmos
transistor.

The default name of the control file frapice is xspicerc. First, xspice tries to read this
file from the current wrking directory Otherwise, it tries to open it in the process
directory The control file may look like:

[13]space:mylIC> cat xspicerc
include_library spice3f3.lib

model nenh_0 nenh nmos ()
bulk nmos 0.0
==== end of task [13] ====

The abee file specifies that the model nenh_0 should be used forxtrected deice
nenh and that its type is nmoslote that this only works with known SPICE model
types. Thebulk voltage of the devices of type nmos is specified to be 60 Whe
simulation model itself is included in the library file "spice3f3.lib":
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[14]space:myIC> cat spice3f3.lib
model nenh_0 nmos (level=2

[d=0.0u tox=250e-10 nsub=2e16
vto=0.7 uo=600 uexp=0.1
ucrit=10k delta=0.2 xj=0.5u
vmax=50k neff=1.0 rsh=0
nfs=0ell js=2u ¢j=100u
cjsw=300p mj=0.5 mjsw=0.3
pb=0.8 cgdo=300p ¢cgso=300p)

==== end of task [14] ====

Note: To make file listings, you can also start a text editoelde, whereby you can
browse through the directory to select the file you want to see.

When using the programspice to retriese a drcuit description, the following result may
be obtained:

[15]space:myIC> xspice mulplex

mulplex

* circuit mulplex123456

*

* 1 nbulk 2 a 3 b 4 s a 5 sb
* 6 out

ml 426 1 nenh_0w=4ul=1.8u
m2 536 1 nenh_0w=4u |=1.8u
* e nd mulplex

.model nenh_0 nmos (level=2 Id=0 tox=25n nsub=20e15
vto=700m uo=600 uexp=100m ucrit=10k
delta=200m xj=500n vmax=50k neff=1 rsh=0
nfs=0 js=2u ¢j=100u cjsw=300p mj=500m
njsw=300m pb=800m cgdo=300p cgso=300p)

+ + + +

vnbulk nbulk 0 0.000000V
rnbulk nbulk 0 100meg

==== end of task [15] ====

Alternatively, the programputdevmod can be used to store a device model description
into the circuit database. It uses the V:dile (process file for SPICE models) format.
You can access this method by using the "Databadeevice models" commandThis
method does not alloto specify model parameters as a function of layout parameters.
However, this method is useful if a device isteacted that can not be recognized from the
mask layout combinations and/or if the model for théiadeconsists of more than just a
standard transistor model (i.e. if it is described by one or more subcircuits, see section 7).

As an example we consider the following description that is present in a file "nenh.dev":
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[16]space:mylIC> cat nenh.dev

device nenh

begin spicemod

* t erminals d g s

* bulk 0

* p refix m

* p arameters for n_enhancement NMOS  w/l = 4/4
.model nenh nmos (level=2

+ | d=0.0u tox=250e-10 nsub=2e16
+ vto=0.7 uo=600 uexp=0.1

+ ucrit=10k delta=0.2 xj=0.5u

+ vmax=50k neff=1.0 rsh=0

+ nfs=0ell js=2u ¢j=100u

+ cjsw=300p mj=0.5 mjsw=0.3

+ pb=0.8 cgdo=300p cgso=300p)
end

==== end of task [16] ====

This file can be read in the eeModelWn (see the picture) or typed in (or edited) and
"Saved" into the database.

On the first line, this description specifies that a description for thieedénenh” is

given. Betweerthe keywords "begin spicemod” on the second line and "end" on the last
line of the file, the SPICE information isvgn. SPICEinformation that is not meant as
direct input forspice is given as omment. Thedescription specifies (1) that cell "nenh"

is a device that has terminals "d", "g" and "s" (which are used in that order) (these names
are also used bgpace to denote the drain,ae and source of a MOS transistor and
should therefore be used), (2) that the device requires a bulk voltage of 0 volt (as a result,
xspice will add a bulk terminal to the dliee that is connected to a potential of 0 volt), (3)
that "m" should be used as a prefix for instance names of theeda a SPICE
description (this condition is required by SPICE) and (4) that thizaldias a SPICE

level 2 model description as indicated.

The description can also be stored in the circuitvvad the database by using the
putdevmod command by hand in the CommandLine wiwdw helios:

[17]space:mylC> putdevmod nenh.dev
==== end of task [17] ====

After that, a circuit description, in which the simulation model is included, may be
retrieved using xspice. Note that this only wrks by a ne project if the device status is

set with thexcontrol program. Useéhe "Layout— Status" menu command, click on the
layout cell "nenh" and click on the "Device" button (see also Section 10). If the layout
cell does not exist, type the following command:

% >xcontrol -device nenh

To savethe file into the database, by using the "Databas®evice models" menu
command, follav the procedure below:
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To read the filenenh.dev in the form, click in the "Select & read device model" field on
the "device file" button and click on the fitenh.dev and click on "OK". Now, the "Edit
device model" fields are filled inNote that the "* bulk" and "* parameters" lines and the
".model" definition lines are written in the dfmal description” tetfield. If you wish, a
part of the "* parameters" line can be copied (with the moufferpto the the "Informal
description” tatfield. Notethat a "* description” line is read in thisxtéeld. You can
for example se&e the device under a wenamenenh_2 to the databaseSelect the "Sae
in database" toggle button and click on thev&autton.

[18]space:mylC> putdevmod /usr/tmp/temp_BAAa27937

==== end of task [18] ====
Note that you can alsosate contents of the "Edit dee model" form into a file by
selecting the "See in file" toggle button and inspect the contents of this file.

~| DeviceModelWin

— S3elect & read device model

. device file || Yu/21/21/spacesprojectsimylCinent.dey

Fram:

-

— Edit device model

Device name: | nenh SPICE Prefix: |in

Terminals: |d g s

Informal description:

Formal description:

* bulk 1] J

* parameters for n_enhancement MMOS Wil = 4/4

.model nenh nmos (level=2

+ Id=0.0u tox=230e-10  nsub=2el6 -
] .

_save in file

® Save in database

T Save Accept Set Defaults Cancel
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4, Extraction of Junction Capacitances

To extract non-linear junction capacitances, these elements fmabe pecified as
junction capacitances in the element definition filesgaice. This is done by including
them in a capacitance list where theywkord "junction” is used before theeyword
"capacitance" and where a capacitance type is specified aftezytherd "capacitance”.
The following gves an &ample of the specification of junction capacitances for
respectrely n diffusion and p diffusion areas.

junction capacitances ndif :

acap_na: caa Icpg csn lcwn . ¢ aa @gnd: 100e-6
ecap_na: !caa -caa !-cpg -csn !-cwn :-caa @gnd: 300e-12

junction capacitances pdif :
acap_pa: caa Icpg lcsn cwn : caacwn: 500e-6
ecap_pa: !caa -caa !-cpg !-csn cwn -cwn:-caa cwn: 600e-12

For junction capacitances, the first terminal mask of the elemwmai/slspecifies the
positve rode of the extracted element and the second terminal maaysapecifies the
negdive rode of the extracted element.

There are seral possibilities to represent the junction capacitances in the output circuit,
depending on what type of element model is used for the verification (simulation) of the
junction capacitance. This is controlled by the paramatercaps of space.

If the parametejun_capsis set to "non-linear" the only difference with the appearance of
normal, linearcapacitances in the output circuit is that tkeacted capacitance will be
of the specified type.

If the parametejun_capsis set to "area" the extracted capacitance will be of the specified
type and, moreg, the value of the extracted capacitance will specify the area of the
element (if only an area capacitivity is specified for that capacitance type) or the edge
length of the element (if only edge capacitivity is specified for that capacitance kype).
jun_capsis set to "area", and both area capacitivity and edge cajitgcatie specified for

one junction type, the value of the extracted capacitance will be equal tatrihetesl
capacitance value divided by the area capatyit(so in this case, fdctively, the total
vertical and horizontal junction area is extracted).

If the parametejun_caps is set to "area-perimeter" the extracted capacitance will be of
the specified type and the area and perimeter of the element will be represented by the
instance parameteasea andperimin the database.

If the parametejun_caps is set to "separate" thexteacted capacitance will be of the
specified type and the area and perimeter of each capacitance that is specified in the
capacitance list for that type will separatedly be represented with parasreterar>
andperim<nr> where<nr> denotes that it is thenr>-th. area or thenr>-th. perimeter
element in the list.
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For each junction capacitance type that is extracted, a device model must be defined using
either the control file okspice or the progranputdevmod. Below, we will ilustrate hav

this is done using a control file faspice since this method offers more flexibility than

the method usingutdevmod.

The control file for the junction capacitances 'ndind 'pdif’ that are described ab®
may look as follows:

include_library spice3f3.lib

model ndif ndif d ()
model pdif pdif d ()

where the file spice3f3.lib has the following contents

model ndif d (is=2u cjo=100u vj=0.8 m=0.5)
model pdif d (is=10u cjo=500u vj=0.8 m=0.5)

The abee may be suicient when only the total junction area need to be specified as an
element parameteiThe parametgun_capsis then set to "area".

When the horizontal junction area and the vertical junction area need to be specified as
separate parameters (e.g. becausghaeea dfferent grading coefficient), the parameter
jun_caps should be set to "area-perimeterThen, the area and the perimeter of the
junction region will be extracted as separate parameters. When for the simulation model
that will be used these parameters are resmhctialled "area" and "pj", the control file
should then additionally contain:

params ndif { area=$area pj=$perim }
params pdif { area=$area pj=$perim }

When it is required that for junction capacitance elements the perimeter adjacent to the
gae oxide and the perimeter adjacent to the field oxide are specified as separate
parameters, the paramejen_caps should be set to "separate”, the specification in the
element definition file may be as follows:

junction capacitances ndif :

acap_na: caa lcpg csn lcwn . € aa @gnd: 100e-6
ecap_na: !caa !-cpg -csn !-cwn -caa : -caa @gnd: 300e-12
gcap_na: cpg l-cpg -csn !-cwn -caa : -caa @gnd: 200e-12

and the control file may contain:

params ndif { diffarea=$areal locosedge=$perim1 gateedge=$perim2 }
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5. Extraction of Drain/Source Area and Perimeter | nfor mation

Besides that junction capacitances can be part of the output netlist as diodes, as described
in Section 4, the can also be part of the output netlist in the form of drain/source area
and perimeter information that is attached to the MOS transistors. Although this method
is less accurate to model the disttdd RC effects in the drain/source regions, ynan
simulators require this method instead of the previous one.

Area and perimeter information of drain/source regions of transistors is represented by
the parameters ad, as, pd, ps, nrs and nrd (see SPICE Mseatial). D extract these
parameters, a condition list should be specified in parentheses behind the drain/source
mask of the transistor definition, and capacitance extraction should be en&hked.
following gives an eample of the specification of a drain/sourcgioa for a "nenh"
transistor and a "penh" transistor.

fets :

nenh :cpg caa csn: cpg caa (caa !cpg csn) # nenh MOS
penh : cpg caa !csn : cpg caa (caa !cpg !csn) # penh MOS

When an option for capacitance extraction is used \giice, the SPICE circuit
description may contain the following the transistor statements:

mlt outb_in|_vss nbulk nenh_0 w=6.8u |=1.2u ad=12p as=26.76p

+ pd=11.2u ps=19.7u nrs=0.57872 nrd=0.259516

m2 t_out b_in |_vdd pbulk penh_0 w=12.4u |I=1.2u ad=20.5p as=23.36p
+ pd=14.8u ps=10.8u nrs=0.151925 nrd=0.133195

The etractor uses heuristics to appropriately subdivide drain/source informatén o
different transistors when all these transistors are connected to the same drain/source
region.
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6. Bipolar Device Extraction

In this section, we present an example for a control file and a library filsdiae (see
also section 3.8) for the extraction of bipolar circuits.

Let "npnBW" be the name of a bipolar transistor type that is defined in the element
definition file ofspace. Then the following control file may be used fspice to retriere
a PICE description of a circuit that contains transistors of type "npnBW".

[19]> cat xspicerc
# i nclude_library specifies which file(s) contain
# t he appropriate model definitions.

include_library spice3f3.lib

# model indicates which predefined models can be
# used for which group of devices and it includes
# t he ranges for area (ae), perimeter (pe) and

# width (wb).

# scaleable model:
# ae -> mn. typ. max.
model bw10la npnBW npn (
ae 4e-12 8e-12 4e-11
wb 0.25e-06
pe (2*$ae / 2.00e-06 + 4.00e-06)
)

# substitution model:

# aelpe->min. max.

model bw10x npnBW npn (
ae 4e-12 2e-10
wb 0.25e-06
pe 8e-06 6e-05

):::: end of task [19] ====
Two types of models are used for the "npnBW" transistor: "bwl10la" and "bw210x".
Which model is chosen for a particular transistor in the circuit depends on the actual
value of some transistor parameters that are extracted for it: its emitter area (ae), its
emitter perimeter (pe) and its base width (WlBjr both transistor models, the base width
must be equal to 0.25e-08lodel "bw101a" is selected if ae is between 4e-12 and 4e-11
and pe is equal to 2*$ae / 2.00e-06 + 4.00e-Pwdel "bwlOx" is selected if ae is
between 4e-12 and 2e-10 and pe is between 8e-06 and 6e-05.

Note that the abh@ hipolar model choices only works for some known model types and
known extracted parameter names.

The SPICE models are specified in the file "spice3f3.lib":
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[20]> cat spice3f3.lib

unity Q_electron 1.602e-19
unity N_intrinsic ~ 1.045e+20
unity Gummel_base  7.500e+06
unity COs_wn_bw 1.900e-03
unity COe_wn_bw 2.800e-09
unity COs_bw_epi 0.290e-03
unity COs_bn_sub 0.151e-03

model bw10la npn (Is=0.018f Bf=117 Nf=1 Vaf=55 |kf=4.1m Br=4
Nr=1 Var=4 lkr=45u Rb=600 Irb=0.15m Rbm=30 Re=14
Rc=200 Xtb=1.5 Eg=1.17 Xti=2.5 Cje=50f Vje=0.78
Mje=0.28 Tf=20p Cjc=75f Vjc=0.67 Mjc=0.32 Xcjc=1
Tr=100p Cjs=0.24p Vjs=0.45 Mjs=0.26)

model bw10x npn (Is=($Q_electron*$N _intrinsic/$Gummel_base)*$ae
Nf=1 1kf=3.00e+07*$ae+6.00e+01*$pe Bf=117 Br=4
Vaf=55 Var=4 |kr=5.00e+07*$ae+1.00e+02*$pe Xth=1.5
Eg=1.17 Xti=2.5 Cje=$C0s_wn_bw*$ae+$C0e_wn_bw*$pe
Vje=0.78 Mje=0.28 Tf=20p
Xtf=(4.70e-02*$ae+1.90e-02*$pe) 2 Tr=100p Mjc=0.32
Vjc=0.67 Cjc=$CO0s_bw_epi*$ae Cjs=$C0s_bn_sub*$ae
Vjs=0.45 Mjs=0.26)

==== end of task [20] ====

For model "bw101a", the model parametersédna fked value and are chosen optimal for

ae = 8e-12, wb = 0.25e-06 and pe = (2 * 8e-12 / 2.00e-06 + 4.00e-06) (see the
specification in the control file)For transistors that e dfferent parameter values utb

that are within the range specification that iegiin the control file - model "bw10l1a"

will be used in combination with a scale factor.

For model "bw10x", the model parameters are a function of the transistor parameters ae
and pe. In this casespice will generate a different model for each different set of
parameter values that occur in the circuit.
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7. Special Device Extraction

By usingputdevmod (see section 3.8) it is possible to extract special devices that can not
directly be recognized from the mask combinations in the layout. The basic idea is to
define a layout cell for each type of specialide, including its terminals, and then store

a orresponding model description in the circuit wieof the database by using
putdevmod.

Suppose we hva a hyout cell of a special device "lpnp" that has 6 colle@dmse and 2
emitter connectionsThe terminals are called c1, c2, c3, c4, c5, c6, bl, b2, el and el.
Then, a corresponding device model description may be created forius de shan

below.

[21]> cat Ipnp.dev

device Ipnp

begin spicemod

* t erminals c1 c2c3c4c5c6blb2ele2
* bulk0

* p refix x

.Subcktlpnp1234567891011
rl78 20

c7 7 00.001f

c8 8 0 0.001f
gqlal189b_spnp0.5
qlb289b_spnp 0.5
qlc 389 b_spnp

qld 48 10 b_spnp 0.5
qle 58 10 b_spnp 0.5
q1f6 8 10 b_spnp

¢l 10 0.001f

c2 2 00.001f

€3 30 0.001f

¢4 4 0 0.001f

¢550 0.001f

€6 6 0 0.001f

dgl 11 8 c_diojcsla 2
.ends

.model b_spnp pnp(is=1.2e-15,bf=60,vaf=100,ikf=3e-4,
+ise=24e-12,ne=3.6,br=6,var=18,ikr=1e-4,isc=1e-15,
+nc=1.15,rb=100,rbm=50,rc=80,re=10,cje=0.2e-12,
+mje=0.33,vje=0.55,cjc=0.96e-12,mjc=0.33,vjc=0.55,
+tf=4e-8,xti=3.3,eg=1.16,xcjc=0.8)

.model c_diojcsla d(is=1.26e-14 rs=200 cjo=3.1e-12 vj=0.50 m=0.35)

end
==== end of task [21] ====

This description specifies that cell "Ipnp" is avide that has the same terminals as the
layout cell and that it should be included in a SPICE network description with an instance
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name that starts with the prefix "xA bulk potential of OV is specified, which is the
appropriate potential for the (extra) terminal 11 that is also specified forvice deodel.
Programxspice will correctly connect this bulk terminal when the device is retde

from the database. The interior of the device model is described by 6 transistors, 1 diode,
1 resistor and 8 capacitors.

After storing the abee description in the circuit vie by using the progranputdevmod,

the description can be used to extract circuits that contain transistors of type 'lipnp".
helios the following commands can be used. Choice menu command "Database
Device models". Select & read device model from "device file" Ipnpatel click on
"Save in database" to staputdevmod:

[22]> putdevmod /usr/tmp/temp_AAAa00344
==== end of task [22] ====

During extraction, the extractor will then recognize that cell "lpnp" is a device, that it is
not necessary to extract the contents of this device, and that it should be included in the
network description as a network prinvdéi For a nev project, you must also define the
device status with thecontrol program. Notehat by n& projects the devmod data is

only used by the prograrspice after that the device status is set.

When a cell that is a diee is also defined as a macro, the cell will be included in the
extracted network as a primié (just as in the normal case), but the layout of the cell will
additionally be flattened in a father cell prior tixér&ction. Thisallows the layout of the
device to be used as feed-throughs for other connections and soarakections to the
device not only at the terminal positions.
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8. Layout versus Schematic

The programmatch is used to compare an extracted circuit (the actual _network) against a
reference circuit (the nominal_neaivk). As a reference circuit, tak the SPICE
description swbox_ref.spc that is present in the directory /usr/cacd/share/demo/switchbox
and add it to thétutorial” database using the programspice. Note thathelios currently

not supports loading netlists. Use the CommandLine wintioexecute the folleving
command:

[23]> cspice /usr/cacd/share/demo/switchbox/swbox_ref.spc
File /usr/cacd/share/demo/switchbox/swbox_ref.spc:
Parsing network: swhox_ref

====end of task [23] ====

As an actual circuit, tak the flat layout description switchbox4_f (the hierarchical
description switchbox4 could also be used but it is easier to modify the flat layout
description), put it into the database using the menu command "Laydnport" and
extract it:

[24]> cgi /usr/cacd/share/demo/switchbox/switchbox4_f.gds

cgi: GDS unit changed into lambda value of 1 micron

cgi: GDS values multiplied by 0.001.

cgi: -- program finished --

==== end of task [24] ====

[25]> space3d -Phelios.def.p switchbox4_f
==== end of task [25] ====

Then, use the programmatch to compare the extracted circuit against the reference
circuit. Startthe menu command "Circuit Match" and select from the "circuit we
both cells and click on the "Match" button:

~| Match Dialog
Hominal_network: ‘ Teuhox_ref
Actual_network: switchhoxd_f
— Options
_| edif-like output _| byname
_| fullhindings _| expand

_l ignore capacitors _| nomap

_| ignare resistors _| parameters
_| werhose
T katch accept Set Defaults Cancel
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[26]> match swbox_ref switchbox4_f
lusr/cacd/share/bin/match: Succeeded.
==== end of task [26] ====
The result ofmatch shows that the reference circuit and the extracted circuit are identical.

Next, male an eror in the layout of switchbox4_f (e.g. remme metal) with the
layout editordali and run the programspace and match again. To do ®, select the
layout cell "switchbox4_f" and start the editor with the menu command "Layout
Editor". Selecthe "box_menu" and the connect layer "cmf", "zoom" in on the layout and
delete a part of a connection samhere with the "del_box" (delete box) commambw
write the cell back to the database andidetae editor: Click on "return” and go to the
"DB_menu" and click on "write_cell" and click on "switchbox4_fAgain click on
"return" and choice "quit".

[27]> dali switchbox4_f &
====end of task [27] ====

—| »>> dali >> Cell: switchbox4_f Exp_level: 1 Project: tutorial on jupiter| -

[28]> space3d -Phelios.def.p switchbox4_f
==== end of task [28] ====

[29]> match swbox_ref switchbox4_f
lusr/cacd/share/bin/match: Failed.
==== end of task [29] ====

This result indeed shows that the circuits are not identithé network parts that ha
been matched and the network parts thathat been matched can be inspected in the
Program Output winde by using the optionfullbindings with match.
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9. Layout Back-Annotation

Layout back-annotation is supported in three differeaysy First,the names of the
terminals (and the instances) in the extracted circuit are equal to the names of the
corresponding terminals (instances) in the layout. Second, the option "Back-Annotation:
device and instance positions” (see "More Options" form) can be used to add positions of
devices and sub-cells to the extracted circuit. Third, the prodightay may be used to
high-light the layout of one or more conductors and/eic#s. Thelatter program may

also be used in combination with the circuit comparison prognatch to for example
high-light all matched or unmatched conductors.

To demonstrate the use bfghlay in combination with the circuit comparison program
match, consider the example from the previous section. Assume that the reference circuit
swbox_ref has been added to the database and assume that an error is present in the
layout of switchbox4_f.Now, run the progransgpace with the option "Back-Annotation:
extended" (see "More Options" form) and run the prograatth with the options-edif

and -fullbindings . The last tvo options causematch to write a binding table into the
database that can be used as inputifgii ay.

[30]> space3d -tx -Phelios.def.p switchbox4_f
==== end of task [30] ====

[31]> match -edif -fullbindings swbox_ref switchbox4_f
lusr/cacd/share/bin/match: Failed.
==== end of task [31] ====

Then, the nets that Y& ot been matched (the deficient nets) are selected for high-
lighting by running the prograrighlay as follows: Start menu commmand "Circuit
Highlay" and click on "verbose" and click on the "Highlayltion (Note: Be sure that
cell "switchbox4_f" is selected).

—| Highlay Dialog

Use: (& match results
_name f¥ |

High-light with: original masks = |

Select

@ deficient M nets |

_Jinconclusive _| ports

_imatching _| devices |]

_| werbose

Highlay Accept Set Defaults Cancel
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[32]> highlay -d -n -v switchbox4_f
Selected nets:

27

==== end of task [32] ====

Next, use the layout editor to read in the cell HIGH_OUT that has been generated by
highlay and inspect the unmatched conductdimte: Select in the "List of Cells" field
the "layout view" and click on the HIGH_OUT cell to select it.

[33]> dali HIGH_OUT &
==== end of task [33] ====
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10. Sea-of-Gates Circuit Extraction

For semi-custom circuits lik a-of-gates circuits, often an image is defined that contains
a reqular pattern of MOS transistors and/or bipolar transistors. On top of this image, a
metal pattern is placed that connects allvaiedevices. Adesign of such a circuit may

for example be represented by the following hierarchical tree.

[34]> dblist -l -h

1-r1egd (8)
2 - | atch 4 (2
3 - i mage_c 2 (0)
2 - s elect 4 Q)
3 - i mage_c 1 (0)

==== end of task [34] ====

The image cell "image_c" is the smallest tile in the image that can be repeatezitte gi
complete image. In order to extract accurate capacitances, the image cell should be
flattened in the cells "latch" and "select”, that only contain metal wiFes. flat
extractions, the layout of the image cell wilwalys automatically be flattenedror
hierarchical gtraction, the flattening of the image cell can be a&hidy tting the

macro status for the cell "image_c".

The macro status is set for a particular cell by using the programtrol. Use thehelios
menu command "Layout Status" (see the picture).

— Layout Cell Status
Regular Status kacro Status Device Status Library Status
latch — |image_c (F) = k| F
regd
select
[ =2 R———— 73 R 7d Rl 03
Show Interface | Unchanged - || Set Interface
Timestamp:| Set Remote
7 Regular kacro Device Library Cloze

Then, when the circuit isxegracted in hierarchical mode, a circuit is produced in which
"image_c" has been flattened but in which the rest of the higrhashbeen preserved.
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[35]> space3d -c -Phelios.def.p reg4
==== end of task [35] ====

[36]> dblist -c -h

1-r1 egd (8)
2 - | atch 4 (18)
2 - s elect 4 (8)

==== end of task [36] ====

This, havever, only works when all connections to and through the sub-cells latch and
select are made via the terminals of these c®lleen this is not true, flat extraction has
to be used.

The progranghoti can be used to reme wused (i.e. unconnected or partly connected)
components from the extracted network.

If a gate-level circuit description has to be obtained from the sea-of-gates layout, all cells
that represent gates should be set to the library status (celltype). This is done as follows:

Use the menu command "Layout Status”, select the cells "latch" and "select", and
click on the "Library" lntton. Note:For old projects you must set the device status and
click on the "Device" button.

Now, no matter whether a hierachical of flatteaction is performed, the cells "latch" and
"select” will alvays be primitves in the extracted netwk. If the layout that is inside

these cells also needs to be flattened - because of connections to or through the cells not
only via the terminals - also set the macro status for these ddlis.can be done by

setting the interfacetype free (or freemasks) as follows:

Select in the "Layout> Status" windw the cells, choice interfacetype "Free" and click
on the "Set Interface"utton. Note:For old projects you cannot set an interfacetyp, b
must click on the "Device+Macro" button.
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