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Who Am |I?

* | have worked for 30 years in EDA at
* Cadence, Synopsys, Intel (uP & FPGA), Altera, Coverity, various startups

* Currently VP of Engineering for Precision Innovations »“@
* The company behind the development of OpenROAD

* | am a generalist who has worked on many backend tools for:
* Electrical analysis: circuit simulation, static timing, and RC extraction
* Physical design: placement, routing, manufacturability, etc
* Infrastructure: GUI, databases
* Software development: static code analysis, Cl, coding methodology, etc

* I'm located in Santa Barbara, CA
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What is OpenROAD

* Fully Open-Source Place-and-Route tool for digital logic
design.

* Contains OpenDB as key infrastructure.

* The Application
* https://github.com/The-OpenROAD-Project/OpenROAD

* The RTL-to-GDS Flow:
* https://github.com/The-OpenROAD-Project/OpenROAD-flow-scripts

* Flow Tutorial
* https://lopenroad-flow-
scripts.readthedocs.io/en/latest/tutorials/FlowTutorial.html

o
w


https://github.com/The-OpenROAD-Project/OpenROAD
https://github.com/The-OpenROAD-Project/OpenROAD
https://github.com/The-OpenROAD-Project/OpenROAD
https://github.com/The-OpenROAD-Project/OpenROAD
https://github.com/The-OpenROAD-Project/OpenROAD
https://github.com/The-OpenROAD-Project/OpenROAD
https://github.com/The-OpenROAD-Project/OpenROAD-flow-scripts
https://github.com/The-OpenROAD-Project/OpenROAD-flow-scripts
https://github.com/The-OpenROAD-Project/OpenROAD-flow-scripts
https://github.com/The-OpenROAD-Project/OpenROAD-flow-scripts
https://github.com/The-OpenROAD-Project/OpenROAD-flow-scripts
https://github.com/The-OpenROAD-Project/OpenROAD-flow-scripts
https://github.com/The-OpenROAD-Project/OpenROAD-flow-scripts
https://github.com/The-OpenROAD-Project/OpenROAD-flow-scripts
https://github.com/The-OpenROAD-Project/OpenROAD-flow-scripts
https://github.com/The-OpenROAD-Project/OpenROAD-flow-scripts
https://openroad-flow-scripts.readthedocs.io/en/latest/tutorials/FlowTutorial.html
https://openroad-flow-scripts.readthedocs.io/en/latest/tutorials/FlowTutorial.html
https://openroad-flow-scripts.readthedocs.io/en/latest/tutorials/FlowTutorial.html
https://openroad-flow-scripts.readthedocs.io/en/latest/tutorials/FlowTutorial.html
https://openroad-flow-scripts.readthedocs.io/en/latest/tutorials/FlowTutorial.html
https://openroad-flow-scripts.readthedocs.io/en/latest/tutorials/FlowTutorial.html

OpenROAD Usage
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What is the front-end / back-end?

Front-end

Behavioral description
Boolean

Protocols

Functional verification
Linting / assertion
Test coverage

o

Back-end

Structural description
Physical / Spatial
Electrical :
Timing
Power consumption
Thermal
Power distribution
Yield / Manufacturability
Reliability



OpenROAD steps
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What is a back-end DB?

é"“‘ °

Not an off the shelf database
Not SQL nor NO-SQL! No query language at all!

Custom built for EDA applications and present an

object oriented interface.
Typically written in C++

OpenDB is an open-source EDA database used in
OpenROAD.

Open Access is an industry consortium database



Example Circuit
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Example Circuit: Structural Verilog

module top (
input wire 1inl,
input wire 1inZ2,
output wire out
) ;
wlire wirel;
AND instl (.A(1nl), .B(inZ2), .Y (wirel)):;
NOT inst2?2 (.A(wirel), .Y (out));
endmodule

Behavioral: assign out = ~(1nl & 1n2);
Could also be implemented with a nand?2
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Example Circuit: Detailed Logical View

top (blOCk /instance
o inst1 inst2
N1 >A
AND > NOT out
in2>—=>B RY A Y
master

AL

bterm
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iterm

OpenDB Terminology
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Example Circuit: Physical View

inst1 inst2
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5-Box Model

* Every structural netlist has five components but
various databases and file formats name them
differently.

Block: Module, Cell

Net

Instance: Inst, SRef

BTerm : Pin, Port, Term

ITerm : InstTerm, InstPort, PortRef, Pin, Port, Term

a0~

* Pin/ Port/ Term are horribly overloaded and
conflicting across different DBs.

o
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5-Box Add-ons

o

The 5-box model defines scalar connectivity (single-
bits). Additional object may represent:

An arrays of instances

A net bus (eg a[5:0]) or terminal bus

A net group ({a, b, z})

A common base class for BTerm and ITerm
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OpenDB: Top-Down View
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dbDatabase
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OpenDB: Top-Down View

dbDatabase

Libraries
dbLib
dbLib
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OpenDB: Top-Down View
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OpenDB

: Top-Down View

dbDatabase
Libraries dbChip
dbBlock
dbLib
dbLib

Technologies

dbTech

dbTech
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DEF
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dbLib Class
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dbDatabase

Libraries

dbLib

dbLib

dbLib
Masters

dbMaster

dbMaster
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dbMaster class

dbMaster

dbDatabase

Libraries

dbLib

dbLib

dbLib

Masters

dbMaster

dbMaster

origin

width

height

MTerms Obstructions
dbMTerm dbBox
dbMTerm dbBox

type

symmetry

A

19



dbMTerm class

A

dbDatabase

dbMTerm
dbSigType MTerms
dbloType dbMPin
shape dbMPin

dbMaster

MTerms

dbMTerm

dbMTerm
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Physical Pin Models

* Strong connect (99.9%)
* Shapes within a single dbMPin
°* Form a single piece of metal.

* Weak connect

* Different dbMPin within a single
dbMTerm

* They are connected by a high resistance
internal connection (e.g. poly)

* Must Join Pin 1 Pin 2

* Different dbMPin within a single
dbMTerm specially marked

* No internal connection, the router must

connect these pins externally to the
instance

°* Not commonly used. Pin 1 Pin 2
* Hard to characterize such a cell.

strong
V4

Pin 1 Pin 2

ol
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OpenDB: Top-Down View

Technologies

dbTech

dbTech

dbDatabase
Libraries dbChip
dbBlock
dbLib
dbLib

ol
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dbBlock Class

dbDatabase
Libraries dbChip
dbBlock
dbLib
BTerms Instances
dbLib
dbBTerm dblnst
dbBTerm dblnst
Technologies
dbTech M
ore on
dbTech C
this later
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dbBTerm Class
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dbDatabase

- 7 dbBTerm
dbChip 1| [dbsigT BPi
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dbinst Class

ol

dbinst
dbDatabase origin ITerms
dbChip . .
orientation dblTerm
dbBlock
Instances placement dblTerm
status
dbinst — "t
dblnst
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dbilTerm Class

A

s | dbinst
dbDatabase ,' origin ITerms dblTerm
dbChip ) — dbMTerm*
- y orientation dblTerm
°e 4 dbNet*

Instances placement dblTerm

pr— status L. e
ns
dblnst
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dbTech

dbDatabase

Vias

dbTechVia

dbTechVia

+| dbTech
,l Layers
’
’ dbTechLayer
’
’
Technologies ,I dbTechLayer
dbTech
.
dbTech R e
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dbBlock - nets
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dbDatabase

dbChip
dbBlock
Nets

dbNet

dbNet
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dbNet
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dbDatabase

dbChip

dbNet

dbBlock
Nets

dbNet

dbNet

ITerms

BTerms

Wires

dbWire

dbSWire
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dbWire
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dbDatabase

dbChip

dbBlock
Nets

dbNet

dbNet

dbNet
ITerms
BTerms
Wires dbShape
dbWire dbShape
dbSWire dbShape
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Placement
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Cell Site

Cell Site

Fixed height

integer width

A
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Sites and Rows

33

_\

Cell Row||
Cell Site

e



dbRow and dbSite
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dbDatabase

dbChip
dbBlock
Rows dbRow
location
dbRow
site
dbRow
# sites
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Wire Geometry

* Wires are composed:

« Segments — a start and end point on a single layer

* Vias — Connect wires across adjacent layers at a single
point

* Wires routing can be:
* Regular: organized into paths with connectivity
« Special: no organization, just a pile of shapes (e.g. PDN)

oA
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Wire Electrical Models

* Wire have parasitic resistance and capacitance
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Chiplets

3D Chiplet Design Database Class Diagram

* Recently we have
added support for
multiple chip systems.
* A new layer of classes
were added.
FUTURE OF 3D STACKING
®e

e

Cores on Cores

Die 1

>

IP Folding/Splitting

Cores on Uncore S

CPU on CPU
uon
i
3 >

Full die-to-die

-
<
R
= 2 <0

Macro on Macr

dbTech

IPon IP Circuit Slicing

DVANCED PACKAGING CAN ENABLE INTEGRATION SCHEMES
NOT POSSIBLE WITH MONOLITHIC DESIGNS

top_chip_

instance of

A
dbChipRegionlnst
) T
+getName()
+getBBox() p-*
+getNet()
o
connects
5
dbChipConn

+name._: string
+thickness._: int

X'

instance of-

® |
dbChip

+name_: string

+type_: { die | rdl | ip | substrate |

hier }

+offset_: Point

+width_: int

+height_: int

+thickness_ int

+shrink_: float ]0, 1] ¢

, +seal_ring_east_: int

+seal_ring_west_: int

+seal_ring_north._: int

+seal_ring_south_ int

+scribe_line_east_: int
+scribe_line_west_: int
+scrive_line_north._ int
+scribe_line_south_: int
+tsv_: bool

7 top_block_

0.1
dbBlock

(@—hae +box_: Rect

dbChipNet

9. +name_.: string

dbChipRegion

+name._: strin
+side_: { front | back | internal |

" internal_ext }

+layer_: dbTechLayer*

*>

\

b6
dbChipBumplnst

o
ot
instance of
dbChipBump
o

+ getBumplnst()
+ getNet()
+ getBTerm()

7| bump_inst

dblnst

O

37




ol

Thank You
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