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What is an Abstract?

 An abstract is a high-level representation of a cell layout .

» Abstracts are generated based on the cell layout, connectivity
Information, process technology information and specific cell-
modeling requirements.

» Abstracts are used in place of full layouts to improve the

performance of place-and-route tools, such as Cadence
Encounter™

« Layout views contain full detailed layout of cells whereas abstracts
only contain information about:
— Type & size of a cell
— Location (layer and co-ordinates) of pins
— Obstructions (layer and co-ordinates)
— Antenna data for signal pins (if available)
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What is an Abstract? (contd.)
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« Basic terminology in the world of Abstracts

Terminal — Logical cell connect. Each terminal must have a unique
name.

Pin — Physical representation of terminal. May have multiple pins per
terminal which are possible connection points for router.

Obstruction/Blockage — Any shape that does not belong to a pin.
Boundary — Defines the size of the cell for placement.
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Where do Abstracts fit in the design flow?

Abstracts are required before the Place & Route flow can begin.
Abstracts are created:

— During library generation

» Abstracts are created for blocks (i.e. memories), standard cells, 10s,
and corner cells.

— In a hierarchical Place & Route flow — Custom, Digital or Mixed

» Abstracts are needed for hierarchical placed and routed blocks
when working in a design one physical hierarchy up.

Abstracts can be represented as:
— OpenAccess 2.2 (OA 2.2) cellviews of type maskLayout

— MACRO constructs in the industry standard Library Exchange Format
(LEF)
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Abstract Generation Flows in IC6.1.0
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Virtuoso® Abstract Generator in 1C6.1.0

Support for 65/90nm process rules and design methodologies

— Advanced blockage models

— Metal density calculation

— Complete support for LEF 5.6 constructs

— Support for new Process Antenna models (WIP)

— Faster extraction engine (WIP)

Integration with the Virtuoso® and SOC Encounter™ design
environments

— Simplified SKILL based GUI for Virtuoso® Layout environments users

— Purely OA2.2 based version for SOC Encounter™ users without any
dependency on Virtuoso® installations (implemented but not released

yet)
Greater flexibility in reading logical information using NC-Verilog®
based verilog import and support for Synopsys® Liberty™ format
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Advanced blockage models

Blockages or Obstructions in an Abstract should :
— Block internal area of the cell from router’s access
— Give appropriate space to access pins using pin cutouts based on pin

width
— Make sure that there is no spacing rule violation in the post routed
design
Large pin
Blockage ==p- cutout

Small pin
cutout

Pin with small width Pin with large width
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Advanced blockage models (contd.)

Spacing rules for 65/90nm processes are complex since parallel
run length of two objects, to be spaced, needs to be considered in

addition to their rmine the correct spacing
Spacing

Width2

\ 4

Parallel Run Length
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Advanced blockage models (contd.)

» Abstract Generator’s older blockage models often lead to shorts and
false DRC violations during routing for 65/90nm designs since complex
g rules gave rise to unforeseen issues. The dia
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Advanced blockage models (contd.)

Routing using Abstract in place of actual layout
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Advanced blockage models (contd.)

Three new blockage models have been implemented to take care of
complex spacing rules at 65/90nm namely:

— Modell - Low cross coupling without pin cutout
— Model2 - Dense Packaging with pin cutout
— Model3 - Low cross coupling with pin cutout

The new models are based on tagging blockages with a calculated
spacing value which the router is forced to obey.

This concept is represented in LEF as the “+SPACING” keyword
attached to blockages. In OA2.2 this value is stored as a property on
the layer blockage shape.
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Modell - Low cross coupling without pin cutout

 This model adds a large blockage covering the whole block and tags it with
“+SPACING = MaxSpacing”

* This model is based upon the capability of modern digital routers like SoC
Encounter™ to access block pins covered by blockages

* This model does away with the need for error prone pin cutouts .

Router can access
these Metall pins

Metall blockage with on the same layer

“+SPACING =
maxSpacing”

Router can
access this
Metall pin only
from Metal2
using a via

“Distance from boundary”
< “minWidth +
minSpacing”
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Modell - Low cross coupling without pin cutout (contd.)

Top level routing stays away from the block by maxSpacing , except
to access pins.

Top-level routing has little cross coupling  with the sub-block
routing due to the max-spacing enforced around the block boundary.

This model facilitates top down flows by giving designers the
flexibility to use wires of any size right up to the block boundary
while implementing the layout of the block.

Blockage generation in this model is easy to understand.
The blockages generated are small in number.
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Model2 - Dense Packaging with pin cutout

This model adds a large blockage covering the whole block and tags
it with “+SPACING = MinSpacing”

This model produces all pin cutouts at MinSpacing , thereby
eliminating the possibility of top level routing entering the cutout
region,

Real geometry within MaxSpacing from the block boundary is

added back as blockages . This ensures that top level routing does
not create any spacing violations with the blocks’ internal routing.

Top level routing can be as close as MinSpacing from block
routing, which improves routing density, but can cause cross
coupling between top level and block routing.

Block routing must be frozen and cannot be modified after the
abstract is created.

The blockages generated are medium in number.
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Model2 - Dense Packaging with pin cutout (contd.)

Metall blockage with
“+SPACING =
minSpacing”

Router can access
this Metall pin
only from Metal2
using a via

Real geometry within
maxSpacing from
block boundary
added back as
blockages
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Advanced blockage models (contd.)

Model3 is not discussed here since it is the most complex to
understand and generates a large number of blockages . It can be
used when maximum space is desired around the block along with
pin cutouts.

Aside from the blockage models discussed corridor cutouts for
internal block pins have also been enhanced. Corridors are only
created when it would be possible for the router to create atleast a
minWidth wire up to the internal pin without any DRC violations.

Pin cutouts have also been enhanced for the detailed blockage
generation mode. Additional blockages tagged with “+SPACING =
MinSpacing” are inserted to prevent top level routing from entering
the pin cutout area.
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Metal Density Calculation

It is useful to “abstract” the metal density for large macros (e.g. memory
blocks). This can reduce memory requirements and speed up tools that
add metal fill in order to meet the metal density fabrication rules. These
gains are significant for 65/90nm designs.

Having density value in abstracts helps in verifying density fabrication
rules early in the design cycle  without replacing abstracts with actual
layouts.

Metal density calculations can now be performed easily using Virtuoso®
Abstract Generator in 1C6.1.0

Metal density calculations in Abstract Generator are based upon the
“MACRO Metal density” model proposed in LEF5.6 :

[DENSITY

{ LAYER layerName ;

{ RECT x1 y1 x2 y2 densityValue ; } ...

}...
END]
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Metal Density Calculation

Key features of Metal density calculation are:

— The block is covered with rectangles for calculating metal density
information. These rectangles are non-overlapping and cover entire
area of the abstract.

— The dimension of metal density rectangle is user controllable . The
default density window size is 20um x 20um which can be modified by
user on per layer basis or globally.

— For OA2.2, the density rectangle is saved as an oalLayerBlockage
object with type oacFillBlockageType. The density value is available for
storage as well as retrieval on oaBlockage class. The bBox of
oalLayerBlockage object is reported as the metal density rectangle in
LEF by the export tool.
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Metal Density Calculation

Flexibility to
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Support for LEF5.6 constructs

— [SUPPLYSENSITIVITY powerPinName ;]

» Means that if a pin is connected to a tie-high connection (e.g. 1'b1 in Verilog) it should
connect to the same net that powerPinName is connected to.

— [GROUNDSENSITIVITY groundPinName ;]

* Means that if a pin is connected to a tie-low connection (e.g. 1'b0 in Verilog) it should
connect to the same net that groundPinName is connected to.
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Support for LEF5.6 constructs (contd.)

— [SITE siteName [sitePattern ];] ...
sitePattern = xOrigin yOrigin siteOrient [ stepPattern ]

stepPattern = DO xCount BY yCount STEP xStep yStep
« Site pattern indicates this is a gate-array cell ra  ther than a row-based standard
cell. xOrigin, yOrigin give the origin of the siteN ame site inside the MACRO, and
siteOrient gives the orientation of the site at tha  t location. If the site is repeated, an
optional stepPattern can be given with the xCounta  nd yCount and xStep and
yStep for the repeating pattern.

ate gate—array sites from cellview inStaces inside layout

T UD_%e“ffﬁW and site mapping_ \ Site pattern for cell is automatically
o Name e > generated from the sites of instances
|Llay0ut ||_Site j
™ [Flay LSit
Add | Delate |
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Support for LEF5.6 constructs (contd.)

— MINSIZE minWidth minLength [minWidth2 minLength2] -

» Specifies the minWidth and minLength of a rectangle that must be able to
fit somewhere inside each polygon on this layer. If no AREA rule is given, all
polygons must be meet this MINSIZE rule.

— Virtuoso® Abstract Generator checks if pin shapes conform to
the MINAREA rule for all routing and cut layers. If there are nets

with pin shapes violating the MINAREA rule, then a warning Is
generated for all such nets.

— This functionality is now enhanced such that if MINAREA rule
IS missing, then MINSIZE is checked . If both are present, all

the pin shapes should meet either the MINSIZE or the MINAREA
rule .
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SKILL based GUI for Virtuoso® Layout environment

The stand alone Abstract Generator GUlI is complicated as
compared to AbGen, the erstwhile abstract generation tool of the
Virtuoso® suite on CDBA, for custom block designers.

The stand alone GUI is written in tcl/tk and its look & feel is alien
to Virtuoso® users.

The main aim of the new SKILL based GUI is to make Abstract
generation a single click process for block designers while
retaining flexibility for library developers and digital designers should
they choose to use this new interface.

The new SKILL based GUI automatically sets default values for
the options that are not used much in the custom block design flow.

Technology related options like layer specification, layer connectivity
etc. are automatically populated from the OA2.2 techfile .
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SKILL based GUI for Virtuoso® Layout environment (contd.)

When running in cellview mode , the default for custom block
authors, the target router is the Virtuoso® Chip Assembly Router
and following is automatically done:

— The cell is assumed to be of type block and put in the block bin
— Net extraction is disabled

— Signal and Power terminals are set up for boundary pin creation
— All Metal and Cut layers are set up for cover blockage generation
— Pin and corridor cutouts are enabled

— Custom block authors can generate an abstract with a single-click
of the “Start” button

Users looking to generate abstracts for hierarchical blocks in
digital or mixed signal flows just need to turn off pin and corridor
cutout and then click “Start” if they are targeting SOC Encounter™,
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SKILL based GUI for Virtuoso® Layout environment (contd.)
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SKILL based GUI for Virtuoso® Layout environment (contd.)
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SKILL based GUI for Virtuoso® Layout environment (contd.)

» Library developers, digital designers and advanced custom users can also
make use of the SKILL based GUI to tweak basic as well as some
advanced Abstract Generator options to fine tune the abstract generation
process . This can be done as follows:

— Quickly setup all required options using an options file , if available
— Edit basic options on the “options” tab in the main GUI window

— Edit advanced options by clicking the “Advanced options” button on the “options”
tab in the main GUI window. On the “Advanced Options” form user can :

» Fine tune options related to Pin creation from labels, net extraction and pin
adjustment

« Edit options related to blockage generation like advanced pin cutout and site
generation options

» Library developers can invoke this GUI in library mode from the CIW. This
will allow them to generate abstracts for different type of cells like Standard
cells/ 10s /Corner cells at one go.
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SKILL based GUI for Virtuoso® Layout environment (contd.)
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SKILL based GUI for Virtuoso® Layout environment (contd.)

Advanced Options forms
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SKILL based GUI for Virtuoso® Layout environment (contd.)

Advanced Options forms



32

Summary

Virtuoso® Abstract Generator in IC6.1.0

— Enables users to create abstracts for 65/90nm layouts by re  solving
issues with Abstract Generation encountered at thes e process
nodes

— Helps users generate DRC clean, reliable and compact abst  racts
for use with SoC Encounter™, Virtuoso® Chip Assembly Router or
third party place and route tools

— Allows users to create accurate abstracts for custom and
hierarchical blocks with a single click

— Ensures compliance with and support for the industry standa rd
LEF5.6 format
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