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Preface

This manual is a language reference for users of the Cadence® Library Exchange Format
(LEF) and Design Exchange Format (DEF) integrated circuit (IC) description languages.

LEF defines the elements of an IC process technology and associated library of cell models.
DEF defines the elements of an IC design relevant to physical layout, including the netlist and
design constraints. LEF and DEF inputs are in ASCII form.

This manual assumes that you are familiar with the development and design of integrated
circuits.

This preface provides the following information:
m What's New on page 9

m Typographic and Syntax Conventions on page 9

What’s New

For information on what is new or changed in LEF and DEF for version 5.8 see What’s New

in LEF/DEF.

Typographic and Syntax Conventions

This list describes the conventions used in this manual.

text

Words in monospace type indicate keywords that you must enter literally. These
keywords represent language tokens. Note that keywords are case insensitive. They are
shown in uppercase in this document, but a keyword like LAYER can also be Layer or
layer in a LEF or DEF file.

variable

Words in i talics indicate user-defined information for which you must substitute a
name or a value.

April 2019 9 Product Version 5.8
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Preface
objRegExpr
An object name with the identifier objRegExpr represents a regular expression for the
object name.
pt

Represents a point in the design. This value corresponds to a coordinate pair, such as x
y. You must enclose a point within parentheses, with space between the parentheses and
the coordinates. For example,

RECT ( 1000 2000 ) ( 1500 400 ).

Vertical bars separate possible choices for a single argument. They take precedence
over any other character.

[ ]
Brackets denote optional arguments. When used with vertical bars, they enclose a list of
choices from which you can choose one.

{r ...
Braces followed by three dots indicate that you must specify the argument at least once,
but you can specify it multiple times.

{1}
Braces used with vertical bars enclose a list of choices from which you must choose one.

Three dots indicate that you can repeat the previous argument. If they are used with
brackets, you can specify zero or more arguments. If they are used with braces, you must
specify at least one argument, but you can specify more.

A comma and three dots together indicate that if you specify more than one argument,
you must separate those arguments with commas.

Quotation marks enclose string values. Write quotation marks within a string as \ ". Write
a backslash within a string as \\.

Any characters not included in the list above are required by the language and must be
entered literally.
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LEF Syntax

This chapter contains information about the following topics:

B About Library Exchange Format Files on page 12

O General Rules on page 12

O Character Information on page 13

O Name Escaping Semantics for LEF/DEF Files on page 13

@ Managing LEF Files on page 13
0 Order of LEF Statements on page 14

m LEF Statement Definitions on page 14

Bus Bit Characters on page 15
Clearance Measure on page 15
Divider Character on page 15
Extensions on page 16

FIXEDMASK on page 16

Layer (Cut) on page 159

Layer (Implant) on page 376

Layer (Masterslice or Overlap) on page 388
Layer (Routing) on page 424

Library on page 18

Macro on page 63

g 0 o O U U o U o

O Layer Geometries on page 101

O  Macro Obstruction Statement on page 107
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LEF/DEF 5.8 Language Reference
LEF Syntax

O Macro Pin Statement on page 110

Manufacturing Grid on page 123
Maximum Via Stack on page 124

Nondefault Rule on page 124
Property Definitions on page 129
Site on page 131

Units on page 133

Use Min Spacing on page 136

Version on page 136

Via on page 137
Via Rule on page 148

g 0 o v b b v o U o

Via Rule Generate on page 150

About Library Exchange Format Files

A Library Exchange Format (LEF) file contains library information for a class of designs.
Library data includes layer, via, placement site type, and macro cell definitions. The LEF file
is an ASCII representation using the syntax conventions described in “Typographic and

Syntax Conventions” on page 9.

General Rules

Note the following information about creating LEF files:

m Identifiers like net names and cell names are limited to 2,048 characters.
m Distance is specified in microns.

B Distance precision is controlled by the UNITS statement.

[

LEF statements end with a semicolon ( ; ). You must leave a space between the last
character in the statement and the semicolon.
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Character Information

For information, see Character Information on page 699 in the DEF Syntax chapter.

Name Escaping Semantics for LEF/DEF Files

For information, see Name Escaping Semantics for Identifiers on page 700 in the DEF Syntax
chapter.

Managing LEF Files

You can define all of your library information in a single LEF file; however this creates a large
file that can be complex and hard to manage. Instead, you can divide the information into two
files, a “technology” LEF file and a “cell library” LEF file.

A technology LEF file contains all of the LEF technology information for a design, such as
placement and routing design rules, and process information for layers. A technology LEF file
can include any of the following LEF statements:

VERSION statement]
BUSBITCHARS statement]
DIVIDERCHAR statement]

UNITS statement]
MANUFACTURINGGRID statement]
USEMINSPACING statement]
CLEARANCEMEASURE statement ;]
PROPERTYDEFINITIONS statement]
FIXEDMASK ;]

LAYER (Nonrouting) statement
| LAYER (Routing) statement]
[MAXVIASTACK statement]

[VIA statement]

[VIARULE statement]

[VIARULE GENERATE statement]

[

[

[

[

[
[
[
[
[
[
[
[
[
[

NONDEFAULTRULE statement]
SITE statement]

BEGINEXT statement]

END LIBRARY]

A cell library LEF file contains the macro and standard cell information for a design. A library
LEF file can include any of the following statements:

[VERSION statement]
[BUSBITCHARS statement]
[DIVIDERCHAR statement]
[VIA statement]

[SITE statement]
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[MACRO statement

[PIN statement]

[OBS statement ...] ]
[BEGINEXT statement]
[END LIBRARY]

When reading in LEF files, always read in the technology LEF file first.

Order of LEF Statements

LEF files can contain the following statements. You can specify statements in any order;
however, data must be defined before it is used. For example, the UNITS statement must be
defined before any statements that use values that are dependent on UNITS values, LAYER
statements must be defined before statements that use the layer names, and vIa statements
must be defined before referencing them in other statements. If you specify statements in the
following order, all data is defined before being used.

VERSION statement]

BUSBITCHARS statement]
DIVIDERCHAR statement]

UNITS statement]
MANUFACTURINGGRID statement]
USEMINSPACING statement]
CLEARANCEMEASURE statement ;]
PROPERTYDEFINITIONS statement]
FIXEDMASK ;]

LAYER (Nonrouting) statement
| LAYER (Routing) statement]
[MAXVIASTACK statement]
[VIARULE GENERATE statement]
[VIA statement]

[VIARULE statement]
[
[
[

[
[
[
[
[
[
[
[
[
[

NONDEFAULTRULE statement]
SITE statement]
MACRO statement

[PIN statement]

[OBS statement ...]1]
[BEGINEXT statement]
[END LIBRARY]

LEF Statement Definitions

The following definitions describe the syntax arguments for the statements that make up a
LEF file. Statements are listed in alphabetical order, not in the order they should appear in a
LEF file. For the correct order, see “Order of LEF Statements” on page 14.

April 2019 14 Product Version 5.8



LEF/DEF 5.8 Language Reference
LEF Syntax

Bus Bit Characters

[BUSBITCHARS "delimiterPair" ;]

Specifies the pair of characters used to specify bus bits when LEF names are mapped to or
from other databases. The characters must be enclosed in double quotation marks. For
example:

BUSBITCHARS " []"

If one of the bus bit characters appears in a LEF name as a regular character, you must use
a backslash (\) before the character to prevent the LEF reader from interpreting the character
as a bus bit delimiter.

If you do not specify the BUSBITCHARS statement in your LEF file, the default value is “ [1".

Clearance Measure

[CLEARANCEMEASURE {MAXXY | EUCLIDEAN} ;]

Defines the clearance spacing requirement that will be applied to all object spacing in the
SPACING and SPACINGTABLE statements. If you do not specify a CLEARANCEMEASURE
statement, euclidean distance is used by default.

MAXXY Uses the largest x or y distances for spacing between objects.

EUCLIDEAN Uses the euclidean distance for spacing between objects. That is,
the square root of x° + y2.

Divider Character

[DIVIDERCHAR "character" ;]

Specifies the character used to express hierarchy when LEF names are mapped to or from
other databases. The character must be enclosed in double quotation marks. For example:

DIVIDERCHAR " /"

If the divider character appears in a LEF name as a regular character, you must use a
backslash (\) before the character to prevent the LEF reader from interpreting the character
as a hierarchy delimiter.

If you do not specify the DIVIDERCHAR statement in your LEF file, the default value is » /.
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Extensions

[BEGINEXT "tag"
extension

ENDEXT ]

Adds customized syntax to the LEF file that can be ignored by tools that do not use that
syntax. You can also use extensions to add new syntax not yet supported by your version of
LEF/DEF, if you are using version 5.1 or later.

extension
Specifies the contents of the extension.

n tag n
Identifies the extension block. You must enclose tag in double quotation marks.

Example 1-1 Extension Statement

BEGINEXT "1VSI Signature 1.0"
CREATOR "company name"
DATE "timestamp"

REVISION "revision number"

ENDEXT

FIXEDMASK

[FIXEDMASK ;]

Does not allow mask shifting. All the LEF macro pin mask assignments must be kept fixed
and cannot be shifted to a different mask. The LEF macro pin shapes should all have MASK
assignments, if FIXEDMASK is present. This statement should be included before the LAYER
statements.

For example,

MANUFACTURINGGRID 0.001 ;
FIXEDMASK ;
LAYER xXxXX

Some technologies do not allow mask shifting for cells using multi-mask patterning. For
example, the pin and routing shapes are all pre-colored and must not be shifted to other
masks.
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Layer (Cut)

Defines cut layers in the design. Each cut layer is defined by assigning it a name and design
rules. You must define cut layers separately, with their own layer statements. For details, see
the following chapter:

m LEF Syntax - Layer (Cut) on page 157

Layer (Implant)

Defines implant layers in the design. Each layer is defined by assigning it a name and simple
spacing and width rules. For details, see the following chapter:

m LEF Syntax - Layer (Implant) on page 375

Layer (Masterslice or Overlap)

Defines masterslice (non-routing) or overlap layers in the design. For details, see the following
chapter:

m LEF Syntax - Layer (Masterslice or Overlap) on page 387

Layer (Routing)

Defines routing layers in the design. Each layer is defined by assigning it a name and design
rules. You must define routing layers separately, with their own layer statements. For details,
see the following chapter:

m LEF Syntax - Layer (Routing) on page 421
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Library

Defining Library Properties to Create 32/28 nm and Smaller Nodes Rules

You can include library properties in your LEF file to create 32/28 nm and smaller nodes rules
that currently are not supported by existing LEF syntax. The properties are specified inside
the PROPERTYDEFINITIONS statements.

B The property names used for these rules all start with LEF58_.

All properties use the following syntax within the LEF PROPERTYDEFINITIONS statement:

PROPERTYDEFINITIONS
LAYER propName STRING ["stringValue"]

END PROPERTYDEFINITIONS

The property definitions for the library properties are as follows:

PROPERTYDEFINITIONS
LIBRARY LEF58_ANTENNAMAXCUMAREA STRING ;
LIBRARY LEF58_CONSTRAINTLENGTH STRING ;
LIBRARY LEF58_CELLEDGESPACINGTABLE STRING ;
LIBRARY LEF58_CELLVARIANTS STRING ;
LIBRARY LEF58_CUTMASKTRACK STRING ;
LIBRARY LEF58_FINFET STRING ;
LIBRARY LEF58_IMPLANTGROUP STRING ;
LIBRARY LEF58_LAYERMASKSHIFT STRING ;
LIBRARY LEF58_MAXFLOATINGAREA STRING ;
LIBRARY LEF58_ MAXVIASTACK STRING ;
LIBRARY LEF58_METALWIDTHTRACK STRING ;
LIBRARY LEF58_ METALWIDTHVIAMAP STRING ;
LIBRARY LEF58_OALAYERMAP STRING ;
LIBRARY LEF58_PGVIATRACK STRING ;
LIBRARY LEF58_STACKVIALAYERRULE STRING ;
LIBRARY LEF58_STACKVIARULE STRING ;
LIBRARY LEF58_TAPDISTANCE STRING ;
LIBRARY LEF58_TRIMMETALTRACK STRING ;
LIBRARY LEF58_VOLTAGEMODE STRING ;

END PROPERTYDEFINITIONS
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Antenna Maximum Cumulative Area Rule

You can create an antenna maximum cumulative area rule to specify the maximum
cumulative area of all layers to gate, which is not connected to the diffusion diode.

You can define an antenna maximum cumulative rule by using the following
PROPERTYDEFINITIONS statement:
PROPERTYDEFINITIONS

LIBRARY LEF58_ANTENNAMAXCUMAREA STRING
"ANTENNAMAXCUMAREA value [RANGE bottomLayer topLayer]

o .
7 7

END PROPERTYDEFINITIONS

Where:

ANTENNAMAXCUMAREA value

Specifies the maximum possible cumulative area of all layers,
which is not connected to the diffusion diode, to be less than or
equal to value. This would include floating metal that does not
necessarily connect to a gate yet. The gate connection is done
through a metal layer above the floating metal.

Type: Float, specified in microns

RANGE bottomLayer topLayer

Specifies the maximum possible cumulative area between the
given bottomLayer and topLayer.
Type: Float, specified in microns squared

Constraint Length Rule

You can create a constraint length rule to define the horizontal and vertical length of the
concatenated constraint area. You can define a constraint length rule by using the following
PROPERTYDEFINITIONS statement:

PROPERTYDEFINITIONS
LIBRARY LEF58_CONSTRAINTLENGTH STRING
"CONSTRAINTLENGTH lIength {MAX|MIN} [HORIZONTAL|VERTICAL]
CONSTRAINTAREATYPE {typeName | VERTICALCELLEDGESTACK
| HORIZONTALCELLEDGESTACK }

n

END PROPERTYDEFINITIONS
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Where:

CONSTRAINTLENGTH length {MAX|MIN}
CONSTRAINTAREATYPE typeName

HORIZONTAL|VERTICAL

Specifies the horizontal and vertical length of the concatenated
constraint area with type typeName defined in
CONSTRAINTAREATYPE in MACRO must be less than 1ength
in MAX or greater than Iength in MIN.

Type: Float, specified in microns

Specifies that the constraint length rule applies only on the
given direction of either HORIZONTAL or VERTICAL.

HORIZONTALCELLEDGESTACK

Specifies that aligning any horizontal (top or bottom) cell edges
would be subjected to this length constraint. MAX and
HORIZONTAL must be defined for this predefined constraint
type, which does not require CONSTRAINTAREATYPE to be
defined in any MACRO.

Type: Float, specified in microns

VERTICALCELLEDGESTACK

Specifies that aligning any vertical (right or left) cell edges
would be subjected to this length constraint. MAX and
VERTICAL must be defined for this predefined constraint type,
which does not require CONSTRAINTAREATYPE to be defined
in any MACRO.

Type: Float, specified in microns

Cell Edge Spacing Table Rule

You can create a cell edge spacing table rule to define a spacing table between two macro
edges having different edge types.

This cell edge spacing table must be defined before reading in the MACRO definition with
defined EDGETYPE in cell LEF files.

You can define a cell edge spacing table rule by using the following PROPERTYDEFINITIONS

statement:

PROPERTYDEFINITIONS

LIBRARY LEF58_CELLEDGESPACINGTABLE STRING
"CELLEDGESPACINGTABLE [NODEFAULT]
{EDGETYPE {edgeTypel | DEFAULT}

April 2019
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{edgeType2 | DEFAULT} [EXCEPTABUTTED]
[OPTIONAL | SOFT | EXACT] spacing} ...

END PROPERTYDEFINITIONS

Where:

CELLEDGESPACINGTABLE
{EDGETYPE {edgeTypel | DEFAULT}
{edgeType2 | DEFAULT} spacing}...

Defines a spacing table between a macro edge with type
edgeTypel and another macro edge with type edgeType?2.
The spacing is measured perpendicular from the edges. The
DEFAULT keyword represents a macro edge without a type. If
there is no spacing defined between the two types, it indicates
that there is no spacing constraint (or 0.0 um) between them.
Type: Float, specified in microns

EXACT Specifies that it is a violation only when the spacing is exactly
equal to spacing.

EXCEPTABUTTED Specifies that two abutted macros of the given edge types are
also allowed.

NODEFAULT Specifies that DEFAULT should not be defined in the spacing

table, and all the edges of any standard cell macros (with a
SITE thatis CLASS CORE) must have EDGETYPE property
defined on both sides.

OPTIONAL Specifies that the corresponding spacing constraints are
optional. Users can use certain placement option to indicate
whether those constraints should be observed or not.

SOFT Specifies that the corresponding spacing constraints are soft.
This means that the tool has the freedom to honor the
constraint with certain efforts. If the constraint will disturb the
placement quality too much, the tool can choose to ignore the
constraint.

Cell Edge Spacing Table Rule Examples
B The following rule indicates that:

a 0.1 um is the spacing between a macro edge with type GROUP1 and a macro edge
with type GROUP2. Abutting the two macros is also allowed.
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O 0.2 ym is the optional spacing between two macro edges with type GROUP1; a
certain placement option controls whether or not it is honored.

a 0.3 ym is the spacing between a macro edge with type GROUP2 and a macro edge

without a type.

Q 0.4 pmis the soft spacing between two macro edges with type GROUP2, which would
be ignored if placement quality is impacted too much.

@ 0.5 pmspacingis not allowed between a macro edge with type GROUP1 and a macro
edge without a type.

Q The rest of the combination of edges, DEFAULT to DEFAULT, do not have any
spacing constraint, or 0.0 ym.

PROPERTYDEFINITIONS
LIBRARY LEF58_CELLEDGESPACINGTABLE STRING
"CELLEDGESPACINGTABLE

EDGETYPE
EDGETYPE
EDGETYPE
EDGETYPE
EDGETYPE

GROUP1
GROUP1
GROUP2
GROUP2
GROUP1

END PROPERTYDEFINITIONS

GROUP2 EXCEPTABUTTED 0.1
GROUP1 OPTIONAL 0.2
DEFAULT 0.3

GROUP2 SOFT 0.4; ";
DEFAULT EXACT 0.5; ";

B The following rule illustrates the cell edge spacing rule for the given macro definition:

PROPERTYDEFINITIONS
LIBRARY LEF58_CELLEDGESPACINGTABLE STRING
"CELLEDGESPACINGTABLE
EDGETYPE GROUP1 GROUP1 0.001 ; ™ ;
END PROPERTYDEFINITIONS

April 2019
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Figure 1-1 lllustration of Cell Edge Spacing Rule

0.1
MACRO A MACRO A
0.1
0.1
MACRO A MACRO A
0.1
a) Violation, the blue edges of b) OK, the blue edges of GROUP1 do
GROUP1 should be 0.001 not overlap horizontally and there is
apart vertically or should not no constraint on GROUP2 although
overlap horizontally edges of GROUP2 overlap
Example of
MACRO A

Cell Variants Rule

PROPERTY LEF58_EDGETYPE "
EDGETYPE TOP GROUP1 RANGE 0 0.1 ;
EDGETYPE BOTTOM GROUP1 RANGE 0 0.1 ;
EDGETYPE TOP GROUP2 ;
EDGETYPE BOTTOM GROUP2 ; “ ;

END A

You can create a cell variants rule to specify the placement locations of electrically equivalent
(EEQ) cells.

You can define a cell variants rule by using the following PROPERTYDEFINITIONS statement:

PROPERTYDEFINITIONS
LIBRARY LEF58_CELLVARIANTS STRING

April 2019
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“CELLVARIANTS variantTotalNum [STARTVARIANT startVariant]
YFLIPMAP {flippedVariantNum siteVariantNum}...

END PROPERTYDEFINITIONS

Where:

CELLVARIANTS variantTotalNum [STARTVARIANT startVariant]
YFLIPMAP {flippedVariantNum siteVariantNum}...

Specifies the total number of variants of electrically equivalent
(EEQ) cells as variantTotalNum. The original cell master
MACRO without the EEQ construct will always have an implicit
variant number of 1. For each cell with EEQ, there should
always be variantTotalNum - 1 number of MACRO with
EEQ VARIANT, where EEQ refers back to the original cell
master and the VARIANT number should be between 2 and
variantTotalNum. The leftmost placement site of core area
is labeled as variant 1 or startVariant if STARTVARIANT iS
defined. The subsequent sites range from 2 to
variantTotalNumOr startVariant %
variantTotalNum + 110 (startVariant +
variantTotalNum - 2) % variantTotalNum + 1
and repeat back to 1 or startVariant. The non-Y-flipped
instances should be placed such that the cell variant number
matches the site variant number. Cells without any EEQ can be
placed on any site.

YFLIPMAP defines which Y-flipped variant number,
flippedVariantNum, should be placed on the site variant,
siteVariantNum, when an instance is Y-flipped. There
should be variantTotalNum pairs of variant values defined.
The variant pair values should be symmetrical. That is, if
flippedVariantNum of V1 is placed on
siteVariantNumof V2, flippedVariantNum of V2 is
placed on siteVariantNum of V1.

Type: Integer

Typically, this cell variant rule may vary for different cell libraries/
heights, and this library property would likely be defined in a cell
LEF or side LEF file, instead of a tech LEF file.

Cell Variants Rule Example

The following example illustrates the cell variant rule:

PROPERTYDEFINITIONS
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LIBRARY LEF58_CELLVARIANTS STRING "
CELLVARIANTS 3 YFLIPMAP 1 1 2 3 3 2 ; " ;

END PROPERTYDEFINITIONS

MACRO A

END A

MACRO A2

PROPERTY LEF58_EEQ " EEQ A VARIANT 2 ; " ;

END A2

MACRO A3

PROPERTY LEF58_EEQ " EEQ A VARIANT 3 ; " ;

END A3

Figure 1-2 lllustration of the Cell Variants Rule

Non-flipped A should be placed on
site variant 1 and non-flipped A2
should be placed on site variant 2.
Flipped A should still be placed on
site variant 1 and flipped A3 should

CORE

Macro block : "
be placed on site variant 2.
| A3
f'/f
A
1 2 3 2 3 1 /” 2
A A2
.
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Cut Mask Track Rule

You can create a cut mask track rule to specify a preferred cut mask vertical track for the mask
of the cell master cuts.

You can define a cut mask rule by using the following PROPERTYDEFINITIONS statement:
PROPERTYDEFINITIONS

LIBRARY LEF58_CUTMASKTRACK STRING

“CUTMASKTRACK cutLayer MASK maskNum OFFSET offset PITCH pitch

END PROPERTYDEFINITIONS

Where:

CUTMASKTRACK cutLayer MASK maskNum OFFSET offset PITCH pitch

Specifies a preferred cut mask vertical track that the mask of
the cell master cuts should follow. This construct is applied to all
macros with CLASS CORE. cutLayer should be a cut layer
with multiple masks using the MASK construct. maskNum
defines the mask of the first track with o f fset from the cell
origin of a cell master. Then, the subsequent track mask would
be alternated with pi t ch being the track pitch. Cuts that are
less than same-mask spacing apart should be clustered as a
group, and the cut masks within a group are dependent on each
other. However, the mask of an anchor cut in a group could be
any mask. Once the anchor cut mask is picked, the mask of the
rest of the cuts is determined. The cell architecture should have
all of the center of cuts on the given tracks. The mask of the
anchor cut should be picked to follow the track color.

Type: Floats, specified in microns

Cut Mask Track Rule Example

The following example indicates that the preferred cut mask vertical track for the mask of the
cell master cuts is mask 1:

PROPERTYDEFINITIONS
LIBRARY LEF58_CUTMASKTRACK STRING "
CUTMASKTRACK VIAl MASK 1 OFFSET 0.15 PITCH 0.2

END PROPERTYDEFINITIONS
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