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1. Introduction

In this report an interictive design system for integrated
circuits C(IDS) is outlinec. The system is presently under
construction within a scftware project in which participate the
researchgroup £S of the departsent of EE and the computing
centre of the THE. The folloxing persons are active within this
project:

Je Jess (ES)

K. Delhij (ESs student for master degree)
LsRe A. Kessener {(Compe.Centre)

Th. van Qoyen (ES» student for master degree)
Xe Timmermans (ESe student for master degree)
M. van der Noude (Comp.Centre)

The design system has to te as portable as possible
between BIF00 and PDPL1T60, it has to be usable for IC~design
for the planned *IC-production unit® at the THE. The system is
to be part of the *NELSIS*-systes [1) in which co-operate the
Lutch Universities of Technology of Delfts Eindhaven and
Jwente. The designs produced with this systea have to be
portable to facilities of the N.V¥. Philipss, preferable at each
stage of the design. Therefore a2 number of its requirements are
given. Further it is intended to co~operate within this project
with Philips Physicat Laborstory, so 3 number of the described
requirements are the result frowm discussions with Philips.

kithin the NELSIS-project it has been agreed to cefine in
the near future standardized design description languages. We
distinguish:
- Netuwork Description Language (NOL)

Symbolic layout description language (SLDL)

~ Ceometric layout description tanguage (GLDL)

These languages», still toc be defineds will serve as input
languages for 1IDS», besides finteractive input uith graphics
terminals.

At the THE within the group €S there is a project goings
in which a ne twor k stzutator is designed based aon
Pieceuwise-Linear Modelling (2. The aim is a sixed=mode
mixed-level simulator, which can sinulate integrated circuits
from circuit level to logic 1level and to behavioural 1level.
This PWL simulator will become in future part of IDS. However
it wilt not be discussed hered in this report we will
concentrate on the design and verification of [.C. layouts.
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2« Design Description Languages

A global sketch c¢f the design process of an integrated
circuit is given in fig. 1. ARoughly four stages can be
distinguished. In general the design process uill be iterative.
both top down and bottos up. The four glcbal stages are:

- behaviaural specification

Usually this is nat doneg in 3 formal way. To formalize this
behavioural specification oane needs a "Behavioural Specifi-
cation Language™ (BDLP». Existing examples arez ISPS ([313,
behavioural section of HOL (41, From the behavioural
specifications, formalized or not it has to be possible:

« to derive functional tests

« to verify sisulation results

- netuork definition

The netuork is formadly described in a Network Description
Language (NDL). Existing exasples of a NDL are SPICEs» HOL
and TEGAS. From the KDL description of a network it has to
be possibles

« to simulate the circuit

- to design testpatterns

« to design and verify the layout

= layout design
The layout design will be distinguished into tuo levels:
- symbolic Llayout design (*STICKS~level*) described in
SLCL (Symbolic tayout Cesign Language)
« gecmetric layout design (mask-level) described in G6LDL
(Geometric Layout Design Language)
An example of an existing SLDL is ICDL [5)» exasples of
existing GLDOL%s avre CIF (6] snd CIRCUITMASK €7). The latter
is used within the Philips concern. From SLDL there is a
translation possible to GLCL, but not conversely, since in
GLDL aore exotic geometries of layout coamponents are
permitted.

Ne will concentrate {in this report on SLDL and GLDL»
discuss relations wuwith NDL and leave BDL {for the future. Also
we wilt not pay attention to testing stestability and test
pattern generation though these subjects have to be carried in
mind during atl stages of the designe. The following
requirements are desired for NDL, SLDL and GLDL:

- agreed standards
= hierarchical structuring and separation
- saee hierarchical structure for one design
as far as possible
The benefits are:
- design sharing due to portability of textfites
= facility sharing
- design editing with texteditors s possible
- sinple design verification by mapping hierarchical
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structures onto each other

- if domain overlap of different cells is restricted

te a

ligited nuamber of special cases layout verification with

the circyit description and with the designrules

can be

done per compound cell, i.0. the required computing

resources increase ULlinear «ith the length
description.

Finally standard design Ulanguages are 3 necessary
sufficient condition for portazble software.

FUNCTIONAL
TEST BEHAVIOURAL BDL
< SPECIFICATION (ISPS)
g NETWORK ) SIMULATION
2 \
B DESIGN
e TEST PATTERN NDL
l GENERATION NETWORK (SPICE,TEGAS)
€ DEFINITION
LAYOUT LAYOUT
S
DESIGN Y VERIFICATION
I LAYOUT SLDL (ICDL)
&4 IC~MASKS GLDL
g (CIF, CIRCUIT~
= MASK)
[
CHIP
< MANUFACTURE

TEST

fige 1 Design process of an integrated circyit.

of the

but not
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3. Hierarchic2{ Design Data Structucre.

he have seen in the previous section that it is
advantageous to make <designs of integrated circuits in 2
hierarchical way. In fact» when circuits are very large, it may
te the only way of desigr within ressaonable time and within
reasonable use of (computer ard human) resources. Houever ye
have to pay for these advantages by:

- some loss in efficiency of chip arear due to necessary
domain separation (8)

- restricted freedoa in design

- more conservative design rules especially at domain
boundaries

In fig. 2 we give a schematic example of a chip layout
with a hierarchical structure. In fig 3. the graph representing
this hierarchical structure is given. A (directed) edge in this
graph corresponds with an #nstant call of a cell, a node
corresponcs with a coapound or leaf cetl defirition.

Note:The graph is not a tree and it is acyclic.

CHIP
REG
FF
=3
ADDER
)
REG

Fige 2 Example of hierarchical chip layoute.
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It will
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than one GLDL-version of one SLOL compourd.
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in section S the internal datastructure for SLDL.
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4, The symbolic layout editor of IDS

The purpose of symbolic layout design is to deliver the
designer from the evil of superfluous detail. Therefore the
geometry in a symbolic layout design environment is represented
in a sysbolic way. The advantaqes of sysbolic design are
well-known:

- des ign rule check simplified by the wuse of sysbclic
design rules

- dincremental design rule check is possible

- computer=-tools such as compactoe and router are easy made
available

- dincrease in design speeds, {in {14) 8lack and Hardage
repart a reduction in design time of about a factor 10

These advantages have to bte paid for by some loss in area
efficiency due to some restrictiens in design freedom. Houwever
ty wmaking building blocks detined in GLDL accessabte, this loss
can be overcome to a great extent. It is expected that the only
feasible way to design layouts of YLSI size will be by sysbolic
seans.

It is important that the symbolic pictures Look Like the
geometric ones. The designer must be able to predict from the
symbolic layout how the ultiwate mask Llayout will ook like.
Y¥aricus ways of symbolic drawing have Lteen proposed [9), 1101,
{111 with topolegical or virtual grids. However as in [12], 1and
[13) we prefer a geometric grid for representing sygbolic
layoutss to meet the atove mentioned requirenent of
predictab ility. 0One grid unit (lambda) «ill be a characteristic
minisatl distance of the design wrulesr e.g. a3 half ainimal
linewidth.

The basic building bricks or (eave cells in the sysbolic
laycut environment are called STICKs. We distinguish the
following types of STICKs:

= Linepieces of various typesr €.49. metalrpolysilicon and
diffusion. Since a linepiece is only in one Llayer and s
always rectangular it can be defined by instantiation. All
other STICK cells wexcept for text strings have to be
defined before they can te placed.

= ¥ias to go from one layer tc another.

- Contacts or pins of different Layers to indicate locations
on the boundaries of compound cells were connections to
the outside world can be made.

- Shareoc DbDuses to denote areas where coampound cells m3y
over lap.

- Depletion type M0OS transistorse.

- Enhancement type K0S transistarse

- Other elepents to be defined when necessary» e.g. bipolar
devices.

- Text strings to be plotted as comment on screen or 23ske.
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Fach of these basic building bricks is represented on the
screen in a symbolic way. In tig. 4 some STVTICK-represertations
are gsiven.

L LeA
e === P
w S j O
X1 weA S e e
5 -
D-M viA (0D,CO,iN) P 1
N GEOME TRY TRANH b
N OF via W,
( MicRowv)
P-M via (Ps co,IN) HORIZONTAL DRIWER TRANSISTOR
CENHAVCREMENT TypPR D
X
L
Lo ++ oD ps
Bur viA (0D,C5,PS) 5T \ -"-'"":/‘/’”'-
B R wik
L ] Sl I‘” e I
METAL — — — — — (I N+h R
GEOME TRY
DIFE —__ (oD) LOADYV |___|
OF LINEPIECE 7}
POLY ~-----mw-= (PS5 VERTICAL LOAD TRANSISTOR
(DEPLETION TYPER)

Fige & Symbols and &ayout of some STICK cells.

- A linepiece is indicated by its centerline »the physical
dimensions can be cbtained by blowming it up (see fig. &)
by a distance of half its width. If no color graphics is
available distinction of Llinetypes can te made by various
ways of dashing. The linewidth cannot be read froam such a
symbolic representation.

- The symbols of viss pin anc transistor indicate their
characteristic length and width. The exact geometric
representation may be obtained either by specifying it via
a GLOL description or in a default way by the editors see
belo&.

As a composite buitding trick we use the (cospound) cell
or shortly compound. Such a cell is built up of other cells and
STICKs. It may be represented on different hierarchical levels.
The hierarchical level witl te indicated by 3 figure called
level nuabere ranging from 0 upwacds. The higher this level
rumber the more detail. If & compound is drawn on tevel 0O then
its surrounding rectangler, its pins and its name are drawn. On
level 1 in addition its STICKs and 3ll instantiated compound
cells are drawn on level 0, and the name is suppressedr, etc.
khen a compound cell defined within GLDL is instantiatec» its
GLDL name (which way differ from its SLDL name)s surrounding
rectangle and pins (names and lociations) have to be providec tc
the editor. Uf course there is only one leyel of drawing
possitle in this case.
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The composition of symbolic layouts is gouverned by a set

of symbolic design cules. Jo keep the design hierarchical ue

have

to take care that interaction of STICK and comrpound cells

cccurs only in an allowed way, i.e. by means of pins and shared
buses T{171. The following symtolic design rules are proposed:

Cell boundaries except shared buses are separated from
masks by a distance lagbdarsuch that 2 & lasbda is
sufficient separation between figures of any layer. Only
at pins and shared buses» linepieces of the outside wortid
may overtap the cell boundarys, these linepieces have to
approach the cell perpendicular to its boundary. The
overlap in case of pins has to be half the width of the
pins in case of shared buses overlap may be only on the
shared buses.

Separation of STICKs 1is gouverned by the physical design
rules. A table with design rules has to be available
within the editor.

= Lipepieces may be connected to each other by complete

abutwent or by cosplete cverlap at at mcst one of the ends
(see fig. 5

COMPLETE COMPLETE COMPLETE
ABUT MENT OVERLAP OVERLAP
____________ - e
} + «— ALIOWED
' i i
f | I
| 1 |
| | |
1 L
-
! NOT
[ I ALLOW
""""""""" | -£D
J ! I -—
} |
| : |
: 1 1 -
INCOMPLETE INCOMPLETE  COMPLETE oVvERLAP
ARUTMENT OVERLAP BuT NOT AT END

Fige S Interconnection of linepiecesa
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There 3re two ways of c¢iving the sask information of a
STICK cell. One way is by having it generated by the
symbolic editor.In this c3se the characteristic geometry,
together with the set of design rules is wused to derive
the layout. Another way is to provide 2 description of the
STICK layout in G6LLL. In this case the GLOL namesr, the type
and the surrounding rectangle of the STICK have to be
provided to the editor. %e uwill refer tc these two cases
respectively by "default STICK™ and "GLDL STICK"™.

The editor has a nuamber of graphics operations available:

Input via menu (comamands 3and numters). keyboard (names).,
and digitizer.

Manipulation commands such as modifys, placer deltete and
unda .

Drawing commands with hiersrchical level nusber», zo0m=-in
and zocom-out facilities.

Expansion of any coapound cell in a drawing tc one
hierarchical lLevel deeper.

Unpack i.e. replace a compound cell instance in the
database by its contents.

Iranslate an internal sysbotic description of a design to
a GLDL description

Plot a drawing on one of the available plotters.

To make these operations possible all design data have to

be stored in a hierarchical design database which has to be

well

organized in order to enable:

quick accesss necessary for interactive wmork
future extensions easy te be impleaented

- compilation of a design described in SLCL to the internal

databasee.

Iin the following section we give an outline of the

froposed database.



THE-RC 50403 - 10 -

Se Internal Datastructure of the Symbolic Design-Database.
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Basically the internal datastructure is a mapping of the
graph representing the hierarchical logéic structure (see e.g.
fige. 3) of the design. ke represent this wmapping by a
bidirectionally chained list of variable Length recordss stored
in a file called STRLCTURE. Each record contains a sequence of
words of 3t least 32 bits or & <characters. Besides that ue
maintain two directories and three lists:

- CELDIR coentaining a directory of compound
' cells and STICK definitions
= NAMELISY containing names of cell instancese
nets and pins
- NDLLISY containing names of NOL cells,

these names =may differ froas
their SLDL counterparts

GLELLIST cantaining nawes of GLDL cells,
these names wmay differ from
their SLOL counterparts

Any record in STRUCTURE contains:

<integer> denoting length of record in words
<integer> denoting type of record

<pointer> to previous record

<pointer> to following record

<bady>

The <body> contains data depending on the type of the
record and is described below for each type:

type 1: begin compound cell definition

¢body»? <€pointer> to end compound cell record
<pointer> to compound name in CELLCIR
<pointer> to start of pin sectian
<pointer> to start of net section
<pointer> to start of instant call section
€h2 njll> reserved for future use

If one section is empty the corresponding <pointer> has
the vatue nitll. If there is only a CLOL description the pin
section should be filled praoperly. If the pins 3re explicitly
defined within GLDL then this is no protlea. So it follows as a
requirerent for GLOL that it has to be possible to indicate
pins explicitly.
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type 2: begin of net cell definition

<body>: <pointer> to end net cell record
<pointer> to netname in NAMELIST

<pointer> to start of pin section of that net
<pointer> to start of net description

type 32 end compoundr net or STICK cell
<hody>: empty

type 42 end data structure

<tody>: empty

type 53 call of stick or compound cell

<body>: <position>
<pointer> tc directory record in CELDIR
<pointer> to cell definition record ir STRUCTURE
<pointer> to instant name in NAMELIST
<trafo>
<rep info>

type 62 linepiece record

<tody>: <layer>
<yidth> of Linepiece
<startpoint>
cendpoint>
<trafo>
<rep info>

type 7: text record

€body>»? <position>
<layer>
<nuaber of chars>
<char height>
<string> containing text to be displayed

The types with numbers of 20 anc¢ higher #indicate definitions of
STICK cells. The <bady> of a2 STICK cell is of the form:

<hody>: <pointer> to end STICK cell record
€pointer> to name of STICK in CELODIR
<layer> indicatirg layers of the STICK in use
<pointer> to start of pin section
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The folloking types of SYICK definfitions are distinguis~
hed:

type 202 pin definition

type 302 shared bus definition

type 402 via definition

type 50: depletion transistor definpition
type 60 enhancement transistor definition

The additional directories and lists 3are in general auch
smatler than STRUCTURE. They are built up as sequential files
with f€fixed 1length recoerds. The contents of the recorcs are
respectively:

- CELDIR
<name> denoting the name of the compound cell
<box> surrounding rectangle

<pointer> to the celi detfinition in STRUCTURE
<integer> denoting the number of its instances
<pointer> to the cell=-name in NDLLIST
<pointer> to the cell~nage in GLOLLIST
<wor d> denoting the design status of the cell
Lto indicate e.3. GLDL description present,
NDL description presentr, etc.)

- NAMELIST
<name> of cell instance or net
-~ NDLLIST C(GLOLLIST)

<name> of NDL (GLDL) cell
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6. Compaction

One tool that may be useful in combination with a sysbalic
tayout editor s a compactor. A coapactor can shift the
elesents of 3 symbolic layocut together in either X or Y
direction such that ¢the Ulayout diwmension in that direction
becomes minimal without violation of design rules.

Various methods for compaction exists the methods depend
heavily on the syabolic eepresentation. E.g. in the virtual
grid compaction method which is used in the NULGA system {51,
the nminisum distance betuwsen each two adjacent virtual grid
lines is determinad and so the (symbolic) virtuat grid layout
is converted to 3 geometric grid layout. A similar method has
been used by Williams ((91. In our case the compaction is
started with a geomebtric grids but still we could use the same
methods. However §f it §s alsc atlowed to shift only a part of
the elements on one grid line a more optimal result say be
reachec. We will consider the following two methods:

~ The constraint graph method (Hseuh {151).
= Shear line or Compression vridge compaction (Akers (16],
Ounlep £101).

In the constraint gragh method elements 3re partitioned
into groupse £.9. with horizontal coampaction two elements are
in one group if they are connected by a vertical linepiece.
Croups may shift with respect to each other, during horizontal
compaction horizontal 1linepieces are allowed to change length.
The minimur distance between two groups §is determined €roa the
design rules. These minisum distances are assigned to edges of
the constraint graphe the nodes of which are the groups. The
direction of the edges corresponds wxith the position of the
groupss» €.Ge. if group 1 is situated at the right of group 2 the
corresponding edge is directed fraom 2 to 1. ,

The minimal (corpacted) geometry can be found by
calculating longest paths in the constraint graph. So each
groug i is placed a distance to the right of group 0, given by
the longest path in the constrained graph frcm node 0 to node i
(it is assumed ¢that node 0 is the fixed left side of the
cospcund to be compacted).

The canstraint graph method is of complexity nv*2, yhere n
is the number of layout edements since each element has to be
checked with all other elements for grouping and constraint
deterrination.

Note:
= The results after compaction can be «ce-edited because
before and after compaction we have a synmbolic layout  with
geometric information. When compaction is conversion fronm
syasbolic to geometric layout re~editing with the sysbolic
editor is not possible.
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- The first step of the compaction process can be usec as
design rule check.

This compaction method may be jmproved by jog insertion
which can be done interactively or autaomatically. A problea
with this method is that orly constraints of the “"minimal
distance™ type can be handled. In practice there are also a lot
of constraints of type “distance between minimsum and wmaximua®.
E~ge a via connecting tuwuo wires of different tayers. These
minizax constraints cecur also when layouts on higher
hierarchical levels have ¢to be compacted. These probleas have
partially been solved by Mostelter €131, however no algorithes
have bteen published.

The Shear Lline compactiorn methods <compacts 1layouts by
searching for "compression ridges® which nmay be clipped out.
When fully automatic the method is time consuming (10] due to
the probler of "dead alleys™ which give rise to backtracking.
it may be wuseful to use a combination of both methods with
manual interaction to overcome tong response times.

A problem related to coapaction #is "pitchmatching®. [t is
often necessery that cells pin each other by abutment. If the
pFitches of the pins on each of the cells differ one would Like
stretching or compacting cells such that pins abut. It has to
be examined if an operation "stretch™ can be defined which is
in some sense the inverse of compact. A method of pitcheatching
has been iaplemented in the MLLGA systes (S). The topics of
compaction, stretching and pitch matching remain subjects for
future research.
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7. Layout Verification

Since human beings are error prone it is likely that
layouts designed with a sysbolic editor caontain errors. Tools
should be available for layout verification. The tayout can be
verified with respect to:

= design rules
- circuit descriptior
-~ additional errors.

If all wsequirements of hierarchical separation have been
satisfied design rule check and circuit verification may be
done compound cell wise. By verifying the sysbolic design rules
compourd celt wise (see section S} it is ensured that wost
physical design crules are satisfied [83. This verification may
be done in an ®"incremental™ waye. Design rule check may also be
done by the cospactor.

For circuit verification it may be necessary to indicate
in the database Llogic equivalence of (sets of) circuit
elesentss and of (sets of) signals. This and other extensions
can be pmace to the database by including new sections in the
definitions of compound cells. There is a relation between
circuit verification and the NDL Language and database in which
the circuit is describeds This is & subject for further
research.

Acditional errors which cannot be found by circuit and
design rule verification may occur. Exaaples are:

= errors on powerdine interconnects

- @rrors in the network definitions especially those that
cannot be found by simulztion. Scwe of these errors may be
detected by test pattern generatian (e.g. stuck=-at faults
that cannot bhe propagated to the output)d.

All the probleas mentioned above concerning layoyt
verification have to be examined and solved. We believe that
the struture of the symbolic design database is sufficiently
flexable to store the required datas.
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