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OPENROAD: NO HUMANS, 24 HOURS

IDEA will create a no-human-in-the-loop hardware
compiler for translating source code to layouts of
System-On-Chips, System-In-Packages, and Printed
Circuit Boards 1n less than 24 hours

A. Olofsson,
ISPD-2018
keynote

 Traditional focus: ultimate performance, power, area

e Our focus: ultimate ease of use and runtime

 Enable access to silicon for all designers



OPENROAD: NO HUMANS, 24 HOURS + OPEN SOURCE

IDEA will create a no-human-in-the-loop hardware
compiler for translating source code to layouts of
System-On-Chips, System-In-Packages, and Printed
Circuit Boards 1n less than 24 hours

* Digital tool flows for chip, package and board

e All tools open-source
 Seed an ecosystem

A. Olofsson,
ISPD-2018
keynote

* Bring EDA research closer to industry and designers
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INITIAL FOCUS ON DIGITAL IC: “"RTL TO GDS”

e Demonstration: DRC-clean RTL-to-

Verilog . | ggic Synthesis

" lbraries. l GDS capability: push-button in
Eloorplannin foundry enablement
" ’ * Key first step in a 4-year journey

l

Placement
e Test platform: RISC-V based core

Clock Tree Synthesis from U. Michigan, “VanillaBean
* In SOC tapeouts from 16nm to

Global 1dD’['ld -89nm
0 aRan Detalie 17K standard-cell instances
outing )
l * 66K bits of SRAM
GDSIl —— Layout Finishing " TSMC65LP teChnOIogy

final
layout



SYNTHESIS AND FLOORPLANNING

verilog___ I ggic Synthesis || ° Logic synthesis srown u.
+ libraries,

constraints * Based on Yosys+ABC, with many
extensions (e.g., for timing correctness)

e Qutputs structural Verilog netlist

* Floorplanning parallax, ucsp, Arm
e Verilog to .def initialized floorplan
* |O placement UFRGS (Brazil)

* Analytic placement of blocks + cells
 Macro block packing

 P/G mesh generation

GDSII

final
layout

* Well tap insertion



FLOORPLANNING OUTPUT
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PLACEMENT

* Placement ucsp
 Timing-driven
e Mixed-size (macros + cells)
e Electrostatics-based analytic approach
e Sizing and buffering: Resizer Parallax
e Legalization step: OpenDP POSTECH (Korea)

Verilog
+ libraries,
constraints

Nesteroy - lter; 1.

GDSII

final
layout



PLACEMENT OUTPUT
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CLOCK TREE SYNTHESIS

* Clock Tree Synthesis ucsp

 “Generalized H-Tree” approach
implemented with Qualcomm guidance

e Dynamic programming for tree topology
generation

 Minimum-cost flow for clustering and
buffer location

 One-time technology, library
characterization step

Verilog
+ libraries,
constraints

GDSII

final
layout



CLOCK TREE SYNTHESIS OUTPUT
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GLOBAL AND DETAILED ROUTING

Yﬁg:lalorlgs—» Logic Synthesis e Global ROUting UT-Dallas
constraints l e Starting point: UT-Austin “BoxRouter
Floorplanning 2.0”
| e Mathematical programming-based
Placement approach
|  “Route guide” output as interface to
Clock Tree Synthesis detailed routing

* Detailed Routing ucsp

e DRC-correct in 65nm commercial
foundry enablement

* First-ever in academia
GDSIl .——  Layout Finishing

Global and Detailed

Routing

final
layout



Lk

:
YR VRRYIWUTL

[T TR A TR | N
: i .. gkl B R I ] e
bt 8l

i o e et e
R

TR e

{1t Pl bl it ) e .__HMM.M_E".- WEHE

g mrs sk RO T R R N
i i i e B 4 Bl g L it 4E I b

I VI VT X

—
2
al
—
-
O
O
Z
—
-
O
d
A
LL
—
<
-
LL
A
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LAYOUT FINISHING (GDS OUT)

Verilog
+ libraries,
constraints

 Routed .def to merged .gds
accomplished using Magic

* Generous collaboration from
Tim Edwards of efabless.com

ou



LOOKING TOWARD OPENROAD V1.0 (JULY 2020)

* EDA industry learning curve: architecture of synthesis, place & route
e 1980s: file-based integration tool chain (“Alpha”, July 2019)

e 2000s: tightly coupled algorithms on a shared incremental substrate
tight integration (v1.0, July 2020) = implies first-ever shared DB layer in permissive open source!

 Critical foundations: architecture, devops, database, CAE/PE
e Tom Spyrou: Well known EDA system architect, OpenAccess database, PrimeTime
* Full-time in San Diego; chief architect / technical project manager
* Lukas van Ginneken: Magma co-founder, synthesis and optimization
* James Cherry: Pearl and Parallax static timing engines




WEBSITE: THEOPENROADPROJECT.ORG

) cadproject.org

OpenROAD

DEMOCRATIZING
HARDWARE DESIGN

The OpenROAD project attacks the barriers of Cost, Expertise and Uncertainty
(i.e., Risk) that block the feasibility of hardware design in advanced technologies.

READ MORE

GitHub Discourse

Open Source Tools User Guide Contribution Guide Community
SHOW ON GITHUB GETTING STARTED FOR DEVELOPERS JOIN THE DISCUSSION




GITHUB COM/THE-OPENROAD-PROJECT

@ GitHub, Inc [US] | https:/github.com/The-OpenROAD-Project Qa v+ B O o Q@

Pull requests Issues Marketplace Explore

The OpenROAD Project

OpenROAD seeks to develop and foster an autonomous, 24-hour, open-source layout generation flow (RTL-to-GDS).

https://theopenroadproject.org/

L] Repositories 38 Packages People 28 Teams 5 Settings

Pinned repositories Customize pinned repositories

E] alpha-release = docs =
Builds, flow and designs for the alpha release OpenROAD Documentation
Verilog %1 @ Python W 1
Type: All » Language: All
Top languages
alpha-release priangtag
Builds, flow and designs for the alpha release @C+ Shell @C Verilog

verlog ¥1 %0 Q@o f10  Updated 1 hour ago @ Python
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