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Why is it “hard” to design chips

Limited access to knowledge
Limited access technology
Costly manufacturing
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CHIP INDUSTRY TRENDS
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Onm 0 0
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Zero
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We need to

Simplify the process of Chip

creation and OP€EN It to EVEryone
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How would we simplify chip

design?
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Think what app stores did
to software innovation.

Simplified (democratized)
the development tools

the business process
the connection to customers

efabless:



Think what app stores did Thousands
to software innovation.

Simplified (democratized)

the development tools At least

Millions

the connection to customers Including kids

the business process
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Think that we apply the same
approach to chip design

Simplify (democratize)

the access to chip design tools & PDK
the business process
the connection to customers
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Think that we apply the same  Thousands
approach to chip design

Simplify (democratize)

the access to chip design tools & PDK
At least

Millions

the business process
the connection to customers
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..... too complicated

2 -_ At least these ©
J -_ things must exist
4 -— to create useful
5 -_ chips
o B8

vou CAN’T BuiLD A
useruL CHIP
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..... Still too complicated

Partial
7 s+NDA .

solutions
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..... what we need ...

Open Online Marketplace for Chips
Like the App Stores

Open Community Collaboration
Clusters of global teams

No NDA or Access Fee
Open Source or Obfuscated

No Licensing Cost = Open Source
Low Licensing Cost = Cloud-based

No NDA = Open Source or
Obfuscated to protect IP

No NDA = Open Source or
Obfuscated to protect IP while
enabling designers to use it

S &1 A& N -

Must

Solve for
All Needs

CAN BuILD
useruL CHIPS
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How do we simplify chip

design? #1
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x¥r
Open access to technology PDK = =
Google

No NDA, nothing to sign - it’s Open Source

$ git clone https://github.com/google/skywater-pdk

—> Technology information availability is virtually limitless
—> Leading to massive open collaboration
—> Skywater 130nm PDK
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https://github.com/google/skywater-pdk

Initial clock speed:
1.5GHz

Transistors:
42 million

Manufacturing technology:
0.18 micron

Intel® Xeon®

Nnrocassar

Initial clock speed:

1.7GHz

Iransistors:

42 millien

Manufacturing tec:: ~ology:
0.18 micron

Intel® Pentium® M
processor

Initial clock speed:
1.7GHz

Transistors:
55 million

Manufacturing technology:
90nm

16

2006
Intel® Core™2 Duo
processor

Initial clock speed::
2.66GHz

Transistors:
291 million

Manufacturing technology:
65nm

41U mimon 4/ mimon 1.10 DInon 1.4 DIon

Manufacturing technology: Manufacturing technology: Manufacturing technology: Manufacturing technology:
45nm 45nm 32nm 22nm
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EUROPRACTICE
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EUROPRACTICE

FABRICATION SERVICE (CIRCUITS 2021)
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http://efabless.com/projects

SKY130 OPEN SOUCRE PDK WENT VIRAL

yosysHQ/yosys
1600 ——— google/skywater-pdk
1400 —— symbiflow/prijxray

visida/openram
o enjoy-digital/litex
1000 — efabless/openlane
“  @GitHub Stars
600
400
200

0
2014 2015 2016 2017 2018 2019 2020 2021
it clones google/skywater-pdk it clones efabless/openlane

- - | -
LA o\ Lo N | ,

/.—_'\o/.\.————o/ T

100-¢

0 0 0 -0
03724 03725 03/26 03/27 03/28 0329 03/30 03/31 04/01 04/02 04/03 04/04 04/05 04/06 05/07 05/08 05/09 05/10 05/11 05/12 05/13 05/14 05115 05/16 0517 05/18 05/19 0520
1,422 Clones 337 Unique cloners 3,516 Clones 701 Unique cloners
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LIVE SLACK COMMUNITY

3K+ 100+

COMMUNITY CHANNELS
MEMBERS & TOPICS

Join SkyWater-PDK Community

https://join.skywater.tools

&

skywater-pdk v

ee

efabless
fabulous
fuserisc

general

mpw-one

C)

mpw-one-clean-short

mpw-one-silicon

mpw-two

openlane

openram
openroad
private-shuttle
riscv

shuttle
shuttle-precheck
silicon-validation
sky130
spinmemory
tapeout

tropic

xe ¥ Unread mentions

Q Search skywater-pdk @) s

# shuttle v

Q 418

mpw3 tags: OpenlANE: efabless/op..

Javier Contreras Sunday, September 19th
joined #shuttle along wiun 2 vuners,

Wednesday, September 22nd v

matt venn 5.09 AM
who made the masks for us? Is that something that Skywater
organised? Or does efabless send the GDS to a mask factory first?

I'm asking because I'm researching this trojan hardware hack that
requires making modifications to the masks.

If someone hacked a foundry would they be able to change the files
that define the mask before they are fabricated?

Or would the hacker have to hack the mask factory?

Tim Edwards 5
@matt venn: Masks are made by a third party, but that's between
SkyWater and the mask house, and | don't know who their mask
manufacturer is, other than that they tell us when they've started. |
would guess that the trojan attack scenario assumes that it is an
“insider job" at the mask house, or something like that. The
scenario is rather implausible.

15 ANM
45 AM

¥t @
matt venn 545 AM

Maybe more plausible that the foundry is bribed to alter the mask
before sending...

But yeah

Amro Tork 4:11aM

@matt venn In my other life, we used to get the Mask files and
check them using an automated tool to make sure they match our
design

@ ® 0


https://join.skywater.tools/

How do we simplify chip

design? H2
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Codify and abstract knowledge

Automate code-to-chip
like a GNU software

compiler - with trade-offs
In area and performance.

It opens the door for software
developers to generate hardware
That's at least a 1000x more potential
designers!

Currently backed by
Efabless & -
OpenROAD Teams M

nnnnnnnnnnnn
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DIGITAL COMPILER-LIKE RTL2GDS ﬁ
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OPEN SOURCE DESIGN FLOWS & TOOLS

Silicon Compiler

[ Cloudv SoC

DESIGN STEP Qflow OpenLane I
System Design N/A CloudV CloudV
RTL Lint | Verilator Verilator Verilator
RTL Simulation I iverilog [ iverilog iverilog
Logic Synthesis Yosys Yosys Yosys
DFT Scan Insertion none none Fault
DFT ATPG none none Fault
Formal Verification none none none
Placement graywolf | graywolf OpenROAD
Routing | qrouter qrouter OpenROAD
CTS Qflow Qflow TritonCTS
Dynamic EMIR none none none
Extraction Magic Magic Magic
Timing Analysis Vesta Vesta OpenSTA
Floorplanning Magic efabless OpenROAD
Top-Level Placement [ Magic efabless RePlAce
Top-Level Routing Magic Magic OpenROAD
LVS Netgen Netgen Netgen
DRC Magic Magic Magic
GDS Magic Magic Magic
SoC Raven Raptor StriVe
—

SoC Editor

RTL Simulation

Synthesis

GL Simulation

OpenROAD

. l : § | cms | ".Oelalod Routing| [ sm

.
SW PDK
The OpenLane Flow l
) ==
¥ 2 [ et | LEC )
ATL Synthess | Lbﬂf?jl l oeys} ‘ l n&e’mﬁn
Yomys + adc) | [ | > lr —;—

(TmcnRoute)

1OpenS TA;
[ opsmizasion | = jﬁ

Coriolis

( ort ‘ [ousunang e mage & retours )
= L ‘;,,z‘s;.,...]( )
:.;':-‘?‘mr
' = Schematic Capture = Mixed-Mode Simulation
= = SPICE Simulation = Parasitic Extraction

= Physical Verification

OpenLane



ANALOG TRANSISTOR-

Analog transistor-level design, Xschem

by Stefan Schippers

. Ctrl-Left-Click to load/unload
embedded waveforms

schematic and layout

== Ctri-Left-Click to load/unload
simulation .raw file

Schematics: Xschem
Simulators: ngspice, Xyce
Support: Process Corners and

statistical simulations

Packed with out-of-the-
box examples - just click,
copy and run S SPICE Simulations with ngspice or Xyce for SKY130




Why does it matter to have tools

open-sourced?

Limitless availability which fosters
spontaneous idea realization and open

collaborative development by community
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How do we simplify chip

design? #I
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Start from the 15th floor to reach 20

Build on existing foundational work by others - CARAVEL

You only need to know your design ... or your code

10 mm?2

‘. (2.92mm x 3.52mm)
»,

=| User's Area |Z

s

(CARAVEL)

T i

By — =

ol 8 i =
il .| g |

i |
| e et e ——————. A1 BT
b & NS B -

( My Design )

(' CARAVEL + My Design )

( Plug & Play Dev Board )
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CARAVEL PLATFORM i
CARAVEL SoC Platform M ravisC
E B def
e
- @)
Caravel Harness Chi ‘-"- S
P B S35 5 "6’ M docs
8| 522 j§; S
- X —
1 1 s — | 2 W s
o — i S e e w w— w e e w— w— ﬁadﬁa";'s_-_-_-_-_-_-_-_-_. — o — E o
Y Y
I User ID -: 2 B lef
Clocking and DLL | | POR ’ i 2
I | (ROM) | | Clockingan 9 : = User’s Project S| mow
| i <
| Y I . ~1 O mm2 % B8 macros
I System d data routi : : S
: SBi _I Syeen pad data routing — | 5 M mag
GPIO configuration )
1k JCTCR § m— and rouing : (2.92mm x 3.52mm) o M magef
. serial 10a00ke| mm m= = e - — =
I Housekeeping _i. e T _I 3 B ngspice
| user_clock g
I [ wishbone I =S I oas
l SoC core —{1-bit GPIO L : v
1 = I Q M openlane
| 8'§ —'Flash controller 4L I [y
| 5o || wishbone|—{UART L o | M dflow
: cPu 82 I bus Elg | O
| § 5 — SPI master | g . I S 8 scripts
o
= o« —| Logic analyzer } < L logic analyzer | bg :
115 ] - B signoff
113 — User input enables f ] | Q
| = ’ : IRQ | 8 B spef
| Storage (memory) | : g B spiflvs
o
:_ Management SoC wrapper : User project wrapper | = M dtils
____________________________ —-— :
) M verilog
https://github.com/efabless/caravel OpenROAD OpenlLane M xvee
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http://GitHub.com/efabless/caravel
http://GitHub.com/efabless/caravel

SILICON TESTING & VALIDATION

Designers receive packaged chips
and assembled 5 evaluation
boards with for each project

On-chip open source test
framework with firmware to support
the following:

On-chip logic Analyzer
Drivers for common peripherals

Flash memory programming software utility
Example firmware routines for common functions

Instructions for customizing firmware for each project

B IalTorld S
AL LI N N
1AM I VUVYY S



|

(' 0s EDA Digital & Analog )

2 for SKY130

 https://ef.link/start-analog

Start Here
https://ef.link/start-digital

User’s Area
10 mmz2

(2.92mm x 3.52mm)

‘. :l!l :l !I :l .": l l.'l rl.:l r' :l r' .'l l i !l

EEEEEEEREEEEEEERA L

((CARAVEL )

Software

(FOSS)

(5 Dev Boards)

(' 300 WCSP Parts )

MANUFACTURING



https://ef.link/start-digital
https://ef.link/start-analog

How do we simplify chip

design? #4
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Build an open library of “IP blocks”

Make them like LEGO {

* Silicon proven / verified functions

 Highly leveraged known proven IP blocks

Custom digital

* Scope of customization is constrained Known Proven IP Blocks

* Quality processes enable extending the  Cores—Hard Macros

known proven IP blocks by community
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Select
Open

Source

Designs

caravel_fulgor_opamp

Diego Hernando |

Operational amplifier (opamp) based
on the Miller topology designed in
Skywater SKY130 CMOS process.

twrisc
Interconnect
reg-ram ‘
FWPayload
Matthew Ballance |

A simple RISC-V core+peripherals
subsystem for the Google-sponsored
Open MPW shuttles for SKY130.

SHAl engine

Konrad Rzeszutek Wilk

The SHAI engine, while not the most

secure nowadays is still used by git
commits and TPM PCR...
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Caravel_Astria_Testchip

Astria Nur Irfansyah |

Test circuits consisting of synthesizable
comparators for a stochastic ADC, to be

submitted for...

Caravel-SOFA-HD

Xifan Tang |

SOFA-HD (Skywator Opensource FPGAS)

HS32Core

Kevin Mack Baragona |

Open Source Hardware Processor

Caravel

Sylvain Munaut |

Peripherals tests for future SoC targeting
Micro/Circuit Python

Open MPW
Shuttle

10 _bit_potentiometric _DAC

Sameer S Durgoji |

Design of a 10 Bit Potentiometric Digital
to Analog Converter with 3.3V analog
voltage, 1.8V...




