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● Software Dev in the 90s
○ Vendor provided compiler
○ Toolchain incompatibilities
○ OS dependent

Evolution of Software Dev 
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Context and Background

Looks like current

hardware dev!
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● Software Dev in the 90s
○ Vendor provided compiler
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Lowering Costs & Barriers to Chip Design
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Broken?Looks like current

hardware dev!
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● Is Hardware Development Broken?

Lowering Costs & Barriers to Chip Design

Source: NIST

Research $ 
Saved

- T. Ansell and M. Saligane, "The Missing Pieces of Open Design Enablement: A 
Recent History of Google Efforts : lnvited Paper," 2020 IEEE/ACM 
International Conference On Computer Aided Design (ICCAD), San Diego, 
CA, USA, 2020.

Source: ISSCC’23 - Plenary
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Overview of FASOC
Fully Autonomous SoC Synthesis 

● DARPA IDEA Program (OpenROAD and FASoC)
● Multi-University and Industry effort
● Multiple tape-outs in TSMC 65, GF12LP, SkyWater 130nm 

https://fasoc.engin.umich.edu/

TSMC65LP SoC (2019-08) GF12LP SoC (2020-10)
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First automated SoC
Fab’d in TSMC65nm
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https://fasoc.engin.umich.edu/


Now proprietary or open source design flow 

Automated

Manual/Custom

OpenFASoC!

Automated
portable
analog

SAR ADC Block Diagram 

Temperature Sensor D-LDO

PLL DC-DC Converter
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Overview of OpenFASOC
Fully Autonomous SoC Synthesis 

● DARPA IDEA Program, now funded by Google, NIST and others
● Multiple tape-outs in TSMC 65, GF12LP, SKY130, GF180MCU, Intel 16

GF12LP SoC 
(2020-10)
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CHIPS Alliance Workshop 
2021-11

OpenPOWER AI Workshop 
IBM - 2022-11

CHIPS Alliance Technology Update 
2022-12

RISCV Alliance Japan 
2022-12

openfasoc.readthedocs.io

MPW1 MPW2 MPW4 MPW5 MPW6 MPW8MPW7

Intel 16-nmGF 12-nm

SKY130

GF 180

MPW0

+ m
ore!

<3 years, <10 people!

https://youtu.be/auXZdPwYs10
https://youtu.be/auXZdPwYs10
https://www.youtube.com/watch?v=K0guBWWcGrY
https://www.youtube.com/watch?v=K0guBWWcGrY
https://www.youtube.com/watch?v=KQVk4QP3ctw&list=PLWm-dtUGVJtDkvxTpThB3cAu0dNxwrlHc&index=5
https://www.youtube.com/watch?v=KQVk4QP3ctw&list=PLWm-dtUGVJtDkvxTpThB3cAu0dNxwrlHc&index=5
https://www.youtube.com/watch?v=Yg2y7iOKk8U
https://www.youtube.com/watch?v=Yg2y7iOKk8U
https://openfasoc.readthedocs.io/


On-Going Projects & Contributions
Open-Source IC & tapeouts

➔ 1st Open Silicon Results

NIST Nanofabrication Accelerator
➔ 1st Open Nanotechnology Platform
➔ Cryogenic CMOS 

Low-Power IC Design
➔ Rapid Prototyping for Wearables

Hardware Security
➔ 1st Open Root of Trust SoC



Automated & Open Nanotechnology Platform 
CMOS Integration Critical for Measurements
● New devices and materials are continually 

proposed by the academic community
Resistive switching 
memory (ReRAM)

Phase Change Memory 
(PCM)

Spin Torque Transfer
(STT - RAM)

Conductive Bridge
(CB-RAM)

2D Materials Nanotubes

Source: Brian Hoskins, NIST

Reliable monolithic integration is a 
requirement for experimental 

prototyping
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Open Cryogenic CMOS
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Experiments have shown 
constant behavior across a wide 
temperature range, down to 
cryogenic temperatures.

Cryogenic Test Setup

Power Efficiency & Output Voltage
Versus Load Current, Clock Freq., and Temperature

Emulated Closed-Loop Response
At Maximum-Power Tracking

Maximum Eff. Point Robust against Temperature Variation
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Automated PMU for Low-K Operation
Measurement Results



Building Confidence in Open Design
Start of 
Skywater’s Open 
MPW Program

Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec

End of 
2020

2022

Feb

2024

MPW1
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Building Confidence in Open Design

Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec

End of 
2020

Feb
MPW1 MPW2 MPW3

20

GF 12-nm

SKY130

Dec ….

Tapeout throughDARPA IDEA Program

Apr Jun

May 
28th

Feb
24th

2022 20242021

BLE-TX

ADPLL SCPA

○ ADPLL supports 1.8 to 2.7GHz

● 1st tapeout in GF12LP using open source 
tools

● Signoff using PT
○ @ TT|25C|0.8v|funcmax

350MHz
● Temperature sensors

○ TRANGE: -20 to 100oC
○ Error: +/- 0.2oC (post-PEX)



Building Confidence in Open Design
Start of 
Skywater’s Open 
MPW Program

Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec

End of 
2020

Feb
MPW1 MPW2 MPW3 MPW4 MPW5 MPW6 MPW8MPW7

21

GF 12-nm

SKY130

Dec ….

DARPA IDEA 
Program

Apr Jun

Nanofab. Accelerator 
program w. NIST

4 Testchips Already!
Big tapeout mid-June

1st TO 2nd TO 3rd TO 4th TO

May 
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Feb
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NIST’s 
Nanofabrication 
Tapeout
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Building Confidence in Open Design
Start of 
Skywater’s Open 
MPW Program

Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec

End of 
2020

Feb
MPW1 MPW2 MPW3 MPW4 MPW5 MPW6 MPW8

Project w. Fitbit

MPW7

22

GF 12-nm

SKY130

Dec ….

DARPA IDEA 
Program

Apr Jun

Nanofab. 
Accelerator 
program w. NIST

1st TO 2nd TO 3rd TO 4th TO

Globalfoundries 
Open MPW 
Program

GF 180 GF 180

May 
28th

Feb
24th

NIST’s 
Nanofabrication 
Tapeout

MPW0

2022 20242021

Accelerating Fitbit’s 
Custom Silicon Goals!
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Intel 16-nm

GF 12-nm

SKY130

Dec ….

DARPA IDEA 
Program

Apr Jun

Nanofab. 
Accelerator 
program w. NIST

1st TO 2nd TO 3rd TO 4th TO

Globalfoundries 
Open MPW 
Program

GF 180

Intel’s 
University Shuttle

GF 180

Intel 16-nm

May 
28th

Feb
24th

NIST’s 
Nanofabrication 
Tapeout

We Need More 
Shuttles!

MPW0

2022 20242021



● Tapeout in Intel 16nm using OS tools
● PD and timing optimization using OpenROAD
● Used a modular flow to smoothly fill-in the gaps 

using proprietary tools

● Temperature Sensor RTL to GDS flow is fully 
Open-Source

Tape Outs in Intel 16 - OpenTitan SoC

Floorplan of Intel 16 tapeout Including Opentitan, 
Temperature sensor array and crossbar using OpenROAD
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24 Temperature Sensors Array 

GPIO

Temp. Sensor

Area = 33.048um x 34.02um 25



OpenTitan Root of Trust SoC - Final Version
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● All digital edge tracing TRNG
● Tunable Noise Injection
● On-chip high speed PLL
● OpenTitan security subsystem

○ Crypto + Key Manager
○ Secure Memory

Frequency 28MHz

Memory Size 16KB

Gate Count 20K

# of Macros 26

Area 2.18mm2



OpenTitan Root of Trust SoC - Final Version
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What is next?



Bridging Gaps between Hardware & Software

“My god, 
it’s full of software!”

29

Make custom silicon easier to 
build, at scale, just like 

software

$ gcc -OSilicon



Bridging Gaps between Hardware & Software

“My god, 
it’s full of software!”
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Packaging
conda-eda
github.com/hdl/conda-eda

conda install --channel litex-hub \
              open_pdks.sky130a   \
              openlane            \
              xls

Reproducible, Reusable
Jupyter Notebook
github.com/chipsalliance/silicon-notebooks/

https://github.com/chipsalliance/silicon-notebooks/


Bridging Gaps between Hardware & Software

“My god, 
it’s full of software!”

31

● OpenFASOC GitHub Repo is mainly Code and 
Documentation
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● OpenFASOC GitHub Repo is mainly Code and 
Documentation
○ Auditable and Transparent 
○ Regression Tests
○ Systematic Metrics Extraction
○ Dashboards



Bridging Gaps between Hardware & Software

“My god, 
it’s full of software!”
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● OpenFASOC GitHub Repo is mainly Code and 
Documentation
○ Auditable and Transparent 
○ Regression Tests
○ Systematic Metrics Extraction
○ Dashboards

● Analog Automation requires collaborative Work
○ EDA, Analog/RF/Circuits, Software



Generator with a Higher Control/Precision

● Addresses porting Aux-cells to 
new PDK

● Programmatic layout provide 
fine control with automation

Auto-Generated Comparator Cell



Generator with a Higher Control/Precision
● Object oriented code provides flexibility
● PDK -> py class
● Generators -> py function
● User codes hardware by importing py packages

Parameter Variation



OpenFASOC with 
GDSFactory Generator API

User Created PY Script

# function interface
@gf.cell
def top(args, PDK):

…
return top

Python PDK Generator
import [PDK]

import openfasoc.[Generator]

cell = [Generator].top(args,PDK)
cell.write_gds()

Imports

Technology Layers
PDK.get_layer()

DRC Rule Deck

Component Lib
PDK.get_component()

e.g Voltage Header Cell

1. Defined cell placement
2. Auto route

Integrating Cells

Integration with GDSfactory & OpenROAD



● Selected by the US Consulate in Japan to organize workshops and training for the 
Japanese Workforce in Kyushu Area 

Reproducible, Reusable Results using Notebooks & Open PDKs
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● Selected by the US Consulate in Japan to organize workshops and training for the 
Japanese Workforce in Kyushu Area 
○ Partnering with local Universities

Reproducible, Reusable Results using Notebooks & Open PDKs
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IEEE SSCS TC OSE
Activities



AURA Program
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Notebook Code a Chip Competition at 
ISSCC’23
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Notebook Code a Chip Competition at VLSI’23
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“Code-a-Chip” Notebook Competition at 
VLSI'23 - Kyoto
● IEEE Solid-State Circuits Society (SSCS) Open-Source Ecosystem (OSE)

○ https://github.com/sscs-ose/sscs-ose-code-a-chip.github.io

46

https://github.com/sscs-ose/sscs-ose-code-a-chip.github.io
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180 Attendees!! Record attendance 
among all workshops at VLSI Symposium



The End!



Traditional vs Automated 
Analog Design



Automated

Manual/Custom

Analog vs. Digital design flow

● Analog design flow 
Significant number of manual 
and custom steps.

● Digital design (grid-based) 
flow 
Almost entirely automated.
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Automated

Manual/Custom

Generated Analog into Digital design flow
SAR ADC Block Diagram 

Temperature Sensor D-LDO

PLL

ISSCC-2015

ISSCC-2017 CICC-2010

DC-DC Converter

FASoC 
Generator
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Automated

Manual/Custom

Generated Analog into Digital design flow
SAR ADC Block Diagram 

Temperature Sensor D-LDO

PLL

ISSCC-2015

ISSCC-2017 CICC-2010

DC-DC Converter

ALIGN Automated Layout Generator

FASoC 
Generator
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Initially only proprietary design flow

Automated

Manual/Custom

SAR ADC Block Diagram 

Temperature Sensor D-LDO

PLL DC-DC Converter
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