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1. Introduction

1.1 Whatis Space

Spaces an advanced layout to circukteactor for analog and digital integrated circuits.
From a mask-heel layout,spaceproduces a circuit netlist. This netlist contains

* active ckvices,

» instances of other cells (only in hierarchical mode),

» terminals (if thg are defined in the layout).
Optionally, this netlist contains

* wiring capacitances to substrate,

* interwire coupling capacitances (both crosgracoupling capacitances and lateral
coupling capacitances),

* wiring resistances,
* substrate resistances and capacitances.

These parasitics are extracted very accuratbig is a must for state-of-the-art IC
technologies where interconnection parasitics tend to determine maximum circuit
performance.

Besides accurggcanother ley characteristic obpaceis efiiciency. This is mainly due to

new agorithms for handling the IC geometry and careful implementation of the program.
Spaceis intended for on-line, interagé wse lut without problems it handles very dar
designs een on a workstation or on a minicomputer.

Spacecan operate in hierarchical mode (in which case xitraeted circuit possesses the
same hierarchical structure as the layout from which it iwe8riin flat mode (in which
case only one circuit cell is generated for the total layout), or iednitat/hierarchical
mode.

1.2 Benefitsof Using Space

A layout as extracted bgpacecan be simulated while fully taking into account all
parasitic elementsThis is important, since the decrease of feature sizes and the increase
of chip dimensions makthe influence of wiring parasitics on the performance of the chip
critical, or ezen dominant: Gate delays decrease but wiring delays may actually increase.

Sincespaceis an intgrated on-line tool, and very fast, the effects of wiring parasitics can
be taken into account in tloesign loop This prevents
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missed performance targets eee malfunction of the silicon produced,

and/or costly redesigns when the problem is detected late (when relying on stand-
alone verification tools).

Spaceenables meaningful performance/functional characterizatiam f®r submicron
technologies, early in the design process.

1.3 Features

The main features &paceare summarized as balo Space is ...

hierarchical
capable of extracting 45 degree polygonal layout

extremely fast
The running time is linear in the size of the layout. The extraction speed is
depending on the extraction options selected.

technology independent
Spaces capable of extracting parasitics from analog and digital, MOS and bipolar
layouts. Spaceaccepts user defined/adjusted element definition files.

needs little computer memory

The memory usage is slightly worse than proportional to the square-root of the size
of the layout. Consequentlyspacecan extract huge flat layouts using a minimum
amount of memory.

accurately extracts lateral and crosseer coupling capacitances
The capacitance model employed $pyaceincludes surface to surface, edge to
surface and edge to edge coupling capacitances.

extracts bipolar device model parameters
Bipolar device model parameters aretracted using layout information &k
emitter area, emitter perimeter and base width.

employs Finite Element methods for accurate resistance extraction
These are much more accurate than polygon-partitioning based heuristics, and
nearly as efficient.

produces accurate but simple RC networks

Spaceemplo/s a ngv, Elmore time constant preserving algorithm to transform a
detailed Finite Element RC mesh into avl@omplexity lumped network that
accurately models the distuted nature of the parasitic resistance and capacitance
of IC interconnects.To model higher order time constants, the number of RC
sections in the output network is a function of the maximum signal freguenc
which can be adjusted by the user.
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* can extract substrate resistances and capacitances
In order to model substrate couplingeets in analog and mixed digital/analog
circuits, spacecan apply an accurate numerical technique oasa ihterpolation
technique to extract the substrate resistanéefditional, substrate capacitances
can be extracted using the same accurate technique or fast by using a rc-ratio.

» can read/write various layout/circuit formats
For example, CIF or GDSII input and SPICE, SBPEF, EDIF or VHDL output.

* enables trading of accuracy versus computer time
Users can select the type of parasiticy thant to extract.

1.4 Documentationon Space
The following documentation cgpaceis available:

» Space Users Manual
This document. It is not an introduction spacefor novice users, those are
referred to th&Space Tutorial

» Space Tutorial / Space Tutorial Helios Version
The space tutorial provides a hands-on introduction to uspare and the
auxiliary tools in the system that are used in conjunction gptce It contains
several examples. Thespace tutorial helios version provides a similar hands-on
introduction, but ne from a point of vier where the graphical user intacehelios
is used to imoke space

* Manual Pages
For spaceas well as for other tools that are used in conjunction sp#te manual
pages arewailable describing (the usage of) these programs. The manual pages
are on-line aailable, as well as in printed form. The on-line information can be
obtained using thiedmanprogram.

* Xspace Users Manual
This short manual describes the usageXgfhace,a gaphical X Wndows based
interactve vasion of space. Note, havever, that a more general graphical user
interface tospaceis provided by the programelios

» Space 3D Capacitance Extraction Uses’Manual
The space 3D capacitancetraction uses manual provides information on Wwo
spacecan be used to extract accurate 3D capacitances.

» Space Substrate Resistance Extraction UserManual
This manual describes Woresistances between substrate terminals are computed
in order to model substrate coupling effects in analog an@dnikgital/analog
circuits.
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2. SpaceProgram Usage

2.1 Introduction

This chapter will describespace Its maly characteristic features are discussed in
separate sections within this chaptBach of the features is controlled by one or more of
the following:

* Command-Line Options
These are mainly flags that can be used to enable or disable some aspects of the
extraction process or otherwise influence the biegmaof space For example,
capacitance extraction is disabled by default, but can be turned on by using the
option. Someoptions can also be specified in the parameter file. Optizenrsute
specifications in the parameter file.

* The Element Definition File
In this file, it is described kospacecan recognize the circuit elements (transistors,
contacts, interconnects etc.) from the layout. This file also contains unit values for
capacitances and resistances. Byadifspacereads this file from the appropriate
directory of the ICD process libranpee also Section 2.11 and Chapter 3.

* The Parameter File
This file contains values for \&al variables that control the extraction process,
like minimum values of resistances to be retained in xtr@eted netlist. Also this
file is default read from the appropriate directory of the ICD process lib&ame
parameters can also be specified as opti@ystions werrule specifications in the
parameter file. See also Section 2.12.

The releant aspects of each of these control mechanisms are discussed in each section,
and are summarized at the end of each section.vémwiew of all command-line options
is given in gopendix A.

2.2 General

2.2.1 Irvocation and Basic Options
Spaces normally irvoked via the Unix command interpretenr shell, as follows:

space [options] cellname [cellname ...]

The cellnamearguments specify which layouts are to béra&cted, at least one cellname
has to be specified. The options influence the behavigpaxfe as wll be shown in the
rest of this chapter A basic option is-v, which males space prints some useful
information during the extraction process.
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2.2.2 Hiearchical and Flat Extraction

By default, spaceoperates inhierarchical mode In this mode, the circuit that is
produced has the same hierarchical structure as the layout from which itvisdderi
Spacewill traverse the hierarghitself, it is thus only necessary to specify the root(s) of
the tree(s) to be extracted on the command lireforbit traversal use optionT. Note
thatspacedoes neer extract imported sub-cells (cells of other projects).

Spaceoperates irflat mode when using theF option. Inflat mode, the layout will be
fully instantiated (flattened) before extraction and the circuit willeheo sub-cells
(except library and device cells, semntrol(11CD).

2.2.3 MixedFlat/Hierarchical Extraction

In hierarchical mode it is possible to perform a mixed flat/hierarchical extraction and by
defining one or more layout cells toveahe macro status usingontrol(11CD)

In that case, in contrast to the instances of other cells, all instances of macro cells are
flattened beforexgraction. Whena macro cell has one or more child cells itself, the
macro status of each of these child cells determines if the instances of these cells are also
flattened. Thause of macros may for example be advantageous when using small sub-
cells for which it is cumbersome to define terminals (see Section 2.2.5), or when
extracting sea-of-gates circuits, where the image is in a separate cell that is instantiated
“under’ all other cells.

In flat mode, it is dso possible to perform a mixed flat/hierarchicdraction. Thiscan

be done by setting the library or device status for one or more sub-cellcuiittnol

In that case, the layout of the whole circuit will be expanded, expect for the instances of
library and device cells, which will be included as instances in the extracted netlist.

2.2.4 Incemental Operation

In hierarchical mode spaceoperates inncremental moddy defwult. Inincremental
mode,spacedoes not extract sub-cells for which the circuit is up-to-dSggaceuses an
internal algorithm to select cells for (re-)extraction, as follows:

» extract all cells that hae ot yet been extracted,
» extract all cells of which the layout is newer than the extracted circuit,

» extract all cells that hae ane or more child cells of which the layout is newer than
the extracted circuit,

» extract all cells that hee ane or more child cells for which theteaction status
(seexcontrol(11CD) has been changed after the last extraction of the cell,

» extract cells that are at a depth depth,wheredepthis specified with the option
-D depth. The root of the tree is at depth 1, its children are at depth 2, and so on.
By default, depth= 1, so @lls that are are g&n as agument withspaceare alays
extracted.
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Incremental mode is disabled completely with theoption. Inthis non-incremental
mode, all cells in the tree arateacted. (Notethat this option is equal to specifying a
large number fordepth) The options-I and-D are useful when changingteaction
style, e.g. toxract all cells with coupling capacitances ifyheere done with substrate
capacitances only.

2.2.5 Brminals

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

For spaceto be able to produce these terminals in tkteaeted circuit, the input layout

must also hee erminals. Layouterminals are named rectangular areas or points (this is
dependent on hothey are specified in the layout input file or using the layout editor) in

an interconnect layer of the layoupaceuses 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 hierarmost hae terminals, unless the

cell is used as a macro (see Section 2.25)aceidentifies a connection from a cell
being etracted (the parent cell) to a sub-cell (or child cell) when a layout feature of the
parent cell touches owverlaps a terminal of the child celSpacedentifies a connection
between tw sub-cells when a terminal of one sub-cell touchesverlaps a terminal of
another sub-cell.

NOTE:
If a sub-cell does not kia terminals, set the macro status for the sub-cell, or use
flat extraction only.

In case of hierarchical extraction (without setting the macro stapapewould not
detect such connections. Imact, space would be unable to represent those non-
hierarchical connections in a hierarchical circuit netlist. The program will wet @i
warning in case of such non-hierarchical connections.

NOTE:

If a sub-cell has terminalaubthe sub-cell is connected via layout polygons of the
sub-cell that are only extensions the real terminal areas of the sub-cell, set the
interface type for the sub-cell to free (or freemasks) (usammtrol(1ICD) or use

flat extraction only.

By setting the inteefce type for the sub-cell to free (or freemasks), the layout of the sub-
cell will be expanded in the father cell (with freemasks only for certain masks) and the
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sub-cell will be appropriately connected via its terminals. Noteyeher, that other
elements may then also be recognized in the parent cell (see also Section 2.9).

2.2.6 Limitationsof Hierarchical Extraction

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, a polysilicon feature in a parent cell thegrlaps an actie aea
feature in a child cell modifies the circuit of the child cell by creating a transistor in it.
Flat extraction is not a problem in this case and will result in a correct circuit.

While flat extraction is necessary in some cases as mentioneg #be recommended
when it is required to get the highest accyraicthe parasitics»dracted. Oneeason for
this is the fact that (parasitic) coupling capacitances between layout featurderehtlif
cells dont fit in a hierarchical circuit descriptionHowever, flat extraction is often not a
significant burden becauspaceis very fast. Alsothe extracted circuit is often used for
simulation and most simulators must flatten the circyitvary, since internally thg only
can work on a flattened netlist.

Appendix B gves some guidelines for v to construct a layout such that a hierarchical
extraction byspacewill suffer least from these difficulties and hence is more accurate.

2.2.7 Command-Lin®ptions

-V Set verbose mode.
-F Set flat extraction mode, i.e. produce a flattened netlist.
-T In hierarchical mode, only extract the top cell(s).

-l Unset incremental (hierarchical) mode: do not skip sub-cells
for which the circuit is up-to-datel¢pth= 00).

-D depth Selectvely unset incremental (hierarchical) mode for all cells
at level <= depth(defaultdepth= 1).

-u Do not automatically run the preprocessokebox|(1ICD)
andmalegn(1ICD).

2.2.8 Rrrameter File
When the parametélat_extractionis specified in the parameter file, a flat extraction is
performed.

parameter type unit default suggestion
flat_extraction boolean - off -
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2.3 Extraction of Field-effect Transistors

Spacerecognizes field-effect transistors (e.g. MOS transistor) from thieretit mask
combinations in the layout (see Section 3.@he extractor will calculate the width and
length of each field-effect transistoFor that matterspaceuses perimeter and sace
formulas, as described belo When the-t option is used, the position of each transistor
is specified in the extraction output.

2.3.1 Dmin-source connections

For each field-effect transist@pacewill extract one gate connection, optionally ako
connection, and one drain/source connection for each set of drain/source areas that are
connected. Asan eample, for the following layout of a transistor (which has 5
drain/source areas, divided into 2 different seiggcewill extract one gate connection,
possibly a bulk connection (if this connection is specified in the element definition file),
one drain connection and one source connection.

ol el
AR

If a field-efect transistor is used as a capacitor and has only one connected set of
drain/source areas, taconnections will be generated that arevbeer attached to the

same net. If a field-effect transistor has more tham din/source connections, only

two of these connections appear in the extracted circuit. (These will in general be the

connections that are connected to other parts of the circuit; dangling connections are not
used in this case.)

2.3.2 Tansistor width and length calculation
For each field-effect transistpiits width and length are calculated and stored in the
attributes w and I. The transistor width and length are calculated from

pery
| =__°
ength Ng
A
idth= ——
W length

where

The Nelsis IC Design System



Space Uses Manual 9

pery is the part of the perimeter of the transistor where #te gxtends the acé
area (see below),

Ng is the number of separate areas where this occurs, and
A'is the total area of the transistor.

b per, =a+d

perg=a+b+c+d+e+f

If the transistor has no gateenlaps (Ng = 0) the width and length of the transistor are
calculated from:

width = Pt
A

length= —~—

eNgN= Width

where
per, is the total perimeter of the transistor.

2.3.3 Tansistor drain/source parametetalculation

When a condition list for the drain/sourcegimn of the transistor is specified in the
element definition file (see Section 3.4.9), and when capacitance extraction is enabled, the
area, perimeter and number of egient squares for both drain and source region will be
computed. Inthe perimeter of the drain and source, the edge that coincides with the
transistor channel, is not included. When more than one transistor is connected to a
drain/source region, the arealwe that is obtained for the total drain/source region is
subdvided over the different transistors in proportion to the widths of the transistors.
Apart from some constant that represents the length of thevaidmtlidrain/source
regions, the perimeteralue is split in a similar ay. The number of equalent squares

nrx for the drain/source region of a transistor is computed from:

whereax is the area of the drain/source region adth is the width of the transistor.

2.3.4 Command-Lin®ptions
Extraction of field-effect transistors is controlled by the following option:

-t Add positions of devices and sub-cells to the extracted circuit.
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2.3.5 Elemenbefinition File
See section 3.4.9 for the specification of the field-effect transistor elements.

2.4 Bipolar Device Extraction

Space recognizes bipolar junction transistors (BJT's) by combining semiconductor
regions of type 'n’ and ’'p’. Bipolar junction transistors are divided intoawgroups:

vertical and lateral transistorg-or the vertical transistorsgpacecalculates the emitter

area and perimetefhey are stored in the attributes area and length, resgbctiFor the

lateral transistors, the width of the base - the smallest distance between collector and
emitter - is also calculated and stored in the attributewbaer both groups, thet

option enablespaceto output the position of the emitter for each transistor.

2.4.1 Brminal connections

For each bipolar junction transistospacewill extract only one connection for each
device terminal (collectqrbase, emitter and optionally a substrate termindulti-

emitter transistors are extracted as separate devices (one for each ewitin)a lateral
transistor is recognized that has the same mask for both the emitter and the collector
connections, it is assumed that the collector has the larger area.

2.4.2 Command-Lin®ptions
Extraction of bipolar devices is controlled by the following option:

-t Add positions of devices and sub-cells to the extracted circuit.

2.4.3 Rrameter File

The following parameters for the parameter file control tkeaetion of bipolar
transistors. Théat_base_ widttparameter defines the maximum base width that a lateral
transistor can hee. Lateral transistor configurations with a width larger than thlaes

are not recognized as being transistors.

parameter type unit defwlt suggestion
lat base width real micron O 3

2.4.4 ElemenbDefinition File
See section 3.4.10 for the specification of the bipolar transistor elements.

2.5 CapacitanceExtraction

2.5.1 Capacitanc®efinitions
Space uses an area/perimeter based capacitance extraction mBthdescribe the
capacitance model employed §iyacerefer to the following figure and definitions:
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top plate

middle plate

Copre  Cue

Il B

r I neighbor plate

— T
Cppb_r C

bottom plate

Bottom plate

Top plate
Middle plate
Neighbor plate

Chopb

Cppt

Ceb

Cet

C

Lowest conductgre.g. substrate, aet aea, polysilicon or first
metal.

Carfor example be second metal, but can also be absent.
Can for example be polysilicon or first metal.
Not necessarily in same layer as middle plate.

Paallel-plate capacitance from middle-plate to bottom-plate.
This can be a substrate capacitance or a crasseoupling
capacitance.

Paallel-plate capacitance from middle-plate to top-plate, this is
a qoss-wer coupling capacitance.

Edge capacitance of middle conductor to bottom conductor
This can be a substrate capacitance or a fringe-coupling
capacitance.

Edge capacitance of middle conductor to top condudibis is
a fringe-coupling capacitance.

Lateral coupling capacitance betweer fgarallel conductors.

2.5.2 Rirallel Plate Capacitances
The parallel plate capacitand@g,; andC ,,, between tw wires that eerlap over an aea
A are calculated from

Cppt = Cppt A

Cppb = Cppb A

wherec,;; andc,, are capacitances per square meter.
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2.5.3 Lateal Coupling Capacitances
The \alue of a lateral coupling capacitance can be computed andififerent ways,
dependent on hothe capacitance is specified in the element definition file.

One possibility is that a single value for the capacitance is specified in the element
definition file. In that case, the lateral coupling capacitance betweepanallel wires
that are at a distanckeover a lengthl is calculated from

I

C=c¢ =

1=y
wherec, is the value that is specified in the element definition djlegrresponds to the

capacitance for a configuration where the distance between both wires is equal to their

length).

Another possibilitywhich allows to specify more accurate capacitance values, is that the
the lateral coupling capacitance is specified as a function of different distances between
the wires. In that case, the specification of the lateral capacitance has one or more
(distance, capacitivity) pairs that each specify the capacitance betweeardllel wires

of a length of 1 meter for one particular distance between the wires. The lateral coupling
capacitance for other configurations is found from an interpolation between tw
(distance, capacitivity) paird-or the interpolation, the function

a
=l

is used if the capacitance for both adjacent points is larger than zepo>ahdand
a
C=l(5+b
(=15 +D)

is used otherwise. If the actual distance igdaror smaller than grspecified distance,
an extrapolation is done using the edd@inctions.

Lateral coupling capacitanceteaction is controlled by th&t_cap_windowparameter

from the parameter file. This parameter specifies in microns the distaeceuch

lateral coupling capacitance is considered significant. When the wires are at a distance
that is larger thaitat_cap_windowno lateral coupling capacitance will be extracted for
these wires.

2.5.4 Edeg Capacitances

In addition to the edge-to-bottom capacitaig and the edge-to-top capacitarcg,

also edge-to-edge capacitances between wires that are on top of each other can computed,
asCgcin the figure belw.
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top plate

—1 Cee
—

bottom plate

One possibility to specify edge capacitance in the element definition file is by specifying
a dngle value c, which denotes the edge capacitance per meter edge length. The edge
capacitanc€, between one wire thaverlaps the edge of another wireena lengthl, or
between tw wires of which the edges coincideepa lengthl, is then calculated from

Ce=Cel

However, if also lateral coupling capacitances argracted, these simple equations do
not hold anymore, as the values Gf, C. and C.. are efected by the lateral
capacitancesSpaceoffers two ways of dealing with this, either by using an heuristical
method, or by allowing the user to specifypkcitly how large the edge capacitances
become if other conductors are nearby.

The heuristical method uses the fact that experiments et for conductors that are

not too narrw and/or too close to other conductors, the sum of the ground capacitances
and the coupling capacitances that are connected to that conductor is approximately
constant. Therefordor each conductor edge to which a lateral coupling capacitance is
connected,spacetries to keep the sum of the ground capacitance and the coupling
capacitances constant by decreasing the value of the other (non-lateral) edge capacitances
that are connected to that edgghis is achiged by subtracting from each non-lateral

edge capacitand@,, (WhereCy, is Cg;, Cep, Or Cgg) that is connected to the edge,adue
Cex C; compensatdat_ part

minimum{ Cy,, }, whereCg,_4 is the sum of all connected

Cex—aII

non-lateral edge capacitances aimmpensate_lat_pais a parameterNote that this
parameter has a default value 1 (for full compensation). But if yant W hae ro full
compensation, set the value of parametenpensate_lat_pasimaller than 1.

The second way of dealing with thdestt of lateral coupling on the edge capacitances, is
by explicitly specifying in the element definition file (distance, capéiyitipairs, similar

to the possibility used for lateral coupling capacitances (see previous section). (Note, to
use this second ay, parametercompensate_lat_parhust be greater than 0.) Each pair
gives the edge capacitance per meter edge length fen giistance to a neighboring
conductor that is of the same type (e.g. both wires are of type metaldl),,f ) is the

pair with maximal specified distance (and therefore also maximal edge capacitance),
Ce = ¢, | for all distances larger thaty,,, or for a situation where no neighboring wire of

the same type is preserithe edge capacitance for other configurations is found from an
interpolation between tw (distance, capacitity) pairs. The following interpolation
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function is used:

Ce=Ce(l-bexp(-pd))l

If the actual distance is smaller thary apecified distance, the same formula is used,
with b fixed at 1. These formulas apply both @y, C.; andC... Edge capacitances

that are explicitly specified as a function of the distance to neighbor wires, are not
affected by the first method.

2.5.5 CouplingCapacitances When Extracting Only Substrate/Ground Capacitances
When only substrate/ground capacitances @ra@ed and no coupling capacitances (the
option -c is used and the optiorC and -l are not used), all non-lateral coupling
capacitances that are specified in the element definition file are added as ground
capacitances to the tvwvires to which the coupling capacitance is connected.

2.5.6 Extacting Capacitances of Different Types

For each capacitance that is extracted it is possible to specify its type (see Section 3.4.13).
Unlike parallel capacitances that are of a same type, parallel capacitancesfefentdif

type are not joined during extraction.

2.5.7 Extacting Junction Capacitances
Default, junction capacitances (see Section 3.4.13) will k&aded as linear
capacitances.

If the parametejun_capsis set to "non-linear" the extracted capacitance will be of the
specified type.

If the parametejun_capss 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 capacitivity are specified for
one junction type, thealue of the extracted capacitance will be equal to x@aced
capacitance value divided by the area capatyit(so in this case, dctively, the total
vertical and horizontal junction area is extracted).

If the parametejun_capsis 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 parametei@ea and perim in the database. See section 4.2 for thew tw

corvert these parameter names to the parameter names that are appropriate for the
simulator that is used.

If the parametejun_capsis set to "separate” the extracted 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 paraareisr>
andperim<nr> where<nr> denotes that it is thenr>-th. area or thenr> -th. perimeter
element in the list.This may e.g. be useful when it is required that for one junction
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capacitance element the perimeter adjacent toateeaxide and the perimeter adjacent to

the field oxide are specified as separate paramet8ee again section 4.2 forvado

corvert the parameter names to the parameter names that are appropriate for the simulator
that is used.)

Note that junction capacitances of drain/source areas can also be extracted as drain/source
area and perimeter information attached to the MOS transistors, see Section 3.4.9.

2.5.8 Namef Ground or Substrate Node

Ground or substrate capacitances are on one side connected to a node that is called
"GND" (if @gnd is used as terminal mask in the element definition file) or "SUBSTR" (if
@sub is used as terminal mask in the element definition file), see Section 3He%8.

names can be changed using respdygti the name_groundparameter and the
name_substratparameter from the parameter file.

2.5.9 Command-Lin®ptions
Capacitance extraction is controlled by the following options:

-C Extract capacitances to substrate/ground.

-C Extract coupling capacitances as well as capacitances to substrate.
This option impliesc.

-l Also extract lateral coupling capacitances, impi@s

2.5.10 Rrameter File
The following parameter for the parameter file controls the extraction of capacitances.

parameter type  unit default suggestion
lat_cap_windw real micron 0 35
compensate_lat_part real - 1 1
jun_caps string - linear area-perimeter
name_ground string - GND -
name_substrate string - SUBSTR -

2.5.11 ElemenDefinition File
See section 3.4.13 for the specification of the unit capacitance valuegi.€qpp, Cets
Cep andc)) for the different interconnection layers.

2.6 Resistancdxtraction

2.6.1 Genal

When &tracting resistancespaceapplies finite element techniques to construct a fine
resistance mesh that models regesgfects in detail. An example of a layout and the
finite element mesh produced for the polysilicon mask is in the figure below:

The Nelsis IC Design System



Space Uses Manual 16

]

— e s s s

N

[

[ | -
— =

The finite element mesh is egdent to a detailed resistance network apdceinitially
constructs this detailed resistance network to model the resistances. Then it applies a
Gaussian elimination (prequivalently, a startriangle transformation) node reduction
technique to simplify the network and to find the final resistances. The final network will

in general contain (1) the nodes that are terminals, (2) the nodes that are labels, (3) the
nodes that are transistor connectioret€gsource, drain, emitter etc.), (4) the nodes that
are introduced by the algorithm in Section 2.7, (5) the nodes that are connected to
resistances of dérent types, (6) - if metal resistances are not extracted or when equi-
potential lines are detected (see Section 2.8.1 and Section 2.8.11) - the nodes that
correspond to equi-potential regions, and (7) - if substrate resistances are extracted (see
the Space Substrate Resistance Extraction &Jddanual) - the nodes that represent
substrate terminals. This is described in more detail in Section 2.8.

When extracting resistances together with capacitancesxtiater will add lumped
capacitances to the nodes of the initial resistance network to model theuthstrib
capacitve dfects. Inthat case, the node reduction will proceed such that the Elmore time
constants between the nodes in the final avare unchanged with respect to their
value in the fine RC mesh. This will guarantee that the electrical transfer function of the
final network closely matches that of the fine RC mesh and, consequiaiiyof the
actual circuit.

The extraction of resistances together with (ground) capacitances is illustrated lelo

(@) it is shown he a T shaped interconnection with terminals, Th and Tc is
subdvided into finite elements, which are all rectangles in this césgb) the RC
network is shown that models the resistind capacitre dfects in detail. In (c) the final
network is shown that is obtained after eliminating the internal nodes and collapsing the
nodes that belong to the same terminal.
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2.6.2 Impoved Accuracy

By default, spaceuses a rather coarse finite element mesh to compute resistdinees.
accurag of the resistances as obtained with this mesh may wnaislbe suicient. In
particular obtuse triangles in the mesh may be generated thatad influence on the
accurag of the method and that producegave resistances in the detailed resistance
network. Undersome circumstances, gative resistances (and gdive @pacitances as a
by-product of the network reduction heuristics) may also appear in the final network.

To dbtain an impreed accurag with resistance extraction, the optien may be used.

On the penalty of a somewhat long&traction time, this option generates a finer finite-
element mesh that contains (almost) no obtuse triangles. As a result, more accurate
resistance values are found andatiee resistances do not occur in the output network.

When using the optiorz, the parametemax_obtusespecifies the maximum (obtuse)
angle of a corner of a triangle of the finite element méstmaller value fomax_obtuse
(use 90< max_obtuse< 180) results in a finer finite element mesh, but also in longer
extraction times.
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NOTE:

The usage of the optiorz may result in large finite element meshes, and hence
long extraction times, when resistances are extracted for large rectangular areas lik
e.g. wells.

2.6.3 Extacting Resistances of Different Types

For each conductor it is possible to specify the type of the resistance thatisted (see
Section 3.4.8 and Section 3.4.1Paallel resistances of different types will not be
joined during gtraction. Neitherwill nodes be eliminated that are connected to
resistances of different types.

2.6.4 SelectivResistance Extraction

Selectve resistance extraction is possible by specifying interconnects in a file called
'sel_con’ and by using either the optignor -j. When using the optiork, resistances

will only be extracted for the interconnects that are specified in thadilecon’. When

using the option, resistances will be extracted for all interconnects except for the
interconnects that are specified in the flel’con’. Thdormat of the file 'sel_con’ is as
follows. Oneach line, an x position, an y position and a maskname is spedifileein

an interconnect has the specified mask on the specified layout position, that interconnect
is specified in the file.

2.6.5 ContacResistances
When extracting resistances, with each contact area a resistance is associated that has a
value

>| =

where
r is the contact resistance in ohm square maner
A'is the area of the contact.

The contact resistande is subdivided wver the corners of the contact as shown in the
figure belav.

""" R/4 R/4
R/4 R/4

The top plane and bottom plane (in dashed lines) represent théayers that are
connected by the contact, which on their turn may also be represented by resistors if
resistances are extracted for these layers. The valustmfuld be tuned to g acurate

results for typical size contacts.
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2.6.6 EliminationOrder

To reduce memory usagspacecreates the detailed RC mesh while scanning the layout
from left to right. It eliminates each internal node as soon as this is possible, i.e. as soon
as all network elements that are connected to the node ama kitowever, this stratgy

will in general result in an elimination order that is not optimal with respect to
computation time.Since the cost of each elimination is proportional to the square of the
number resistances that are connected to the node, it is often rficikenteto first
eliminate the node that has the lowest number of resistances connected it, then the node
that has - after the previous operation - the lowest number of resistances connected to it,
etc.. O dlow spaceto select for elimination a node with aMumber resistances
connected to it, auffer can be defined in which the nodes are temporarily stored that are
ready for elimination. When theufier becomes full, the node with lowest degree is
selected for elimination and it is remedl from the luffer. The size of the ddfer is

defined using the parameterax_delayed.A lamge value ofmax_delayednay result in
significantly faster extraction times, but a too larghig ofmax_delayeavill also result

in large memory usageA lamge value formax_delayedwill in general be useful for
circuits that contain large rectangular area for which resistancesteaeted such as n-

wells.

2.6.7 Command-Lin®ptions
Resistance extraction is controlled by the following options:

-r Extract resistances for high-resistivity (non-metal) interconnect.
-Z Apply mesh refinement for resistance extraction (impligs
-k Selectve resistance extraction, resistances are ondtyaeted for

specified interconnects.

- Selectve resistance extraction, resistances are extracted forugll b
specified interconnects.

The threshold alue to determine whether an interconnect is high-resisti low-
resistve is Pecified by the parametdow_sheet resn the parameter file (daidlt,
low_sheet_res 1 ohm per square).

2.6.8 Rrrameter File
Resistance extraction is controlled by the following parameters from the the parameter
file:

parameter type unit defwult suggestion
max_obtuse real  degree 90.0 110.0
low_sheet_res real ohm 1.0 1.0
low_contact_res real ohm.m2 0.1le-12 0.1le-12
max_delayed intger - 100000 500-200000
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2.6.9 Elemenbefinition File

See section 3.4.8 for the specification of the sheet resistance values for the
interconnection layers, and see section 3.4.12 for the specification of the contact
resistances.

2.7 Frequency Dependent Number of RC Sections

In some occasions (for high frequencies) the RC owdwhat is extracted for the
interconnections may contain toomfeslements to alle a dmulation of the gtracted
circuit afterwards with sufficient accusacFor example, if an interconnection hasotw
terminals, the extractor willxéract an RC network consisting of one resistor ana tw
capacitors (oner-section), while an accurate simulation of the interconnection may
require at least tw 77-sections. Inthat case, the optiorG may be used. This option
causes that, instead of eliminatia$j the internal nodes in the initial RC mesh (see
Section 2.6.1), a Seleeti Node Elimination (SNE) is performed in which, besides the
nodes that are normally retained in the extracted network (terminals, transistor
connections, etc; see Section 2.6.1), also other nodes are retained.

When using the the optiorG, a parametersne.frequencyhas to be specified in the
parameter file that specifies the maximum signal frequérat occurs in thex¢racted
circuit. The compleity of the extracted network will be a function of the parameter
sne.frequencyThe higher the value a&e.frequencyhe more nodes will be retained in
the final network, such that the reduced network accurately models the detailecknetw
(i.e. the network before reduction). difie.frequency 0, no additional nodes are retained.

As an example we consider the spiral resistor that is showw.belo

The RC network that is deifilt extracted for it is shown beloin (a). Whenusing the
option-G and when using for parametgme.frequencyhe value 50e9, one non-terminal
node of the initial RC mesh will be retained in the final RC network and the R@rketw
as shown in (b) is obtained.
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17.31Q 100K 7.3k
132fF T 129fF T T 74fF T 129fF T 57fF
(@) (b)

2.7.1 Command-Lin®ptions
More detailed RC network extraction is controlled by the following option:

-G Extract RC models that are accurate up to a certain freguenc

2.7.2 Rwrameter File
More detailed RC network extraction is controlled by the following parameter from the
the parameter file:

parameter type unit default suggestion
sne.frequenc real Hz 1e9 1e9

2.8 Network Reduction Heuristics

When extracting resistances and capacitarsgessecan apply some heuristics to further
reduce the number of elements (resistors, capacitors and nodes) in the final network by
neglecting irreleant detail. These heuristics include

* Retaining of nodes corresponding to equi-potentiajiores (i.e. pieces of
interconnect for which no resistance xracted) in order to pvent the creation of
complete resistance graphs on the terminal nodes of large conductors f&g. po
and ground lines, clock lines and large busses withyroamections).

» Merging of (terminal) nodes that are connected by a small resistance.
« Removal of large resistances that are shunted byvarésistivity path.
* Reconnecting small coupling capacitances to ground.

Below, we will introduce these heuristics, and for illustration we use the following layout:
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In general, after Gaussian eliminatiomt bbefore applying the network reduction
heuristics, the netark will contain (1) the nodes that are terminals, (2) the nodes that are
labels, (3) the nodes that are transistor connections (gate, source, drain, emitter etc.), (4)
the nodes that are introduced by the algorithm in Section 2.7, (5) the nodes that are
connected to resistances of different types, (6) - if metal resistances are not extracted or
when equi-potential lines are detected (see Section 2.8.1 and Section 2.8.11) - the nodes
that correspond to equi-potential regions, and (7) - if substrate resistancetasee

(see the Space Substrate Resistance ExtractionsUdanual) - the nodes that represent
substrate terminals.

For the abee example, when assuming that non-metal resistances and ground and
coupling capacitances are extracted, and when assuming that a, b, ¢, d and e are either
terminals or gate, drain or source connections, theamktthat is initially extracted will

have the following form:

: l
Tl )T

In the abwe figure, node m corresponds to the piece of metal that connects the three
different poly branchedf also metal resistances are extracted, or if no network reduction
heuristics are applied, this node will not be present.
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2.8.1 min_art_dgree and min_degree heuristic

The articulation dgyree of a node is defined as the number of pieces in which the
resistance graph would break if the node and its connected resistances wemrsl.remo
Nodes that correspond to pieces of metal for which no resistancedractesl (e.g. node

m in the last figure) will often he a aticulation degree > 1. If a node has an
articulation degree #in_art_degreeand if (1) the node has no terminals or transistors
connected to it, (2) the node has not been introduced by the algorithm in Section 2.7, (3)
the node is not connected to resistances of different types, and (4) the node does not
represent a substrate terminal (see the Space Substrate Resistance Extracton User’
Manual), the node will be eliminatedf an equi-potential node has an articulatiogrée

>= min_art_degreeor if it does not satisfy one of the 4 akoonditions, the node will

be retained in the final network.

The degreeof a node is equal to the number of resistances connected to theNumtks
with a degree >smin_degreeand an articulation degree > 1 will also be retained in the
final network.

Example:

Node m is not eliminated if its articulationgtee (3 in this case) is more than or
equal tomin_art_degreepr if its articulation degree is more than one and its
degree (4 in this case) is more than or equahio_degree.Otherwise, the node is
eliminated.

N.B. To find the articulation degree of a node, th&actor does not takinto account
interconnection loops.

2.8.2 min_es heuristic

This heuristic deletes small resistances from the network via Gaussian elimination of one
of the nodes that is connected to the resistatfce resistor has an absolute value that is
less than thenin_resparameterand if the resistor is connected to a node that (1) is not
connected to resistances of different types, and (2) does vetaharticulation dgree

>= min_art_degree,or a degree >=min_degree(see the previous paragraph), the
resistance is deleted by the elimination of that nd@eminals and transistor connections

of the node that is eliminated are added to the other node that is connected to the resistor
The deletion is done incrementally: each time when one or more nage bhan
eliminated, the network is checked again to seevif smeall resistances ka aisen.

Example:

The resistorR;, Ry, R3, R, and R; are @auated to see if their value is less than
min_res. If this is true then one of the nodes to which the resistor is connected to is
eliminated (not node m if this nodeaw retained because of its degree or
articulation dgree) and its terminal label(s) and/or transistor connections are
attached to the other node. Theviretwork is again erified to see if there areyan
resistors that are smaller thanin_res etc.
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2.8.3 min_sep es heuristic

This heuristic deletes small resistances from the network by joining thedsles that

are connected by the resistandétwo nodes are connected by a resistor that has an
absolute value that is less tham_sep_resthe resistor is deleted and theotwodes are
meiged. Notehat while themin_resheuristic does not affect the total resistance between
the remaining nodes, this heuristic, in general, does.

2.8.4 max_par @s heuristic

This heuristic preents the occurrence of high-ohmic shunt paths betweemades. If

the ratio of the absolute value of a resistor and its minimum parallel resistance path
(along positie resistors) exceeds thealue of themax_par_resparameter then the
resistor is simply remed.

Example:

AssumeR; > 0, Ry > 0 and Rg > 0. First it is checked ifR; / (Ry + Rs) >
max_par_res.If this is true therR; will be remwed. If this is not true then it is
checled if Ry / (R; + Rs) > max_par_res.If this is true therR, will be remaoved.
If this is not true then it is cheel if R / (R; + R4) > max_par_res.If this is true
thenRs will be remwed. Recallthat the elimination order is arbitrary.

2.8.5 no_ne _res heuristic
If the no_neg_resheuristic is on, all rgative resistances will be remmed from the
network.

2.8.6 min_coup_capeuristic

If, for both nodes a coupling capacitance is connected to, it holds that the ratio between
the absolute value of the coupling capacitance and the value of the ground/substrate
capacitance of the same type of that node, is less thamintheoup_cagarameterthen

the \alue of the coupling capacitance is added to the ground capacitances obthe tw
nodes and the coupling capacitance is nesto

Example:
If C1,/Cq <min_coup_ca@andC,,/C, <min_coup_caphenC,, is remwed and
its value is added to bo@®y andC..

2.8.7 min_gound_cap heuristic
If the absolute value of a ground/substrate capacitance is less thamtlggound_cap
parameterthe ground/substrate capacitance is neso

2.8.8 no_ng_cap heuristic
If the no_neg_capheuristic is on, all rgetive apacitances will be remed from the
network.

2.8.9 flag_coup_cap heuristic

In contrast to the other heuristics, this heuristic is applied during Gaussian elimination
(see Section2.6.1). Whereliminating a node and redistributing a coupling capacitance
that is connected to that nodeeothe nodes that are adjacent, this heuristic decides
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whether or not the adjacent node reeei(a art of) the coupling capacitanc&Vhen
Rminis the minimum of the absoluteaes of the resistances that are connected to the
node that is eliminated, and whBris the value of the resistance between the node that is
eliminated and an adjacent node, then the adjacent nodeese(@eart of) the coupling
capacitance if and only iRmin/ |R| = frag_coup_cap. Hence, a lower value of
frag _coup_capwill give nore detail in the extracted network, but it will also result in
longer extraction timesFor the fastest and least accurate form of resistance and coupling
capacitance extraction, deig coup_capequal to 1.

2.8.10 min_coup_a®a, min_ground_area andaig_coup_area heuristics

These heuristics are similar to their egénces for capacitancem{n_coup_cap,
min_ground_capand frag_coup_cajp, but are used instead when junction capacitances
are «tracted as area and perimeter elements (see Section Z'&&)only look at the
value of the area parameter(s) of the elements, not at dhes \of the perimeter
parameter(s).

2.8.11 equi_line_atio heuristic

If, during resistance extraction, for a rectangular piece of interconnect, the ratio
length/width is more thamqui_line_ratio,an equi-potential line is generated for that
piece of interconnectThe equi-potential line is placed at the middle of the rectangle,
perpendicular to the currentfo This will introduce an extra equi-potential node that is
treated similarly as the nodes that are introduced byxtiioting metal resistances (see
Section 2.8.1). In general, this will simplify the extracted network and recii@Eon

time. Especiallywhen metal resistances are extracted, the reduction inorketw
complity and etraction time can be lge. Currently equi-potential lines are not
detected for all interconnect rectangles.

2.8.12 leep_nodes

It is possible to &ep nodes of certain capacitance (and contact) elements ixtridnetex
network (these nodes are not eliminateipu need to specify a string of element names
after thekeep_nodegparameter When you only want todep one of the nodes of an
element, you must add .1’ or ".2’ to the element narBee for element names and the
pin order the technology file.

Example:
keep_nodes Icap_cms ecap_cms_cpg.2
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2.8.13 Rrameter File
The heuristics are controlled by the following parameters from the parameter file:

parameter type unit dehult suggestion
min_art_degree intger — +00 3
min_deyree intger — +o0 4
min_res real ohm 0 100
min_sep_res real ohm 0 10
max_par_res real — +00 25
no_ne_res boolean — off on
min_coup_cap real — —00 0.04
min_ground_cap real farad 0 le-15
no_ne_cap boolean — off on
frag_coup_cap real — 0 0.2
min_coup_area real — —00 0.04
min_ground_area real afad 0 le-11
frag_coup_area real — 0 0.2
equi_line_ratio real — +00 1.0
keep_nodes string — — —

2.8.14 Command-Lin®ptions
The following command-line option controls the heuristics:

-n Do not apply the circuit reduction heuristics.

2.9 Library Cell Circuit Extraction

When extracting a circuit that contains library cells (standard cells, gate arrays) the
library cells themselves often need not to kieaeted, but only the interconnects between
the library cells. To let spaceperform an gtraction in this vay, set the extraction status

for each library cell to "library" using the progratontrol(11CD). When a cell has a
library statusspacewill not extract this cell, but it will include it as an instance in the
extracted circuit, no matter whether hierarchical extraction is used or flat extraction.

The description of the library cell itself can be added to the database using a netlist
corversion tool like cspice(1ICD)or csls(1ICD). When, hevever, instead of a netlist
description, a model description needs to be specified for the library cell, set the
extraction status for that cell to "device" usirgontrol(1ICD)and specify the model in

the control file of the netlist retrieving tool (see Section 4) or use the tool
putdevmod(11CDjo specify the device model.

Sometimes it may be necessary ipand (parts of) the library cell in the parent cell.
This may for example be the case when the cell connects to the father cell via other
layout polygons than its terminal areas, or when the cell has feed-throughs that occur via
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other layout polygons than its terminal are&s.that case, set the interface type for the

cell to free (or freemasks) using the commaaantrol(1ICD). This way, the contents of

a library cell (for freemasks only certain masks) will be expanded its parentNuk,
however, that capacitances etc. inside the cell will then alsoxtraated. Ifthis is not
desired (because the capacitance® f@ieady been accounted for in the description that

is available for the library cell), one can use the following sygteAdd a dummy mask

to the library cell and modify the element definition file that is used for extraction such
that capacitances are only recognized for positions where the dummy mask is not present.

To prevent the replication of data, it is useful to store the library cells in a separate project
and next import this project in the project where the design is present.

2.10 BackAnnotation

2.10.1 Instanc@ames

An instance name for a layout cell can be specified using a layout import tootge.g.

or using the layout editattali. The corresponding instance in the extracted circuit will
have the same name. If an instance in atracted circuit is obtained from more than one

level down in the hierarcl of that cell (e.g. in case the instances that contain theangle
instance are expanded in the topelecell), the name of that instance is obtained by
concatenating the names of all the different instances that contain the instémce.
different instance names in this case are separated by a character that is specified by the
parametehier_name_sefdefault the character’). If no instance name is specified in

the layout, or if a hierarchical instance name can not be constructed because one of the
instance names is missing, the instance name irxtrected circuit will be generated by

the network retrieving tool that is used.

The instance names of elements that are recognized from the mask layout combinations
(transistors, resistors, capacitors etc.) are generated by the extraction program or by the
network retrieving tool that is used.

2.10.2 Nehames

A net in the &tracted circuit represents one conductor or (defined from a layout point of
view) one set of electrically connected polygotisno resistances are extracted, a net is
represented in the circuit byactly one node. If resistances are extracted, a net may be
represented in the circuit by more than one node.

The name of a net, among other things, may be used to determine the names of the nodes
that are part of the net (see Section 2.1014je specification of a net name can be done
as follows:

+ By defining a label for the net. The definition of a label requires the specification of a
name, a mask, an x, y position and (optionally) a class. The name of the label is then
used as the name for the net that is represented by the specified mask at the specified
position. Ifmore than one label is attached to a net, the netvesaaie name of the
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label that has the smallest x coordinate or (if both x coordinates are equal) the
smallest y coordinate. Labels may be defined as follows:

— Using the layout editadali in the annotate menu.
— Using the programagi.

If the parameteno_labelsis set, the labels that are defined for a cell will not be used
by the extractor.

+ By setting the parametéerm_is_netnameThis will cause that each terminal of the
cell (hence, not a terminal of a sub-cell !) is also interpreted as a kapaih, if more
than one label is attached to a net, the netvex#ie name of the terminal that has
the smallest x coordinate or (if both x coordinates are equal) the smallest y
coordinate.

+ By the use of inherited labels. Inherited labels originate from labels and terminals
that are defined in sub-cells:

If the parametehier_labelsis set, a label will be inherited from each label of a sub-
cell that is flattened in the extracted cell.

If the parametehier_terminalss set, a label will be inherited from each terminal of a
sub-cell that is flattened in the extracted cell.

If the parameteleaf_terminalds set, a label will be inherited from each terminal of a
sub-cell that isot flattened in the extracted cell.

In each of the three abe ases, the name of the inherited label igemiby
concatenating the names of all thdetiént instances that contain the original label or
terminal plus the name of the label or terminal itself. The different instance names
are separated by a character that is specified by the parameet@ame_sefdefault

the character’). Theinstance name(s) and the label or terminal name are separated
by a character that is specified by the paramegtrterm_segdefault the character

). If not all instance names are defined for the inherited label, or if the parameter
cell_pos_namés set, the name will be based on the name of the cell that the original
label or terminal comes from, the original label or terminal name and the position of
the inherited label.

The name of an inherited label is used to name the net that is connected to it only if
this net has not a normal label connected té-a the rest, inherited labels are used
in the same way as normal labels.

2.10.3 Nodes

A node represents axex in the circuit graph.If no resistances are extractedaetly

one node will be created for a net. If resistances are extracted (see Section 2.6), more
than one node may be created for a net.
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2.10.4 Nodaames
Default, nodes in the circuit are assigned a name that is @eirmember Howeve, the
latter is overruled in the following ways:

« A node in the circuit that represents a terminal of the cellvezairame that is equal
to the terminal name.

« A node in the circuit that represents a (inherited) label of the celvesairame that
is equal to the label name.

« If resistances are extracted, if the node belongs to a net that has a name (see Section
2.10.2) and if the node does not represent a terminal nor a label, then the node has a
name <netname><separator><number>, where <netname> is the net name,
<separator> is specified using the parameétr node_sefdefault it is the character
' ’) and <number> is an integer number.

- If the parameter node pos nameis set, each node has a name
<prefix><mask>_<xpos>_<ypos>, where <prefix> is a prefix that is specified using
the parametepos_name_prefifdefault it is an empty string), and the tuple <mask>,
<xpos> and <ypos> denotes a part of the layout (mask, x coordinate and y coordinate)
that corresponds to the node. It is the point that has the smallest x valuexanithene
smallest y value.

Note that it is possible that a node in the output netlist has more than one name, also
because during resistance extraction different nodes may be jdegmbnding on the
netlist format that is used, not all names may be part of the output netlist.

2.10.5 P@sitions of devices and sub-cells
When the optiont is used withspaceor when the parameteomponent_coordinatés
set, positions of devices and sub-cells are added to the extracted circuit.

2.10.6 Naméength

The maximum number of characters in an instance, node or net name is determined by
the project version numheiThe project version number isvgn on the first line of the

.dmrc file and for e.g.arsion number 3 the maximum name length is 14, ésign
number 301 the maximum name length is 32 and éosion number 302 the maximum
name length is 255. Thakprprogram creates only projects for version number 302.

Node or net names that are generatesgpmgceand that are longer than the maximum
name length allowed by the project version numaer corverted to a shorter name
translation tableell.nmp will then gve the mapping between the original names and the
new names. Thenaximum name length can be decreased (e.g. because the simulator that
is used after the extraction can not handle the long names) by specifyigraxienum

length using the parameterax_name_length

When a long name is cosrted to a short name, the parametiemc_name_prefix
specifies a prefix string for thew@ame (default is "n").
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2.10.7 Moe back-annotation information

The use of the optiorx or setting the parametéackannotatiorcauses thaspacewill

also generate layout back-annotation information about the geometry offénerdihets,

the different transistors etc. This information can e.g. be used as input for the program
highlay. The option-x or the parametdrackannotationmplies the optiont.

2.10.8 Rrameter File
Back annotation is controlled by the following parameters from the parameter file:

parameter type default
hier_name_sep char
inst_term_sep char .
no_labels boolean off
hier_labels boolean off
hier_terminals boolean  off
leaf _terminals boolean off
cell_pos_name boolean  off
term_is_netname boolean  off
net_node_sep char _
node_pos_name boolean  off
pos_name_prefix string <empty>
max_name_length int 32
trunc_name_prefix string n
component_coordinates  boolean off
backannotation boolean  off

2.10.9 Command-Lin®ptions
The following command-line options control back-annotation:

-t Add positions of devices and sub-cells to the extracted circuit.

-X Generate layout back-annotation information, imptlies

2.11 ElementDefinition Files

Spaceis technology independent. At start up, it reads altabelement definition file
specifying hav the different elements kkanductors and transistors can be recognized
from the different mask combinations, and whietiues should be used for foxaenple
conductor capacitivity and conductor resigyi. This tabular element file is constructed
from a user-defined element definition file by the space technology cotepier

The default element definition file gpace.def.in the appropriate directory of the ICD
process library Howeve, there can be seral other element definition files for a
particular processFor example, the filespace.max.nay contain an element description
with worst-case capacitance and resistarataes. Ifthis file exists, it can be read rather
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than the standard file by specifyirgmaxat the command line.

The user can also prepare his own element definition file and specify the name of that file
with the -E option. For a description of he to prepare an element definition file, see
Chapter 3. But usually it is most aamient to modify a copof the source of one of the

“ official’” element definition tables. These sources are also in the ICD process library.

2.11.1 Command-Lin@®ptions
The command line options are as follows:

-e XXX Use the file spacexxt in the ICD process library as the element
definition file.
-E file Usefile as the element definition file.

2.12 Rarameter Files

The parameter file fospace contains values for seral variables that control the
extraction process.For example, it contains all parameters that control the oedw
reduction heuristics.

The default parameter file gpace.def.pn the appropriate directory of the ICD process

library. Howeve, an dternative parameter file in the ICD process library can be used by
using the-p option at the command line, and other files can be used by specifyiffg) the

option at the command line.

Paameters can be of different types, e.g. realgenetring and boolean!f a parameter

is of type boolean, its value can be either on br ibfthe name of a boolean parameter is
included in the parameter file, but no value is specified, this igabenti to specifying the
vaue on.

Some parameters Yma rameclass.parametefe.g. sne.frequeng. In this case, a group
of parameters of the same class may be used without the prkfes™ if they are
included between the lines "BEGINass and "ENDclass. E.g.

BEGIN sne
frequency 1e9
END sne

is equvalent to
sne.frequency 1e9

The value of a parameter in the parameter file can also be specified using theSption
param=value This sets paramet@aramto the \aluevalueand werrides the setting in
the parameter file. (-Baramis equvaent to -Sparam=on.)

Some parameters can also be specified as options, e.g. the use of the-Fopsion
equiaent to specifying the parametéat_extractionin the parameter file.Options
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overule specifications in the parameter file and specifications using the oftion
param=value

2.12.1 Command-Lin®ptions
The command line options are as follows:

-p XXX Use the file spacexxp in the ICD process library as the parameter
file.
-pfile Usefile as the parameter file.

-S param=value Set parameteparamto the \alue value overrides the setting in the
parameter (.p) file. (-Paramis equvalent to -Sparam=on.)
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3. Developing Space Element Definition Files

3.1 Introduction

The element definition file describes whospace recognizes the circuit elements
(transistors, contacts, interconnection layers efimjn the layout definition of the cell.

The element definition file further contains the values for thierdift interconnect

capacitances, the sheet resistances for the interconnect layers, etc.

The progranteccacts as a pre-processor for technology descriptions fapteslayout
to circuit etractor From a user-defined element-definition source féec produces a
compiled element-definition file that can be used as inpsplace.

3.2 Invocation and Command Line Options
The progranteccis invoked as Dllows:
tecc [-sn] [-m maskdatafile] [-p process] file

The user-defined input file shouldvieahe extension '.s’, while the compiledutput file
will have the same name but with ".t" substituted for ".§he compiled output file is an
ascii file, hence it can easily be exchanged between different types of machines.

3.2.1 Command-Lin®ptions
The following options can be specified:

-S Silent mode. This will suppress some diagnostics information, see
section 3.5.
-n Do not compress table-format element-definition file. This option is

useful during element-definition file viopment. Itmakesteccrun
faster and spacesomewhat slower.

-m maskdatafile
Specifies the maskdatafil®efault, the maskdatafile is obtained from
the process directory.

-p process
Specifies the process. The default process is determined by the
current project directory This option allows to rurtecc outside a
project directory.
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3.3 ExampleTechnology

In this section, we will use a double metal Nwell CMOS process agampée. This
technology is known in the system under the nasoends_n’, and the technology files
can be inspected. The masks that are used are the following:

maskname  description/purpose

cpg polysiliconinterconnect
caa actie aea

cmf metalinterconnect

cms metalanterconnect

cca contacmetal to diffusion
ccp contactnetal to poly
cva mntact metal to metal2
cwn n-well

csn n-channamplant

cog contacto bondpads

The process is similar to the Mosis n-well scmos procAsselement definition file for
this process is included as appendix D, and a parameter file as appendix E.

For illustrating the features that are only meaningful to bipolar processes, we will use the
bipolar DIMES-01 process axample. Anelement definition file for this process is
included as appendix H'he standard masks of this process are:

maskname  description/purpose

bn kuried N-layer

dp deeP-well; island isolation

dn deepN-well; collectorplug of all NPNs

wp extrinsic base of the NPNs

bw intrinsicbase of the BW-NPN

wn shallav N-layer; washed emitter implantation
co contactwindows in wp, sn and sp

ic interconnectayer

ct seconccontact windw for in-ic contact

in secondnterconnect layer

3.4 TheElement Definition File

3.4.1 Genal

The element-definition file defines the circuit elements that can be recognized from the
layout description.For each of the elements, at leash@meand acondition listhave ©

be specified. In this subsection, names and condition lists are defirest. are
illustrated in the next subsections.
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The name of an element is used to identify the element when error messages are
generated orfor transistor elements, to identify the element in the circuit that is
extracted. Itis not allowed to use the same name in more than one element definition.

A condition list specifies hw the presence of a particular element depends on the
presence or absence of the different madkse condition list is a boolearxgression
where the masks are used as the variables okflression. Irthe expression, the AND
operation is performed using simple concatenation, the OR operation is performed using
the ’|' character (AND has precedenceroOR) and the INVER operation is performed

using the '’ characterParentheses may be used to nest the expression.

Example:
Examples of condition lists are:

caa !cpg lcsn
cca cmf caa !cpg (cwn Icsn | lewn csn)
References to masks in adjacent areas can be made by preceding the mask names with a

-’ character (specifying an edge mask), or a '=" character (specifying an opposite edge
mask). Thedollowing (cross-section) ges an &ample.

=cmf -cmf

[ cpg -Cpg

Substrate

When preceding the mask name with a ’-’ charaeteference is made to a mask that is

in an adjacent area. When preceding the mask name with a '=" chasaetiarence is

made to a mask that is in an area that is opposite to the area that contains the masks
preceded with the ’-’ signThe abee @an be used to define the elements that are present

on the boundary between dwregons of diferent mask combinations (e.g. edge
capacitances) or elements that are present between the boundaries themselves (e.g. lateral
capacitances between parallel wires).

In the following, the syntax and semantics of the element-definition file is descilibed.
element-definition file may contain specifications #wnong other things, the units, the

key list, the nev masks, the mask colors, the conductor elements, the transistor elements,
the connect and contact elements and the capacitance elements.
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NOTE:
Each of the specifications in Sections 3.4.3-3.4.13 is optional but their order is
fixed.

3.4.2 Comment

Comments can be included in the element-definition file by preceding them with a '#
character All text following the '# charactermuntil the end of the line, will be skipped as
comment.

Example:

# t his is comment
Comment can be included atygpiace in the element definition file.

3.4.3 Unitspecification
Syntax:

unit variable value

With an unit command, the unit of variablelues used in one of the element lists can be
specified. Thetringvariablecan be represented by the followirgyknord:

resistance to specify the unit for sheet resistance (see conductors),
C_resistance to specify the unit for contact resistance (see contacts),
a_capacitance to specify the unit for area capacitance,

e_capacitance to specify the unit for edge capacitance or - if the capacitance is

specified by means of (distance, capeityty pairs - also for
lateral capacitance,

capacitance to specify the unit for other (lateral) capacitance,
distance to specify the unit for distance in (distance, capacitivity) pairs,
resize to specify the unit for resizing masks.

For other key words see the "Space 3D Capacitance Extraction $Jsnual”.
The unit of each variable is specified\atue expressed in S.I. units.

Example:
The following gves sme examples of unit specifications (between comment the
new unit is described).
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unit resistance 1 # ohm
unit c_resistance 1le-12 # ohm um™2
unit a_capacitance 1e-6 # aF/lum™2

unit e_capacitance 1e-12 # aF/um
unit capacitance le-15 #fF

unit distance le-6 # um

unit resize le-6 # um
3.4.4 Thekey list

NOTE:

You may skip this subsection until or unless you run into problems with the size of
the compiled technology file, due to a large number of masks and/or element
definitions.

Syntax:
keys: maskl mask2 ... maskN

During extraction, spaceuses a hash table to speed-up the recognition of the elements.
This hash table is constructed based on the masks that are specifiedenligte kVhen

a mask is specified in theel list, spaceis capable of recognizing elements without
separately checking the element conditions that refer to the presence or absence of that
mask. Adjacentnasks (that are specified by preceding them with a ’-’ character) may
also be used as @k mask. Notethat the size of the hash table will be proportional to 2 ~

N, where N is the number ol masks. Bycarefully choosing thedy masks, the speed

of element recognition will be optimal, while the hash table will be not tagelar
Actually, spacewill use two key lists, one for surface elements and one for edge
elements.

When no ky list is specified, but
maxkeys maxleys [ maxkeys2 [ maxedgedys | ]

is specified insteadeccwill select the ky masks itself. Up to a maximum ofiaxleys
surface mask &ys for the surface elemenéx list will be used. The most frequently used
masks, specifying element conditions, will be selected. Optional, up to a maximum of
maxleys2 surface mask &ys for the edge elemengk list will be used. And optional, up

to a maximum oimaxedgedys edge mask &ys ae also used for the edge elemeeay k

list.

NOTE:

A specification of may key masks or a very large value faraxleys may cause
teccto run out of memoryor it may result in anxxessve long running time for the
program.

When neither ady list nor a maximum number oéis is pecified,teccwill assume that
maxleys andmaxleys2are equal to 12 andaxedgedysis equal to O.

The Nelsis IC Design System



Space Uses Manual 38

Example:
When specifying for the complete element description as found in the CMOS
technology library

maxkeys 13

teccwill find a key list that is equialent to

-- keys: cms cpg cmf caa cwn csnh cca ccp cva
-- keys2: cms cpg cmf caa cwn csn

-- number of keys: 6 + 3 (9)

-- number of keys2: 6 + 0 (6)

To get also six edge masks into the edgg kst (keys2), specify:
maxkeys 13 6 6

But, normally no edge maskeys ae used for the &y list, because there are
normally too mawy surface masks. Besides thapaceis using an impreed hash
table and runs also fast with smadiykiists.

3.4.5 Nev mask specification
Syntax:

new: condition_list : name

This command allows to create annmask from the combination of other maskehe
nev mask, gven by name is defined ®erywhere where the combination of masks
satisfies the condition list of the specificatiorhe characters ’-" and '=" may not be used
in the condition list for a e mask.

Example:

new : caa !cpg !csn : pdf # mask pdf defines p+ active area
new : caal!cpg csn: ndf # mask ndf defines n+ active area

new : caa (cwn !csn | lcwn csn) : cta # contact area
new : !dp : epi # mask epi defines an epitaxial layer

3.4.6 Resizenask specification
Syntax:

resize :condition_list : mask : value

This command allows to gno masks with a certainalue (when a posite \alue is
specified) or shrink masks with a certain value (whengative \alue is specified)The
maskthat is specified must be in thendition_listthat is specified, or it must be anig
created mask name. In the last case, themask becomes a real magkor one mask,
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more than one resize statement may be specified.

Example:
The following grows the cpg mask with 0.01 micron.

resize : cpg : cpg : 0.01le-6

Apart from using the resize statement to model the difference between "mask
dimensions" and "on-chip dimensions”, it may also be used to e.g. merge arrays of small
contacts into bigger contacts. This may be desirable, sometimes, in order teeirhgro
efficieng of resistance extraction.

Example:

The following two gatements will merge all ‘cva’ contacts that are within 0.5
micron of each otherThis is achiged by first growing the 'cva’ layout object with
0.25 micron, and next shrinking the newly obtained objects with 0.25 micron.

resize : cva : cva: 0.25e-6
resize : cva : cva : -0.25e-6

3.4.7 Maslcolors
The colors that are used to display théedént masks/conductors when usiXgpaceor
view3d,may be specified as follows:

Syntax:
colors

mask color

For a more detailed description, see the "Xspace ddddnual”.

3.4.8 Theconductor list
Syntax:

conductors  [typq :
name : condition_list : mask : sheet-resistijitgarrier_typd

The conductor list contains the definitions for the conducting layers in the ciFamit.

each conductor specification, a specification of the actual conductor mask and a
specification of the sheet-resistivity (in ohms) is requirédr bipolar devices in
particular it is dso necessary to specify tharrier-type of the conductor The type can

be n for n doped conductorq for p doped conductors anmd otherwise. Thedefault
carrier-type ian.
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Conducting layers in adjacent areas are connected to eachfa@hdronly ifthey have

the same conductor mask and the same carrier type. If either the conductor mask is
different or the carrier type is tbfent, the conducting layers are not connected to each
other.

Optionally, a type may be specified for the conductor list.

Example:
The following conductor section is appropriate for the CMOS example technology:
conductors :
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 lcpg !csn : caa : 70 . p # p+active area
cond_na:caalcpg csn:caa 50 : n # n+active area

The following describes some conductors for the bipolar example technology:

condlIC : ic : ic @ 0.044:m

condBW1 : bw lwn bw : 600 : p

condBW2 : bw wn bw : 7000 : p

condWN : wn ©own @ 40 S # shallow N-layer

Default, when gtracting resistances, linear resistances will be extracted for a conductor
However, when a conductor type is specified with the conductor list, ¥eated
resistances for all conductors in that list will be of the specified type.

Example:

conductors rdif :
cond_pa : caa !cpg !csn : caa 70 :p # p + active area
cond_na:caalcpg csn:caa 50 :n # n + active area

In this case, a resistor model corresponding to the specified conductor type must be
specified using the control file g§pice(see Section 4.2).

An element definition file may contain more than one conductor list.

3.4.9 Thdield-effect transistor list
Syntax:

fets
name : condition_list : mask_g mask [dsondition_lis} ] [ : connect_4

For a field-efect transistor (e.g. MOS transistor), the name and the condition list are
followed by a specification of thetg masknask _gand the drain/source maskask_ds

The gate mask and the drain/source mask must be masks that are defined as a conductor
in the conductor list.Optionally, in parentheses, a condition list for the drain/source
region can be specified. When capacitance extraction is enabled, this information will be
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used to compute the parameters ad, as, pd, ps, nrs and nrd (see SPISHaraef) for

the transistor Further optionally, at the end of the specification after a colon,ukb
connectionconnect_lcan be specified for the transistdrtis connection may consist of

(1) a mask that is specified as a conductor in the conductor list, (2) the string "@sub" to
denote the substrate area betbe transistor gate, or (3) the notation t@r{dition_lis)"

to denote a substrate area described by the condition list. When case (3) is used, the area
specified by the condition list mustigean overlap with the transistor gate area.

Example:

The MOS transistors can be defined as follows:

fets :
nenh:cpgcaa csn:cpg caa # nenh MOS
penh : cpg caa Icsn : cpg caa # penh MOS

Note that in this example, the n-well mask ‘cwn’ has not been used, since it is
assumed that this mask is, respagtyi present or absent because the layout is free
of design-rules errors (see also appendix C).

In case when the extraction of the parameters ad, as, pd, ps, nrs and nrd is required
(to describe the properties of the transistor drain/sourg®mny the follaving
specification can be used:

fets :

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

When no bulk terminals are specified (as in thevali@nsistor definition example), the
programxspicewill add appropriate Wik terminal connections when a SPICE circuit
description is retrieed from the database. The actual bulk connections for fiéddtef

transistors may be extracted by specifying also a bulk connection for each transistor.

Example:

When 'cwn’ is defined as a conductor mask, the actual bulk connections may be
extracted by using the following transistor definition:

fets :

nenh:cpgcaa csn:cpgcaa: @sub # nenh MOS
penh : cpg caa lcsn : cpg caa : cwn # penh MOS

In case of substrate resistance extraction, theeahmecification will result in the
creation of substrate contact directly under the 'nenh’ transistor gate \&ftezn
the user wnts to create a substrate terminal for the 'nenh’ transistor undeatthe g
area as well as under the drain and source areas of the trankssttmloning
specification may be used:

fets :
nenh:cpgcaa csn:cpgcaa: %(caa csn lcwn)

The condition ''cwn’ has been used here tovpné that substrate contacts are also
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generated for well contacts.

3.4.10 Thebipolar transistor list
Syntax:

bjts
name : condition_list : type : mask_em mask_ba magk _connect_§

For a bpolar junction transistor the name, the condition list and the transistor-tygré (v

for vertical or "lat" for lateral) are follwed by a specification of the emitter mask
mask _emthe base maskiask bathe collector masknask co These masks must be
defined as a conductor in the conductor li@ptionally, after a colon, a blk connection
connect_lmay be specified for the transistdrhis connection may consist of (1) a mask
that is specified as a conductor in the conductor list, or (2) the notation
"% (condition_lis}" to denote a substrate area described by the condition list. When case
(2) is used, the area specified by the condition list muse laa overlap with the
transistor area.

Example:
The bipolar transistors can be defined as follows:
bjts :
npnBW : wn bw epi:ver: wn bw epi: %(bw wn)

pnpWP : 'wp -wp 'bw epi : lat : -wp epi =wp

3.4.11 Theonnect list
Syntax:

connects
name : condition_list : maskl mask2

The connect elements connect different semiconductor regions of the sametygaerier

They define the connectivity relation between the different conductdesklandmask?2

are the conductor masks that are connected. Connect elements can not be used to connect
conducting layers that fia a dfferent carriettype. Note:the connection of conductor

layers via a contact or via should be specified in the contact list (see section 3.4.12).

Example:

connects :
connBW : bw wp : bw wp # connect bw and wp
connBN : bn epi : bn e pi # connectepiand buried layer
connSN : sn epi !dn : sn epi # connect epi and sn
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3.4.12 Thecontact list
Syntax:

contacts [typq:
name : condition_list : maskl mask2 : resistivity

The contact elements connectfelient conductors that are on top of each othaiskl

and mask2are the conductor masks that are connected by the coitacmasklor
mask2also the string "@sub" or the "&gndition_lis)" notation may be usedrlhe first
specifies a connection to the substrate area directlyvkiblo contact areaThe second
specifies a connection to a substrate area as specified by the conditibnthst.second

case, the substrate area described by the condition list nuestaihaverlap with the
contact area. The resistivity parameter specifies the contact resistance in ohm square
meter for a (kipothetical) contact of 1 meter * 1 meteDptionally, a type may be
specified for the contact list.

Example:

contacts :
cont_s : cva cmf cms : ¢ mfcms: le-12 # metal to metal2
cont_p : ccp cmf cpg : ¢ mfcpg : 100e-12 # metal to poly

cont_a : cca cmf caa !cpg : cmf caa : 100e-12 # metal to active
cont_b : cca cmf lcwn !csn: cmf @sub: 100e-12 # metal to sub.

Default, when extracting resistances, linear resistances will be extracted for a contact.
However, when a contact type is specified with the contact list, the contact resistances for
all contacts in that list will be of the specified typ&n element definition file may
contain more than one contact list.

3.4.13 Thecapacitance list
Syntax:

[junction ] capacitances [typq:
name : condition_list : maskl [ mask2 ] : capacitivity

In the capacitance list, coupling capacitances, ground capacitances and substrate
capacitances can be defined.

Coupling capacitances are defined by using a conductor mask fonaskiiandmask?2

Ground capacitances are defined by using the string "@gnd" for eitteilor mask2
or by omittingmask2 In this case, the capacitance will on one side be connected to a
node that is called "GND".
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Substrate capacitances are defined by using the string "@sub" or the notation
"%(condition_lis}" for eithermasklor mask2 In this case, the capacitance will on one

side be connected - when no substrate resistances are extracted - to a node that is called
"SUBSTR", or - when substrate resistances are extracted, see the "Space Substrate
Resistance Extraction UseManual" - to a node that corresponds to a substrate terminal.

In case of substrate resistancdraction, the use of the string "@sub" will denote the
substrate area directly under the capacitance area, while the notatcand¥66n_lis)"

is used to denote a substrate area specified by the condition list, which must enclose the
capacitance area.

Capacitances are further distinguished betweerasairtapacitances, edge capacitances
and lateral capacitances.

To define edge capacitance, masks preceded with a ’-’ character are used in the condition
list, and eithemmasklor mask2 or both, hae © be peceded with a ’-' character to
denote an edge of an interconnection.

To define lateral capacitances, masks preceded with a ’-’ character and mask preceded
with a '=" character are used in the condition list, and eith@sklor mask2is preceded

with a - character to denote one edge of an interconnection and the other mask is
preceded with a '=" character to denote another (opposite) edge of an interconnection.

For surface capacitancesapacitivity is the capacitance per square metéor edge
capacitances and lateral capacitances, the capacitance can be specifeedifiierant

ways.

For edge capacitances, if only onalve is specified (as in the alep capacitivityis the
capacitance per meter edge length.

For lateral capacitances, if only one value is specified (as in thve)abapacitivityis the
capacitance for a configuration where the spacing betweepanallel wires is equal to
length of the tw wires. Inthat case, it is assumed that the lateral coupling capacitance is
proportional to the distance between the twires and imerse proportional to their
spacing, see Section 2.5.3.

Edge capacitances and lateral capacitances can also be defined as follows.

name : condition_list : maskl mask?2 : distancel capacitivityl
distance2 capacitivity2

In this case, for edge capacitances, the distance, capacitivity pairs specify the capacitance
per meter edge length for avgn distance to a neighboring wire that is of the same type.

In that case, a lateral coupling capacitance must also be defined for theselfwikes.

lateral coupling capacitance is defined or if the distance between the wire and the
neighboring wire is larger than the maximum distance for which an edge capacitance is
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specified, the edge capacitance is equal to the edge capacitance that is specified with the
maximum distance.

For the lateral capacitances, the distance, capacitivity pairs specify the capacitance
between tw parallel wires of a length of 1 meter for different values of the distance
between them.

For both edge capacitances and lateral capacitances, capacitances for other configurations
are found from an interpolation betweenotdistance, capacitivity pairs (see Section
2.5.3 and Section 2.5.4).

Example:

The folloving three lines specify first metal bottom to ground capacitance, first
metal sidevall to ground capacitance and the lateral coupling capacitance between
two parallel first metal lines under the condition that no second metal is present:

capacitances:

acap_cmf_sub : cmf Icpg Icaa: cmf @gnd: 25e-06
ecap_cmf_sub : lcmf -cmf Icms Icpg !caa :-cmf @gnd: 52e-12
Icap_cmf : Icmf -cmf =cmf !cms Icpg !caa :-cmf =cmf; 30e-18

The following line specifies the coupling capacitance between the edge of a first
metal wire and the edge of a second metal wire that are on top of each other:

capacitances:
eecap_cmf_cms : lemf -cmf lems -cms : -cmf -cms : 23e-12

The first three capacitances may (more accurately) be specified as a function of the
distance between twneighboring wires as follows:
capacitances:
acap_cmf_sub : cmf Icpg Icaa:cmf @gnd: 25e-06
ecap_cmf_sub : lcmf -cmf Icms Icpg !caa :-cmf @gnd:
le-6 30e-12
2e-6 46e-12

4e-6 50e-12
8e-6 52e-12

Icap_cmf : lcmf -cmf =cmf lcms Icpg !caa :-cmf =cmf:
le-6 27e-12
2e-6 8e-12
4e-6 3e-12
8e-6 le-12

There may be more than one capacitance list in an element definitio@filienally, for
each capacitance list a type may be specified afteraymeokd "capacitances”. In that
case, all capacitance definitions in that list are of the specified type, anxkréneel
capacitances will also i@ that type.

Normally, the positve rode and the mgtive rode of the extracted capacitance will be
arbitrarily connected to the layers that are specified nvdbklandmask2 Howeve, for
capacitance lists for which a type is specified, if tagnord "junction” is used before the
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keyword "capacitances" for all elements in that tisisk1specifies the posite rode of

the element andnask?2 specifies the mgtive rmode of the element.For junction
capacitances, the method oftraction is further determined by the paraméuer caps

(see Section 2.5.7). Lateral coupling capacitances may not be specified for junction
capacitances.

Example:

Junction capacitances of type 'ridibr n diffusion areas and junction capacitances
of type 'pdif for p diffusion areas may be specified as follows:

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: Icaa -caa !-cpg !-csn cwn -cwn:-caa cwn : 600e-12

In order to simulate a circuit that contains junction capacitances, a corresponding (diode)
model has to specified for each type ('ha@ihd 'pdif’ in the ab@e example) using the
control file ofxspice.

3.5 Diagnostics

Without the-s option, tecc will print information about the hash table that is being
constructed for element recognitionThis information can be used to tune the
specification of thedy masks.

Furthermoreteccwill check if legd mask names are used and if conductor masks are
used with transistpicontact and capacitance definitions. During extraction itself it will

be checked if appropriate conductor elements are present; for transistor elements and
capacitance elements this is required, for contact elements this is not required.
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4. Preparing Simulation Input

4.1 Introduction

After extraction, a circuit description can be obtained using on of the progweatifs
xnle xpstar xsls, xspiceor xvhdl,depending on the desired netlist format. Here will we
discuss the retni@l of circuit description in the SPICE format using the progreapice,

to prepare input for the SPICE simulatétoweve, ssvaal things that are said here are
also valid for the other netlist format§or a nore precise description of the retaeof
other netlist formats, see the manual page of the corresponding program.

The model descriptions of the devices that occur in the SPICE circuit are normally
specified using the control file abpice. The model parameters may be specified as a
function of some layout parametersdlithe transistor emitter area and perimeter and the
transistor base width. In the control file also instance specific information can be
specified lile a pefix for each instance name of a device and the format for printing the
instance parameters of each device.

Optionally, the programputdevmodcan be used to specify a model for aide. This
method is useful if the model for the device consists of more than just a standard
transistor model e.g. if it is described by one or more subcircuits in combination with one
or more transistor models.
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4.2 DescribingSPICE Models using the Control File of Xspice

The following table lists the layout parameters that are computed by the extractor for the
different devices.

symbol description devices

w transistor width fet transistors

I transistor length fet transistors

ad drainarea fetransistors

as sourcarea fetransistors

pd drainperimeter fetransistors

ps sourceerimeter fetransistors

nrd equvalent drain squares fet transistors

nrs egwaent source squares  fet transistors

ae emitterarea bjtransistors

pe emitteperimeter bjtransistors

wb basewidth lateralbjt transistors
v value resistorand (junction) capacitors
area junctiorarea junctiorcapacitors
area<nr> junctiormarea junctiorcapacitors
perim junctionperimeter junctiorcapacitors
perim<nr>  junctiorperimeter junctiorcapacitors

The parameters ad, as, pd, ps, nrd and nrs are only computed for a fet transistor when a
condition list is specified for its drain/source region in the element definition file and
when capacitance extraction is enabled. Which of the layout parameters are computed
for junction capacitors (e.g, @ea or area<nr>) depends on ttedue of the parameter
jun_caps(see Section 2.5.7).

4.2.1 Thecontrol file

The default name of the control file xépiceis xspicerc First, xspicetries to read this
file from the current wrking directory Otherwise, it tries to open it in the process
directory.

In the control file, the models are included by specifying them in one or more separate
files called the library files. These files are then included in the control file as follows:

include_library file_name
For how the models are described in the library file, see Section 4.2.2.

Different models can be selected for eaxtnaeted device, based on the values of the
parameters of the diee. Thisis specified by the so-called global model-specifications.
The global model-specifications are of the following format:

model name orig_name type_narfie range_specy|
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The orig_namehas to be equal to the extracted device name, which is equal to the name
specified in the element definition fil&he type_namehas to be equal to one of the
following SPICE standard diee-models:npn, pnp, nmos pmos r, ¢ or d. Optionally,
range_specsan be specified for the wlee geometries for which the model &lid. For

each layout parameter a range can be specified according to one of the following formats:

layout_pammeter typical_val
layout_pammeter lower_val upper_val
layout_paameter lower_val typical_val upper_val

The range values can be expressions in terms of other layout parameters that are specified
(the expression must be between parentheses and the name of the other layout parameters
must be preceded by a '$’-signi}.is allowed to specify only the typical value or to omit

this value from the range specification.

Based on thealues that are specified for the layout parameters of one particular global
model-definition, the following situations can be distinguished:

* Only the typical values ae ecified
The deice model is only valid for one specificwige. Theparameters for this
device model are all knen. Themodel is selected if the layout parameters of the
extracted device exactly match the typical values as specified.

e Both typical and upper/lower values ae ecified
Extracted devices for which the layout parameters are within the specified ranges
are assigned to this model and a scaling factor is included. The scaling factor is
based on the typical value of the emitter aréddso for this model all model
parameters are known and specified in the library file.

* Only upper/lower values ae ecified
For the extracted devices that cannot be assigned to models as descri®d abo
so calledsubstitution modek used. If the layout parameters of a device are within
the range specification of such a model, @iate specific model is created:he
parameters of this model are expressions in terms of the layout parameters and
must be computed for each fdilent device geometrysee Section 4.2.2.
Additionally, the name of such a model istended by a suffix that depends on the
values of the layout parameters.

Example:

The following gves an &ample of a control file fokspice. It contains a global
model-specification of a bipolaextical npn-transistor that is extracted as aade
with name npnBW Under the conditions with respect to emitter area and emitter
perimeter that are listed with the global model-specification, thieelapnBW is
assigned a model bw101x that is included in the librangfilee3f3.lib
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include_library spice3f3.lib

model bw101x npnBW npn (
ae 4e-12 2e-11
pe (2*$ae / 2e-6 + 4e-6)
)

Also instance-specific information for eachvide can be specified in a control fil€he
format of a specification of a prefix for each instance name of a device is as follows:

prefix  name pefix

Thenamecan be th@rig_nameor thetype_namef the deice. Anew prefix overrides a
previous specified prefixFor SPICE, the first letter of the prefix must be gaestandard
device-model letter (e.g. 'm’ for MOS transistordyor SPICE normally only one prefix
letter is used.To use more prefix letters (max. 7) specify the followiregvkord:

long_prefix

For a device of typetype_namea lulk voltagevaluemay be specified in the control file
according to the following format.

bulk type_name value

If a bulk voltage is specifiecspicewill automatically add a bulk terminal for thewvilee
and it will connect it to the specified potenti&p to a maximum number of 2 thfent
values for bulk voltages may be specified in the control file.

For a device, instance parameters may be specified as follows:
params name[model_namg{ param_specl pam_spec2..}

The namecan be therig_nameor thetype_namend can optionally be followed by the
model_name A new params-statementverrides a previous specified params-statement.
With the params-statement the printing order of parameter values (with or without
parameter name) can be changed. Normally invisible parameters can be made visible or
used. Standardvisible parameters can be left out or changed. The parameter
specificationsparam_speclparam_spec2tc. eachmust hae me of the follaving

forms:

parametervalue

value
parameter$intern_paf<operator><value>]
$intern_paf<operator><value>]

with $intern_par denoting the actualalue of a parameter that is internally (in the
database) called ’intern_par’ (see the table at the beginning of Section 4.2 for a list of
possible parameter names). If hiatern_pardoes not exist in the instance atrtié-list,

the parameter specification is left out! If thiatern_paris a standard visible parameter

it is no more printed in the standaréyv If the '$intern_paf-forms hare a kading '’
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sign, the are not printed. This is theay to skip a standard visible parametdrthe
"$intern_paf-forms hare wo leading '’ signs, thg are printed in the comment-part.
The "$intern_paf-forms can optionally be followed by an <operator> and aluar.
This <walue> may also be another internal parametée operation is only done, if this
internal parametemnxésts and is not zero. This <operator> can be a '+, ’-’, *" and At
last, you can additionally use the '@’ <operator> with a <strinBenoting that the
<string> must be printed after the value.

Other program build-in internal parameters are:

mname the used model name
msf the scale factor for scalable models (default 1)

Example:

The following specifies that for instances of the capacitance model 'ndif’, the area
of the element is represented by the parameter 'area’ and the perimeter of the
element is represented by the parameter ’pj'.

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

The following uses square micron and micron as units for resgcthe area and
the perimeter.

params ndif { area=$area*1el2 pj=$perim*1e6 }

For a momplete oerview of al possible statements in the control file, see the manual page
of xspice.

4.2.2 Thdibrary file

The library file contains the actual model definitions, possibly as a function of the layout
parameters. Besidesgecification of the model parameters, it is also allowed to define
so called unity parameters in a library fil&hese parameters can be used in the
expressions for the model parameters and are formatted as follows:

unity name value
The detailed model specifications are of the following format:
model name type namé par_list)

Thetype_names normally a standard SPICE model name, but can also be an arernati
simulator model nameFor each parameter in the lipar_listthe name is specified and

its expression or alue. (But,also only a parameter name may be specified, or a
parameter name and an equal sign and another name in place xprésien.) Each
expression is an equation in terms of operators and operands. Operands can be values or
unity/layout parameters. In the latter case, the operand must be preceded by a '$'-sign.
A value can be followed by an unit sign (a, f, p, n, u, m, k, M, &)Tin dace of e-
notation. Theoperators that can be used are listed below:
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symbol  operator

+ addition

- subtraction

* multiplication

/ division

h power
Example:

An example model specification of the model describedealsas bllows:

unity ISs_wn_bw 5.6e-7
unity 1ISe_wn_bw 4.9e-13

model bw101x npn (Is=$ISs_wn_bw*$ae+$ISe_wn_bw*$pe Bf=117
Vaf=55 Br=4 Xtf=(4.7e-2*$ae+1.9e-2*$pe) 2
Xtb=1.5 Var=4 Tf=20p)

4.3 TheUse of the Program Putdevmod

With the progranputdevmodievice model descriptions are stored into the database as a
circuit cell. This method is required if the model for the device consists of more than just
a dandard transistor model e.g. if it is described by one or more subcircuits in
combination with one or more transistor models. Note that in order tputdevmodo

store model descriptions for a cell, the extraction status of the cell must be seide™de
using the programcontrol.

4.3.1 Syntaxand semantics of the input file

On the first line of an input file for the progrgmatdevmodhere is the &word "device"
followed by the name of the dlee. Ona rext line the leywords "begin spicemod" are
specified to denote the beginning of the SPICE device information. The next lines are
considered to be SPICE input that can directly be appended to a SPICa&knetw
description. Whera SPICE circuit description is retwed using xspice,the SPICE
model description of a d@&e that has been added to the database psitaggvmodyvill
automatically be added at the end of the network description if theeds part of the
network and if a model description of thevilee does not occur in a library file (see the
previous section). The end of the SPICE input is denoted by a line that contains the
keyword "end".

In the part of the input file that is used as SPICE input, the terminals, a possible b
potential and a prefix for instance names for the device, may be included as SPICE
comment. Thiss done by specifying them on lines that start with the comment character

1%7

To ecify the terminals, use theeyword "terminals" followed - on the same line and
separated by spaces and/or tabs - by the names of the terminals. The order in which the
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terminals are specified in this file must agree with the order in which the terminals are
required in the SPICE circuit description (see the Spice &J8&ahual). Spaceuses the
following terminal names for the devices: "g", "d" and "s" for taeegdrain and source

of field-effect transistors, "c", "b" and "e" for the collectbase and emitter of bipolar
transistors, and "n" and "p" for the terminals of resistors and capacitors.

A bulk voltage (if appropriate) may be specified by tlegword "bulk" followed by a
floating point number.

A prefix character for the instance names of theicgeis specified by theekword
"prefix”, followed by a character.

An example of an input file fggutdevmods given below:

device Inpn
begin spicemod
* t erminals ¢ b e

* bulk 0

* p refix q

.model Inpn npn

+ i s=6.4e-16 bf=160 vaf=100  ikf=3e-2
+ i se=2.859e-15 ne=1.476 br=3 var=20
+ i kr=0.04 isc=le-14 nc=1.15 rb=80
+ i rb=2.0e-5 rbm=15 rc=150 re=2

+ cje=0.68e-12 mje=0.34 vje=0.71 fc=0.63
+ cjc=6.8e-13 mjc=0.33 vjc=0.55 xcjc=0.19
+ t f=4.2e-10 tr=7.0e-8 xtb=1.6  xti=3

+ eg=1.16 cjs=3.1le-12 mjs=0.35 vjs=0.5
end
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Appendix A: Summary of Command-Line Options

The progranspace(or space3jlhas the following options:
-C Extract capacitances to substrate.

-C Extract coupling capacitances as well as capacitances to substrate.
This option impliesc.

-l Also extract lateral coupling capacitances, impi@s

-3 Use a boundary-element technique for 3-dimensional capacitance
extraction. Usewith -c or -C.

-r Extract resistances for high-resistivity (non-metal) interconnect.

-R Extract all resistances, alsoMaesistvity metal interconnectTo use

this option, it must be specified in the first option argument Asd
this option argument must start with.

-Z Apply mesh refinement for resistance extraction, implies

-G Extract RC models that are accurate up to a certain freguenc

-b Use a simple but fast method to compute substrate resistances.

-B Use a boundary-element technique to compute substrate resistances.
-F Set flat extraction mode, i.e. produce a flattened netlist.

-T In hierarchical mode, only extract the top cell(s).

-l Unset incremental (hierarchical) mode: do not skip sub-cells for
which the circuit is up-to-date. Cannot be used with-Eheption.

-D depth Selectvely unset incremental (hierarchical) mode for all cells
at level <= depth(defaultdepth= 1).

-u Do not automatically run the preprocessonakeboxI(11CD)and
malegn(1ICD).

-n Do not apply the circuit reduction heuristics.

-t Add positions of devices and sub-cells to the extracted circuit.

-V Print run-time information (verbose mode).

-h Print help information.

-i Print statistics, impliesv.
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-k Selectve resistance extraction, resistances are only extracted for
specified interconnects.

S Selectve resistance extraction, resistances are extracted fowall b
specified interconnects.

-X Generate layout back-annotation information, imptlies
-X Run inXspacemode (see the Xspace UseManual).
-asec Make gace report its progressioveey sec seconds. Spacealso

reports its progression when it ra@s an ALARM signal, such a
signal can be send by the command “kill -ALRNU" , wherepid is
the process id.

-€ XXX Use the file spacexxt in the ICD process library as the element
definition file.

-E file Usefile as the element definition file.

-p XXX Use the file spacexxp in the ICD process library as the parameter
file.

-Pfile Usefile as the parameter file.

-S param=value Set parametegparamto the \alue value overrides the setting in the
parameter (.p) file. (-Baramis equvalent to -Sparam=on.)

-sscene_file  To generate a&cene_fildor theview3dprogram.
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Appendix B: Hierarchy and Terminals

With hierarchical ®traction, the extracted circuit is most accurate when thewitp
guidelines are followed.

 The area occupied by a terminal should be minimgis is to impree the
accuray of hierarchical resistancextaction. Itis recommended to use the
minimal width design rule to construct a terminal box (useless error reports from a
design rule checker are peated this way).

» Do not overlap terminals (in the same interconnect layer) ab instances,
instead hee them abut each otherAlso, when a cell contains an instance of a
child-cell: do not let the interconnect of the top-celertap the terminals of the
child-cell, but mak them alot. Thisis to improse the accurag of hierarchical
capacitance extraction.

* When possible, do not makayout patterns at a higher hierarchicalelen the
area occupied by instantiated child-celigreif this does not change the functional
behaior of the child-cell. Whenever possible, global wiring ab@ instances
should be contained in these instances. This is to more accurately determine the
parasitic coupling capacitance.

* |If the aboe wles do not apply to one or more sub-cells of a particular design,
selectvely set the macro status for each of these cells in order to enforce a flat
extraction extraction of these sub-cellse® in case of hierarchicalx¢raction (see
Section 2.2.3). This may especially be useful for sea-of-gates circuits.
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Appendix C: Solving Problems

» Design rule correctness of the circuit
Often, the element definition file epacewill be created under the assumption that
the layout to be extracted is free of design rule errbms.example, the rules for
transistor recognition in thecmos_nexample technology do not require the
presence or absence of the n-well mask since this is already enforced—under the
assumption of design-rule correctness—by the presence or absence of the n-
channel implant mask. So, in the case of unexpected extraction resuksaumeak
that the layout is free of design rule errors.

» Size of compiled element definition file
The element definition file adpaceis compiled by the prograrteccinto a form
that is read in bgpace The size of this compiled file is mostly dependent on the
number of masks defined for the technologgr thescmos_rexample technology
the size of this file is approximately 7 Kbytéh some occasions (e.g. for other
technologies), the size of this file may become togelarThenthe size of the file
can be limited by lowering the value of theaxleys parameter in the element
definition file (see Section 3.4.4However, extraction will run somewhat sheer
then.

* New version of compiled element definition file
The element definition file is reganized. Itcontains tw key lists and theseey
lists are encodedThus, the size of this compiled file is much smallé&s a
consequencespacedoes not more read older file versions.

* Negative resistances and/or capacitances
When n@aive resistances and/or capacitances occur inxtraaion output, read
the note about mesh generation in Section 2.6.

* Long extraction times with resistance extraction
Sometimes, when resistances are extracted, arrays of small contacts will drastically
increase the extraction time. In that case, merge the contact arrays g&o lar
contacts, using the resize statement (see Section 3Fuélher long etraction
times may occur (1) when well resistances are extracted - especially in combination
with the option-z - (2) when metal resistances asdracted or (3) when coupling
capacitances areteacted. Impregements may then be obtained by the use of the
parametermax_delayed(see Section 2.6.6, for cause (1), (2) and (3)), the
parameterequi_line_ratio(see Section 2.8.11, for cause (2)) and the parameter
frag _coup_capsee Section 2.8.9, for cause (3)).
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Appendix D: Element Definition File for CMOS Example Process

#

# space element definition file for scmos_n example process

#

# masks:

# cpg - polysilicon interconnect ccp - contact metal to poly
# caa - active area cva - contact metal to metal2
# cmf - metal interconnect cwn - n-well

# cms - metal2 interconnect csn - n-channel implant
# cca - contact metal to diffusion cog - contact to bondpads

#

# See also: maskdata

unit resistance 1 # ohm

unit c_resistance  le-12 # ohm um™2

unit a_capacitance le-6 # aF/lum™2

unit e_capacitance le-12 # aF/um
unit capacitance le-15 # fF

maxkeys 13
colors :
cpg red
caa (green
cmf  blue
cms  gold
cca black
ccp  black
cva  black
cwn  glass
csn  glass
cog glass
@sub pink
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 # p+ active area
cond_na:caalcpg csn:caa 50 n # n+ active area
fets :
# name : condition . g ated/s
nenh :cpgcaa csh:cpg caa # nenh MOS
penh : cpg caa !csn : cpg caa # penh MOS
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 # metal to poly
cont_a: cca cmf caa !cpg : cmf caa : 100 # metal to active area
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junction capacitances ndif :
# active area capacitances
# name condition maskl mask2 : capacitivity
acap_na: caa Icpg csh lewn c aa @gnd : 100 # n+ bottom
ecap_na : Icaa -caa !-cpg -csn !-cwn : -caa @gnd : 300 # n+ sidewall

junction capacitances pdif :
acap_pa: caa Icpg lcsn cwn
ecap_pa : Icaa -caa !-cpg !-csn cwn -cwn : -caa @gnd :

¢ aa @gnd : 500 # p+ bottom
600 # p+ sidewall

capacitances :
# polysilicon capacitances

ecap_cms_sub

acap_cms_caa:

ecap_cms_caa

acap_cms_cpg :

ecap_cms_cpg

acap_cms_cmf:

ecap_cms_cmf

Icap_cms

#EOF

acap_cpg_sub : cpg Icaa € pg @gnd : 49 # bottom to sub
ecap_cpg_sub : lcpg -cpg lemf Icms Icaa : -cpg @gnd : 52 # edge to sub

# f irst metal capacitances
acap_cmf_sub : cmf Icpg lcaa: cmf@gnd: 25
ecap_cmf_sub : lemf -cmf Icms !cpg !caa : -cmf @gnd : 52
acap_cmf _caa: cmf caa lcpglccalcca: cmfcaa: 49
ecap_cmf_caa : lcmf -cmf caa !cms Icpg : - cmfcaa: 59
acap_cmf_cpg : cmf cpg leep: cmf cpg 49
ecap_cmf_cpg : lcmf -cmf cpg lems : -cmf  cpg : 59

# second metal capacitances
acap_cms_sub : cms Icmf Icpglcaa: cms @gnd: 16

:lems -cms lemf Icpg !caa : -cms @gnd : 51

cms caa !cmflcpg: cmscaa: 25
: lems -cms caa lemf lcpg : -cms caa : 54

cms cpg lemf: cmscpg: 25
:lems -cms cpg !emf : -cms cpg : 54

cms cmf : 49
. - cmscmf: 6l

cms cmf lcva:

: lems -cms cmf

lcms -cms =cms : - cms =cms: 0.07
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Appendix E: Parameter File for CMOS Example Process

#

# space parameter file for scmos_n example process
#

min_art_degree 3

min_degree 4

min_res 100 # ohm
max_par_res 20

no_neg_res on

min_coup_cap 0.05

lat_cap_window 6.0 # micron
max_obtuse 110.0 # degrees

equi_line_ratio 1.0
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Appendix F: Element Definition File for Bipolar Example Process

dn - d eep n-well
See also: Design manual DIMES-01 process

unit c_resistance le-12
unit a_capacitance 1e-03
unit e_capacitance 1e-09

maxkeys 10
new : !dp : epi

colors :
bn glass
dp green
dn magenta
sp red
sn red
bs lightBlue
bi brown
ci brown
cw glass
wp red
bw lightBlue
wn red
co white
ic blue
ct white
in red

conductors :
condIC : ic : ic : 0.044:m

condIN : in : in: 0.019:m
condEPI :  epilwp!sp:epi:0 'n

condEPI1 :epi wpl!sp:epi:0 :n # E piunder WP
condEPI2 :epi'wp sp:epi:0 :n # E piunder SP

condBN : bn : bn : 20 n
condDP : dp . dp : 8 p
condDN : dn : dn : 4 N
condSP : sp :osp 25 p
condSN : sn :osn 29 n
condBS : bs!sn :bs : 1200 p
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#

# space element-definition file for DIMES-01

#

# masks:

# bi - i ntrinsic base bi-npn (optional) dp - deep p-well

# bn - b uried n-layer ic - interconnect

# bs - i ntrinsic base bs-npn (optional) in - second interconnect

# bw - i ntrinsic base bw-npn sn - emitter bs-npn (optional)
# ci - ¢ hannel p-jfet (optional) sp - extrinsic base bs-npn (optional)
# co - c ontact window wn - shallow n-layer

# ct - s econd contact window wp - extrinsic base bw/bi-npn
#

#

#

# deep P-well
# deep N-well
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condBS1 : bs sn
condBl bi 'wn
condBI1 : bi wn
condCl : ci 'wn
condCI1l : ci wn
condWP : wp
condBW : bw!wn
condBW1 : bw wn
condWN : wn
fets :

jfet : wn ci bn : wn ci
bjts :
npnBS : bn sn bs epi

npnBW : bn wn bw epi
npnBI : bn wn bi epi

:bs : 6000 p
:bi : 1400 p
:bi : 6000 p
:ci : 6000 : p
cci 30 p
owp 25 p
:bw : 600 p
:bw : 7000 p

wn : 40 n

: v er:snbs epi
;v er:wnbw epi
: v er:wn biepi

pnpWP : bn !'wp -wp !bw !bi Ici epi : lat : -wp epi =wp

pnpSP : bn !sp -sp !bs epi

;| at:-spepi=sp

connects :
connBS : spbs :spbs
connDN : dnepi :dn e pi
connWN : wndn swn dn
connBI : bi wp :biwp
connCl : ciwp cciwop
connBW : bwwp : bw wp
connDP : dpwp cdp wp
connSN :  sn epi!bs !dn : sn epi
connSN1:sndn ssndn
connBN : bnepi : bn e pi
contacts :
contIN :ic ctin ic in: O
contSN : ic co sn cic sn:120
contSP : ic co sp ic sp: 16
contWN :iclcown:ic wn: 80
contWP : ic co wp cic wp: 160
contDN : ic co dn cic dn: 80
capacitances :
capBS : ic bs Isn ic bs : 0.109
capEPI :ic 'bn Idp i c epi:0.123
capSP :ic sp Ico Ibs cic osp : 0119
capSN : ic sn Ico ic sn : 0.077
capBl :ic bi lwn ic bi : 0.110
capCl :ic ci lwn ic ci : 0.051
capWP : ic wp !co !'bilbwlci:ic wp : 0.124
capBW : ic bw !wn ic bw : 0.122

capDP : ic dp lwp 'bw
capDN : ic dn lwn Isn Ico

#EOF

cic dp : 0.123
:ic dn : 0.081

The Nelsis IC Design System
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Appendix G: Parameter File for Bipolar Example Process

#

# space parameter file for DIMES-01 process
#

min_art_degree 3

min_degree 4

min_res 10 # ohm
max_par_res 20

no_neg_res on

min_coup_cap 0.05

lat_cap_window 6.0 # micron
lat_base width 3.0 # micron
max_obtuse 110.0 # degrees

equi_line_ratio 1.0

The Nelsis IC Design System
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Appendix H: Control File for Bipolar Example Process

# | ibrary_files specifies which file(s) contain
# t he appropriate model definitions.

include_library spice3f3.lib

# nodel indicates which predefined models can be
# used for which group of devices and it includes
# t he ranges for area (AE), perimeter (PE) and

# ( for lateral pnp) base width (WB).

model bw101la npnBW npn (
AE 4e-12 8e-12 4e-11
PE (2*$AE / 2.00e-06 + 4.00e-06)

model bw10x npnBW npn (
AE 4e-12 2e-10
PE 8e-06 6e-05

)

model bs10la npnBS npn (
AE 3.60e-11
PE 2.40e-05

)

model bil0la npnBl npn (
AE 8.00e-12
PE 1.20e-05

model wpl102c pnpWP pnp (
AE 3.60e-11
PE 2.4e-05
WB 3.00e-06

The Nelsis IC Design System
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Appendix I: Library File for Bipolar Example Process

# In t his file, the models are described for the different bipolar
# devices of the DIMES-01 process. It is allowed to create models
# f or which the parameters are defined by a substitution equation.

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 bwl10x npn (Is=($Q_electron*$N_intrinsic/$Gummel_base)*$AE Nf=1
Ikf=3.00e+07*$AE+6.00e+01*$PE Bf=117 Br=4 Vaf=55 Var=4
Ikr=5.00e+07*$AE+1.00e+02*$PE Xtb=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=$C0s_bw_epi*$AE Cjs=$C0s_bn_sub*$AE Vjs=0.45 Mjs=0.26)

model bw101a npn (Is=0.018f Bf=117 Nf=1 Vaf=55 Ikf=4.1m Br=4 Nr=1 Var=4
Ikr=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 bs101a npn (Is=0.050f Bf=100 Nf=1 Vaf=40 Ikf=5m Ise=1f Ne=2 Br=0.5
Nr=1 Var=5 Ikr=5m Isc=10f Nc=1.2 Rb=350 Irb=1m Rbm=50 Re=25
Rc=150 Eg=1.17 Xti=3 Cje=95f Vje=0.8 Mje=0.26 Tf=30p Cjc=100f
Vjc=0.75 Mjc=0.33 Xcjc=1 Tr=100p Cjs=0.25p Vjs=0.45 Mjs=0.26)

model bi101a npn (Is=0.018f Bf=120 Nf=1 Vaf=58 1kf=4.2m Br=4 Nr=1 Var=5.8
Ikr=45u Rb=600 Irb=0.15m Rbm=30 Re=14 Rc=200 Xtb=1.5 Eg=1.20
Xti=2.5 Cje=40f Vje=0.77 Mje=0.24 Tf=30p Cjc=75f Vjc=0.65
Mjc=0.32 Xcjc=1 Tr=100p Cjs=0.24p Vjs=0.45 Mjs=0.26)

model wp102c pnp (1s=0.183f Bf=89 Nf=1 Vaf=13 Ikf=0.5m Ise=0.37f Ne=2 BR=17
Nr=1 Var=10 lkr=0.4m Isc=1.4f Nc=2 Rb=80 Irb=10 Rbm=0 RE=25
Rc=150 Xth=1.5 Eg=1.20 Xti=2.5 Cje=95f Vje=0.67 Mje=0.34
Tf=90p Cjc=387f Vjc=0.70 Mjc=0.40 Xcjc=0.3 Tr=1n Cjs=0.60p
Vjs=0.52 Mjs=0.31)

The Nelsis IC Design System
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