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Evolution of Software Dev

e Software Dev in the 90s
o Vendor provided compiler
o Toolchain incompatibilities
o OS dependent
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Context and Background

e Software Dev in the 90s
o Vendor provided compiler
o Toolchain incompatibilities
o OS dependent
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Lowering Costs & Barriers to Chip Design

e Software Dev in the 90s
o Vendor provided compiler
o Toolchain incompatibilities
o OS dependent

Describe your experience with
(tapeout) toolchain in one word
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47.5%

Survey of ~ 50 Students
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UG student Ali Hammoud to present his winning
Code- a-Chlp design at ISSCC 2023

ELECTRICAL &
M COMPUTER ENGINEERING
UNIVERSITY OF MICHIGAN

Hammoud’s project is based on the open-source hardware design tool called
OpenFASoC, developed at Michigan.

Ali Hammoud, a second-year student in computer
engineering, is a winner in the inaugural
international Code-a-Chip competition. He will
present his project in open-source chip design at
the 2023 International Solid-State Circuits
Conference (ISSCC), along with 6 other design
teams from around the world. His design is called
OpenFASoC: Digital LDO Generator.

Hammoud'’s design is based on the open-source
tool called OpenFASoC, short for Open-Source Fully
Autonomous System-on-Chip, which was co-

developed by his faculty advisor on the project, Dr.
Mehdi Saligane. OpenFASoC was developed for
analog circuit design, which is more difficult to 7
automate than digital circuit design.
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~6 years

New Deploy

All Replaced Emergency Push <1 hours



Lowering Costs & Barriers to Chip Design

e |s Hardware Development Broken?

Design costs rising with every new technology node
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A Recent History of Google Efforts Wrorove!
Custom Tapeout
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Traditional vs Automated
Analog Design
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design flow

I:I Manual/Custom

Analog Traditional Flow ® d eS i g n ﬂ OW
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VS.

|:| Automated

I:I Manual/Custom

Analog Traditional Flow
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design flow

design flow
Significant number of manual
and custom steps.

design (grid-based)
flow
Almost entirely automated.
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Generated Analog into
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Initially only proprietary design flow
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Now proprietary or open source design flow
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Overview of FASOC

Fully Autonomous SoC Synthesis

e DARPA IDEA Program (OpenROAD and FASoC)
e Multi-University and Industry effort
e Multiple tape-outs in TSMC 65, GF12LP, SkyWater 130nm
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https://fasoc.engin.umich.edu/

Overview of OpenFASOC Today

Fully Autonomous SoC Synthesis

e DARPA IDEA Program, now funded by Google, NIST and others
e Multiple tape-outs in TSMC 65, GF12LP, SKY130, GF180MCU, Intel 16
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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/
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Trade-offs & Design Constraints Examples



D-LDO Power Routing Example

Performance loss caused by PnR

o Large Series Resistance caused by wiring
congestion for increased array size
o Unpredictable wiring due to random
placement of power cells
Vin
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D-LDO Power Routing Example

Constraint less Post-PEX Scalable Constraint Post-PEX
R? = 0.8865 R? = .0.9993
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Performance / Complexity Tradeoff

e FASoC augments digital flow with APR tool placement/routing constraints and
minimizes the (performance loss * complexity)

FoM 4 Our Point-of-Interest - FASoC 2.0

v

Analog Cell+Generator FASoC 1.0
Generator Constrained P&R Standard Cell

Combined FoM

Degradation

Complexity

100% Constrained «
Manual P&R
Analog Calibration

P More abstraction
The "Spectrum" of Analog Automated P&R

Implementation Methodology More digital calibration
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On-Going Projects & Contributions
Open-Source IC & tapeouts .«

II»:’ ; *H

- 1 Open Silicon Results e

NIST Nanofabrication Accelerator

- 1t Open Nanotechnology Platform
-> Cryogenic CMOS

Low-Power IC Design
-> Rapid Prototyping for Wearables

Hardware Security s
> 1*Open Root of Trust SoC g
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Big-Bang Events: Open-Source PDKs

First open-source PDK (November 2020)
> SkyWater 130nm CMOS
» https://github.com/google/skywater-pdk

Second open-source PDK (October 2022)
> GlobalFoundries 180nm MCU
> https://github.com/google/gf180mcu-pdk

Third open-source PDK (March 2023)
> IHP 130nm BiCMOS
» https://github.com/IHP-GmbH/IHP-Open-PDK

Permissive Apache 2.0 licensing
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Efabless Caravel
“Harness” SoC

Your Design
Goes Here!
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OpenFASOC Demonstrator

MPW-I: 64 sensors + D-LDO | —

5 B T N B
e Actively contributing to the open source community ‘ i e ;es?t'o"ig‘mo
| 1oapt 25MA

e 1t open FASoC flow built on top of OpenROAD tools
o Focused on the Temp. Sensor Generator

64 sensor mesh

e FASoC testchip in SKY130:

¥'| 3V, flavors)
o Includes Caravel SoC
o 64 Temp. Sensor Mesh

o LDO ported (~ a week)
m  Updated comparatc
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m  5vnative NMOS switch ! !!EWW g
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! S
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Temperature Sensor Topology

e Temperature Sensor Template Design
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Temperature Sensor Topology

e Temperature Sensor Template Design
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Measurement Results

e 64 sensors array used for low-cost design space exploration
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Measurement Results

o .
e Below 1°C inaccuracy and SOTA results
Test Chip Architecture Design Space Explorations
£ 2 Instance
Sensor Instance hdrA7-inv11-hd Sensor Instance hdrB3-inv11-hd 32 different Selection hdrA5-inv7-hd:
4 wio SEC 2t wlo SEC instances, /.| Temperature Sensor Naming Rule header design A,
—&—w/ SEC ©—w/ SEC - | Example Nig =5, Niw = 7 and
ool @ s & 3q o1l o - 5-3g T i Baiaat] high-density cells
< ‘ ; T Temperature Sensor| | — A: Super-cut-off
ngJ g E 0f Instance with - g clkout Leak;geiﬂeader Leakage or
Header Design A P 3 olgn B: Cut-off Leakage
2
i | 3_2 different 2, [dene Number of 3.5 70r9
4 20 0 20 40 60 4 20 0 2 40 60 instances, .| Temperature Sensor < |dout, Headers (Nha) o
Temperature (°C) Temperature (°C) 5 atenn & [ | § Zib Number of Ring e
... Sensor Instance hdrA7-inv11-hd Sensor Instance hdrB3-inv11-hd Temperature Sensor| | [ Osc. Stages (Nw)| > ">
5 wio SEC 2t wio SEC Instance V{im || Aux. and Std. hd: High-density or
—&—wi SEC —&—wl SEC Header Design B [ Cell Type hs: High-speed
G 05 B — G 1l .- --30 i T S e R i N
= 0 : o R T T T s <
u%os = g o} [ = 111um —— IQ—91um—ﬂ| |
w
l TR mmEs = o b
A At | il e e - ! ." |
15 s : = e
-20 0 20 40 60 80 10 20 0 20 40 60 80 100 | ey = i i =1 |
Temperature (°C) Temperature (°C) = = ~50% | Bl = |
.5, Sensor Instance hdrA9-inv9-hd Sensor Instance hdrB3-inv9-hd | § = =" pDenser |—=k =
3 - - 1 $ = o= )
wio SEC wio SEC | of et | ‘ E =i 3 |
1 —0- 2+ o Rl = ==t
wi SEC —&—wl SEC - e i == c |
G o5 o ,| a@--3a | = Syl _t 3
o < - 3 o= p ot B g T || @ mmsam s o
5 © 5 | = i E sl |
Ww-05 w °r b ] = ' . I
¥ | A - (E==s hi-
45 | i k&
00 40 %0 10 12 0. 40 6 0 400 120 A Layout of an ‘hs’ Sensor Layout of an ‘hd’ Sensor |
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Summary Results

e Only working Chip from MPW-1 using Open Tools
e Published at the Solid-State Circuits Letters!

This Work Jssc 20 | ussc 19 | cicc 18 [ 1sscc 17
B3-hd-11 | A9-hd-7 | A7-hd-9 [5] [6] 7] [4]
SkyWater 130nm
Technology (Open-source PDK) 55nm 65nm 180nm 180nm
Generator- Yes No No No No
based Design
Supply - -
Voltage (V) 1.8V 08~1.3 05 0.8~1.4 1.2
Area (um2) 8095 1770 630000 | 65000 8865
Temperature s - - ~ ~ RS O
Range ('C) | 4080 [-20~100| 0~120 |-40~125| 0~100 | 20~80 | -20~100
(ifl’nr;‘ée(':::)“ 0.98 125 125 1.31 300 840 8 - Instance x32
Inaccuracy | -0.97/1.08 | -0.59/0.61 | -0.67/0.74 | 0.7/0.7 | -1.53/1.61 | -0.7/+1.3 | -0.22/0.19 Header Design A
(°C) 30 30 30 30 Min./Max. | Min./Max. 30
Relative
lnacouracy | 1T1% 1.00% 1.18% 0.85% 3.14% 2.00% 0.35%
Power (uW) | 17.33 0.25 0.13 9.3 0.000763 | 0.0013 0.075 Instance x32
Energy/Conv. ‘ «
(nJ) 16.92 31.38 16.25 122 0.23 1 06 Header De3|gn B
Resolution 78 21 24 16 300 110 73
(mK)
Resolution-
FoM (pJ-k?) | 1019 13.4 9.7 3.1 20.7 140 3.2
ICEF RSN ANTE RSN A0TE RN A0 34
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OpenFASOC on MPW-II:

1st Open Source AMS SoC
e Included initial support for voltage domains in [ g ) FR—
OpenROAD x| b1 p0s

' Voltage Refs. +

e Implementation of the OpenTitan SoC using an ECO flow .| IESSS= : | analog buffers

to fix hold timing with degrading the F, ¢

OpenTitan SoC includes
16KB, 4 T-sensors and

e Temperature Sensor generator is using an end-to-end | R powered by D-LDO

Open Source flow =

e Updates to the D-LDO generator:
o Embedded voltage references
o Decap cells using MIM cap.
o  Multiple implementations and |

=

'f

" I I TR

i

i J

-
-

F

Ll
WIEE
o IR

LOAD

-

%":":‘?“"“ T T T R T T |
e  https://efabless.com/projects/239 2!!3! Test-chip in MPW-II
e  https://github.com/msaligane/caravan_openfasoc.qgit ..
B U 9 ) B Open MPW efa’l’ﬂ‘gs‘s.
HRE | Shttlo Frogram |, o0 gle
T e eesaaaddd !
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https://efabless.com/projects/239
https://efabless.com/projects/239

OpenFASOC on MPW-II: D-LDO generator

e Aux cells are swapped to experiment '
with different switch structures | _

e Multi-gain feedback loop is
implemented

1-bit Analog Voltage Comparator Vin
(Mixed-signal Fn.)

CONTROLLER

" (b) (c)

ICEFFAN ANMTEEFAN A MTE TV 30
ROHAT Y ROHATY Y ROHATD |
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OpenFASOC on MPW-II:

OpenTitan Root of Trust

e 1st SoC using AMS components

e The Opentitan SoC contains Power connections (e
o UART, SPIl interfaces Obetv#eten LDOd and [E=
16KB of SRAM (OpenRAM) penlitan :ﬂfnu‘;;’l;

O
o D-LDO is used to power-up all the blocks
o All Peripherals are connected through Tilelink

e Timing has been carefully checked and an ECO flow has been
used to avoid altering the F, ., while fixing hold violations

OpenTitan RoT SoC - Die Photo

ICES A A0ITEF P ANTE SRR 30
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On-Going Projects & Contributions

NIST Nanofabrication Accelerator

- 15t Open Nanotechnology Platform
> Cryogenic Enablement & Design




Automated & Open Nanotechnology Platform

NIST and Google to Create New Supply of Chips for
Researchers and Tech Startups

Cooperative research agreement aims to unleash innovation in the semiconductor and nanotechnology
industries.

September 13,2022

\(
GO gle + ler

nnnnnnnnnnnnnnnnnnnn

e Partnership with NIST:
o Re-characterization of SKY130 with wide range
temperatures including cryogenic (4K)
o Automated test structures Generators

o Nanofabrication Accelerator Platform
ICE A ANTES uW ADITEEFAN
ROAATD YROHATD Y ROHATT 0




Automated & Open Nanotechnology Platform

CMOS Integration Critical for Measurements

e New devices and materials are continually
proposed by the academic community

Resistive switching Phase Change Memory Spin Torque Transfer Conductive Bridge
memory (ReRAM) (PCM) (STT - RAM) (CB-RAM) New devices
) K
?’ L i X new 1 Acapbemic
evices
I sio, (] ! 1 RESEARCHERS
Dectrode @
CMOS circuitry
2D Materials Nanotubes
| oMeteral i FOUNDRIES
o o 8 0 0 0 O
o 0 0 o0 0 6 0 0
e 90000 080
” e .o.o.o.o.
e v Source: Brian Hoskins, NIST
e 9 0 9 0 0 0 00O
o o 0 o 0 % 0 &
e 90 80 08 00
@ ..0'0.....0....

Reliable monolithic integration is
a requirement for experimental
prototyping

ICESFAN ANTEEFAN A0MTE TN 30
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Automated & Open Nanotechnology Platform

The Concept

Monolithic Integration drastically reduces parasitics and leads to improved measurement quality and test ranges.

I Y A Y AR S 30 I
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Automated & Open Nanotechnology Platform

Realization of Enhanced Parametric Test

Amplifier / Oscilloscope Amplifier / Oscilloscope

SMU / SMU /
Sig Gen /\/\ Sig Gen /A\,p\

100~1000x Less Parasitics
— Improved Signal Fidelity

DUT is fabricated
on top of the CMOS chip

Integrated
Amplifier

Integrated
VCO / Sig Gen

Empty Si Substrate Nanotech Accelerator
Carrier Wafer

Traditional Method This Project

The aim of this project is to put part of the test apparatus on a silicon chip, which will be used as the carrier wafer for new
nano device fabrication. Drastically reduced parasitics can lead to improved measurement quality and test ranges.

ICESFAN ANTEEFAN A0MTE TN 30 42
ROAATD - ROHATY Y ROHATD |



Overview of Cryogenic Test Structures

EEEESE 0 - N
T TR EER LLLL
2 R R F 1 EN 1
HEEEE DEREDGOOEGO0E oooan
EEEEE 0N - W Precision Resistors
-1 T-T 11
. & B K HEN i
DEOBEE B EODGEEENE DoOam
BEEEEE N - N ] iine Via
H ﬂ ﬂ : - - Resistance Resistance
MOSCAP Arrays Overlap
- ’__, MOSCAP Arrays T
- - To Validation Modules
IR ATE LA STICES gl 30 -
ROAATD Y ROHAT Y ROHATD |



OpenFASOC is Evolving

New tools and Python-based APls

OpenFASOC v0.0

OpenFASoC w/
Open Source tools

( Yosys || Surelog |
(ABC |[ UHDM |

[ OpenROAD ] <

(agic ) Netgen

[ KLayout J !

e 5

AN
Control Tech.
Script Params.

v v

Makefile

+
Python
Common Scripts

https://github.com/idea-fasoc/OpenFASOC

ICEF RN ANMUEEFAN ANTE T

MROHATDIE

ROHATY YROHATY

10

Y

i Analog Flow

MAGIC

Klayout

Digital Std-Cell
Library

[AN

Verilog j

AN

Constraints

)

)

OpenROAD

1

Merged
GDS

44



OpenFASOC is Evolving

New tools and Python-based APls

OpenFASOC v0.0

OpenFASoC w/
Open Source tools

( Yosys || Surelog |
(ABC |[ UHDM )

[ OpenROAD J <

[ Magic ][ Netgen ]
KLayout J'

(Vo) e ]

=40 ym

w

To EBL

4 04 4 o4 o4 o4 o4 o4 o4 ot

12 x 12 Inverter Array

B0 Do B0 o B0 Do Bo Bo B0 BO

L =40 um 1,024 Frequency Divider
\'A v 10 Flipflops v
e 5 o
XYY &4X Y X
PR LI PR LA i) [E2
sfrivialafrivii axam | ° °
R ARMMA a q [T
sivlvl: axaxnf © ©
afrivialziriviz o
vl iriviz Rl B
slylvlololylvls CLK CLxn
AJCRIRARARIRTRA
5 old : a q [omm
FAR A PP A 14 1 Jo o
y: 3 CLX Ckn
P4 Py a4 1 i
ly vl zly vz s
AT YRa X3 YA cxaks 2 O
»o PO po
Ground  To Frequency Divider Ground Out  Ground

https://github.com/idea-fasoc/OpenFASOC

ICESFAN ANTEEFAN A0MTE TN 30
ROAATD CNROHAT) Y ROHATD |

>

nfet: W=2 um L=2xL__

pfet: W=4 um L=2xL__
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Interleaved Placement in OpenROAD

OpenFASOC v0.0 Fully Automated Interleaved Ring-Oscillator VCO, with custom placement scripts

12 x 12 Inverter Array
Pla“orm Tech L =40 um 1,024 Frequency Divider
Parameters v v 10Flipflops v _
P )

OpenFASoC w/

Open Source tools
v sl vfy ak vl g == Platform: Sky130hd
L9 PR 4 L Y PR 1 ) B9 a a
i wlafibeiellif bl axam | © © Inverter array: 12 x 12
[ Yosys ][ Surelog ] Specifications M AR A M a q |90
5| | Bkslaleletalileled axam|© ©
(_ABC |[ UHDM | ﬂ || blalaletetalzleteli &g | LTI e i i
z xfalriviziafeieiz i i AR RS SAARAEEAARAR AR
wizhilelelzlzlelels a a "?’"3 ...... s -k e ot
OpenROAD <:J vishalviviclzlyivl: c axn LAl L T L T ]
b Vo b4 1oy b d 1 = o —crie :
i x|y vl x|y vz 2o 688 Lo et M_x%
ol > = peas RNy
To EBL Ground  To Frequency Divider Ground Out  Ground [SL111 %L}:Li lli{’- 1
[ KLayout ]:{) GDSFACTORY 152 P et =2 ym L2,

pfet: W=4 ym L=2xL__

ﬂ = |
[Ngspice][ Xyce J [ Merged GDS J n

e Uses DEF manipulation using Python but could
be integrated within OpenROAD

https://github.com/idea-fasoc/OpenFASOC
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OpenFASOC is Evolving

New tools and Python-based APls

OpenFASOC v0.0 OpenFASOC v1.0

Fast Generation of all other RO
OpenFASoC w/ Platform Tech OpenFASoC w/
Open Source tools Parameters Open Source tools P|atf°rm Tech structures
U = Parameters
ser
Yosys ][ Surelog | Speaﬂcat'ons Yosys |( Surelog | User JSON |(_|BD glf HVI{ )
ABC ) (_UHDM ) 1 ABC_)(_UHDM | Specvﬁcat-ons ¥ Srywater
[ OpenROAD ]<:, ALICH J[wme I HS(12T) LS(12T) MS(12T),

HS(15T) LS(15T) MS(15T),

HS(18T) LS(18T) MS(18T)...

[
(
(
[ OpenROAD ]CZ' Python APis
[
[

(Other Libs)

[ Magic ][ Netgen ] Magic ][ Netgen] ther Hos
| = (soron] ot | == sowron) BN 0 00 06 0
[Ngspice][ Xyce } [ Merged GDS ] [Ngspice][ Xyce J [ Merged GDS J Dié.D DEEE D Q:D D ‘D
(e O%0 O%0o ofO
BB B 88 8 8 8
- DD OO COHEC
https://github.com/idea-fasoc/OpenFASOC DD D;ﬂxg D j:] D D
I Y AR F A A DITE S A1 N OO0 [0 []wﬂgg
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Automated custom structures

GDSfactory
O, —
i H B
H B

Il
:I.....:.'.: ....‘,..‘:... ..’.‘.
|

DD MOSCAP Arrays Line Resistance

I

CHLFA H R LT
L
|

o
o
Q.
(1]
<
o
Q.
e
2

N
L]
L]

DDEGD

MIM
Capacitor Modules

Transistor Arrays Precision Resistors Via Resistance
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MIM Cap Generation using Gdsfactory

GDSFACTORY Array creation routine

GDSFACTORY Mesh creation routine
Inputs:

m Multiplicity a,b

Inputs: p A \
Mesh dimension n,m (i J B B % B % B % B K E 3 Offsets x,y

Mesh pitch x.y HE R R R
Mesh layers gl

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

‘

4

K8 o t

s i

S

gf.path() = B sl BOF atmoveq
> 4

gf.add_ref() T e 4 | gf.add_ref
gf.move() B @ grada-refl)

ooooo
-------
£ 3 ¥

RRTIETT F 3 3t 2 3
*r‘é’('c*é"‘! r'4'- et
OS2 151 52 129 50N |
182 o 82 g 2 .
.".B.m."ﬁl

00000000000000000000
GRS s | U Bt LRt BU BRSO S (B0
oooooooooooooooooo

LRiIiry SHER
jad T

AN il [
HOH}Y'K o ﬂOHi‘ l A ROHATD



Example - Array of Flying MiM caps + Custom Padring

GDSFACTORY Pad-ring place & route routine

Inputs:
Pad ring array spec
Connection definitions (semi-custom)

@ gf.move() gf.add_ref() @ * Through Array creation routine

ICEE AN ANUEBEFAN DL g 20
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MIM Cap Generation using Gdsfactory

e Computes the grid and places capacitor on grid
e Generates connecting metals (with minimum metal spacing)
e Replicates and connects the structures to pads

J*rrﬁfyrwwwrrxwaJQ

FEEF RN RN R RN
rriwwwﬁwﬁwﬁ&ifh

B EE S SN SN SRS

EREE RN

S B S s s s s S S s B
FEEXFENFENNNNTN “pan
B8 = 8 e s | . i
(B Essssessns s s =il
o ol sl ol sl o o ol ol ol B

| S s s s s

B = s s E e s s s 1
RN

( E S S = s m e e e
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OpenFASOC is Evolving

New tools and Python-based APls

Control Tech.
Script Params.

v ¢ Analog Layout Generators ~ _____________________ w
] ! Analog Flow
ALIGN ! !
j—’ i | MAGIC |  Kiayout | |

GDSFactory

Makefile
B

Python
Common Scripts

AN
Verilog Constraints

Digital Flow
(e.g. OpenROAD)

Logic
(GDS)

GDSFactory

Merged
GDS

https://github.com/idea-fasoc/OpenFASOC

ICEFFAN ANMTEEFAN A MTE TV 30
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OpenFASOC - latest

ALIGN
Generator

I

Magic PCell
Generator

I

GDSFACTORY
Generator

GDS files DS files GDS files  Makefile
Highly customized @
layout generation on / Import GDS — User
Python with : Specifications
GDSFACTORY
ﬂ Components ﬂ Argparse
( \ Specification
Lf‘ayout‘ L= Interpretation &
Manipulation Coordinates Calculation
add_ref(), path() layers
. ovey) / waypoints
Top-level
Component
Layout
\ Generation
‘\\ write_gds()

Final GDS
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OpenFASOC is Evolving

New tools and Python-based APls

OpenFASOC v0.0

OpenFASoC w/
Open Source tools

OpenFASOC v1.0

OpenFASoC w/
Open Source tools

Platform Tech
Parameters

Platform Tech
Parameters

Yosys |( Surelog | [
]
J

User JSON
Specifications

[ Yosys || Surelog |
(ABC |[ UHDM |

ABC |(_UHDM Specifications

]

[
(
(
[ OpenROAD ]CZ' Python APis
[
[

Wl

User JSON ]

[ OpenROAD J(}:l Python APls ALIGN | (‘sosractory

(agic ) Netgen

[ KLayout } —>| GDSFACTORY

Magic J[ Netgi]
| (cmmrcrom

ﬂ

[Ngspice][ Xyce ] [ Merged GDS J

KLayout

[Ngspice][ Xyce ] [ Merged GDS ]

https://github.com/idea-fasoc/OpenFASOC

ICEFFAN ANMTEEFAN A MTE TV 30
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I

OpenFASOC - latest

I

ALIGN
Generator

Highly customized

layout generation on /

Python with
GDSFACTORY

GDSFACTORY
Generator

Magic PCell
Generator

GDS files DS files GDS files  Makefile

: User
Specifications | !

ﬂ Argparse E

Specification :

Interpretation &
Calculation

‘[ Import GDS
, import_gos()

ﬂ Components

)
Layout

Manipulation Coordinates
add_ref(), path() layers
\ movs() / waypoints

Top-level
Component

Layout
Generation
'\\ write_gds()

Final GDS
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https

ICEL RN
\ & gy

Resultant Test Die

MPW-5

Major Highlights!

* Over 1400 Pads

* 400+ Transistor
Structures

* 30 Capacitor Test
Structures

* 24 Ring Oscillators

* 18 line and via chain
modules

7 Diode Test Structures

:/lgithub.com/msaligane/openfaso
I MCEE RN A MCEE RN A1

ROHATD YROHATY SYROHATD R

C_cryo_carave

\\\\\\

=

\\\\\
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4 Tapeouts Already! Final Tapeout Loading...

MPW-5 MPW-6 MPW-7 MPW-8

IO AITE SR AR S 30
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Lowering Barrier to Chip Design

e Enabling Open Collaboration and other Research communities

jo

Probe Pin Layout

40 pm

Neural N.etworks, ot [honsr
Algorithms

I-V Curve, Read /Write
Operations, etc.

. Bias Output
Configure Access, Set
Bias, Assert events

Mixed-signal
hardware model
Able to achieve 100 to 1000x reduction in parasitic capacitance

Monolithic
integration

IEES AN 0T RE A ANTE ST 30
ROAATD aaum Ronm.url

Source: Brian Hoskins, NIST
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Performance / Complexity Tradeoff

e FASoC augments digital flow with APR tool placement/routing constraints and
minimizes the (performance loss * complexity)

FoM 4 Increased Automation

OpenF@

S FASoC 2.0
(8] A
Automation and Generator ¢
Full control over :
P&R tools

reduce complexity ) '

FASoC 1.0
Standard Cell

100% Constrained <

The "Spectrum" of Analog
Implementation Methodology

NESRL. 7
RoaT v HGIAD vl AT

Combined FoM

Performance
Degradation
Complexity

with Opensource

P More abstraction.

» Tools



Generator with a Higher Control/Precision

e Addresses porting Aux-cells
to new PDK

e Programmatic layout provide
fine control with automation

Auto-Generated Comparator Cell

AGHATE - ROHAT Y ROHATL o



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 Example pcell: Current Mirror

Size 10 Current Mirror Size 3 Current Mirror

OB AT B AMCE S A0 S aramotor Variat
ROAATD o RARATD - AT ation




Integration with GDSfactory & OpenROAD

4 OpenFASOC with \ 4 User Created PY Script N
GDSFactory Generator API Imports >

import [PDK]

Python PDK Generator import openfasoc.[Generator]
Technology Layers | | # function interface
PDK.get_layer() @gf.cell cell = [Generator].top(args,PDK)
def top(args, PDK): \_ cell.write_gds() J
.r;turn top
DRC Rule Deck v
.g Volt Header Cell
_eg Do e 4 Integrating Cells )

Component Lib ; —r

1 — p— [ 1

PDK.get_component() < R
n L}

Defined cell placement
2. Autoroute

\_ % \_ J

ICEFFAN ANTEERAN AMTE TR AT
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On-Going Projects & Contributions

NIST Nanofabrication Accelerator

- 15t Open Nanotechnology Platform
- Cryogenic Enablement & Design




Control Electronics for Quantum Computers

Quantum computer: < 20 mK

lon trap NMR NV center
® e B
»,
hw \‘\
Quantum dot Linear optical Superconducting
R ? g%? ﬁ
. b od *
’L =l L | .
A

e

9. 961088 0%

r—

ek

A Py (Berin
25, 6. W-412 (01

<20 mK 300 K
A iy
& N\ (
Input
Quantum Control and
Processor Output Read system

https://phys.org/news/2020-08-google-largest-chemical-simulation-quantum

Classical

Mix of AC and DC signal

required to control and read

the Qubits
Digital

* Inverters, ring oscillators

Analog

* Voltage reference, Low Noise
AmEhfiers
.nt

ml ; https://www.cnet.com/news/google-quantum-supremacy-only-first-taste-of-

— - . - - . - -

1-4K

<100 mK !

Digital Control
ASIC/FPGA

ADC

DAC

Read /g\
<

Control

computing-revolution, Amundson, J.; Sexton-Kennedy, E. J. E. W. C., Quantum Computing. 2019
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Requirement of Low Operating Power

Low power operation

v 3
Q Cooling
0 Power
Digital Control
ASIC/FPGA
b4
<
: DAC
i ADC ~X W
Read fgi @
= Control
~1X pW

<100 mK ;

Source: Brian Hoskins, NIST
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Open Cryogenic CMOS

Time + Temperature Cryogenic Models and Data of Open Sky130
dependent
Raw Data .
characterization | - Fit Models

Plot pnp__1/dc/NSHORT/IV

Heat.er Temp.
Heat Sink | Sepsor

M:£30VB=0000 V, VG=3300 V, VD=3.300 V, ID=2.013 mA
25

SMA
Connectors

- Experiment
© Device Simulation @ 20 K™

~
(=3

Ceramic A
Blade R

Probe
Device -

o

D (m/s) [E-3]
>

probe Arm P8 current
Amplifier

o o
o o

ST I
|

Vgg = 0. V5= 005101520V

1
vos(v)
Go gle * ler b..
Heat sink Hedter Temp. probe Noronol

Stondords u—m nology

' R' "FF skywater
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Automated PMU for Low-K Operation

Measurement Results

lMaximum Eff. Point Robust against Temperature Variation
s Zoak 107 Vtarget = 0.6V
60 i - 79 743K
T=1000K 7",77{* l = 1)( t—t—
0 e - 0.5
o s f to + T2k
| 2 s [ |S T
0.7 E' 77 4 % ° ;::::
3 G0 4 06 > :5 o T=273K
3 E 298K
& > 75 +— T T T T
‘:“"’ o B 0 200 400p 600 800 p Im
: : & Load Current/ A
20 060 E (a). Maximum Efficiency vs. Load Current
. = ISM
Cryogenic Test Setup . g
S10Mm A +2-
. 07 2 SM
Experiments have shown «\ I &
0.6 B>} T T T T
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