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- T Ajayi et al, “Fully-Autonomous SoC Synthesis Using Customizable Cell-Based Analog and Mixed-Signal Circuits Generation”,

Background

DARPA IDEA Program (OpenROAD and FASoC)
Multi-University and Industry effort
Member of CHIPS Alliance

IFIP/IEEE VLSI SOC

- T Ansell and M. Saligane, "The Missing Pieces of Open Design Enablement: A Recent History of Google Efforts : Invited Paper,”
2020 IEEE/ACM International Conference On Computer Aided Design (ICCAD), San Diego, CA, USA, 2020, pp. 1-8.

- Q. Zhang et al., "An Open-Source and Autonomous Temperature Sensor Generator Verified With é4 Instances in SkyWater 130
nm for Comprehensive Design Space Exploration,” in IEEE Solid-State Circuits Letters, vol. 5, pp. 174-177, 2022..
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https://fasoc.engin.umich.edu/
https://youtu.be/21Y5wJ7SJI4
https://youtu.be/21Y5wJ7SJI4
https://youtu.be/auXZdPwYs10
https://youtu.be/auXZdPwYs10

FASoC SoCs in TSMC 65 and GF12LP

e Multiple tape-outs in TSMC 65, GF12LP, SkyWater 130nm

¥ A Temp e GF12LP -12nm FinFET
e D Senses e GF 8HP -130nm BiCMOS
First automated So 3 e SKY130 -130nm Bulk
Fab'd in TSMC65nm R . p
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TSMC65LP SoC (2019-08)
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(Open)FASOC Now

I
e Endorsed framework by CHIPS Alliance R E e
e Analog Work Group ==
e Now Funded by Google, NIST and others o e———————n

CHIPS Alliance Workshop -

EHIPS g _ October 12, 2021
il LILNUX Google NIST

FASoC: Fully-Autonomous SoC Synthesis using
Ci Cell-Based Analog Circuits
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https://openfasoc.readthedocs.io/
- T Ajayi et al, “Fully-Autonomous SoC Synthesis Using Customizable Cell-Based Analog and Mixed-Signal Circuits Generation”,
IFIP/IEEE VLSI SOC
- T Ansell and M. Saligane, "The Missing Pieces of Open Design Enablement: A Recent History of Google Efforts : Invited Paper,”
2020 IEEE/ACM International Conference On Computer Aided Design (ICCAD), San Diego, CA, USA, 2020, pp. 1-8.
- Q. Zhang et al., "An Open-Source and Autonomous Temperature Sensor Generator Verified With é4 Instances in SkyWater 130
nm for Comprehensive Design Space Exploration,” in IEEE Solid-State Circuits Letters, vol. 5, pp. 174-177, 2022..
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https://youtu.be/21Y5wJ7SJI4
https://youtu.be/21Y5wJ7SJI4
https://youtu.be/auXZdPwYs10
https://youtu.be/auXZdPwYs10
https://openfasoc.readthedocs.io/

How it works:
Traditional vs Automated Chip Design
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VS. design flow

|:|Automated
I:I Manual/Custom
Analog Traflitional Flow [ Verlog Generation | ° d esj g N ﬂ oW
[ S°gﬁ?r;“° ] e Significant number of manual
— Simulation ) ] and custom StepS.
P&R
=
" 1
. design (grid-based)
flow
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Simulation | | Simulation Almost entirely automated.
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Initially only proprietary design flow
—{ e |
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Now proprietary or open source design flow
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Trade-offs and Examples



Performance / Complexity Tradeoff

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

Analog layout FASoC 2.0 FASoC 1.0
generator : Standard Cell only

Minimum

. o , constraints, digital
100% : Partial constraints,

: . compensation
constraints . digital :
A compensation . loss * complexity
\ /: performance
) loss
complexity
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ADPLL (DCOQO) - Structured Placement Example

e Patterned placement information generated by python code =
reduce delay mismatch between stages, added Decaps
e Scalable with design parameters

\abaddidaataiaaiiiaiuiiadihaadiinidititdddidaiatiadaiabaiiiidiniiadiiisiniidiiiidaiiadiidiiataiiiiiiabitiiiaine
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DCO cells
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D-LDO Power Routing Example

Performance loss caused by PnR
o Large Series Resistance caused by wiring

Unpredictable
congestion for increased array size Placement
o Unpredictable wiring due to random : Leads to More
placement of power cells . 2 Variation
Vin .
_F 1 40 6
load 2 —o—V, = 0.6V :{
| E [T Vem? ES
. AuxCell | = 30 e
VRU f—CTRL| N et . q:) g 4
o——1  ERrROR . = 3
(Compararo [ —] conTROLLER [ - 1] - §20 9% 3
/ADC) L CTRU[1]—] 8 2
—um:c}——":-] g 10 &
= - =1
} A
.L—r[l o = ‘:"’“’/" 0¥
10’ 10°
- - = Array Size Array Size

~6x to 9x degradation

TRETTTY ST O Pre-PEX Post-PEX




D-LDO Power Routing Example

Constraint less Post-PEX Scalable Constraint Post-PEX
R? = 0.8865 R? = .0.9993

—o—V, =06V
——V,=0.7V

()]

w
o

—o—V, =06V
——V,=0.7V

Constraints to improve

&)
N
&)

Vo = 0.8V V o= 0.8V
performance Al =00 20 | ~—vii=osv
H H _‘"—‘me =1.0V SR vref =1.0vV

o Technology agnostic fencing to Vo= 1.1V V=11V =

—Q—Vre‘ =1.2V

—V =13V
ref

constraint placements
o Use power stripes to improve
series R problem

N

Max Load Current (mA)
o o

Max Load Current (mA)
w

-

o Automatic analysis of technology pE o —— Sasecn
1 ini 10° 10° v 10' 10%
database file for determining the Array Size Array Size
stripe metal layers (b) SRR (c)

o Taped out in BICMOS and bulk
130nm, TSMC 65LP and GF12LP

-

I.mp:rOVéd‘!"” g
Predictability & R
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OpenFASOC on MPW-I: 64 sensors +
D-LDO

(e N T Tt N T ;-.'
- o : %  1'# L LDOin SKY130
e Actively contributing to the open source community ‘ 1) 3v3 10 1v8
. ! ILOAD 25mA
e 1%t open FASoC flow built on top of OpenROAD tools

o Focused on the Temp. Sensor Generator

64 sensor mesh

e FASOC testchip in SKY130:

(3 V, flavors)
o Includes Caravel SoC

o 64 Temp. Sensor Mesh

o LDO ported (~ a week) B
m  Updated comparatc e
strongArm latch ! === : - w"';“
= 5v native NMOS switch : o _ .» | Caravel SoC +
!l!!’;]!L_] i! b Y| wishbone bus
il posulored mask shot efabless: B R R R EY o
Test-chip in MPW-I
OpenMPw . efabless:

Shuttlej’rogram Gogle
CESRVANMCESRVANCESRIAN
ROAAT YROHAH SYROHATH



RMS Resolution (K)

MPW-| Measurement Results

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

Calibrated over 0°C ~ 120°C

5.5 Powers Measured at 1.8v,20°C =~
i5 Inaccuracies from 30 errors w/o SEC O O
(X0 J
Teonv = 62.5ms Seeenner i
35 i Teonv = 0.98ms

Teony = 125ms .~ e
itz * Header A and 'hs' cells
o Header A and 'hd' cells

N
3

’
emmmmy
’
.

Relative Inaccuracy (%)

15 :\ O g . ¢ Header B and 'hs' cells
- - Header B and 'hd' cells
0‘8.05 0.1 0.2 0.5 1 2 5 10 20 50 100
Power (uW)
0.175 semmes <
* Header Aand 'hs’ cells
015+ = Header Aand 'hd' cells
¢ Header B and 'hs' cells
0.125 ' Header B and 'hd' cells
o L | 0§ Measured at 1.8V, 500
0.075 - Ty . 20°Cand 31.25ms Xy S
0051 "o . "'::.** *“:, Conversion Time
025 bt | P i s i P I D B | L " Ly
005 01 02 0.5 1 2 5 10 20 50 100
Power (uW)
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Test Chip Architecture Design Space Explorations
Instance
32 different Selection hdrA5-inv7-hd:
instances, /.| Temperature Sensor Naming Rule header design A,
‘ - Example Nigr = 5, Niow = 7 and
s e » r high-density cells
Temperature Sensor| | — o A: Super-cut-off
Instance with N % clkout Leak;ge-Header Leakage o
Header Design A P 3 an B: Cut-off Leakage
32 different 2, [dene Number of 3.5 70r9
instances ,--"ITemperature Sensor = |dout Headers (Nha) =
= promg —1 < Zab
= > ~ > Number of Ring 5.7 9 or 11
Temperature Sensor| | F= Osc. Stages (Nin) T
Instance v_/ith ] Aux. and Std. hd: High-density or
Header Design B [ B Cell Type hs: High-speed
[FRERRE e e e e e e e e e e e =
" 111um —1 —91um —— l
l BB i = e = === o Ly
|| e ' |
I i = T = = l
£ 4 =iEl  ~50%  fEoreeee l
| 2B = ¢ | Denser | —3Yt\ : o
| ok e * : @ |
i e — - s : =
| s “Hi= = 5 -1 e 3 l
3 B ] | 1 P | e B
| l g e % = l



MPW-| Measurement Results

e Below 1°C inaccuracy and SOTA results

Sensor Instance hdrA7-inv11-hd

Sensor Instance hdrB3-inv11-hd

4 wlo SEC 2t wl/o SEC
—&—w/ SEC O w/ SEC
g2 4 &30 &1 5 B3
8 g
g ° & °f
2 4t
-40 -éO 0 20 4b Sb -40 -20 0 20 40 60
Temperature (°C) Temperature (°C)
. Sensor Instance hdrA7-inv11-hd Sensor Instance hdrB3-inv11-hd
'1 w/o SEC 2} wlo SEC
—&—w/ SEC —&—w/ SEC
O 05 --G--3¢ Rl - 35
w-05 w
-1 At
15
-20 0 20 40 60 80 100 20 0 20 40 60 80 100
Temperature (°C) Temperature (°C)
- Sensor Instance hdrA9-inv9-hd Sensor Instance hdrB3-inv9-hd
' g wio SEC wio SEC
—&—wl SEC 27 —&—wl SEC
6 0.5 ) 1k &-- 3o
5 © 5,
i -0.5 v
-1 At
15
20 40 60 80 100 120 20 40 60 80 100 120
Temperature ( C) Temperature (°C)
PLEN I TLTLENE l B A .H
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Test Chip Architecture Design Space Explorations
Instance
32 different Selection hdrA5-inv7-hd:
instances, /.| Temperature Sensor Naming Rule header design A,
- - Example Nigr = 5, Niow = 7 and
s e » r high-density cells
Temperature Sensor| | — o : A: Super-cut-off
Instance with N ? clkout Leal ;geiﬂeader Leakage o
Header Design A P 3 olgn B: Cut-off Leakage
32 different 2, [dene Number of 3.5 70r9
instances,/ | Temperature Sensor = |dout Headers (Nha) =
= pre —1 < Zab
= > ~ > Number of Ring 5.7 9 or 11
Temperature Sensor| | F= Osc. Stages (Nin) T
Instance V{im ] Aux. and Std. hd: High-density or
Header Design B [ — Cell Type hs: High-speed
— _T_ ey (g e Sy ey e ) ) e ) g S
L 11tum—— e 91um —
| - i i v e s m mmmm = o Lo
| V=g | Em 1 1 b
- : - = ol
£ 5 ot ~50% s x
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- = i . =3l ©
| 9_ T S —ialis mEmm ‘ B = = = g =
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MPW-| Measurement Results

Results Summary and Comparison Table
Published at the Solid-State Circuits Letters!

Instance x32
Header Design A

MROHAT RO |

This Work JSSC '20 | JSSC '19 | cIcC 18 | ISSCC 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-
based Design Yes No No No No
Supply - N
Voltage (V) 1.8V 08~13 0.5 0.8~14 1.2
Area (um?) 8095 1770 630000 | 65000 8865
Tgmpe'af,“'e -40~80 | -20~100 | 0~120 |-40~125| 0~100 | -20~80 | -20~100
ange (°C)
Conversion 0.98 125 125 1.31 300 840 8
Time (ms)
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
(°C) 30 30 30 30 Min./Max. | Min./Max. 30
: Relative 1.71% | 1.00% | 118% | 085% | 314% | 200% | 035%
naccuracy
Power (W) | 17.33 0.25 0.13 9.3 0.000763 | 0.0013 0.075
E”e’?rffm"' 16.92 31.38 16.25 12.2 0.23 11 0.6
Resolution 78 21 24 16 300 110 73
(mK)
Resolution-
FoM (K7 | 1019 13.4 9.7 3.1 20.7 140 3.2
SN TDPLERD AN Y Y

Instance %32
Header Design B




OpenFASOC on MPW-II: 1st Open Source AMS SoC

e Included initial support for voltage domains in OpenROAD '¢

Array of 10
' -+ D-LDOs

e Implementation of the OpenTitan SoC using an ECO flow :
to fix hold timing with degrading the F, . % 1

' Voltage Refs. +
analog buffers

. . OpenTitan SoC includes
e Temperature Sensor generator is using an end-to-end 16KB, 4 T-sensors and

Open Source flow : ~—% — powered by D-LDO

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

il

£

LOAD

i

i

° https://efabless.com/projects/239
° https://qgithub.com/msaligane/caravan_openfasoc.qgit

.

Open MPW efabless;
Shuttle Program

WAL

" I I TR

et el
‘9»——':‘31.....‘
ne
! 3 |
2
o ! ]
o

=

Google
ICES A ANTEE AN A0ITE SRR AN
ROAATD oV ROHATY - RAAATD


https://efabless.com/projects/239
https://efabless.com/projects/239

OpenFASOC on MPW-II: Integrated Temperature
Sensors

Sensors are embedded inside the OpenTitan SoC and
connected through tileli:_wk

=

- B

N A
\\@&N\:\% . Non Default Routing is

”‘&\\\\\\&%\%\ use to route the header Em
\%&X\iﬁ‘ cells to the 2nd voltage v —-— Sensing elements
— “}! domain power ring

— = =—— are sitting on a
. %%% % === g

ks ‘ THE “==——— second voltage
.

0

it

HE
(. 1

S ——

= i ‘/ %‘" '
= == =
‘ l {1

The temperature sensor generator uses a

ICEE RN A NUEE RSN 200 *g}i\ AN fully open source flow
HA
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OpenFASOC on MPW-I|I: D-LDO generator

trim0 trlm_({ trim2 (r|m3_4

4 8x

1

Voltage Reference with symmetrical placement

(SR, Array of D-LDOs

e
ROAATD o ROHATD v RAAATD



OpenFASOC on MPW-II: OpenTitan SoC

e 1st SoC using AMS components

e The Opentitan SoC contains
o UART, SPI interfaces
16KB of SRAM (OpenRAM)

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

Power connections e
between LDO and (==
OpenTitan are done ==
Manually |

OpenTitan AMS SoC - Die Photo




Open Source RoT (PULP) on MPW-6

Peripherals
RISC-V
AXI
, &+
| soC Event AES
-z mt d
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OpenFASOC on MPW-II: OpenTitan SoC -

ECO flow

OpenROAD-Flow
( Synthesis )
( Floorplan
Place
Remaining hold V -
violations at CTS T it S R
s v ECO Flow adds
y buffers and resizes
CTS cells in order to fix the
- T — ‘ hold violations
; i Place Buffers h\
. Route ) lterative process till
— all violations are Insert buffer/
I fixed Resize cells
N iTiming Analysis \
Signoff _7 ECO-EFIX rm
=
I No hold violations I
v
END

Custom automated ECO flow to close timing

Modular flow using both proprietary and open
source tool based flows

OpenROAD flow |OpenROAD + ECO
Clock (ns) 48 48
Fmax (MHz) 20.8 20.8
Setup Time (ns) 11.01 9.44
Hold Time (ns) -1.72 0.01
No of violations 1493 0
No of iterations for ECO 0 5

Hold fixing table with and without ECO



OpenFASOC on MPWs: OpenROAD tooling

Custom nets python scripts are used for special routing

e The OpenROAD’s team is actively improving their
tools and adding new design features

e Closely working with UCSD and ARM to enable an
AMS flow (power gating, UPF flow)

Layout view Custom net
. o B -2 L AR X R 00 % AT

—

Example of code updates to create new PD features

File name Func/Proc

OpenROAD/srcf/init_fp/src/InitFloorplan.cc (Floorplan) | updateVoltageDomain()

OpenROAD/src/pdngen/src/PdnGen.tcl (Floorplan) generate_stripes{}

OpenROAD/src/replace/src/replace.tcl (Placement) global_placement{}

TR VI TR R N W AR A

ICEE R ANTEEFN ANTCES T A Example of create_voltage domain usage
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Tape Outs in GF12LP - OpenTitan SoC

e st tapeout in GF12LP using OS tools (OpenROAD)
e PD and timing optimization using OpenROAD
Used a modular flow to smoothly fill-in the gaps using proprietary tools

e Signoff using PT
o @ TT|25C|0.8v|funcmax
B 350MHz

e Temperature sensors

o) TRANGE: -20 to 100°C

O Error: +/- 0.2°C (post-PEX) : ‘

Opentitan SoC Includes: IBEX, Tilelink
bus, UART, SPI, Timers, 32KB RAMs and i {3
4 sensors - -\-N....—..,g-x,.w.-..m:._a..m«..-.‘“,-;vc .:«;..t..z,;.. ke
Die Photo of FASoC’s 2021 testchip in GF12LP
Including RAMs, LDOs, BLE, CDC and an OpenROAD
ICEEFY A STEE G A DCES v A0 based implementation of the Opentitan SoC

ROAATD -YROHATD Y ROAAE |




Taped-out Teststructures using
OpenFASOC
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Control Electronics for Quantum Computers

lon trap NMR NV center N
" ¢ B o
o =
hw \‘\ .................
Digital Control
— L o v 80, 204 ASIC/FPGA
Quantum dot Linear optical Superconducting
py | . o
‘ I T fL: (1S : = ; <
= = || & ADC e
Quantum computer: < 20 mK l_ .] '_'_ iﬁ
L xieeiy Read fni
<

<20 mK 300 K Mix of AC and DC Slgnal Control
- A 3 > A . required to control and read
Input —— the QUbItS Y
Quantum i ontrol an

Processor Output | Readsystem Dlgltal g

* Inverters, ring oscillators S

N ) v

Y Analog
Seenn . Voltage reference, Low Noise
lifiers

https://phys.org/news/2020-08-google-largest-chemical-simulation- quantum tml ; https://www.cnet.com/news/google-quantum-supremacy-only-first-taste-of-
[T [ESrEputingrievel bion; Amyadsany JijSexfon-Kennedy, E. J. E. W. C., Quantum Computing. 2019
ROHATD MROHAT SYROAATH




Requirement of Low Operating Power

<100 mK

ICE I ey

ROAAT]

Digital Control

ASIC/FPGA

Low power operation

ADC

Read égi

DAC

| Control

NNTE A

MAROHAE

-,

\NICE
RO

HEAN AL

..\'
A

Cooling
Power

“X mW

~1X pW




Cryogenic Test Structures with NIST on MPW-5

e Partnership with NIST: o
o Re-characterization of SKY 130 with wide
range temperatures including cryogenic (4K) Sy

o Automated test structures platform

IR ANTEE RN A NTE RN A6
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Cryogenic Test Structures - test interface

EEEESE 0 - N
T T L ELEEETTEER LI L L
2 R R F 1 EN 1
BEEEE DENEEGEDEGO0E oooan
EEEEE 0N - W Precision Resistors
55 mansa
. § B % HEN i
DEBEE B TTLLL LR L]
EEREESE 0 W W iine Via
H ﬂ ﬂ : - - Resistance Resistance
MOSCAP Arrays Overlap
- . MOSCAP Arrays T

!

b, o | To Validation Modules
ICE RN ANMUEESAN ANILES 5 N »
ROAATD - ROHATD Y ROHATD




Interleaved Placement in OpenROAD

12 x 12 Inverter Array

i - e Platform: Sky130hd
v sl oy aki vy s Inverter array: 12 x 12
L9 PR A9 PR ] ) 09 T | -
M AU R M AL L M o] s »
M AR MM AR M a q 1l i
51 Phalslefedafzleie)s i 2 u:m i B B : S | ST
Y PR a g o sl 1
z | | ikl ] e e e o A P
M AP M A b b = » i i -; LIl
b T T P a q oo L e L R
b PO LR PR L4 ean o o i ! i i W
=t re v e 2353 —.
To EBL Ground  To Frequency Divider Ground out  Ground i p 3 BN Ty b pitEr ‘
b b | e g 23] 1
q i L

nfet: W=2 pm L=2xL,_

pfet: W=4 um L=2><LW

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

ICES TN ‘F[['EIFN‘ ‘HI'EIFN\ i
ROAATD Y ROHAT Y ROHATE |



Interleaved Placement in OpenROAD

Implemented 3 Standard Cell
Inverter Classes:

HD, HS, and HVL inverters

9 Additional OSU Standard Cell
Inverters

12T _hs, 12T _Is, 12T_ms,15T_hs,15T _Is,
15T _Is, 15T_ms, 18T _hs, 18T _Is, 18T_ms

ICES AN ANITE RN A DTE AN 20
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Gdsfactory - automated custom structures

prr— e §§ﬁaﬁyﬁ@@@w&§
N .
. |

MOSCAP Arrays Line Resistance Diode Modules

AU T TT——
NN . B e e i St o
P RRARERESARARENCANNNN

FNORRIIE RN HRENIEIR

L N :::j:::

|
1

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

_ﬂ_ T
i
i
[ RN [ S

i
|

N

o

l

NE

N
BN S+
Ll

RN RS
BHEEH ARG

MIM

Transistor Arrays isi i Via Resistance .
Vi Precision Resistors Capacitor Modules
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MIM Cap Generation using Gdsfactory

GDSFACTORY Array creation routine

GDSFACTORY Mesh creation routine

Inputs:

Mesh dimension n,m
Mesh pitch x,y

Mesh layers

i :
D E gf.path()
{ gf.add_ref()

gf.move()

ooooo
-------
£ 3 ¥

RIS 3
ooooooooo
.........
..........

19808 130 3% 8 0N
182 o 82 g 2

SEREn i

000000
DG | e B0
ooooooooo

000000000000
oooooooooooo
ooooooooooo

LRI ey
il

SN ANUE A D &
CHAT YRCHAT YROHATT

Inputs:
Multiplicity a,b
Offsets x,y

N

i gf.move()
' ' § gf.add_ref()

BN AN




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

TCE SN ANUEE A A DILEE s 20
ROAATY SYROAATH Y ROAATD 1



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

*
Bl
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Resultant Test Die

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

\\\\\\\\\\\\\\

N
\ \\~ \\\\\

e

o
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3 Tapeouts Already!
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2.4GHz LC-VCO in MPW-7

e Automated using OpenFASOC - calls gdsfactory

e A handful of variants designed by a high school student in less than a month
e https://github.com/ryanrocket/vco-design-notebook/blob/main/VCONotebook.ipynb

— e — - Varactor

:/ Bank

Planar Square
Inductor

ICEF RN ANTEEFAN A1
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2.4GHz LC-VCO in SKY130 (cont.)

An additional 10GHz oscillator was included that relied solely on .
parasitic capacitances (no tuning). A resized XCP and current !

source was needed for this.

Output Voltage

requency GHz

Output Spectrum
(8 - 12 GHz)




New tools and Python-based APIs

OpenFASoC w/
Open Source tools

OpenFASoC w/
Open Source tools

Platform Tech
Parameters

Platform Tech
Parameters
User JSON
( Yosys | [ Surelog | Specifications

Yosys [ Surelog User JSON
(LABC |(_UHDM | | ABC |( UMDM | | Specifications
[ OpenROAD Jc: ALIGN | [(cosracton | ﬂ

{—| PythonAPIs

(e ) Netgen |

[ KLayout J = KLayout == |(SDSEATTORY

I |

[Ngspice][ Xyce ] [ Merged GDS ] [Ngspice][ Xyce J [ Merged GDS ]

[
[
[
[ OpenROAD
[
[

]
vagc [ Netgen |
J

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

ICEFFAN ANTEEFAN A MTEE RN 20
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ALIGN
Generator

Highly customized
layout generation on /
Python with !
GDSFACTORY

GDS files

‘[ Import GDS
, import_gos()

GDSFACTORY
Generator

Magic PCell
Generator

DS files GDS files  Makefile

.................................... I

. User
Specifications | :
ﬂ Components ﬂ Argparse !

(D R R

Layout =
Manipulation Coordinates
layers

Specification
Interpretation &
Calculation

add_ref(), path()
. movs() / waypoints
Top-level
Component

Layout
Generation

'\\ write_gds()

'
'
'
‘
’
/

Final GDS



Performance / Complexity Tradeoff

(OpenFASOC)

e FASoC augments digital flow with APR tool placement/routing constraints and

minimizes the (performance loss * complexity)

Analog layout generator

100% constraints OpenFASOC

A

Automation and
Control over P&R

FASoC 2.0

< Increased automation <

tools reduce

FASoC 1.0
Standard Cell only

. Minimum constraints,
. digital compensation

.performance loss

Dashed lines

. indicate when
complexity| using proprietary
—P tools

complexity




Get involved!

Chipathon

https://sscs.ieee.org/about/solid-state-circuits-directions/sscs-pico-
design-contest

Code-a-Chip Notebook Competition ISSCC'23

https://github.com/sscs-ose/sscs-ose-code-a-chip.github.io
Deadline: Nov. 21st



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

Key Event in 2020: First Open-Source PDK

Google Partners with SkyWater and Efabless to Enable Open Source

Manufacturing of Custom ASICs =
First open source foundry PDK enables full manufacturing chain for open hardware; ? S KLJ w O te r
Google-sponsored MPW shuttle program now accepting design submissions GO g Ie e f a b I e S s :;

BLOOMINGTON, Minn. and SAN JOSE, Calif. - November 12, 2020 - SkyWater Technology, the trusted technology realization
partner, and Efabless, a crowdsourcing design platform for custom silicon, today announced design submissions are now being
accepted for a series of Google-sponsored open source Multi-Project Wafer (MPW) shuttles that will run at SkyWater. Through a
partnership between Google, SkyWater and Efabless, open source designs selected by the program will be fabricated at no cost to
the designers. The MPW program is enabled by the first foundry-supported open source process design kit (PDK) for 130 nm
mixed-signal CMOS technologies (SKY130 process). The initiative will enable a complete open source manufacturing supply chain
for custom application specific integrated circuits (ASICs) and has been discussed in a series of talks produced by the FOSSi (Free
and Open Source Silicon) Foundation including presentations by Google and Efabless.

ICEFFAN ANTEEFAN A MTEE RN 20
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Google-Sponsored Free Shuttle Runs
GOOGLE’s MPW-ONE a

R e

First MPW Overbooked 45/40 Lg‘

45 designs submitted
in 30 days!

L deaebieaiis

"""

60% by first time designers!

Experienced

40.C

New

Source: efabless

ICET RN ‘N'('EIFN AMCEE AN A0
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Democratizing IC Design: The SSCS PICO Program

The Solid-State Circuits Society
is committed to improving
diversity, inclusion, and
accessibility in integrated circuit
(IC) design. We envision a
future in which chips can be
designed through a web
browser, by anyone, anywhere,
and through open worldwide
collaboration.

Through its Platform for IC Design Outreach (PICO) program, the SSCS is working with the rapidly growing
open-source community to help accelerate the construction of the required ecosystem. Our goal is to help
build and connect to new communities that share our excitement about IC innovation and its democratization
toward a new wave of global impact.

https://sscs.ieee.org/about/solid-state-circuits-directions/sscs-pico-program

ICES AN ANITE RN A DTE AN 20
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https://sscs.ieee.org/about/solid-state-circuits-directions/sscs-pico-program

SSCS Sponsored Fab Runs in 2021

PR b

Purdue
University

Lahore
Pakistan

CEFFAN ANTEEFAN A NTE AN 30
ROHATD S ROHATY Y ROHATD |
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Vietnam
National
University

PRAdELd e
Argentine
School of

Micro-
Nano-
Electronics

PRdddnd paa

PRadare b
3

- ¢ -

$5CS5 PICO
Design Contest

GRdddrd pi g




2021 IEEE SSCS “PICO” De3|gn Contest

O 61design proposals

18 selected -9 e N o
11 taped out W = - _N_ NS
O Free IEEE & SSCS student memberships offered ',_."1.4
to all participants A | jq A E AR Y
ﬂﬂfi!;};' - :t‘s‘ru: T 1::':
O Pakistan team starting a new SSCS Student i ATHTAES M’l"
! J ALy ] r -~ [ ek
Branch Chapter e [ SN &, El TRE !l"’l

~ ]
sadlll POly-Silicon Resistor Based
Temperature Sensor _

ICES AN ANITE RN A DTE AN 20
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ROAATH

Designs Completed & Taped Out

o Tape-out via Efabless chiplgnite (130nm SkyWater)

o All de3|gns shared on GltHub

B. Murmann, “"SSCS PICO Contestants Cross the Finish Line,” https://ieeexplore.iece.org/document/9694491
ICE TR ‘rlFEIiW‘ AMCEE AN A0

YROHATY Y ROHATD

=
-
3
g
I

Function Team Chip URL
1 5G bidirectional amplifier Paldsand
P (FAST National University)
: 7 Pakistan2 ) ;
2 Wireless power transfer unit (FAST National University) https://efabless.com/pr s
3 Variable precision fused Pakistanl
multiply-add unit (FAST National University)
4 Oscillator-based LVDT readout '""'?2 .
(Anna University)
Indial
2 . 5 K i
5 Temperature sensor (Anna University) https://efabless.com/projects/474
< India3
6 GPS baseband engine (Anna University)
Ultra-low-power analog Brazil2 i .
z front-end for bio signals (U. Federal de Santa Catarina) https://efabless.com/projects/476
8 mATok qtfantum ghetonics : .USM AR https://efabless.com/projects/470
interface {University of Virginia)
Egypt
’ Bandaap reference {Cio Cpreeeaty) https://efabless.com/projects/473
10 Neural network for USA2 5 *
sleep apnea detection (University of Missouri)
11 SONAR processing unit Chile https://efabless.com/projects/540

{University of the Bio-Bio)



https://ieeexplore.ieee.org/document/9694491

2022 Chipathon — Selected Teams
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22 teams selected, see:
https://sscs.ieee.org/about/solid-state-circuits-directions/sscs-pico-program

ICETFAN ANUEERAN AMTCEE TN 20
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https://sscs.ieee.org/about/solid-state-circuits-directions/sscs-pico-program

SoCS IC "Open-source Ecosystem™

Thomas Brandtner  Francisco Brito Filho J. Dhurga Devi Jaeduk Han Chiraag Juvekar
Infineon Fed. Univ. Semiarido Anna Univ. Hanyang Univ. Apple
Austria Brazil India Korea USA

Boris Murmann
Stanford
USA

Rana Muhammad Harald Pretl Priyanka Raina Mehdi Saligane Mirjana Videnovic-Misic
FAST National Univ. Kepler Univ., Linz Stanford Univ. Michigan Silicon Austria Labs
Pakistan Austria USA USA Austria

CEFFAN ANTEEFAN A NTE AN 30
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The end!

Bonus slides



Questions

1. How do | help the OpenFASOC project move forward?
a. Joining or introduce your work in our Weekly call
b. Send Pull Requests on Github
c. Read our New Contributors guidelines on:

https://openfasoc.readthedocs.io/en/latest/developers-quide.html
d. All the above

2. Why do you think open-source analog automation would succeed?

a. Access to more flexible and up-to-date open-source software development
tools

b. Open collaboration and exchange of expertise

c. Open PDK and shuttles and shuttles allow to lower barrier to chip design and
reduces the risk of failure

d. All the Above

B ANTE N ADITE G
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https://openfasoc.readthedocs.io/en/latest/developers-guide.html

FASoC: Fully-Autonomous SoC Synthesis

Correct-by-construction SoC design leveraging IP-XACT and Arm

Socrates
Analog generation tools for xDC, PLL, SRAM, DCDC, temp sense, CP

Amp, ZA ADC l I

> IP Library Correct-by-construction Digital Synth

from ML-based SoC Synthesis & APR Flow
extraction i )

DATA PAPERS

SHEETS /I\

ADC DCDC Mem
LDO TSen CP_Amp
PLL ChbE YA ADC

AL BE E:}: Cell-Based Analog Generators using Digital APR



OpenFASoC - Portable Transferrable Analog

>10x _, 130nm 12nm
Planar Bulk FinFet
cheaper: SKY130 GF12LP
MPW-1 64 temp sensors Temp sensors
D-LDO DC-DC Test IC 1
AMS SoC<—+ AMS SoC
MPW-2 D-LDO PLL
More temp sensors /
DC-DC
MPW_4 PLL UNIVERSITY OF
AMS SoC MICHIGAN
MPW-5 More!ll

Same fully open source tools
R ————— Same scripting generators



OpenFASoC - Portable Analog

e Analog generators - Power DCDC + LDO, Temperature Sensors, PLLs,
ADCs.

Example mixed signal SoC integration.
e Silicon proven with increasingly more tape outs, increasingly faster!

Fully open source flow using fully open source tooling (OpenROAD, Xyce).
e Demonstrating acceleration of velocity and productivity.

SKY130 <= GF12LP

130nm 12nm

>10x / Planar Bulk FinFet

Same fully open source tools

chea pe r! Same scripting generators

ICEE AN ANUEEFAN A MTE AN G
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SAR ADC Common Centroid Placement

> Symmetrical Placement of unit caps

and switches

SW_CTRL

OMP CLK

Output Spec. CDL PEX
FSAMPLING (MHz) 1

Unit Cap Value (fF) 2.6

Area (mm?) - 0.04
Power (uW) 6.72 11.2

Effective Number of Bits 7.86 7.75

SAMPLE RESULT(7:0
—_—

% 5 NAND-based
SAR Comparator
COMPI  LoGIC
B ouT IN_P

s

Effective Number of Bits

ICEF RSN ANTEE A
ROAATD CVROHATE

T

best-case

2 4 6 8 10 12 1 16
Number of Vem Switches

ANTEE AN A0
NAOHAT

COMP OUT
1% a8
—|Comparator | ] Co%
CLK
{ : CLK N

SAR ADC Block Diagram

common-centroid
placement
2.6%) > ‘s'ﬂ-é‘té"gy"’ 2.6%)

Tu=211

~5.2%)

TU=1S %)
«180m) P X32 O(TU152%)|  =15.2%)




Open Source RoT

/ amm— " Core L . \
— 3 Peripherals
A RISC

AXI

AGHATE - ROHAT -/ ROHATL o



