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Why are we Exploring more Openness?

A Research
A Easier collaboration
A Reproducing results
A New research (using tools or data)

A Education Synthesis
A Increased access

A Experiment with flows and tools
A A look "under the hood"
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/ Place &

> Route
A Transparent Chaiof-Trust

A Lower Cost
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A Over 60Qtapeouts
A Caravel Multi Project Wafers
A Most <50kGE, <10% utilization
A Big ones 200kGE

A 10x smaller than Cheshire

ACl ai m: Wor ks *
A True for existing designs but...

A We want to go further!
A Build on what is already there
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Find the Limits with our Cheshire SoC Platform

+®)

A Multi-million gate design A
A 64-bit RISEV Core Basilisk Chip -
A Complete Linucapable SoC

A{AYLE S awl aLJ0 SNNE t cpeshire Soc

A Rich Peripherals
A Including an open USB 1.1 host

A Opensource DRAM interface ~ AXI4 X-Bar (64-bit DW, 32-bit AW)
A Double data rate (DDR)

A Siliconproven

A Multiple successfulapeoutswith ¢
closedsource commercial EDA

Ideal benchmark design to stress OS EDA ) o ] .
t KAf ALIGSCA R ozl SN fi © 7



The Basic Battle Plan 0‘%

Pre-Process

ADSRIULP I Ps into the sy 00|

A A N A W

Manage Simplify

ASynt hesi ze the design
A L 2ad3 Sa A0 FTNROStwWwE G2 IASYSNRAO

Alrtta ./ F2N 2320 2LINAYALEGAZ2Y YR Y LILA
0§ SOKYy 2ty 00 LIt

Al mpl ement the designs ‘backend

Al 2tf SO0GA2Y 2FThNBF&RNRK (22fa Ayi?2

AtflFOoSa (GKS OStta | yR NRdzi

Floorplan Placement

Clock Tree Routing

Al SGa t221 Fd I FSé OKI

OpenRoad
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First Challenge: How do we Read the Code? Q&

ASystemVer iwli d@spread -
APULIPRH at f or m: Cheshire
Af 2 6 WHLI{IS Y C-AYUR- YA U &

Ah LISY DREP dzLE¥E o 88 !f
A. £ Ol WwLHNND 2 NB ?
Aa2dindustirNBIAYLEESSYSYUGSR Ay { =
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CANRUO / KFffSy3asy

A SystemVerilogs widespread -
A PULPPIlatform: Cheshire l

A lowRISCOpenTitarand its IPs

A OpenHWGroup: CVAG6, CV32E40P

A BlackParroRIS&/ core

A Mostindustrial IPsare implemented in SV

A ForBasilisk:
A Pre-processhe RTL
A SVaseimplifiesSystemVerilog
A SV2V converts to Verilog

URIVERSITA DI BOLOGNA Philippe Sauter EFCMWinter School 2026 . 10
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First Challenge: How do we Read the Code? Q‘%

A SystemVerilogs widespread -
A PULPPIlatform: Cheshire

A lowRISCOpenTitarand its IPs
A OpenHWGroup: CVAG6, CV32E40P
A BlackParroRIS&/ core

CEOEOA b ADWE OuDod Al 'O Philippe Sauter EFCWinter School 2026 . 11




Next Challenge: We need better Synthesis Results Q‘%

A Improvementsuntil June 2024

A S\Vto-Verilog chain @2minruntime Logic Area (MGE)
A Yosysynthesis: 175 B et
A 1.1 MGKL.6x) @77 MHZAZ2.3%) 150- (10n5,':1?j“"n%55,.\
A 1.4xlessuntime, 2.4 lesspeak RAM e o RN oMux G'E)
A OpenROAP&R: tuning . 2 \ )® (e 1.1mcE)
A -12%die area,+10%core utilization L Commerciad | Ens LIVEE
Almprovements JuneDctober 0.50-
A Yosysslang replaces SV2V 0.25- /
) . b
A 1.6xlessruntime, 10x lesspeak RAM ol e“ef | | | | |
. 0 5 10 15 20 25 30
A -10%logic area Critical Path (ns)

github.com/pulp - platform/cheshire  -1hp130 -0
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Pre-Process

Manage

technology-HHP130RM)

A Implement the designs backend
A Collection of research tools inf@penRoad
A Places the cells and routes wires between them

e,

Backend

Floorplan Placement
Clock Tree Routing )

A Lets look at a few challenges we encountered

OpenRoad
~— ™
NIVERSITA DI BOLOGNA Philippe Sauter EFCMinter School 2026 %
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ChallengeCell Placement

WHLONTERT

IR FAUSIDNI | GRS L & B AAWNT S CRIEN el Bl (XA

A Remember the Routing Congestion Ta:

A High Congestion iBootrom

e
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A Remember the Routing Congestion Ta

A High Congestion iBootrom

A Decrease local density
A More routing resources per cell
A Decreases congestion

15
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ChallengeCell Placement

A Remember the Routing Congestion Ta.

uuuuuuu

seessssssesss

......

A High Congestion iBootrom

A Decrease local density o U i " e
A More routing resources per cell :
A Decreases congestion

A OpenROAD

A52SayQi t26SNJ RSyaa
A Can we helfDpenRoa@ T
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Attracting Wires, Repelling Cells

AGoal : Cells: NAND, NOR,

AaAyAYAf SyakKS —— AND, FligFlop...
Al OKASOS I NBSUO RSyaa

.—— Connecting wires
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Attracting Wires, Repelling Cells

AGo al
RaAYAYA® Syak KB
Al OKASOS I NBSUO RSyaa

~ o Ve A hod
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Attracting Wires, Repelling Cells

target: 4
A Goal: actual: 6

A Minimize wirelength
A Achieve target density

over: 2

A Wire-force attracts connected cells

A Densityforce pushoverflowing cellaway

target: 4 .
actual: 2 over: 0

NIVERSITA DI BOLOGNA Philippe Sauter EFCMWinter School 2026 Q 19
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Attracting Wires, Repelling Cells

target: 4 .
AGoal : actual: 6 °Ver: “

AaAyAYAR Sydk KB
Al OKASOS (I NBSUO RSyah

~ o Ve A hod

ADensfiotrpue2 S NF f 2 a Wyl

ATotal force per c
Al Sttt adlNIa Y20Ay3
ALYONBYSyualrtfteée | RRa
APl acement Tool
ACAYR dzaABFHzZE yODSNDS
Az SAIKG ONRGAOIE ySG&
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A Initial power stripes
A Wide VSS/VDD in pairs
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A Initial power stripes
A Wide VSS/VDD in pairs

A Wire-force pulls in
A High penalty for crossing stripes

o ALMA MATER STUDLIORUM
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A Initial power stripes
A Wide VSS/VDD in pairs

A Wire-force pulls in
A High penalty for crossing stripes

A Densityforce too small
A Trying to decrease local density
A Pushes cells below stripes

A Solution: more even distribution
A Thinner, more frequent power stripes

ETH:zurich
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Power Stripes Block Wires

A Power viastack block routing

Metals
CMWinter Schooi
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A Power viastack block routing

A Cells under stripe
A No vertical routing
A Router needs to go around
A Longer horizontal wires

Cross section

by
— Metals
CK N dzi Soxdofi1d

. /
Vias——
\
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Power Stripes Block Wires

A Power viastack block routing

A Cells under stripe
A No vertical routing
A Router needs to go around
A Longer horizontal wires

A Cells near stripe
A Goes to next unused opening
A Longer vertical wires

Cross section

D A y
—aSul f
CMWinter Schonl-2926
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Power Stripes Block Wires

A Power viastack block routing

A Cells under stripe
A No vertical routing
A Router needs to go around
A Longer horizontal wires

A Cells near stripe
A Goes to next unused opening
A Longer vertical wires

A Routing resources are overestimated

A Solution: Blockage under stripe / NBR & 3

—
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Parameter Tuning Required

target: 4 .
_ _ actual: 6 over: 2

A Highly interconnected modules Y Sy

A More wires per cell A F

A Wire-force dominates / \

: A S

A Pulls cells tightly together bul Al

ETH:zurich RIS Philippe Sauter EFCMWinter School 2026
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over: 2

actual: 6

A Highly interconnected modules
A More wires per cell
A Wire-force dominates
A Pulls cells tightly together

/7~ A

A Solution: Routability driven

target: 4

actual: 8 over: 4

NIVERSITA DI BOLOGNA Philippe Sauter EFCMWinter School 2026 . 29
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_ _ actual: 6 over: 2
A Highly interconnected modules *— Sy
A More wires per cell A F
A Wire-force dominates A / :
A Pulls cells tightly together ] A Al x*
A Solution: Routability driven 4
A Inflate cell area if hard to solve target: 4 )
a?:;ggl: g over: 4

P 4;‘/ \’c\ A MATER ST SRU R Lo - i |
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Parameter Tuning Required

get: 4 .
_ _ actual: 6 over: 2
A Highly interconnected modules *— ;l "
A More wires per cell / Pt A K
A Wire-force dominates ‘/4 / ‘L
A Pulls cells tightly together nd bul Al
[
A Solution: Routability driven 4
A Inflate cell area if hard to solve target: 4 :
: : actual: 8 °Ver: 4
A Requires manually tuning hypparameters
A check overflowHow early OR uses it
A max_inflation_iter Number of iterations A
A inflation_ratio_coef
Virtual area increase on difficult cell
ETHziirich | swsise t KA A LIGECA B vizi S No i OS2 28 31



Final Placement Result

S s
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t 20K2f SambzarRA{ LISSR PR
SN;(%i(ﬁggi% Parser Bug

Sept 23

Global Place

Slow Fix Timings
Detailed Route

March 24

Bad Synthesis
oR
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Teamwork makes the Dream Work!

MUX-tree Yosys
Synthesis Parser Bug Martin Poviser

Sept 23

UC Berkeley
Matt Liberty Global Place
OpenRoad Slow Fix Timings
Osama Hammad Detailed Route
March 24
Bad Synthesis EPFL UC Berkeley U-Tokyo

oR Synth Group Alan Mishchenko  Prof. Fujita

P

ETHzirich
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Teamwork makes the Dream Work!

MUX-tree Yosys
Synthesis Parser Bug Martin Powser -

Sept 23

ucC Berkeley
Matt Liberty Global Place
OpenRoad Slow Fix Timings
Osama Hammad Detailed Route
I
.‘
March 24
Bad Synthesis EPFL UC Berkeley U-Tokyo
oR Synth Group Alan Mishchenko  Prof. Fujita
®
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Meet Basmsk OpeRTLOperEDA OpenPDK

4 A Designed in IHP 130n@penPDK
] A 34mn? (6.25mm x 5.50mm)

e B & ~5xlargerthan previous endo-end OS designs
A 2.7 MGE total, 1.14MGE logic

A 24 SRAM macros (114 KiB)

A 62MHzat nominal voltage (1.2V)

A RV64GC design runs Linux

A Active collaboration with

@ 4# vosysHO

Opesnour ce EDA tools already enabl e




Basilisk Is eompleteLinuxcapable SoC

A 64-bit RISV core

A Rich peripherals:

A HyperRAMcontroller @154MB/s
A C2C AXLiINk@77MBI/s

A Autonomousboot from SDcard  EIEERTEREEE

o +INTC
AXI4 X- Bar(64b DW, 32b AW) > 3 SUART
£ R
e
e iDMA =~ ~20) &
£ M >GPIO <

Philippe Sauter EFCMWinter School 2026
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ETHzirich SPULP

34 mm? End-to-End Open-Source
BiCMOS

@ puip-platiorm.org

) puip-piattomm

X @vuip_piatiorm

Our Design
=+ 4-way 16KiB L1l and L1D
= B4KiB LLC/Scratchpad

= Hyperbus DRAM (124MB/s)
* 2.7MGE design

2025 Hot Chips Best Student Poster Award

Basilisk: A 34 mm? End-to-
i End Open-Source 64-bit

: B30 Linux-Capable RISC-V SoC in
= N = 130nm BiCMOS

- Novelty:
of open-source EDA tools and flow

Open-source as enabler et
- Academia: NDA-free collaboration on designs and tools
- Education: Widely accessible hands-on chip design

Zero-trust verification, license-free deployment

ibility for larger Linux-capable SoCs <> UART:= i

End-to-End Open-Source EDA flow Silicon Testing on Demo Board

RTL written by PULP (Cheshire, AXI, -..),
OpenTitan (SPI. 12C) and OpenHW (CVAB core)

0 Yosys-Slang: Newly developed frontend

ed in open-source
PCB EDAKICAD

Autonomous boot selection

Open-source framework to
orchestrate stimuii application

On-board configurable clock

)
nt

matching OpenROAD

fiming analysis

- 102 MHz peak
frequency (1.64V)

- Peak efficiency of

18.9 MFLOPIsW

Place & Route i

Conclusion

» First end-to-end issive, free and ope
Linux-capable SoC with an application-class core
and rich peripherals

» Newly developed Yosys-Slang enables synthesis
of complex, industry-grade SystemVerilog RTL

» Reproducible and sharable high-quality designs
for collaboration and research

KLayout o OpenROAD o

GDS Editing

0O OOAOKk | 1 BZADET
ETH:urich

ALMA MATER STUDIORUM *semiwiki.comip/ riscv/361204basiliskat-hot-chips2025
5 UNIVERSITA DI BOLOGNA presentedominouschallengeto-ip-edastatusquo/
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https://iis-people.ee.ethz.ch/~phsauter/basilisk
https://iis-people.ee.ethz.ch/~phsauter/basilisk
https://iis-people.ee.ethz.ch/~phsauter/basilisk

Where do we go next?

P

ETHzirich
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The PULP Opépource Ecosystem Q‘%

R5C Y| Zero R| Snitch Ar i SPI Ll HCI
o8 [ =d FlooNoC
wo H RvV32l RV32 W £

by
RS

M N N .
interconnect

MEMAEMAM
5[ RS

interconnect

EOE

interconnect

interconnect

=
o
)
c
c
S
o
)
o
=

Single core Mu I-ctar e Heterogeneous, Mamyore
A PULPinpPULPissimo ' A Hero, Carfield, Astral
A Cheshire A Occamy, Mempool

Accelerators and ISA extensions

ALMA MATER STUDIORUM

VERSITA DI BOLOGNA Philippe Sauter EFCMWinter School 2026
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Exploring Scientific Designs with Of@ource Tools Q&
A Tightly Coupled L1 Memory

A Hierarchicabrganisationof banks

A MANTA Acceleratoy

A Accelerates GEMM in MXINTS8 format Corll Core |l Core ] Core | DMA
A Main scientific contribution and focus

A Snitch Corey

A Optimized for data processing
A Scalable number of cores
A Various extensions optimized for ML

A Dedicated DMA Corg
A Connected to a wide AXI interface

A Moves data to/from L2 and clusters
ETHziirich |0 se Philippe Sauter EFCMWinter School 2026 . 42
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SeyrITAOpenSource Tools with GF22

ATransf or mer —acceleration
05SA¥I IS ¢ Nlpy atFI2 NI BT
o. 9w¢ f I yIdamASt ¥ RR Y[t

ocaZO0Aft BAYMAC & I NI Y&

oHmO2 Y LJzi S Of dza (i S N.ER
AMe mor vy and

o%ha. {w!a LISNI RAS
Cheshire

A L | N u X C a p a b I e_H'O (CVA6) Interconnect
ol € LISHRE 6t 5w! a

o{ F NR F2NJ LISNEA a0 &I

ADite@ iCGhi plne ter cﬂmc'“Sterdoma‘”
onDoAlka HEENYSEBY S

Interconnect

Interconnect
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SeyrITAOpenSource Tools with GF22

A Transformer acceleration—

o DeiTlmage Transformer (5M Params)
o BERT language modet4@M Params)
o MobileBERTiny (15M Params)

o 2-4 compute clusters

The focus is on the

Transformer Acceleratio

LMA MATER STUDIORUM
VERSITA DI BOLOGNA

ETH:zurich
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Memory Islanc

Cheshire
(CVAbG)

| & LJS NJ

Interconnect

clefe]efo

Interconnect

clcjclc
clefe]efo

Interconnect

clcjclc

Interconnect
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SeyrITAOpenSource Tools with GF22

gelefelefo

Interconnect

clcjclc
fclelc]c]o

Interconnect

Memory Islanc

Basilisk system as a small part

SeyrITAs 1015x Basilisk!

Bootrom

Interconnect

o Linux Capable Host (Cheshire)
o Hyperbusfor DRAM
o SDcard for persistent Flash storage

clcjclc

| & LJS NJJd

DVADRENIEN / f dz2 1SNJ R2YIl A Y

/d’ - -
T2 ALMA MATER STUDIORUM

.o e R . A -
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On the HorizonSeyrI TA GF22 with Opefsource Tools 4:3

A Demonstratea large22nmtapeout
with opensource tools

A Improve toolsand close the
performancegap

A ldentify andimplement missing
featuresalong the way

A Active Collaboration with

{YAGOK Of dza (i S NJ
t KAEf ALIGSCA R fzii SN f © 46
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Benetfits of end to end openness Q‘%

A Easier collaboration (no NDAS)
AReproducible results, benchmarking
A Combined impact of design and design automation

ATransparent chain of trust, sovereignty

Industry ALower initial cost
A Accelerate research to product pipeline
Alncreased accessibility

AExperiment with flows and tools

ETHziirich | -Gisses Philippe Sauter EFCWinter School 2026 ¥




' ?
Any Questions: There is still

AWe use open sour more to come
Al tt2¢a dza (2 YlFylF3aS 02
ACIFOAfAGFG0Sa&a LYRdzAUONEKk! OF RSYA L
Al NBF(G(Sa !'dzRAGIFOES 5SaArdayas WSLJI\[
AOYVIof&a NBaSINDK Ayiz2z ySs RANBOLU

Helps us and others concentrate work where it matters

AOpen Source sees no borders
ACKSNIY AzZBR LIS YK/ KAYSaSK IOGYSNAOIY hLISY {2dzNOS
AC KSINSN Qz2NR LIS YK/ KAYSaSk! YSNAOFY &dzLJLJ2 NI T2

ETHzirich | oouissess Philippe SauterEFCMWinter School 2026 ¥ 49
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There Is still
more to come

m R h Tnstitut fiir Integrierte Systeme
Zuric Integrated Systems Laboratory

Department of Information Technology and Electrical Engineering

EFCL Winter School 2026

Exercise 03 /

Synthesis with Yosys r

F. K. Girkaynak
Prof. L. Benini

Last Changed: 2026.02.09
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