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FASoC: Fully-Autonomous SoC Synthesis

e DARPA IDEA Program
e Multi-University and Industry effort
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FASoC: Fully-Autonomous SoC Synthesis

e Correct-by-construction SoC design leveraging
IP-XACT and Arm Socrates Cusiomeble CaltBased Symhesicae Anaton Crits
e Analog generation tools for xDC, PLL, SRAM,

DCDC, temp sense, CP Amp, 2A ADC s

o AvEE Arm

IP Library

from ML-based
extraction

Correct-by-construction Digital Synth CH_IPS Alliance - Analog
SoC Synthesis & APR Flow Working Group - 2021-05-10

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

DATA PAPERS
SHEETS

DCDC Mem
LDO TSen CP_Amp
PLL CcDC YA ADC

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

- S. Kamineni et al, "MemGen: An Open-Source Framework for Autonomous Generation of
Memory Macros," 2021 IEEE CICC, 2021

Cell-Based Analog Generators using Digital APR



https://fasoc.engin.umich.edu/
https://youtu.be/21Y5wJ7SJI4
https://youtu.be/21Y5wJ7SJI4

FASoC SoCs in TSMC 65 and GF12LP

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

T N N e g NN Senses e GF 8HP - 130nm BiCMOS
First automated SoC i —
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Our Cell-Based Approach to Analog Design
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Our Cell-Based Approach to Analog Design
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Our Cell-Based Approach to Analog Design
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Analog vs. Digital Design Flow Today
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Proprietary vs. Open Source Design Flow
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Proprietary vs. Open Source Design Flow
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Performance / Complexity Tradeoff

e FAS0oC augments digital flow with APR tool placement/routing constraints and
minimizes the (performance loss * complexity)

Analog layout generator FASoC 2.0 FASoC 1.0
. . Standard Cell only

100% constraints Partial ¢onstraints, - Minimum constraints,
. digital compensation . digital compensation

A

- performance loss

complexity
>




FASoC 2.0 — PLL example

Patterned placement information generated by python code = reduce delay

tch between stages, added Decaps

Scalable with design parameters
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Performance loss caused by PnR
e Large Series Resistance caused by
wiring congestion for increased array
size
e Unpredictable wiring due to random
placement of power cells
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FASoC 2.0 — LDO example

Constraint less Post-PEX Scalable Constraint Post-PEX
R2 = (0.8865 R2 =0.9993

Constraints to improve performance
e Technology agnostic fencing to

W
(@)

()]

el — Y ——V, =06V

constraint placements 5 |——Vw = 07 25— V=07
Use power stripes to improve 4| |—Vi= 08y 20 |- 00v

. ——V = 1.0V ——V = 1.0V
series R problem Vo= IRV

——V, =1 2V

——V = 1.2V

e Automatic analysis of technology
database file for determining the
stripe metal layers W= =cesi

N
—
Q
<
Q
1
w
<

Max Load Current (mA)
w

Max Load Current (mA)
o

-
)]

10' 10 v 10’ 102
Array Size Array Size

(c)

~4x to 6x Improvement

(b)




Added blocks: SAR ADC

e Symmetrical Placement of unit caps and S e T
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OpenFASOC is part of the open source EDA and hardware
community

e \ery active open source community with over 2000 members!

"s* . Dial-Up Talk Series
FOSSi

Foundation https://j.mp/esscxxrc21-sky130

OpenROAD  efabless e & efabless! Fully open source,

The SkyWater Open Sourc

esign
KoKl o o and . OpenLANE " striVe SoC S
SkyWater; Tech Nidera Fully automated FOSS RTL to E il
fully open source PDK. GDSII based on OpenROAD " amily /
in Tim Ansell will outline the Mohamed Shalan \ Mohamed Kassem ] P D K fo r- 1 3 0 n m roc e s S
coll nd the goals of the project. He will get into the S
Tuesday, July 28, 2020
technical details of the PDK and outiine the roadmap of the e Tuesday, August 25, 2020

16:00 GMT 16:00 GMT

project with fully open source tooling
AND MPW shuttle program!

S, 3
Tim “mithro” Ansell <tansell@google.com> *

ESSDERC

MEM i J:0penram (G SANTA CRUL slabiees)

o . I . \':fb‘ ESSCIRC
Designing new cells OpenRAM ﬂ Magic for DRC checks @IEEE :m: Socun
for SkyWater 130nm on SkyWater 130nm HMEAS, on SkyWater 130nm N
James Stine Matt Guthaus - Tim Edwards
Tuesday, September 22, 2020 Tuesday, October 20, 2020 , Tuesday, November 17, 2020
16:00 GMT 16:00 GMT > g 16:00 GMT

e Publications:
o 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.



https://j.mp/esscxxrc21-sky130

OpenFASOC on MPW-I: 64 sensors + D-LDO

LDO in SKY130
3v3 to 1v8

|, oap: 25MA

e Actively contributing to the open source community

e 15topen FASoC flow built on top of OpenROAD tools
o Focused on the Temp. Sensor Generator

i, | 64 sensor mesh
| 3V, flavors)

e FASOC testchip in SKY130:
o Includes Caravel SoC
o 64 Temp. Sensor Mesh

o LDO ported (~ a week) | eia
m Updated comparatc Lm =]
strongArm latch 1

m  5v native NMOS switch

Caravel SoC +
wishbone bus

OpenMPw\ . efabless:

ponsored by

Shuttle Program

LN NN NN




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

Included initial support for voltage domains in OpenROAD

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

Temperature Sensor generator is using an end-to-end
Open Source flow

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

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

lllll

{1 = = W

b =

=1 Array of 10
%1 D-LDOs

| analog buffers

]

OpenTitan SoC includes
16KB, 4 T-sensors and

powered by D-LDO

Shuttle Program

Open MPW » \ efabless:

ponsored by

gle



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
cqnnected through tilelink

IIE

&

= Non Default Routing is

| use to route the header
2k cells to the 2nd voltage
¥ domain power ring

Sensing elements
are sitting on a
second voltage
domain

bt %
A A ete

SR8 RN

The temperature sensor generator uses a
fully open source flow




OpenFASOC on MPW-II: D-LDO generator

trim0 ?tnm_{* mm_qE'E;tnm_ci

Voltage Reference with symmetrical placement

Array of D-LDOs




OpenFASOC on MPW-Il: OpenTitan SoC

e 1st SoC using AMS components

e The Opentitan SoC contains
o UART, SPI interfaces

o 16KB of SRAM (OpenRAM) Power connections g
o D-LDO is used to power-up all the blocks OpenfTitan are done '_ =
o All Peripherals are connected through Tilelink Manually

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

OpenTitan AMS SoC - Die Photo



OpenFASOC on MPW-lI: OpenTitan SoC - ECO flow

[—

Remaining hold
violations at CTS
step

OpenROAD-Flow
Synthesis
Floorplan
Place
e ow
Added ECO FI
v ECO Flow adds
buffers and resizes
CTS cells in order to fix the
[ hold violations
f Place Buffers ‘—T
Route lterative process till :
all violations are Insert buffer/
l fixed Resize cells |
. Timing Analysis
Signoff ——> ECO.FIX Hold violations
= ) g )
[ No hold violations |
I

Custom automated ECO flow to close timing

Modular flow using both proprietary and open
source tool based flows

v
END

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 MPW-ll: OpenROAD tooling

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)

Custom nets python scripts are used for special routing

Layout view
Power stripes are
created in'these
Example of code updates to create new PD features réctardas seperatly
File name Func/Proc
OpenROAD/src/init_fp/src/InitFloorplan.cc (Floorplan) | updateVoltageDomain() Right, areat

voltage domain
aréa_0

OpenROAD/src/pdngen/src/PdnGen.tcl (Floorplan)

generate_stripes{}

OpenROAD/src/replace/src/replace.tcl (Placement)

global_placement{} ‘

[ SO A S A SN S N S WY SN SN SR Y S AN AN )

Example of create voltage domain usage




Performance / Complexity Tradeoff (OpenFASOC)

e FAS0oC augments digital flow with APR tool placement/routing constraints and
minimizes the (performance loss * complexity)

FASOC 2.0 FASoC 1.0

Analog layout generator
. Standard Cell only

- Minimum constraints,
. digital compensation

100% constraints OpenFASOC
: < Increased automation <

A

.performance loss

Automation and Dashed lines

Control over P&R , — = : indicate when
tools reduce - ! complexity| ysing proprietary
complexity : —P tools




Continuous Integration (Cl) for OpenFASoC

e First tested using GitHub actions (GHA) with Microsoft-hosted VMs
e Now using self-hosted VMs in GCP to run Cl

o Uses forked runner from Antmicro (Antmicro - Open source custom GitHub Actions
runners with Google Cloud and Terraform)

-
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l
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l
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\
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Creates

J

Specify Runner
instance

N
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A

l
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Y
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<
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https://antmicro.com/blog/2021/08/open-source-github-actions-runners-with-gcp-and-terraform/
https://antmicro.com/blog/2021/08/open-source-github-actions-runners-with-gcp-and-terraform/

Continuous Integration (Cl) for OpenFASoC

Includes automated checking of DRC and LVS errors

C Update runyml - idea-fasoc/Ope X +
& () @ github.com/idea-fasoc/OpenFASOC/runs/38315509837check_suite_focus=true
() Summary sky130hd_temp

Jobs

v @ Make Sky130HD Temp
€ sky130hd_temp

LVS Mismatch!




Continuous Integration (Cl) for OpenFASoC

e Clis now set up for temp-sense

o Uses Github actions to pull Docker images to run flow
o Includes report-parsers for DRC/LVS logs

Set up run upon push to repo Start OpenFASoC Flow
l 3
) Synthesis
Activate deployed runner on GCP

T ‘ v

Build necessary images FloorPlan/CTS/Route
B;ild OpgnLane Build PDK image [ ‘( User-friendly error
ocker image 4 2 " ’L message parsing
— Z> Finihing
4
yrom) .
v
sky130hd A
DRC/LVS Checks

y
I Lython script to parsﬂ

v 'L LVS/DRC reports
PEX/Simulation




Future Work

o Power Management Unit generator
which includes our switched cap.
DC-DC converter

33v || |f-77-2z-- 8
e PVTA Sensors “1"5ido’ Cgr?\;gr?er
~ lioad: 100uA - 10mA

e SERDES using the cell based
approach Mux

OpenTitan
S0

ext. clk ref . \VCO owU
N\ / N,

[ 1.8v]1.5v]1.2v

Y




Thanks!

e Github links:

https://qithub.com/idea-fasoc

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

https://github.com/msaligane/caravan openfasoc

https://github.com/msaligane/opentitan soc



https://github.com/idea-fasoc
https://github.com/idea-fasoc/OpenFASOC
https://github.com/msaligane/caravan_openfasoc
https://github.com/msaligane/opentitan_soc
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GF12 Porting Timeline — One Time Cost

B Start with CADRE tool flow setup, followed by analog generators
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