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Who am | and why do I talk about this?

Hi &

I’'m Daniel Bovensiepen

@ 9 research on industrial communication

@ B open source stuff @ github.com/bovi

living in JL3T
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https://github.com/bovi

“thought-provoking” questions

1) Do you have basic knowledge how an ASIC is made?
2) Do you think an Open Source ASIC is possible today?

3) Do you dare to design your own ASIC?

SIEMENS
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ASIC design flow
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ASIC design flow

ﬁodule nand_gate(c,a,b); \ De ‘ —-Q

nput a,b;
outputc; : CLK

assign ¢ = ~(a&b);
endmodule

module not_gate(f,e);
input e;
output f;
assign f=~
endmodule

moduled_ff_struct(g,qbar,d,clk);

nput d,clk;
outputq, gbar; | & i /,,//////
not_gate notl(dbar,d); |'|'r AN

nand_gate nand1(x,clk,d);
nand_gate nand2(y,clk,dbar);
nand_gate nand3(q,gbar,y);
nand_gate nand4(gbar,q,x); :
| B 1 17 17 T 7
@dmodule / ) /%//////////
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ASIC design flow

ﬁod ule nand_gate(c,a,b);
nput a,b;

output c;
assign ¢ = ~(a&b);
endmodule

module not_gate(f,e);
input e;
output f;
assign f=~e;
endmodule

moduled_ff_struct(qg,gbar,d,clk);
nput d,clk;
outputq, gbar;
not_gate notl(dbar,d);
nand_gate nand1(x,clk,d);
nand_gate nand2(y,clk,dbar);
nand_gate nand3(q,gbar,y);

nand_gate nand4(gbar,q,x);
Qdmodule /
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ASIC design flow

Tapeout
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ASIC design flow

Tapeout
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ASIC design flow

Synthesis

Tapeout
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ASIC design flow

FPGA

Synthesis

Tapeout

ASIC
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ASIC design flow

FPGA

Tapeout
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ASIC design flow

FPGA

Floor & Power
Planning

Tapeout

ASIC
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ASIC design flow
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Floor & Power
Planning
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ASIC design flow
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ASIC design flow
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ASIC design flow
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Open Source
ASIC design flow
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Thethreepillars of ASIC design
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Open Source ASIC design flow
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Open Source RTL for ASIC design

Floor & Power
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Open Source RTL for ASIC design

/ Hardware Description Languages (HDL) \

Amarangy,
¢ HDL

s .
VHD| o Natyy, CHISE-
_ oL

o9
\Ver\ B'UGSpe

J

-

/ N

/ Intellectual Property Cores (IP Cores) \ / Design Communities \
_ 22 opencores.org
p\CON OpenRAM .
Hbrecores.org
F. ASoC |
github.com

/
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Open Source RTL for ASIC design
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Open Source EDA for ASIC design
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Open Source EDA for ASIC design
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Open Source EDA for ASIC design

H The-OpenROAD-Project / OpenLane ' pubiic

<> Code

OpenLane is an automated
RTL to GDSII flow based on
several components including
OpenROAD, Yosys, Magic,
Netgen and custom
methodology scripts for design
exploration and optimization.

0000 DR O 0G0
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¥ master -

t! bovi docs(dockerfreadme): fix typo (#1664)

.github
configuration
dependencies
designs

docker

docs
regression_results
scripts

tests

flake8
gitattributes
.gitignore
.readthedocs.yml
AUTHORS.md
CONTRIBUTING.md

Jenkinsfile

() Issues 139 i1 Pullrequests 9

Y 3branches 275 tags

4z EditPins -

) Discussions () Actions

Go to file

Add upload size warning in issue form (#1620)

KLayout GDSII updates (#1608)

[BOT] Update PDK (#1656)

Update OpenROAD (#1611)

docs(dockerfreadme): fix typo (#1664)

Added link to tutorials for Spanish learners (#1653)
Documentation Restructure (#1337)

utils: handle TERM=dumb (#1663)

run_designs fixes (#1597)

Integrate Volare for PDK Building and Mangement, Part ...
checkers cleanup

Cl Fixes (#1022)

Documentation Restructure (#1337)

Installation, Quickstart Guide and Sphynx Overhaul (#12...
Documentation Restructure (#1337)

Fix tag names on Jenkins (#1119)

A Projects

> Watch 55 ~

v 95580b0 yesterday 51,700 commits

last month

2 weeks ago
last week

last month
yesterday

2 weeks ago
5 months ago
2 days ago
last month

10 months ago
3 years ago
last year

5 months ago
5 months ago
5 months ago

9 months ago

) Security

¥ Fork 293 - 7 Star 843 -

[~ Insights

About

OpenLane is an automated RTL to GDSII
flow based on several components
including OpenROAD, Yosys, Magic,
Netgen and custom methodology scripts
for design exploration and optimization.

¢ openlane.readthedocs.iof

magic asic rtl verilog visi
foundry YOSYS klayout caravel
netgen system-on-chip openroad
openram skywater 130nm
soc-design rtl2gds

0 Readme

i Apache-2.0 license
7 843 stars

® 55 watching

¥ 293 forks

Releases

> 275 tags

Packages

SIEMENS



Open Source EDA for ASIC design
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Open Source PDK for ASIC design
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Process nodes from ~1960 to ~2020
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Process nodes from ~2000to ~2020
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Process nodes from ~2000 to ~2020

250

Open Process Development Kit

200  https://github.com/google/skywater-pdk
4P ciobalFoundies  https://github.com/google/sky90fd-pdk
I B * https://github.com/google/gf180mcu-pdk
g % sKyuJater - AM D
SKY130

100 ’ o;%

?Swwoter

SKY90FD
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Open Source ASIC design flow
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Can we build an Open Source ASIC?
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yes we can
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How to builld
your own ASIC
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Open Multi Project Wafer Shuttle Program

Program details

« 8 shuttles

« 40 designs per shuttle

« 10mm? for each design

« everything is/must be Open Source

Open

Go gle— SpONSOr —> Sl\r/:tljt\i\lle tapeout —? skyuwater

Program

)

manage

efabless:
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Open Multi Project Wafer Shuttle Program

Caravel Harness Multi Project
with Project Design Integration

Project Design
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Zero 2 ASIC ”“ =
Program details :
* based on the Open MPW shuttle program e i
« 16 designs per Caravel user-space —
« 300um? for each design =
« multi-project Caravel: https://github.com/mattvenn/caravel-mph -
Organized by e ~ m~ i
@matthewvenn 16 projects in one Caravel user space
for MPW-2
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https://github.com/mattvenn/caravel-mph

Tiny Tapeout

Program details

« tapeout guarantee with payment (25$ for design / 100$ for IC&PCB)
« 249 designs per Caravel user-space

e 150um * 170um for each design

ASIt

Organized by
@matthewvenn 249 projects in one Caravel user space
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Estimated cost per design if Google doesn’t pay anymore

Multi Project Wafer
parts per design 300
design quantity 1
design size 10mm?2
design cost $9,750.00

RISC-V based Arduino
Bitcoin mining accelerator
FPGA

1I2C controller

design examples

Zero2Asic
~18
16
300um?2
$609.38*

ChaCha20 accelerator
RGB mixer

A5/1 crypto block
Pong

Tiny Tapeout
~1
249
150pm x 170pum
$39.16*

temp sensor
CRC calculator
guitar tuner
12bit PDP8 CPU
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Understanding semiconductors on a substrate level

Layers

active

@& ] p substrate
@ W nwell

& M n diffusion
& M p diffusion
@ Mptap

@ Wintap
passive

@ M polysilicon
@& ] polyres
@ [ metall

& M mim capacitor
[ metal2

via

@& | metall via
@& | metal2 via

CROSS SECTION & DRC SIMULATION

oY

5 —in

Plot signals:

in ) o @+

Input voltage:

Min: ov

Max: 5V

Pulse delay: Ops
Rise time: =——=_ 50us
60ps

Time scale:

I Show SPICE (advanced)

aut

https://app.siliwiz.com
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= wokwi [ siliwiz

<> code (5 Issues

¥ main ~

. mattvenn fix: updated lesson link to tinytapeout resource

R rEErEirE iR rEE N N BN BN BN BN N

.githubfworkflows
husky

wscode

functions

patches

presets

public

src

.editorconfig
.eslintrc.cjs
-gitignore
.gitpod.yml
LICENSE
README.md
package-lock.json

package json

Fublic

<2 Edit Pins =

& Watch 5 -

19 Pullrequests 2 (® Actions [ Projects @ Security

% Fork 7 - Yy Star 85 -

|~ Insights

Go to file Add file * About

ci: fix branch name in workflow config

chore: set up precommit hooks (prettier & lint)
chore: add recommended vscode extensions
chore: apply Apache 2.0 License #16

feat: drawing new rects, undo+redo

feat: new app layout (#31)

fix: update favicon

fix: updated lesson link to tinytapeout resource
chore: add prettier config

chore: set up eslint

feat: app skeleton

chore: change gitpod default to open preview
chore: apply Apache 2.0 License #16

docs: add badges to README

chore: npm audit fix

feat: new app layout (#31)

*® last week ¥T)178

last month
last month
last month
last month

5 months ago
3 weeks ago
3 weeks ago
last week

5 months ago
last month

5 months ago
last month
last month
last month

3 weeks ago

3 weeks ago

Silicon Layout Wizard
& app.siliwiz.com

Readme
View license
85 stars

B watching

< O % 3 B

7 forks

Releases

Mo releases published

Packages

Mo packages published

Contributors 3

& rish Ui shaked

. mattvenn matt venn

t bovi Daniel Bovensiepen Li
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Design electrical circuitsinthe browser

WOKWI

WOKWI - & SHARE v ;;‘ny Tapeout 3 Template Docs SIGNIN

README. md diagrarm.json Library Manager e Simulation Description WOkWI

1 #Ti Tapeout 3 T late Project
e Taneon rpnate Frelec ° ° ° A3 227 followers  ¢@ https:/fwokwi.com
Use this template to start your Tiny Tapeout 3 project.

2
3
4
5 To learn more, check out our Digital Design Guide at https://tinytap
;’ () Overview [ Repositories 106 B Projects & Packages A People
Pinned

B avr8js | Public ] rp2040js | Public

Arduino (8-bit AVR) simulator, written in JavaScript and runs in A Raspberry Pi Pico Emulator in JavaScript

the browser | Node.js

@ TypeScript 1 381 % 61 @ TypeScript Y255 % 24

] wokwi-features | Public ] wokwi-elements | Public

Wolkwi Feature requests & Bug Reports Web Components for Electronics and loT Parts

Tras Yo @ TypeScript ¥7131 % 36

B wokwi-docs | Public ] splendida | Public

Documentation for the Waokwi Simulator 256 WS2812E LEDs arranged in Fermat's Spiral Shape

Javascript  v¥78 % 168 @®Fython 1¥39 %5

https://wokwi.com
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“thought-provoking” answers

1)

2)

3)

Do you have basic knowledge how an ASIC is made?
| guess somehow...

Do you think an Open Source ASIC Is possible today?
Looks like it

Do you dare to design your own ASIC?
Sure
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epilog
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Semiconductors — The Final Frontier Of Open Source

Inverter by @marunmagesh

Q&A

Daniel Bovensiepen
daniel.bovensiepen@siemens.com

Siemens
Beijing, China
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