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CHALLENGES

Why is chip design and making has
become less accessible to the world
and stifling innovation?



CHIP INDUSTRY TRENDS
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Zero



CHIP INDUSTRY TRENDS

Source: Morgan Stanley Source: SIA 2020

30
120
25
90
20
60 15
10
30
5
0 I I I 0
2013 Today
2001 2003 2005 2007 2009 201 2014 2018
Semiconductor industry consolidation
Semi Companies Larger Than $100M Semi Companies Delivering Lead-in Edge Tech

e



WE NEED A 1000X PRODUCT DEVELOPERS

Long-tail Innovation is required on a

Markets Served
By Traditional
Methodology

e e &

¥ BomdRE

5% INTERNETof gy
% THINGS &~
T 5o

massive scale to meet demand

*

10,000’S of Products

%

sales

Ideation  Extreme
Solutions

number of products

Niche
Markets

Al Right-sized
ML compute & power
HINNRRRRENNENENEEE

efabless:



Creating a World where a
14-year-old Designs a Chip

What about that?



“In the beginner’s mind there are many

possibilities, but in the expert’s there are few”

— Shunryu Suzuki, Zen Monk 1904-1971



Why is it “hard” to design chips

Limited access to knowledge
Limited access technology
Costly manufacturing

efabless:



Too many things to bring

together ..... too complicated
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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

2 — 1 Partial
" s$+NDA .
| solutions
. -_ don!t WOrk {STILL CAN’TBUILDA}
& -L useruL CHIP

6 [z
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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?

efabless:



Think what app stores did
to software innovation.

Simplified (democratized)

i
i
i

ne development tools
ne business process

ne connection to customers
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Think what app stores did Thousands
to software innovation.

Simplified (democratized)

the development tools At least

o o
the business process M ]lllons
the connection to customers Including kids
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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

the business process M i {{ i ons

the connection to customers Including kids
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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 O I V e

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

at tl me CAN BuILD
— useruL CHIPS

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

efabless:



TODAY'S APPROACH

- Every design entity needs

to establish independent

Emg @ (e business and contractual
Foundryl Foundryl

(including NDA's)

- = . . . :
-O -. relationships with multiple
-;;O -;;‘. IP providers, EDA vendors,

and foundries
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CLOUD - BUT NOT FOR COMPUTE

Secure, cloud-based platforms, all the resources and processes required to design ASICs and IP are offered in
one place while maintaining the “fire-walling" of IP information and with enhanced traceability and on-demand
elasticity.

Enabling a worldwide network of developers and customers to collaborate, model, and verify custom SoCs.
When custom SoC creation becomes less risky and more cost-effective, innovation is unleashed.

Scalable & elastic design/development ZB
. University B

capacity r
Facilitates Collaboration, reference
designs and design re-use accelerates Companiieumy—
development and reducing costs

Risk reward sharing enabled by Custormaim.
consolidated contribution tracking and /

design obfuscation
Customer D

efabless:



FO U N D RY DATA O B F U S CAT I O N 3.3V ADC, Original vendor layout:

Mask-geometry layout is foundry proprietary.

How can you design an entire chip and submit to the

foundry for fabrication without signing an NDA,
. . . . (Layout blurred to protect the identity
purchasing commercial tools, and installing PDKs? of the victim)

3.3V ADC, Abstracted layout (from LEF view):

All analog cells at the transistor level are abstracted
views using information from the corresponding LEF
files and simulation models

XFAB

MIXED-SIGNAL FOUNDRY EXPERTS

/ Obstruction metal layers
Wire to pins ensure DRC correct design

efabless:



DESIGN IP OBFUSCATION

The target process: X-FAB XHO18
Base MOS LP (low power) option
6 metal stack (5 standard route layers, 1 thicker top

The proprietary data:

X-FAB digital standard cells

X-FAB 1/0 Cells(3.3V with both 3.3V and 1.8V core)
X-FAB Analog IP

X-FAB SRAM (from memory compiler)

e T ———

0 O
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PROPRIETARY EDA TOOLS

SIEMENS EDA

e Seamless integration in efabless platform
e Complete Mentor/Tanner design flows
® Process technology support 65 through 22FDX

e Optimized SoC template implementation

Generated
thru SoC

design

template

Battery USB (5V)

Raptor SoC

GPIO

UART

SPI

12C

PWM

Power Mgmt

Arm Cortex
MO

SRAM

Flash Ctlr

Clock

Analog Front-End

Sensor

Flash

Custom analog

Interface

Mehbor

arm

imported by designer

A Siemens Business



KEY PLATFORM FEATURES

e Instant access to the platform - less than 5 minutes

e Option for No-NDA Access To Foundry Process Technology - efabless’ obfuscation technology

e No Upfront Cost Microelectronics Design Tools (EDA) using proven Open Source & Proprietary SW
e No IP licensing cost for prototyping enabled by IP obfuscation

e No cost Try Before Use/Buy for proprietary designs while protecting IP information and ownership
e Low cost prototype manufacturing options as multi-project-wafers (MPW) including bench setup

e Built-in project collaboration, forums and management enabling effective knowledge exchange
e Provides results-based reputation/certification indicators based on real user design performance
e Supports online project-based - design, verification & validation of microelectronics

e Elastic and scalable infrastructure to support 10,000’s of users

o Marketplace connecting designers to potential customers for their unique design innovation

efabless:



How do we simplify chip

design? #1
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Open access to technology PDK
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

efabless:


https://github.com/google/skywater-pdk

SKY130 OPEN SOUCRE PDK WENT VIRAL
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LIVE COMMUNITY SLACK SPACE

skywater-pdk v

2,800+ 100+

COMMUNITY CHANNELS
MEMBERS & TOPICS

Join SkyWater-PDK Community

https://join.skywater.tools

Q Search skywater-pdk @

8 418

#shuttle v mpw

tags: OpenlLANE: efabless/op

ee.

efabless

. Javier Contreras Sunday, September 19th v
joined #shuttle along wiur 2 owers.,

fabulous Wednesday, September 22nd v

fuserisc g matt venn 5.09 AM
5 who made the masks for us? Is that something that Skywater

general
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?

n] Tim Edwards 5:45 AM
% @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

mpw-one
mpw-one-clean-s
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.

mpw-one-silicon

mpw-two

openlane

+
openram 1 ®
openroad

g matt venn 546 AM
5 Maybe more plausible that the foundry is bribed to alter the mask
before sending...

ate-shuttle

riscv

shuttle But yeah

shuttle-precheck n Amro Tork &:114M
@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

silicon-validation
sky130

spinmern

tapeout

tropic o @ ©® 0

x< ¥ Unread mentions


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

: 1\
compiler ez

It opens the door for software

developers to generate hardware

That's at least a 1000x more

tential igners! ‘
potential designers DIGITAL COMPILER-LIKE RTL2GDS j

efabless:



OPEN SOURCE DESIGN FLOWS & TOOLS

DESIGNSTEP || Qflow | CloudV SoC | OpenLane |
System Design N/A CloudV CloudV
RTL Lint Verilator Verilator Verilator
RTL Simulation iverilog iverilog iverilog e i ? oot
Logic Synthesis Yosys Yosys Yosys =S
DFT Scan Insertion none none Fault . B o
DFT ATPG none none Fault Pl T
Formal Verification none none none b gg;
Placement graywolf graywolf OpenROAD § % E
Routing qrouter grouter OpenROAD g u :
CTS Qflow Qflow TritonCTS E
Dynamic EMIR none none none : ﬁ
Extraction Magic Magic Magic L . :
Timing Analysis Vesta Vesta OpenSTA -
Floorplanning Magic efabless OpenROAD =
Top-Level Placement Magic efabless RePlAce bl bl
Top-Level Routing Magic Magic OpenROAD E
VS Netgen Netgen Netgen The OpenLane Flow §
DRC Magic Magic Magic 1 \\ f
GDS Magic Magic Magic e — ] Eo E@
‘ SoC H Raven Raptor StriVe E,j o S ¢ i E
— Exploration X g cTs {De:\‘l‘eug :;::z)mg] [ (D;::TA) } 'E
(opensTA) E [W] 1 .
. nt, Diodes | | . Diodes Physical VieL width - 0,80um (WAVL4EIM2V1) (nyertop)
. EEn el veon. -
SoC Editor o (omre] e,
= RTL Simulation ( L Sige—
. Exan ’
= Synthesis D RUAD \ Sd 4
. _ pen N = Schematic Capture » Mixed-Mode Simulation
= GL Simulation - :
= SPICE Simulation = Parasitic Extraction

= Physical Verification

Silicon Compiler  Coriolis OpenLane



Why does it matter to have tools

open-sourced?

Limitless availability which fosters
spontaneous idea realization and open

collaborative development by community

efabless:



EXAMPLE OPEN SOURCE SoCs



HYDRA REFERENCE ASIC

® A reference ASIC platform for testing A/MS IP modules

® Features

- Based on a standardized pad frame - used for multiple core chip.

- Designed along with it’s companion test PCB & test SW.

- Interfaces to a personal computer via USB.

- Top-level is available to community members to modify & re-shuttle.
- Intended as a design & test learning vehicle for analog/ms blocks

® Included IP modules

- 10-bit SAR ADC - aadcc02 - SPI Controller - efdspiO01

- 10-bit voltage-scaling DAC - adacc02 - Dynamic Power-on-Reset - aporc01
- GP Low Power BGAP - abgpc01 - LP CMOS Comparator - acmpcO1

- GP AMP - aopacO1 - 14KHz RC Oscillator - arcocO1

- GP Bias Cell - abiacO1 - 1-6MHz Crystal Oscillator - axtocO'1




RAVEN - 32-bit RISC-V

Key Features

e RISC-V CPU (PicoRV32)

e SRAM 32x1024

e 100 MHz clock rate

¢ Programmable clock source

e 16 channels GPIO

e 2 ADCs

e 1 DAC

e 1 Comparator

e QOver-temperature alarm

e 100 kHz RC oscillator

e Programmable functions on GPIO outputs
¢ Programmable interrupts on GPIO inputs

http://github.com/efabless/raven-picorv3?2

vDD3V:E I

SPI flash 1/O UART
N\
IRQ CSB CLK 100 101 102 102 Tx Rx

>XFAB

MIXED-SIGNAL FOUNDRY EXPERTS

VvSS Il

VDDIVE I

SCK Il

SDI Il

SDO IR

css i

X! I

X0l

XCLK I}

1.8V SRAM Raven RISC-V 32RVI core
regulator 1k x 32
enable I | I |
reset Mcriols
L | SPI master I IUARTl B crion
| crion
manual 16, OE MGrion
reset 67 PU ."1’1””
over- . + GPIO Ml GPlo10
emperature overemp PicoRV32 :2 7 pilz bank M Grioo
alarm raven_soc % 7 (16 pins) = anos
mfgr_id RISC 16 o & GPrIo6
prod_id 8 crios
: mask_rev | Griod
raven _S.pl i clk RC 8 Grios
g3 pll_bypass | O oscillator il GPIO2
Z 8 Grol
I I 3 Grioo
enable enable | | trim |
]
8x clock |
xtal_osc multiplier
PLL ADCO ADCI DAC bandgap | | Comparator
VDDI1V8 bandgap DAC
DAC 1/0 VDD bandgap
comp inp VSS VDDI1V8
HE

comp  comp
np inn


http://github.com/efabless/raven-picorv32

Chip Description

EFX3201

RISC'V SOC ] 818z Jequedeq |':
pIoog uojei|sucup g

iCE40UP5K

An ultra-low power FPGA

]

AT25SL321 ng_;_o»ggg)é—o 0
A serial interface Flash memory ;;2'833‘;%% ﬂ :
device dain
SIT8021

The industry's smallest and the
lowest power MHz oscillator.

W25Q80D
A serial Flash memory

J antmicro
efabless:

zGlue

GEM2 is a RISC-V based heterogeneous, chip scale system
integration solution targeting edge Al consumer electronics,
industrial loT, medical devices and mobile application. GEM2
consists a series of chiplets that, along with zGlue Smart
Fabric, incorporates of iCE40 FPGA and Efabless Raven
RISC-V chip which reduces the barrier of developing a
custom SOC. It's tiny, secured and fast time to market.




RAVENNA - 32-bit RISC-V

Key Features

e RISC-V CPU (PicoRV32)
e 2 10-bit SAR ADCs

o ]

1
1
o
1
1
1

* 1
o

10-bit DAC

analog comparator

100kHz RC oscillator
1.235V band gap reference
high temperature alarm
QSPI flash controller 1 UART
SPI master

IZC master

counter-timer

¢ 16 general-purpose digital input/output channels
e 4k word (4096 bytes x 32 bits) on-board SRAM
e 136 (128) word (128 bytes x 32 bits) on-board NVRAM

QSPI flash 1/O

UART I'c
N 7N

SPI master

Y
CSBCLK 100 101 102 103 Tx Rx SDA SCL CSBCLK SDOSDI

P EEE R BB EDR
vbop3ivs [l X J a
vss 1.8V SRAM J NVRAM H charge
o regulator 4k x 32 o um,
vDDIVS [ 4 136x32  H PUmP
enable IIII TT] 8 Grions
reset — PIO1S
POR ) 2 Ll GPIO14
QSPI tlash master UART] | IFC SPI master & Grioi:
16 , OE [~ = Oriols
manual 16 PU = :’i:i:ii;
reset i [t ’
Or- ’ P T
oyer. overtemp 16, PD .(!}’l()}()
ern])leramr‘ 16, m| GPIO [—] = GPIOY
alarm sl e ——Hll GPIO8
ravenna_soc % ‘ Lol | L Grio7
mfgr_id 16, out| P L leg Grios
SCK B : hmd:ld ‘ —ll Grios
spi @H—] ravenna_spi — . L@ Grios
! ¢! —Hll GP1IO3
SDOMH— swandalone SPI ok 1 byn: = .I.( :
- N ller pll_bypass i GP1O2
CSElH—  conuo L — GPIO1
I I il GP1OD
enable enable | | tnm
X1 8x c!ln:k
X0 B xtal_osc multiplier RC
PLL ADCO ADCI || ittator || PAC bandgap | | Comparator
XCLK [}
-
VDDIVS bandgap DAC
DAC 1O VDD bandgap
comp inp V5SS VDDIVE
u] CIC [] (]
IRQ adcD ade  ade  adel analog test comp comp

in high

low mn

inp nn



Example Of
Commercial
Interest in Open
Source ASIC
Design

Open Source
Based Privacy
Protection for loT

Observation
General Purpose
Analog Functions
can do the job

NEC

AES Authentication

* Authentication / Identification / Signature

— Confirming the user is who or what is
stated

— chip encrypts data with an ‘identity key’
— Key is symmetric

Audio Sampling and Tran Q@*
Ay

* Private voice detection
* Private keywork recognition
— Keyword is located in the recording

Sigmoid score

o(z) = {1,0}

S
MFCCs DNN
features with Relu

* sMPC random shares are just random numbers

* R-PI have authentication requests verified | source sends
identity request
by the Raven processors externally command
Line of codes Max RAM Input: 128 bit Input is encrypted
with the identity key
1.2k ~128 bytes

’ Source can validate results

Ly 322020

Audio Sampling and Transfe

“ :<D
e = -
W ==
) )

4. Sent to 3 different
servers on cloud

1. Data is 2. Turn data
recorded into digital
8Hz stream

3. Split to 3 MPC
‘random’ shares

Line of codes Max RAM

~100 <100 Bytes

A/D #bits Sawples per secons

8 8Khz

Photos by Unknown Authors, licensed under CC BY-NC

L Fup~3:2020

C/mp3:2020

* Demo:
— Standard key exchange Diffie—Hell
— Compute public and private keys
— Ravenna chips

B=g"modp
K = A" mod p
* Best performance —
— Ravenna : 96 bits, 75 seconds ST
— Newer Ravenna: 128 bits, 60 seconds
Line of codes Max RAM
~400 <100 Bytes

Cruyp->:2020
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How do we simplify chip

design? #3
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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

User’s Area
10 mm?2

(2.92mm x 3.52mm)

il

( CARAVEL ) ( My Design ) (' CARAVEL + My Design ) (' Plug & Play Dev Board )

efabless:



CARAVEL PLATFORM

Caravel Harness Chip ",.\3.'
Sx0ow— o,
S T)I .QI .Ql 'QI
- X L Cc Cc C =
g 58888 g
J_ Y Y | IJ
adfram
Y Y A
User ID ;
(ROM) Clocking and DLL POR
SPI SySttef'T pad data routing
contro ;
—| gpio data GPIO configuration
| | GPIO ! and routing
serial [020Cke| mm mw = e -

Housekeeping

—
[
[
|
[
[
|
[
[
|
[
[
|
[
[
|
[
[
|
[
[

read-only port

SoC core

CPU

core clock

IRQ core reset

L Wishbone—i UART

—| 1-bit GPIO
4‘ Flash controller

bus

—‘ SPI master |

Management Protect

—| Logic analyzer

—{ User input enables

Storage (memory)

Management SoC wrapper

———r———

user_clock

wishbone

logic analyzer

IRQ

User project wrapper

=

— o o mmm Em mm Em M e M o e e e e G e Em o Em oEm o oEm

https://github.com/efabless/caravel

CARAVEL SoC Platform

User’s Project
~10 mm?2

(2.92mm x 3.52mm)

OpenROAD OpenLane

Uniform Open Source File Structure to ease reuse & modifications

q°)

.github/workflows
.travisCl
def
docs
gds
irsim

lef

Ivs
macros
mag
maglef
ngspice
oas
openlane
gflow
scripts
signoff
spef
spi/lvs
utils
verilog

Xvce


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

e



ONRINLOVANNVW

(User Design )

( CARAVEL + User Design )

EEEE

User’s Area

10 mm2

)

(2.92mm x 3.52mm

( CARAVEL )

S R REEEEEEERREEEE

(' 0s EDA Digital & Analog )

Xschem by Stefan Schippers

The OpenLane Flow

i

2 for SKY130

Software

Start Here

digital

https://ef.link/start

analog

https://ef.link/start

(' 300 WCSP Parts )

(5 Dev Boards)



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

How do we simplify chip

design? #4

efabless:



Enable —Fail fast, learn and repeat

Design it Test It 2
ey M%Ez&m

'@;D ‘/
\ L% Lea I'N from it, What 3

)
Repeat F@/N\y ° works, What doesn’t
4 viability and feasibility

efabless:



OK - sounds good but ...

hardware iterations cost $$

efabless:



Enable —Fail fast, learn and repeat

Design it Test It 2
ey M%Ez&m

'@;D ‘/
\ L% Lea I'N from it, What 3

)
Repeat F@/N\y ° works, What doesn’t
4 viability and feasibility

efabless:



Enable —Fail fast, learn and repeat

1

Design it Test It 2
Ve W

GOOGLE’s OPEN
MPW PROGRAM ‘ LD
j -
Lea I'n from it, What
F\zon rr

Repeat works, What doesn’t

4 viability and feasibility

efabless:



Start here https://ef.link/gmpw

FREE SILICON SPONSORED BY GOOGLE

* Google is funding 4 manufacturing runs in 2022

A minimum of 40 designs each run

Participants use a Harness SoC (Caravel) - 1T0mm2 open area
Use SKY 130 process & OS Digital & Analog Design Tools
Participants get 5 dev boards + 300 WCSP-packaged parts

All designs must be public and under an open source license
All designs must contain information & files to reproduce the work
You are strongly encouraged to try new ideas, take risks and iterate

All skill and experience levels are welcome to participate

Join the community at https://ef.link/chat



https://ef.link/gmpw
https://ef.link/chat

The first shuttl.e was * ﬂpen MPW | efabless:
OverbOOked. 45 Sh“t‘tj .Program \\ Sponsored by
designs submitted “."?.” o ¢ \ Go gle

in 30 days! R e W
——— ] ={-](c ] TYPES m

- 9 X Open processor cores

-9 X SoCs

- Crypto-currency Miner

- Robotic App Processor

- Amateur Satellite Radio Transceiver
- 7 X Analog/RF

- 5 eFPGA’s

(See Projects Here: https://efabless.com/projects/shuttle_name/MPW-1 )



https://efabless.com/projects/shuttle_name/MPW-1

DESIGN TYPES

- 9 x Open processor cores
- 9xSoC’s
- Crypto-currency Miner

f,’}"";.f..,..;,;”.!i R :: ,-‘L - Robotic App Processor

» | » 4 _ Amateur Satellite Radio
Transceiver

- 7 x Analog/RF

- 5eFPGA’s

SRR RS
—a

rrrrrrrrrre

TR PR

COMPANIES

IBM: OpenPOWER - MicroWatt
QuickLogic - eFPGA

Antmicro

Western Digital - Swerv-EL2
EFabless

SpinMemory

(8}

CrrTr e eeet

SRR Ehhaeet

Manufacturing
Tests

SrRn e REaEE . o
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And so was the second: I/ ﬂpen MPW N efabless:

56 designs submitted Shllt | rogram \ sponsored by
in 30 days! I u.:t.'.g‘,'l:L ] \ GO g|€

2....--"--—-—.-'_

DESIGN TYPES MPW TWO

- 11 X Open processor cores

- 11 X SoC’s

- Crypto-router

- T2D Converter - LIDAR

- Multi-project harness for Caravel x 16
- 17 X Analog/RF

- 2 eFPGA's

(See Projects Here: https://efabless.com/projects/shuttle_name MPW-Z) p



https://efabless.com/projects/shuttle_name/MPW-2
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By: Andrew Zonenberg
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ZA My first ASIC is alive! 7 segment seconds is cou...
r

EFABLESS
PN#: B6
LOT#: A—FABULOUS 1
WAFER#: BARE DIE
QTY: 198
DATE: 2149
JOB#: 30624

\JYagrus
iy

AUTION ELECTROSTATIC SENSITIVE DEVICES 4 a8

\ ) Bringinggehips backifiomithe dead : MPW-1 Sho.. 0 ~»
} Watch'Later Share

:
\5@5@@9@@@@@@@@

Watch on @ YouTube

Slide provided by: Tim Ansell



Matthew Venn @matthewvenn - Mar 31
W Still can't quite believe | have a clock on my desk that is powered by a chip |

‘ designed!

T e | (e

N\ S8
) e o
v

T i

: :53:02
; == v 6:26

All my ASIC designs for
Google MPW1 are working!

Zero To ASIC Course
1.1K views * 1T month ago

Slide provided by: Tim Ansell



. . slodymyr Pikhur @vpikhur - 15h
Volodymyr Pikhur @Vp' Khur - 15h e ‘ter polyimide is removed there is adhesive/glue layer remaining. Adhesive
In't be removed with normal solvents such as acetone or isopropyl
cohol. Very non-polar solvent such as Toluene does the job.

Replying to @vpikhur
Loaded 10 samples into RIE (reactive ion etcher) to strip top polyimide layer. — _ -
| use a 50/50 mix of oxygen and argon gas. ; ’ » =1F—'

LLILTITTTTTS
SNNENEEEEEES.

) 1 1 4 Q 8 8

Volodymyr Pikhur @vpikhur - 15h
’ All 3 under stereo microscope with approximate die dimensions.
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History in The Making
Open Source HW Logo Carved in the 10 Ring of the
First 100% Open Source SoC
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........

R T T T

Sherdusre

1ISOURCP

g

LUHI‘E (11} | : R b S W B

.............................................

i e by T D A s o s e R

MPW-ONE
Images by John McMaster - presented at OpenTapeOut.dev
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OpenMPW Project Submissions
Always Overbooked

45 56 52 55 77

MPW-1 MPW-2 MPW-3 MPW-4  MPW-5

https://efabless.com/projects

efabless:


https://efabless.com/projects

How do we simplify chip

design? #H

efabless:



Build an open library of “blocks”

Make them Ilke LEGO { Fixed - housekeeping

* Silicon proven / verified functions

 Highly leveraged known proven IP blocks

Custom diaital

* Scope of customization is constrained Known Proven IP Blocks

* Quality processes enable extending the  Cores—Hard Macros

known proven IP blocks by community

efabless:
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caravel_fulgor_opamp

Diego Hernando |

Operational amplifier (opamp) based
on the Miller topology designed in
Skywater SKYI30 CMOS process.

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...

ALL LS,
S e ]

{ e,
v 4 p ' !

-

[~ - = g o
o N
ot T ’

.
I
=

|

s

e

T e

LT

A
I IS

WA TSNP PP

B
.

Caravel_Astria_Testchip

5
T

e

Astria Nur Irfansyah |

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

Caravel-SOFA-HD

Xifan Tang |

SOFA-HD (Skywater Opensource FPGAs)

HS32Core

Kevin Mack Baragona |

Open Source Hardware Processor

Caravel

Sylvain Munaut |

Peripherals tests for future SoC targeting
Micro/Circuit Python

Open MPW
wuee Shuttle

' NN
[oye
5]

10_bit_potentiometric _DAC

Sameer S Durgoji |

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

ll =:=l SKY130A




Caravel-SOFA-CHD

Xifan Tang |

SOFA-CHD (Skywater Opensource
FPGAs)

Caravel

M. Shalan |

NFive32-Based SoC to validate several
open-source projects and IPs.

=) Lok

Caravel_RISCV_OSU

James Stine |

Caravel _RISCV_0OSUis an
implementation of a single-cycle RISC-V
processor inside of the Caravel..

e e

!n" n “
Morphlelogic

Merik Voswinkel |

A test-wafer for testing Mophle Logic
reconfigurable hardware for SKY130.

Caravel-OpenFPGA-EF Chameleon SoC

Manar Abdelatty | M. Shalan |

A template SoC for Google sponsored AHB-Lite based SoC for IBEX

Open MPW shuttles for SKY130.

v R o (CERD 12%

IRR

caravel _amsat_txrx_ic Softshell

Thomas Parry | | Harrison Pham |

Amatuer Radio Satellite Transceiver
(SKY130) - Caravel Submission Multicore MCU for implementing

software defined peripherals.
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OPEN SOURCE ECOSYSTEM AT WORK

O,
striVe .
_ Caravell Caravel-Litex Caravel-Next
XSOC SRAM Testchip 5
- PicoRV32 VEXRISCV TBD
O,
Epgip%ae?ikrig w M OSU  ®)OpenPOWER" MAGICAL
IP UG SHNTA CRUL MICHIGAN ALIGN
openRAM FASoC openFPGA BAG
O,
:" @ EPLHIJENI:E VEXRISCV 15 Communit More cores
Core DR LiteX-Compiled ) developed by
PicoRV32 Ibex swerV_xx Management SoC RV Cores community
O,
x¥z
=
Process
O,

2020 2021 2022 2023

efabless:



But there is always more...

Jump in and contribute

efabless:



How do we simplify chip

design? #6

efabless:



Abstract access to knowledge

Think Arduino O®) aspberry Pi

Use graphical tools or code

i in people.data.users:
response - client.api.statuses.user_timeline.get(scr name=1.scre
‘Got', len(response.data), ‘tweets fron', i.screen_name
len(response. data)
response.data[0] ['created_at']
datetine. strptine(1tdate, "% 1544255 +0000
datetime.now()
howlong = (today-ltdate2).days
howlong < daywindow:
i.screen_name, 'has tweeted in the past' , daywindow,
totaltweets +~ len(response.data)
j response. data:
j.entities.urls:
k in j.entities.urls:

[ ye— @ - newurl = k['expanded_url']
L @ o urlset.add((newurl, j.user.screen_name))

i.screen_name, 'has not tweeted in the past’, daywind




( Arduino Scratch )

Software
(FOSS)

j8 CT A CA R 0 [ W 1 W

User’s Area
10 mm?2

(2.92mm x 3.52mm)

e
fE e
Ll ik

st 1| LU

LT )T

(CARAVEL)

(Programming )

(' CARAVEL + My Design )

MANUFACTURING




(Python HDL Co de) AR R 1

i people.data.users:
response = client.api.statuses.user_timeline.get reen_name=1i.scre
'Got', len(response.data), 'tweets from', i.screen_name
len(response.data)
ltdate = response.data ['created_at']
ltdate2 - datetime.strptime(ltdate,'%a %b %d +0000 %Y'
today - datetime.now()
howlong = (today-ltdate2).days
howlong < daywindow:
i.screen_name, ‘'has tweeted in the past' , daywindow,
totaltweets len(response.data)
i response.data:
j.entities.urls:
k j.entities.urls:
newurl = k['expanded_url']
urlset.add((newurl, j.user.screen_name))

User’s Area
10 mm?2

(2.92mm x 3.52mm)

i.screen_name, 'has not tweeted in the past', daywind

Software
(FOSS)

(Programming )

MANUFACTURING




O® ARDUINO PROTOTYPING SHIELD

ARDUINO

¢ Simplified ASIC platform for prototyping - Arduino Shield :jl RISC-V

® Features %

- Based on a standardized pad frame - used for multiple core chip.

- Designed along with its companion test PCB & test SW.

- Interfaces to a personal computer via USB.

- Top-level is available to community members to modify & re-shuttle.
- Intended as a design & test learning vehicle for analog/ms blocks

® Included IP modules

- 10-bit SAR ADC - aadcc02 - SPI Controller - efdspiO01

- 10-bit voltage-scaling DAC - adacc02 - Dynamic Power-on-Reset - aporcO1

- GP Low Power BGAP - abgpcOT1 - LP CMOS Comparator - acmpcO1 2
- GP AMP - aopac0Q1 - 14KHz RC Oscillator - arcocO1 E[]E
- GP Bias Cell - abiacO1 - 1-6MHz Crystal Oscillator - axtocO'1 e

ARDUINO

= |

efabless:



BUT ....

What if want to open source my design?
| would like to guarantee my spot on the run.

| need it on my own schedule.



Chiplgnite OPTIONS

DIGITAL /
TEMPLATE

LOW 1 : oo
COMPLEXITY

IP Development

¥ 8 ¥ 3
%
H

DESIGNER

Digital & low frequency analog
Enabling larger designer base

HIGH

ANALOG : OPEN FRAME CONFIGURABLE
COMPLEXITY | : FRAME
IP Development
Complete Custom ASIC
Analog & Digital

Expert designer base

efabless:



chiplgnite USERS

Stanford EE272 Design Course

Three more universities ...

High Schools coming in June 2022

1

POWERED BY

chiplgnitej

SOLID-STATE
CIRCUITS SOCIETY"

IC Innovation

SSCS «PICO” Open Source Design Contest:

56+ submitted designs
10 will tape out at Efabless 2

https://sscs.ieee.org/about/solid-state-circuits-directions/sscs-pico-program
https://efabless.com/projects/project definition/SSCS-21

Rapid IC Creation

Startups
Using chiplgnite as their proof-of-
concept or low volume production

4

If you are a student and
ant to learn .. how to Open Source

Tapeoutachlp ?? Your FPGA Foundation

own chip .ata very low
cost ... please join!! B global program
Tape Out World innovation among

e Open-Sour

- G500 5 university

@ @ students

Noveed Sherwon Mohamed Kassem -~
-
] ] [ ]

2 Chiplgnite Slots per University

Turkey, Pakistan, India, Australia


https://sscs.ieee.org/about/solid-state-circuits-directions/sscs-pico-program
https://efabless.com/projects/project_definition/SSCS-21

POWERED BY

A IEEE : .
SOLID-STATE (Chlplgmte]
clncI“Ts SUGIETYTM Rapid IC Creation

IC Innovation

IEEE - PICO PROGRAM

R R e

1 Vietnam
4 National

Purdue
1 University

......

8 -

-

s

Rl

8 -

4 University

A
‘‘‘‘‘

SSCS PICO
Design Contest

4 University of - - Argentme

4 Engineering School of
and 1 Micro-

1 Nano-

Electronlcs

-~
o -

e -5 e

4 Technol
, Lahorggy

Link to Article SSCS Magazine Article - NOV 2021

efabless:


https://drive.google.com/file/d/14JaXzG6Iv9IkYtdnV5buIwiPV2uNLGHM/view?usp=sharing
https://drive.google.com/file/d/1SXmEeOOGxpufnSxaz_Uk0lsWjtGszocD/view?usp=sharing

~ $10K ... still not a
small number ...



Crowdfund it ...
... or Community-fund it
Write up your Idea

Go to GroupGets.com or CrowdSupply.com
Start a campaign at no risk - see example CLEAR

If your design gets funded
then you got your own board with your custom ASIC

efabless:


http://GroupGets.com
http://CrowdSupply.com
https://groupgets.com/campaigns/1003-clear-the-open-source-fpga-asic-by-chipignite

CLEAR - The Open Source
FPGA ASIC - by chiplignite Product Details

Single-unit price: $74.99 + shipping Name
CLEAR - The Open Source FPGA ASIC - by chiplgnite
Funded
' Brand / Manufacturer
Not available / campaign end date: Mon, 28 Mar 2022 18:10:00 Efabless Corporation
PDT

Manufacturer Part #

- €100025
s »
Product Description
Backers: 142 Target: 200 Funded: 215

CLEAR - The Open Source FPGA ASIC

n a E PC.)WERED B.Y
chiplgnite

Rapid IC Creation

CLEAR is an Open Source FPGA ASIC delivered to you on its development board and its open source software development
tools and all the ASIC design tools used to create it. That's for you to create your own - yes that's right - ASIC.

CLEAR is utilizing Caravel - the open source ASIC platform provided as a base System on Chip (SoC) provided by Efabless'
Details chiplgnite offering.

What we will do

. Generate an embedded FPGA macro based on the famous OpenFPGA generator framework
. Integrate the eFPGA macro into Caravel which makes it an FPGA ASIC - Clear

. Manufacture the ASIC through chiplgnite program through SkyWater Technology

. Package and mount the ASIC on its development board

. Test the boards before you get them along with the open source FPGA programing software
. You receive your board and have fun!

Product Details

Name
CLEAR - The Open Source FPGA ASIC - by chiplgnite

aOulh WN =

As part of the campaign we will show you everything we do including how to design your own ASIC with open source ASIC
Brand / Manufactu rer design software and how you can create a campaign just like this one for your own custom ASIC. All that without having to

Efabless Corporation make a giant hole in your pocket for ASIC design and manufacturing.

efabless:



..... that’s how its done ...

1 =
2 -_ At least these 6
J -_ things must exist
4 -— to create useful
5 -_ chips
6 [

CAN BuUILD A
useruL CHIP

efabless:



Creating a World where a
14-year-old Designs a Chip

The time is how



Get Involved - Useful Links / Repos

Information Hub
github.com/efabless/skywater-pdk-central

Join SkyWater PDK Slack Space - https://join.skywater.tools

The OpenLane flow for digital PnR can be found at https://openlane.io

The OpenROAD Project https://theopenroadproject.org/

The documentation is at https://docs.skywater.tools

MPW-ONE https://efabless.com/open_mpw_shuttle_project_mpw_one

Caravel documentation https://caravel-harness.readthedocs.io/en/develop/index.html
WOSET/ICCAD Workshop on EDA https://woset-workshop.github.io/WOSET2020.html|

efabless:


http://github.com/efabless/skywater-pdk-central
https://join.skywater.tools/
https://openlane.io
https://docs.skywater.tools/
https://efabless.com/open_mpw_shuttle_project_mpw_one
https://caravel-harness.readthedocs.io/en/develop/index.html

Supporting Slides



chiplgnite TAPE-OUT COURSES

FOR UNIVERSITIES Analog and / or Digital Design Courses

« Two-session courses:

Undergraduate courses Spring > Fab »  Fal  »
Capstone projeCtS DESIGN & TAPEOUT BRINGUP & TEST

Fall > Fab > Spring >

» Single session courses:

Graduate Research

= * Design + test via FPGA
e EfabIESS§ » Design + test previous student project
sKyuwJater . * Test broken design + fix and tapeout

» Future: one course period design/tape-out/test

efabless:



..... 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 O I V e

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

at tl me CAN BuILD
— useruL CHIPS

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

efabless:



Why Care to have
your own ASIC for
your product?

\  BEFORE |SSS D=

0O Reduce cost in your overall application
O Optimize performance and power efficiency via integration
O Reduce the size and enable superb Product Design

O Protect Intellectual Property through hardware embedding

efabless:
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“' »  Mohamed MK @mkkassem - Apr 14
e ¥ Caravel bring up day at Stanford. Go EE272B Team!!
Some are duplicates but so be it @

Woowzaaa!!

photos.google.com

S’Fanford - EE272B - Chiplgnite One | ’m Ca ravel !!

84 new items added to shared album

|
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T

W WaveForms (new workspace)

Welcome - Help @ Scopel P> @ Logic1 @ @ wavegen1 P | y | 5
| View Window 3
Mode: Repeated B Trigger: Normal simple Pulse Position:  9.002 us 0 &
.Stop Buffer: 10 -+ Source: Digital @ Inputs:  100MHz DIO 0..15 Base 2 us/div 8 -
o
Pin T| Armed Name: FLASH IN Position: 0.00000404s Value: h03 LEEQR
L —_— —_— HhFF | heF Jner [ho3 | hoo Jhoo [hoo [2h80 }
*DIO 0 | 1 1 | [
*DIO 1
iy .
: N——— —haB —{ho3 N\ Hhoo | hoo Jhoo | hoo | hoo Jhoo | hoo |2h0 }
|

. =) ] M |

]

]

EERinlE

DIO 4




ANALOG TRANSISTOR-

Xschem
by Stefan Schippers

Analog transistor-level design,

» Ctri-Left-Click to load/unload
embedded waveforms

schematic and layout b EEA T sdnion
Schematics: Xschem
Simulators: ngspice, Xyce
Support: Process Corners and

statistical simulations

Packed with out-of-the-box

examples - just click, copy
and run yours

SPICE Simulations with ngspice or Xyce for SKY130




ARDUINO ASIC/SoC - WHAT - just thoughts
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