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Presentation will QCAS
begin at 6:15 EST



Columbus Section Joint Chapter,
SSC37/CASGH

EEE
SOLID- STATE
CIRCUITS SOCIETY"

IC Innovation

CAS

IEEE CIRCUITS AND SYSTEMS SOCIETY

« Founded on June 30, 2020

« Technical talks and workshops
hosted year-round

 Previous talks covering a myriad
of topwcs posted on our Webgwte

Z

TinyTapeout workshop series
and shuttle-run sponsorship

Chapter Application: 9/1/24
Tapeout: 11/8/24

SSCS sponsored Arduino
hardware development
contest!

Completion Deadline: 8/1/24



https://r2.ieee.org/columbus-ssccas/
https://www.youtube.com/watch?v=qVWq_XZko-M&t=5s
https://www.sscs-arduino-contest.com/
https://www.sscs-arduino-contest.com/

CASS Outreach Program 26023
1. Dr. Suat Ay

e Professor at the University of
|daho since 2007/

o 10+ years of Industry experience
at Photobit/Micron imaging

2. Dr. Marvin White

« Professor at the Ohio State
University

e [Inventor of Correlated Double
Sampling (CDS)

3. Dr. Paul McManamon

o President and CTO at Exciting
Technology

e Former Chief Scientist at AFRL

Dr. Suat Ay (left)

Dr. Marvin
White (right)

Dr. Paul EEEE
McManamon RS S




SSCS Educational Chapter of the Year Award

« Our chapter was lucky enough
to win the Best Educational
Program Award

« Our chapter chair Ramy Tantawy ot - Yl
accepted the award at the SSCS STy ey
flagship conference (ISSCC)

« The chapter was awarded $2000
N total for continued workshops
and outreach

Have an idea for a talk or workshop?

e (Contact us!
« columbus.sscs.cas@gmail.com



mailto:columbus.sscs.cas@gmail.com

New OfFfFicer Announcement!

* Dr. Shane Smith has joined the
officer team as the Vice Chair!

o |C design, test, packaging, anac
Nntegration subject matter
expert

o \/ICce chalr responsipilities
« Outreach engagement
* SDONSOrshIp coordination

« STay tuned for an exciting
WOrkshnop over the summer

Nttps://r2.ieee.org/columbus-ssccas/officers

from Dr. Smith on PCB design!


https://r2.ieee.org/columbus-ssccas/officers/

CASS Outreach Program 26024

* Foundations of Mixed-Signal IC Design:
A Practical Approach to Lab-to-Fab" series

« Fundamental building blocks in Analog/Mixed Signal
SoC's lectures

o [Ny Tapeout worksnops
o Printed circult board design and Arduino worksnop

|IEEE Solid-State Circuits/ Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter



Opportunities For Engagement
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Scan this QR code to Fill out he

u
Sponsorship Application Event Feedback Form
https://forms.gle/ypWKDA4zrj8zKARIA https://forms.gle/g5SsnPaFxCNzazVY M8



https://forms.gle/ypWKDA4zrj8zKAR9A
https://forms.gle/g5SsnPgFxGNzazYM8

Looking For Sponsors

6 CAS

IEEE CIRCUITS AND SYSTEMS SOCIETY

o Qur chapter is always looking for
SPONSOrsnNIp to INcrease out
educational and outreach footprint

o [fyOu are interested In sponsoring
our chapter at any contribution
level please reach out to the SOLID-STATE

leadersnhip directly or at the below CIRCUITS SOCIETY"
elma | ‘ IC Innovation

columbus.sscs.cas@gmail.com

Sensells


mailto:columbus.sscs.cas@gmail.com

CASS New Member Initiative

Have an idea for a talk or workshop?

Free mempership until
08/2024!

[EEE membership required in
good standing

CASS membersnip add-on
accessible from IEEE account
CASS membership only $11 for
students after 08/2024

Contact ugs!
columbus.sscs.cas@gmail.com

JOIN IEEE CASS

https://ieee-cas.org/

Celebrate our 75th Anniversary

with a Complimentary IEEE
Circuit and Systems Society
Membership for 2024

Who We Are

The IEEE Circuits and Systems Society is the leading
organization that promotes the advancement of the
theory, analysis, design, tools, and implementation of
circuits and systemns. The field spans their theoretical
foundations, applications, and architectures, as well as
circuits and systerms implementation of algorithms for
signal and information processing

Offer Details

To take advantage of this offer, simply sign in with
your |IEEE Account. The membership will present in
the Cart at US$0 (This offer is available for a limited
time only, and does not apply to the Preferred
Package membership).

*This offer is valid until the 2024 IEEE membership
year, ending in August 2024.
Eligibility Criteria:
* Must have an IEEE membership.
* New IEEE CASS members, who have never been
members before

Connect with CASS on social media through Twitter,

Limbmdln amed Camabueds

=y

Membership
Benefits

This special offer is limited and
provides you with all CASS member
benefits at the Essential package,
including free online access to our
financially sponsored journals and
conference proceedings in the IEEE
Xplore Digital Library, as well as:

Discounted registration fees for all
nine CASS flagship and premier
conferences

Access a wide variety of
educational resources including
the CASS Resource Center, CASS
Microlearning Program (CASS MilLe),
and the CASS-Wide Webinar Series
Networking with over 100 Chapters
worldwide

Access to 17 Technical Committees
and Special Interest Groups as well
as 5 CASS Standards Activities Sub-



mailto:columbus.sscs.cas@gmail.com

More Opportunities For Open-Source

Hardware Development: PICO

"Platform for IC Design Qutreach”
Deadline is next Friday, May 10t"!
Similar structure w/ SKY130/GF180

open-source PDKs

Analog layouts designed and generated

N the OpenFASoC [1] environment

Chaired by Boris Murmann, former

Stanford professor and mixed-signal

design expert

[1] OpenFASOC: Fully Open-Source Autonomous SoC Synthesis using Customizable Cell-Based
Synthesizable Analog Circuits, https//github.com/idea-fasoc/OpenFASOC

Home ' About = TC-OSE = SSCS "PICO" Open-Source Chipathon

GOVERNANCE SSCS ADCOM >

IC HISTORY >

SSCS EXECUTIVE OFFICE STAFF

SOLID-STATE CIRCUITS
DIRECTIONS >

IEEE TECHNICAL COUNCILS
COMMUNITIES AND INITIATIVES

TC-OSE v

S8CS “PICO” Open-Source
Chipathon

Committee Members

S5CS PICO Program

SSCS “PICO” Open-Source Chipathon

Automating Analog Layout
— Sign-Up Deadline: May 10, 2024 —

The |IEEE Sclid-State Circuits Society is pleased to announce its fourth open-source integrated circuit (IC) design contest under
the umbrella of its PICO Program (Platform for IC Design Outreach). While this contest is open to anyone (no restrictions), we
encourage the participation of pre-college students, undergraduates, and geographical regions that are underrepresented within
the IC design community.

The goal of this year's event is to advance the automatic generation and open shanng of analog circuit layout cells to increase our
community's design productivity and to catch up with other fields where sharing and automation is a key enabler of progress (e.g.,
in machine learning).

Contest Outline

1. Interested individuals sign up using this form by May 10, 2024.

2. Phase 1 (~June): Through a series of weekly meet-ups and training sessions, the participants leamn to create basic one- or
two-fransistor layout generators using Python and open-source CWIOS PDKs. Using Jupyter Notebooks hosted on Google
Colab allows anyone with an internet connection to participate - no downloads or installations required! Relevant circuit
examples can be found in [1], [2]. We will leverage code modules available with the OpenFASoC [3] environment.

3. Phase 2 (~July): Interested participants define larger layout building blocks that they wish to automate (examples
comparater, bandgap, phase interpolator, OTA). Teaming among participants is encouraged to maximize collaboration and
learning).



https://sscs.ieee.org/about/tc-ose/sscs-pico-design-contest
https://www.youtube.com/watch?v=O0J7El98udQ
https://github.com/idea-fasoc/OpenFASOC/
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About Me

e [EEE Columbus SSCS/CAS Vtools coordinator DEPARTMENT OF h
« PND Student at The Onio State University EEEHELEITC;;LSSEWEENNG

o Circuits Laboratory for Advanced Sensors and Systems

« RF and Mixed-Signal Integrated Circuit (IC) Design . @ =
e True Random Number Generators CI_HSS f:
« BSEE at Cedarville University (2019) BRe -
o Intern at Analog Devices
.1 6
S itk
e CEDARVILLE
votase UNIVERSITY.
Genorator _ ANALOG
| DEVICES

Bit | Output
Qualifier Bit




Workshop Series Goals

« Understand the workflow for open-source tools
« Demystify the steps required to generate digital designs

e Hands-on introduction to digital design
« Crash course to Verilog
« Ability to design/test simple modules
« Make g simple project

e Have Tun!



Workshop Series Outline

« \Workshop I Introduction
o TOday

o \Worksnhop 2: Tooling and Series Project
e September/October

« \Workshop 4. Design Review

« October/November



Workshop Series Outline

 \Workshop I Introduction (tonight)
« \VWhat are Integrated Circuits (1Cs)
o Brief History of ICs
* INtroduction to Digital Design
o INtroduction to Tiny Tapeout

o \Worksnhop 2: Tooling and Series Project
o \Workshop 4. Design Review




Formatting Note

« SOMe slides are to aid understanding
« Provide packground knowledge that | think is interesting
« Not required for day-to-day design work

« Background information slides
o Title inred

e Terminal commands
e COmmands are in bold /talic
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Hands up I

You've used an app

You've written a computer program
- Used an Arduino (or similar)

- Designedachip

-  Hadyour own chip manufactured

- Manufactured your own chip

|EEE Solid-State Circuits / Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter



Some Definitions

« \What is an integrated circuit? IR =
« Also called IC or chip
» Multiple transistors all in the same substrate Lo
« Connections between transistors .

* \WWhat is g transistor?
o For digital circuits: a electronic controllable switch
« Things get more complicated for analog circuits

|EEE Solid-State Circuits / Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter
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Why do we care?

1985

|IEEE Solid-State Circuits/ Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter



A modern IC (Apple M1 Pro)

COlfeS“ : '

o« 337/ Billlon Transistors
e 245mm? - lomm square

 Snm process node

nttps://www.anandtech.com/show/17019/apple-announced-ml-pro-ml-max-giant-new-socs-with-allout-performance

|EEE Solid-State Circuits / Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter


https://www.anandtech.com/show/17019/apple-announced-m1-pro-m1-max-giant-new-socs-with-allout-performance

A Sense ol Scale

Powers of ten
Charles and
Hay Eames.

4 ah0
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W
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meters

The sleeping man at the picnic
-"—:'2.._-; v
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https://www.youtube.com/watch?v=0fKBhvDjuy0&ab_channel=EamesOffice
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+0 M ' 2 -
10"" meters  The sleeping man at the picnic 10° meters  Within the surface of the skin
v : o -

A Sense of Scoale &
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10° meters  The wall of that cell's nucleus 10 meters Building blocks of DNA . ..

Powers of ten
Charles and
Ray cames.

1 micron
10 angstroms (1 nanometer)

|IEEE Solid-State Circuits/ Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter


https://www.youtube.com/watch?v=0fKBhvDjuy0&ab_channel=EamesOffice

Extreme Ultraviolet L

Ithography

. 4 .’ f
1 N L/ 4
o r

HP Factory Tour Multi Patterning ASML EUV Lithography History of EUV Lithograph History of IC Lithograph



https://youtu.be/RmgkV83OhHA?si=nMmKJdQC0TdwvpEd
https://www.youtube.com/watch?v=f0gMdGrVteI
https://www.youtube.com/watch?v=Pt9NEnWmyMo
https://youtu.be/Th4E-0VFaEA?si=A3zaccTZ3SoKJgeX
https://youtu.be/aBDJQ9NYTEU?si=-irCCeZBYX8vsDir
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BelFore Transistors: 1944

e
-
E--"'.-.,:i.,..‘!l
- -
- Hd‘r’J
w qHFﬂ1
-'i“h;l-'u"‘"'
A‘-ltl'h-+‘1 .
- W
L S ade e Th T FS-
c'thH--
U“'-' 1._'--"'\- e —— L
- ewl f. . Ad

Electronic Numerical Integrator and Computer: programmaple for artillery calculations
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The First Transistor: 1947
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Discrete Transistor

Eaarad: ¢ . B =R G

Nttps//enwikipedia.org/wiki/Bipolar_junction_transistor#/media/FilelPRS. BANEASA 2N2277 109



https://en.wikipedia.org/wiki/Bipolar_junction_transistor#/media/File:IPRS_BANEASA_2N2222.jpg

Integrated Circuits: 1958 ‘J B

|IEEE Solid-State Circuits/ Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter



Integrated Circuits: 1959

Robert Noice at Farrchr!d Semwcomductor

Nttps:// www rit.edu/imagine/exhibit-extras/Apollo-Cuidance-Computer-lmaagineRIT-SKurinec pdf



https://www.rit.edu/imagine/exhibit-extras/Apollo-Guidance-Computer-ImagineRIT-SKurinec.pdf

Shrinking Transistors and Technologies 32
1950s 1960s 1970s 1990s 2010s
Silicon TTL 8-bit 32-bit 3072-Core
Microprocessor GPU

Transistor Quad Gate Microprocessor

B .
4500 275,000 3,100,000 592,000,000 8,000,000,000
Transistor Transistors Transistors Transistors Transistors Transistors Transistors
100 um 10 UM 1 um 100 Nnm 10 Nm

|IEEE Solid-State Circuits/ Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter



(=
Moore’s Law: The number of transistors on microchips doubles every two years (oW St

) I :
M 0 0 r e s a W Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. in Data

This advancement is important for other aspects of technological progress in computing — such as processing speed or the price of computers.
Transistor count
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1BM 213 Storage Controller
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Data source: Wikipedia (wikipedia.org/wiki/Transistor_count) Year in which the microchip was first introduced
OurWorldinData.org — Research and data to make progress against the world's largest problems. Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.

|EEE Solid-State Circuits / Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter



Moore's Law: TSMC Processes

S e Tiny Tapeout uses
3um /a O.185um process

FINFET
Transistors

/ Apple M1
e D . Uses this

e onm O / Orocess
" .

0.5um ' _—
0.35um 10nm :
ﬂ'ap? 25
25um
0.18um ¢ 13um fnm 5nm

0.8um

90nm  65nm
45nm 40nm 28nm 20nm 16nm 10nm o e 3;."2211
s O—0—0 O O—— 0O

A L AN AP NN Nt A I N LN (L PN N R (LN N Nl PN PN WP LI N P A

Nnttps:// www.tsmc.com/english/dedicatedFoundry/technology/logic/l|_5nm

|IEEE Solid-State Circuits/ Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter


https://www.tsmc.com/english/dedicatedFoundry/technology/logic/l_5nm
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Transistor Evolution

Planar Transistors: = ~20nm

FINFET Transistors: < ~20nm
Cate-All-Around Transistors: Future
Video about FINFET Transistors
Video about GAA Transistors

Nttps//www.asml.com/en/news/stories/2022/what-is-a-gate-all-around-transistor

|EEE Solid-State Circuits / Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter


https://youtu.be/i3dDslo9ibw?si=6gW4mtzm1y_yUNgZ
https://youtu.be/5RPFfPtgw7g?si=Y257UTYGbD1xBiDF
https://www.asml.com/en/news/stories/2022/what-is-a-gate-all-around-transistor

Power Density

Zen3 gdré |

Zen3 Core

~!:Zen3 Coré

" Zen3 Coré

Pentium 4 (Northwood) Ryzen 5800X

55M 150nm Transistors 4 15B 7/Nnm Transistors
~50W TDP ~o5W TDP

Nnttps//hothardware.com/photo-gallery/newsitem/53464imaage=big_amd_die_map. | pg&iad=popnup



https://hothardware.com/photo-gallery/newsitem/53364?image=big_amd_die_map.jpg&tag=popup

Dennard Scealing
50 Years of Microprocessor Trend Data
? 17

10 ag " TTransistors
' ' ' o . |(thousands)

S e a_
Vg ok - — I — i correlates with
i i i ! 'i power density
1970 1980 1990 2000 2010 2020

Year

Original data up to the year 2010 collected and ploted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batien
MNew plot and data collected for 2010-2021 by K. Rupp

Larus, James. (2023). Evolution of Computing. 10.1007//97/8-4-051-45304-5_5.

|IEEE Solid-State Circuits/ Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter


http://dx.doi.org/10.1007/978-3-031-45304-5_3

Wheat IF Moore's law/Dennard Scaling
worked For cars?

1960 2020 Moore's car law

170 mph (75 m/s) 300 mph (124 m/s) | 80,000 million m/s

145 mpg 58.8 mpg 15,000 million mpg

https//www.infoplease.com/math-science/earth-environment/motor-vehicle-fuel-consumption-and-travel-in-the-us-1960-2006



https://www.infoplease.com/math-science/earth-environment/motor-vehicle-fuel-consumption-and-travel-in-the-us-1960-2006

Further InFormetion

e Thisis just scratching the surface of the history here

e Professor Marvin White's CASS Talk

e PBS Documentary on Silicon Valley

e Asignometry Youtupbe Channel

|EEE Solid-State Circuits / Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter


https://r2.ieee.org/columbus-ssccas/blog/2023/08/06/cass-outreach-correlated-double-sampling-cds-for-solid-state-image-sensors/
https://www.pbs.org/wgbh/americanexperience/films/silicon/
https://www.youtube.com/@Asianometry/playlists

Introduction To Digital Design




Whet are we trying to do?
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How does this work™

e Calculate Nth Fibonaccl number
« Software (C program)

]

Compiller (CGCC)

Nttps://godboltorg/z/dPKEe /gE4



https://godbolt.org/z/dPKEe7qE3

How does this work™

e Calculate Nth Fibonaccl numbper

 Hardware (Digital Logic)

[WIDTH-1:8] iteration;
[WIDTH-1:8] prev;
[WIDTH-1:8] current;

o busy = (iteration != RESET);

o_fib = current;

@ i clk) be
lo_busy && i _stb
iteration <= i _n;
prev [WIDTH-1:8] <= 1;
current [WIDTH-1:8] <= @;

o_busy

iteration <= iteratiom - ONE;

current {= prev + current;
prev <= current;

N Hardware
§ Description
Language

end (Verilog)

endmoduleg

Yosys|

Synthesis Tool

Generic Logic

/ Gates
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Wheat is & "gate"?

o 'Legos” of digital design 1 e & :[Z>- '4:>*'

AND OR NOT
« Combinational Logic Gate N
« Performes digital logic function 4° )" :\D" )
« AND, OR, NOT, .. NAND NOR XOR
» Sequential Logic {E-‘j
« Memory Element ’
» Flip-Flops /[ 0
« Stores data for a “clock cycle” DFF

Nttps//github.comy/sellicott/inkscape-figures



https://github.com/sellicott/inkscape-figures

What is Verilog? (Wires and Registers)

« Hardware Description Language
« Benhaviorally®™ describes the gates we want to generate
« COombinational and sequential gates generated from code

Ssiffe
. CLK[— @
1 reset; ﬂ o eudTTE
iclk; - EN b +
SRST EN
8 Sreduce_or
I A Y I SRST
1 1 I |
i_E i tl - srgduce_b?rul > i reset
o_busy; b sreduce_bool
:I 1 F
ﬂ )
[ > -. ssdffe
CLK Q

[WIDTH-1:8] iteration;
[WIDTH-1:8] prev;
[WIDTH-1:8] current;

L. —
[WIDTH-1:8] i n; D
[WIDTH-1:8] o fib; EN @
SRST
axl

Define Signals

*There is also gate level verilog



What is Verilog? (Wires and Registers)

« Hardware Description Language
« Benhaviorally®™ describes the gates we want to generate
« COombinational and sequential gates generated from code

Ssiffe
. LK qQ
noc ot iclk ssdffe
1_reset; D o CLK Q
iclk; = > :
SRST EN

8 Sreduce_or
A Y SRST
1 L1
Sreduce_bool i

i_Et tl; AI:l_ Y
8 Srgduce_h%-nl m e >< t
i_sth :D_:I LI
[WIDTH-1:8] i n;

o _busy;
in
[WIDTH-1:8] o_fib; > e

ﬁ)t
2
.}

[WIDTH-1:8] iteration;

[WIDTH-1:0] prev; iteration _____TSF———————]

[WIDTH-1:8] current;

Define Signals

*There is also gate level verilog



What is Verilog? (Assign Statements)

« Hardware Description Language
« Benhaviorally®™ describes the gates we want to generate
« COombinational and sequential gates generated from code

i reset;
iclk;

Cenerate combpinational logic from operations
Every assign statement evaluated “in parallel”
Can only assign to wires

i sth;

o _busy;

[WIDTH-1:8] i_n;
[WIDTH-1:8] o_fib;

[WIDTH-1:8] iteration;
[WIDTH-1:8] prev;
[WIDTH-1:8] current;

o busy = (iteration != RESET);

o fib = current;

Define Signals Purely Combinational Logic



What is Verilog? (Always Blocks)

« Hardware Description Language
« Benhaviorally®™ describes the gates we want to generate
« COombinational and sequential gates generated from code

i reset;
iclk;

i stb;

o _busy;

[WIDTH-1:8] i_n;
[WIDTH-1:8] o_fib;

[WIDTH-1:8] iteration;
[WIDTH-1:8] prev;
[WIDTH-1:8] current;

Define Signals

o _busy = (iteration != RESET);

o fib = current;

Purely Combinational Logic

@

i clk) be_in
10_DUSy & 1 SLD
iteration <= i n;

prev [WIDTH-1:@8] <= 1;
current [WIDTH-1:8] <= @;

o_busy
iteration <= iteration - ONE;
current <= prev + current;
prev <= current;

i reset

iteration <= RESET;

prev [WIDTH-1:8] <= 1;
current [WIDTH-1:8] <= @;

Seqguential Logic Behavior

Define register behavior
 Write to registers in "always” block

Defines what the "next state” of the
register should be

Only evaluated on rising edges

Multiple Always blocks are executed
N parallel



What is Verilog? (Always Blocks)

« Hardware Description Language
« Benhaviorally®™ describes the gates we want to generate
« COombinational and sequential gates generated from code

i reset;
iclk;

i stb;

o _busy;

[WIDTH-1:8] i_n;
[WIDTH-1:8] o_fib;

[WIDTH-1:8] iteration;
[WIDTH-1:8] prev;
[WIDTH-1:8] current;

Define Signals

o _busy = (iteration != RESET);

o fib = current;

Purely Combinational Logic

@ i_clk) begin
lo_busy && i_stb

Low Priority ..
current [W DTH-1:8] <= @;

o_bus!
iteration « = iteration - ONE;
current ¢ = prev + current;
prev ¢ = current;

i reset

LUNTENL W DINn-L.0] &= Ell_',

Seqguential Logic Behavior

Always blocks evaluation
« JTopto bottom
e <= assignments happen in parallel

Statements lower in block have
Nigher priority

Can feel like "normal” programing
« Don’t get complacent



What is Verilog? (Always Blocks)

« Hardware Description Language
« Benhaviorally®™ describes the gates we want to generate
« COombinational and sequential gates generated from code

i reset;
iclk;

1_clk) begin « Always blocks may also contain logic

lo busy &% i stb
iteration <= 1_n;
prev [WIDTH-1:8] <= .

current [WIDTH-1:8] <= @;

i stb;
o_busy; i clk
o_busy
iteration <= iteration - ONE;
[WIDTH-1:@] i_n; current - <= prev + current; ﬂ?ﬁf¥¥
1-3T A rev = current; L1
[WIDTH-1:8] o_fib; pre <= current; sreduce boot L reset
[WIDTH-1:8] iteration; . $reducs boal
[WIDTH-1:8] prev; 1_reset L
[WIDTH-1:8] current; iteration <= RESET;
. . prev [WIDTH-1:8] <= 1; i
[)E}fi(]g} SS]QJ(]E}‘S; current [WIDTH-1:8] <= @; J
o _busy = (iteration != RESET);
o_fib = current; . . .
— | Sequential Logic Behavior
Purely Combinational Logic




What is Verilog? (Always Blocks)

« Hardware Description Language
« Benhaviorally®™ describes the gates we want to generate
« COombinational and sequential gates generated from code

i reset;
iclk;

1_clk) begin « Always blocks may also contain logic

lo _busy &% i stb
iteration <= i n;
prev [WIDTH-1:@8] <= 1;
current [WIDTH-1:8] <= 8;

i stb;

Ssdffe

CLK— ] @
| Ssdffe
o ]

CLK
M current Ll
SR5T EN

l ] next
B |

o _busy;

n_hucw

iteration <= iteration - ONE;
current <= prev + current;
prev <= current;

[WIDTH-1:8] i_n;
[WIDTH-1:8] o_fib;

[WIDTH-1:8] iteration;
[WIDTH-1:8] prev;
[WIDTH-1:8] current;

i reset
iteration <= RESET;

Ssdffe
LK Q

prev [WIDTH-1:8] <= 1;
[)E}fif\E} SSigJ(WE}‘S; current [WIDTH-1:8] <= @;

D

EN

iteration

— |

SRST

o _busy = (iteration != RESET);

ox1

o fib = current;

Seqguential Logic Behavior

Purely Combinational Logic




A simple example

uOn u'?" olk +7 i A A A
: Ul
AO——D O /A Y - , 7
| ) Doz =
o N N 72777
P s V1700000077
.—> Y ///
Z
clkO !

NOR Example Waveforms

« How does the system evaluate over time~
e \What isthe stateof A" B Y and /7

Nttps://wavedrom.com



https://wavedrom.com/

A simple example

u-ln uO" . clk +7 A A A A |
AO——D 0 /A 1Y , 2 " —
l U??I
D> :Do— 0 ooz ° 2
uOn A //////Cfm_iq}x
cod gl 4 » 777777,
“O” I(A+B)
L T
T VA
clk©O

—— clockdelay —

NOR Example Waveforms

 How does the system evaluate over time~
e \What Is the next state of A" B Y. and /7

Nttps://wavedrom.com
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A simple example

"O" 1" - clk +7 A A k k
A 0—D A @) I
Ml Y _— %, / \
D :DoL D ooz Z, : /
N x V000753, ;
vod e | .\ )
! O ! 1{;’3}\+B} '(»ﬂ«\LB]
Ll I ’(
! ’ 2
clk©O

—— clockdelay ——

NOR Example Waveforms

 How does the system evaluate over time~
e \What Is the next state of A" B Y. and /7

Nttps://wavedrom.com
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A simple example

WA\ :
u-ln O uO" " h [

AO—D Of A v - A %) / \ -
2z :DDL D ooz 2} /
“ N 777550 g g
BO D 0 \]B 5 B ////////éﬁl\ %\ g\\
l(A+B) I(A+B) \(A+B)
b I {
| ’ 7 \
clk©O

—— clockdelay ——

NOR Example Waveforms

 How does the system evaluate over time~
e \What Is the next state of A" B Y. and /7

Nttps://wavedrom.com
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A simple example

ll'l n ll'l 1

. uO"
po—D Of A :
D DLD 0
U‘ln \I
s8o—{0 0 .? >
—>
clk©O T

Clk{ A A A
o 2 / \
O B / \ /
« TP ; :
+ 708\ §l ]
I(A+B) I(A+B) I(A+B)
T {
7 4 \

—— clockdelay ——

NOR Example Waveforms

 How does the system evaluate over time~
e \What Is the next state of A" B Y. and /7

Nttps://wavedrom.com
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Resal Logic Gates

« How i1s a NOR gate bullt?
e [ransistors =» Switches

PMOS 1_O|I<_- e /A

? AO—e 0

https//skywater-pdk readthedocs.io/en/main/contents/libraries/sky130_fd_sc_hd/cells/nor2/README html#sky130-fd-sc-hd-nor2-gdsii-lavouts

|IEEE Solid-State Circuits/ Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter


https://skywater-pdk.readthedocs.io/en/main/contents/libraries/sky130_fd_sc_hd/cells/nor2/README.html#sky130-fd-sc-hd-nor2-gdsii-layouts

Standard Cell Library

o Skywater provides designs for a large number of logic gates
o Standard Cell Library

> 5x larger

https//skywater-pdk readthedocs.io/en/main/contents/libraries/sky130_fd_sc_hd/cells/nand?2/README html#sky130-fd-sc-hd-nand2-gdsii-layouts

https//skywater-pdk readthedocs.io/en/main/contents/libraries/sky130_fd_sc_hd/cells/dfxtp/README html

|IEEE Solid-State Circuits / Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter


https://skywater-pdk.readthedocs.io/en/main/contents/libraries/sky130_fd_sc_hd/cells/nand2/README.html#sky130-fd-sc-hd-nand2-gdsii-layouts
https://skywater-pdk.readthedocs.io/en/main/contents/libraries/sky130_fd_sc_hd/cells/dfxtp/README.html

Sky13© Stackup I t [ 459
i 5.2523 : i
11,8834 . _ys TOPOX K=3, ‘ _ L .
PI1 K=2.94 1
) ) l T metal5 1.26
« World's first open source Ly ... [
manufacturable PDK R S s i I
S NILD6 K=4.0 o ] Joe
o Profile of layers in design | . A
s NILD5 K=4.1 ]
metal3 0.845
° Gat@S are COﬂﬂeCt@d on + y 0.42 via2 NILD4_C K=3.5 "\
2.7861 NILD4 K=4.2 v [
metal2 —metals S = 0 —] [ § o
+ 0.27 vial NILD3_C K=3.5
2.0061 NILD3 K=4.5 Ay
} metall e ¢ 0.36
| NILD2 K=4.05 B 1 e 0075 i je— I
1.3?51{ ke nm: I - L]#K:?'J = 0.1
10111 1 o9 —|lken [ } IOXK=39— 1§ A
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l 03262  FOXK=39 Mw } s #
! v : =a,

f el | diffusion ) + 0.12
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R 0.0431

—I-T: 0.006
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Whet's the difference between
Sofffware and Hardware™

Software Haradware
iclk [ | L o
> _J P \
) I -
Sreduce_bool i reset — — ||
A Y D— ] Sreduce_bool
= 2
ﬁ —(:)_ | |—|
[

« SOftware executes seqguentially

« Hardware is "always running’
« Copies run in parallel

nttps//www.pngall.com/versus-png/download/54595



https://www.pngall.com/versus-png/download/54595

Recap: Digital Design

« Concept [algorithm, penavior, etc) -

1teration;

prev;

current;
sign o_busy = (iteration != RESET);
ign o_tib current;

always @(posedge 1 _clk) begin

if (i_reset || ('o_busy &% 1_sth)) begin
iteration == 1_n;
prev W H-1:8] == 1;
current [WIDTH-1:8] == 8;

end

else 1f (o_busy) begin
1teration iteration - ONE;
current <= prev + current;
prev <= current;

end

1f (1_reset) begin
iteration =
prev [
current [W

end
end

endmodule

NORMAL BEELAY

Physical design (gates)

sreduce_bool 1_reser
A v

Ceneric Gates ‘ N L J
| © —JJ el 5
____::a Ssauee or [ =
> C
. - ‘_:I sr:duce bc;vl
E;]:E:::' ,}-—I ssdffe
5 — : .

Egﬂ

Standard Cells




OpenLane Flow

WOK

or

\Visigilele

» | SW PDK
esign/

srci*.v

The OpenLane Flow

— "\ Output Design

Ant. Diodes

Y

4

i-

. Y
Floorplannin Insertion RC Extraction
’: ‘ ‘ ( ‘ RTL Synthesis P 0 (Custom Scripts) (DEF2SPEF) ‘ e
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=) | g s | 1
Synth <
q (a]
Exploration 4 S LEC STA
A STA a (Yosys) (OpenSTA)
(OpenSTA) §' Optimization
A4
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I
DFT gt
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Physical T8 ﬂ@
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I Design < (magic & netgen) . L% m e ts [
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T
i
¥ e
i =
¥ I "
H
B .
GDsIIf — Dutpuﬁz] m i
LEF B 1
inputs[s] butputs[o] butputs[s] Linputs[o] Linplits [7]




OpenLane Flow

or

design/
srcl*.v

Verilog |

Files

Synth
Exploration

DFT
(Fault)

OpenROAD App

i-

The OpenLane

Floorplanning

Placement

o]
-
w

Optimization

Global Routing

Flow

R

Ant. Diodes
Insertion
(Custom Scripts)

LEC
(Yosys)

Detailed Routing
(TritonRoute)

il

Design

SW PDK

Exploration

|

Y

RC Extraction
(DEF2SPEF)

—

STA
(OpenSTA)

Y

gds2 Streaming
(magic)

\J

Physical
Verification

{magic & netgen)

=laboration:
Convert to generic gates

GDSII
LEF

—

butputs[s]

03
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ﬂ E
m @1 it
i
I
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i
L
i
ppts (7]
]




OpenlLane Flow

> design/ M
sref*.v

| The OpenLane Flow

or

\Visigilele

- l - Y
. ¥ . Ant. Diodes R
’: ‘ ‘ e S Floorplanning | Insertion RC Extraction

3 (Custom Scripts) (DEF2SPEF)

<T ]

Q ;

S cTS : LEC STA

[ ] (Yosys) (OpenSTA)

5 1 R m—

§ Optimization
] 4
] ; ; S

Global Routing | Dﬂta'.IEd Routing gds2 Streaming
1 X (TI'ITDI'IHDU[B) (ITISQIC} T M R TN f8] Utputs[1] T finputs fa] i tputs(a]
' ) —
l— v inputs[3] mdIPUES (2
) — :
Physical L IH'?
Verification
I | (magic & netgen) npts (1

|

Desig < P
Exploration /

I

Y

Synthesis: - ) [P e 2 %
Convert to ‘real” logic gates Sl S S TN L

===
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OpenlLane Flow

& =

The OpenLane Flow
9 / ] \
) Y P —
’: ‘ RC Extraction
‘ e S RTL Synthesis (DEF2SPEF)
(Yosys + abc)
Synth
Exploration ¥ STA
iy
A STA (OpenSTA)
(OpenSTA)
A4
—_
gds2 Streaming
] T I (T g N [T STHE NS T ee)
Y (magic)
DFT irputs[2] dnputs
(Fault) Yy
Physical IH'?
Verification
(magic & netgen) oot
\ J T
k / m i
T ——
Y M
H il
N _ ot

Place and Route (PnR): i [P e = %
Place gates and route wires R e I e o
between them

|IEEE Solid-State Circuits/ Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter



OpenlLane Flow

or

\Visigilele

Files

> design/ W
srci*.v

The OpenLane Flow
v i Ant. Diodes
Fl lanni Insertion
RTL Synthesis (Custom Scripts)
(Yosys + abc)
] | e
Synth g
Exploration Y S CTS
A STA €
o= | |
. Detailed Routing
DFT I
(Fault)
Design <

Exploration

W

SIgnoff:
Make sure everything matches
No rules are violated

Y

GDSII/ —
LEF

mmmmm

uuuuuuu




OpenlLane Flow

or

\Visigilele

The OpenLane Flow

| \
- ‘ L% '||
. Ant. Diodes —
’: ‘ ‘ e S Floorplanning Insertion RC Extraction
(Custom Scripts) (DEF2SPEF)
:
Synth
Emlﬁrr‘aﬁon 2 STA
o CTs
[ (OpenSTA)
—_—
§‘ Optimization
v
Global Routing Detal.led Routing gds2 Streaming
’ (TritonRoute) (magic) it ts (7] ks {81 Gutputs(i] T finpits tai Gitpatsl4]
\
Physical
Verification
| Design L (magic & netgen) .I

Exploration

[
\\\

We're mostly !
dealing with this part cosw |

Tiny Tapeout (via Openlane) handles most of this for us!



GDS examples (all 7®um x 7@um)

Futputs[ﬂ inpits (6] ltplits[1] Apts 4] ubputafal L rutpuism“ inputste] T putpubsTil : Futp'mg[zq butputs(7] ImputS[ﬁ] Inutputs[ ] Im.putsm Inutp.utsm;
i PUES[3] inputs[2 inputs[3] : : : | nptits 2] _inputs[z] :_y'v'huts[ 1
. m i et m ﬂ u - ﬂ } st
; : tputs[o - -
outpdTs T I : pITER TR I - T
— 0 f
- — N A S - f :
OUtpUTS l N reset rasat reset
[ u R
u_ m clk 1‘:‘lk
: 2] : % nutputﬁ{Z}.
] nputs[§] u;tputa[él] Ltputs[5] np.ltg[o]' nphts[7] rputs[5] utputs (8] utputs[5] nputs[0]: H nputs[7] nputs[s] utputs[o] o tputs[5] npiats[o]: nfuts[7] :
actave L L et A E ST

4 pbit counter & bco
50 cells

S bit counter
49 cells

oinary to decimal
converter
25 cells

Systems Societies (SSC37/CA

-State Circu Circuits a



Wheat did we learn™

* Design - Digital Flow —» Pnysical Design

e Digital Design
o Gates are building blocks of the design
« Combinational Logic/Sequential Logic
« Verilog lets us describe gates with code

e Digital Flow (Openlane)
o Elaboration: Hardware Description Language — Ideal Gates
o Synthesis: Generating real gates from the design
« Place and Route: Layout and route physical gates
e Signoff: Check the design for layout/timing errors






How Tiny Tepeout Works

« Cloud based design
« RuNs OpenlLane in Github actions
« No tool install or download
« 3D viewer / explorer
« Example Design

« ~500 Projects merged into one |C
« Reduced cost

o Try other peoples designs
e lest PCEB

|IEEE Solid-State Circuits/ Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter


https://github.com/sellicott/sellicott_tt5_digital_clock/actions/runs/8681029403#summary-23802961053
https://tinytapeout.com/specs/pcb/

|IEEE Solid-State Circuits/ Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter


https://github.com/sellicott/sellicott_tt5_digital_clock/actions/runs/8681029403#summary-23802961053
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Physical InterfFace

o I Tile
e |60 x 100um size
e ~]000 gates
o Can buy more than 1tile

e PINS
e Clock (~50MHZz]
e Reset

SX INnputs

Sx Outputs

Sx Bidirectional

Dedicated INPULS -
Optional INPULS e
Enable (always 'l") g
Clock INpUL s
Reset INPUTL mp-

Tiny-Tapeout Module

ui—in [7:0] uo_out [7:0]
uio_in [7:0]  uio_out [7:0]
en uio_oe [7:0]
clk

reset

-3 Dedicated Outputs

-3 Optional Outputs

—3p Optional IO Selection
(0: Input, 1: Output)

|IEEE Solid-State Circuits/ Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter



Wokwi Design Flow

o Wokwi by Uri Shaked

« Online Simulator

o Exports Verilog Netlist
« Examples

« Padlock

« UART

o /-Segment Display

dtype flop

inverter
2 input and
2 input or

2 Input xor

2 Input mux
2 input nand



https://tinytapeout.com/digital_design/wokwi/
https://tinytapeout.com/tags/customisable/

Using GitHub Flow For Verilog

e [Utorial Video
e Example Project (Fibonacci Seqguence Generator)

o Create new GitHuD project by using the template

* The project should be public!
 Enable GitHUb Pages (set to GitHuUb Actions)

« Update /nfo.yam/
« TOD Module
« Source files
e Ares
« Documentation

- Update docs/info.md

o Add detalled documentation for your project



https://tinytapeout.com/hdl/
https://github.com/sellicott/sellicott_fib_seq
https://github.com/TinyTapeout/tt07-verilog-template
https://tinytapeout.com/faq/#my-github-action-is-failing-on-the-pages-part

Live Demo

f live demo
SNt wWorking

l

Nttps:)//github.com/sellicott/sellicott _fib_seg



https://github.com/sellicott/sellicott_fib_seq

Demo Slides (Home
= O sellicott / sellicott_fib_seq

<> Code () Issues IV Pull requests ® Actions | [ Projects ) Security |~ Insights ] Settings

@ se"icott_ﬁb_seq Public & Unwatch 1 = i Star 0

generated from Tin

¥ main ~ F 1Branch © 0 Tags Q Gotofi Add file ~ ¢> Code ~ About

) Tiny Tapeout Fibonacci sequence
. Samuel Ellicott Remove extra quotes from Makefile 9b78bf7 . 17 minutes ago ) 18 Commits generator example project

B github/worldlows

B docs

test

.gitignare

LICENSE Releases

Mo releases published

README.md

info.yaml

Packages

No packages published

README 23 Apache-2.0 license

) ods [BESNE| () docs [HEESNG| ) test [Boaming| Languages

N
® Verilog 46.2% ® T 27.6%

Tiny Tapeout Verilog Project Template o o 1o




Demo Slides (wrapper source

Copyright (c) 2824 Sam Ellicott

-

SPDX-License-Identifier: Apache-2.8

> [ .github
> B docs

z module tt_um_sellicott fib seq (
B ESI’C

“default_nettype none

input wire [7:8] ui_in, ff Dedicated inputs

[ confiotcl 1 output wi [7:8] uo_out, ff Dedicated outputs

[ fibv

tt_um_sellicott_fib_seq.v

input wi [7:8] uio_inm, f/ I0s: Input path
output wi [7:8] uio out, // IOs: OQutput path
output wi [7:8] uio_oe, / I0s: Enable path (active high: @=input, l=output)
input  wi ena, [/ 1 wer so you can ignore it
> .‘tes‘t ] input wi elky

. input Wi rst_n

D gitignore
[0 uICENSE
fib #(
.WIDTH(8)

0O info.yaml ) fib_inst (
22 / global control signals

[ README.md

.1_reset (~rst_n),
L1clk (clk),

/ control signals
.i_stb (uio_in [@]1),

.0_busy (uio_out[1]),

f module inputs/outputs
.in (ui_in [7:01),
.0_fib {uo_out[7:8])
s

f A1l cutput pins must be assigned. If not used, assign to @.
assign uio_oe [7:8] = 8'h2;
2] = 6'he;

assign uio_out[@] = 1'ha;

assign uio_out[7:

endmodule




Demo Slides (module source)

B github

B docs

= src

[ config.tcl

fib.v

B tt_um_sellicott_fib_seq.v
B test

O .gitignore

(3 vLicensE

[ README.md

O info.yamil

Author: Samuel Ellicott
Date: Thu Apr 11 18:43:53 EDT 2024

Test of calculating the nth walue of the fibbonachi sequenc

module fib (
/ global control signals
i_reset,

i clk,

control signals
i_stb,

a_busy,

/ module inputs/outputs
Ty
o_fib
i
parameter WIDTH = 32;
localparam [WIDTH-1:8] RESET
localparam [WIDTH-1:8] ONE

 global control signals
input wire i_reset;

input wire i_clk;

{ control signals
input wire i_sth;

output wire o_busy;

/ module io
input wire [WIDTH-1:8] i_n;
output wire [WIDTH-1:8] o_fib;

reg [WIDTH-1:8] iteration;
reg [WIDTH-1:8] prev;
reg [WIDTH-1:8] current;

assign o_busy (iteration != RESET);

assign o_fib current;




Demo Slides (inFo.yaml)

. Samuel Ellicott update info.yaml with project infor
to file

Code Blame 54 lines (47 loc) - 1.81 KB £5 Code 55% faster with GitHub Copilot
> M .github
> [ docs 1 # Tiny Tapeout project information
project:

7 E src 3 title: "Fibonacci Sequence Generator”™ # Project title

Fﬁ author: "Samuel Ellicott™ # Your name

canfictd discord: "sellicott™ Your discord username, for communication and automatically assigning you a Tapeout role (opticnal)
[j fibw 6 description: “generate the MNth fibonacci number” # One line description of what your proj
language: "Verilog" # other examples include SystemVerilog, Amaranth, VHDL, etc

[3 tt_um_sellicott_fib_seq.v : clock_hz: a # Clock frequency in Hz (or @ if not applicable)

> B test

# How many tiles your design occupies? A single tile is about

D .gitignore 11 tiles: "1xl™ # Valid values: 1xl, 1x2, 2Zx2, 3x2, 4x2,

[ LICENSE

# Your top module nmame must start with "tt_um_". Make it unique by including your github username:

[3 README.md 14 top_module: "tt_um_sellicott fib_seq”

info.yaml 16 # List your pr ct's source files here. rce files must be in ./src and you must list each source file separately, one per line:
source_+iles:
- "tt_um_sellicott_fib_seq.w"
- "fib.v"

# The pinout of your project. ve unused pins blank. DO NOT delete or add any pins.
pinout:

# Inputs

ui[@]: "n[e]"

uif1]: "n[1]"

uif2]: "n[2]"

ui[3]1: "n[3]"

uif4]: “"n[4]"

ui[5]: “"n[5]"

uifel: "n[e]l"

uif71: "n[7]1"

# Qutputs
uo[@]: "fib[@]"
uo[1]: "fib[1]"




Demo Slides (Test)

@cocotb.test()
async def test_project(dut):

i dut._log.info("Start™)
B github

B docs # Set the clock period to 18 us (186 KHz)

clock = Clock(dut.clk, 18, units="us")
. SIE 16 cocotb.start_soon(clock.start())

W test
Reset

Makefile (] ._log.infof{"Reset™)
.ena.value = 1

README.md

Lui_in.value = @

fib_tb.w 23 ~ulo_in.value = @
.rst_n.value = @

requirements.txt await ClockCycles(dut.clk, 18)
$h vt bear dut.rst_n.wvalue = 1
th.v 2 dut._log.info("Test project behavior™)
testpy for i in range(@, 18):

dut._log.info(+"Test n={i}")

fib_n = int(await get_fib_n(dut, 1))
l_j LICENSE 32 calc_fib = calc_+ib_n(i)
dut._log.info(f"hw fib: {fib_n}, sw fib: {calc_fib}")

assert fib_n == calc_¥ib

[ .gitignore

[ README.md

[ infoyaml
v async def get_fib_n(dut, n}:
# Set the input walues you want to test
dut.ui_in.value = n

dut.uio_in.value = 1

# Wait for one clock cycle, then clear the strobe pin
await ClockCycles{dut.clk, 1)

dut.uio_in.value = @
busy wal = True

while busy_val:
# Wait for one clock cycle, then check the output
await ClockCycles(dut.clk, 1)

busy_wal = (dut.uio_out.value & @x82) != @8




Demo Slides (Testbench)

This testbench just instantiates the module and makes some conwvenient wires
that can be driven / tested by the cocotb test.py.

B github
B docs

module th ()3
/ Dump the signals to a VCD file. You can wview it with gtkwave.
M src 18 initial begin
11 SdumpFile("tb.wcd™);
B test k- ( )i
12 Sdumpvars(@, tb);
[ Makefile #1;
end
README.md
fib thaw 16 f/ Wire up the inputs and outputs:
1 =1l 25
requirements.txt 15 rst_n;

- ena;

[7:0] ui_in;
th.v 21 [7:0] uio_inj;
wire [7:8] uo_out;
[ testpy

wire [7:8] uio_out;

|jj .gitignore 24 wire [7:8] uio_oe;

|jj LICENSE 26 f Replace tt_um_example with your module name:

Fﬁ README.md . tt_um_sellicott_fib_seq user_project (

0O info.yami f/ Include power ports for the Gate Lev
“ifdef GL_TEST
.VPWR(1'bl),
.VGND(1'b@),

Lui_in (ui_in), ¢/ Dedicated inputs

.uo_out (uo_out), / Dedicated outputs

.uio_in (uio_in}, f/ I0s: Input path

.uio outfuio_out), // IOs: Output path

.uio_oe (uio_oe}, {/ I0s: Enable path (actiwve high: @=input, l=output)
.ena {ena), s s high when design is selected

.clk (clk),

.rst_n  (rst_n)




Demo Slides (MakefFile)

# defaults
5IM ?= icarus
TOPLEVEL_LANG 2= verilog
B docs SRC_DIR = $(PWD)/../src
PROJECT_SOURCES = tt_um_sellicott_fib_seq.wv fib.v

B github

. 5rc

E test 18 ifneq ($(GATES),yes)

Makefile 13 # RTL simulation:

SIM_BUILD = sim_build/rtl

VERILOG_SOURCES += $(addprefix $(SRC_DIR)}/,%(PROJECT_SOURCES))
fib_tbav 15 COMPILE_ARGS += -I"$(SRC_DIR)"

README.md

requirements.txt else

th ntloar
# Gate level simulation:
th.v 24 SIM_BUILD sim_build/gl
1 COMPILE_ARGS -DGL_TEST
COMPILE_ARGS -DFUNCTIONAL
[ .gitignore 2: COMPILE_ARGS -DUSE_POWER_PINS
COMPILE_ARGS -DSIM
ljﬁ LICENSE COMPILE_ARGS -DUNIT_DELAY=\#1
|'j README.md 26 VERILOG_SOURCES += S(PDK_ROOT)/skyl3@A/libs.ref/skyl38 fd_sc_hd/verilog/primitives.wv
2 VERILOG_SOURCES += S(PDK_ROOT)/skyl3@A/libs.ref/skyl38 fd_sc_hd/verilog/skyl3@ fd_sc_hd.v

test.py

[ info.yam
# this gets copied in by the GDS action work+flow

VERILOG_SOURCES += S(PWD)/gate_lewel_netlist.wv
endif

# Include the testbench sources:

VERILOG_SOURCES += $(PWD)/tb.v

TOPLEVEL = tb

E is the basename of the Python test file
= test

include cocotb's make rules to take care of the simulator setup

include $(shell cocotb-config --makefiles)/Makefile.sim




Demo Slides (GitHub Actions)

<> Code () Issues Il Pull requests Actions || (3 Projects @O Security [~ Insights b Settings

Actions New warkflow All workflows
Showing runs from all workflows

All workflows

Help us improve GitHub Actions Give feedback

Tell us how to make GitHub Actions work better for you with three quick questions,

45 workflow runs

Management @ Remove extra quotes from Makefile . B 2 hours age

- docs £15: C it Sb73hf7 puzhed by sellic ) 1m 20s
Ei Trdlies docs #15 Commit 9b78bf7 pushed by sellicott L)

B Runners
@ Remove extra quotes from Makefile e B 2 hours age

5 € it Sb78kLfT i I3 3m 47«
gds #15: Commit 9b78bf7 pushed by sellicott () 3m 425

@ Remove extra quotes from Makefile - B 2 hours agoe

test 15 Commit 9b78bf7 pushed by sellicott

@ try and fix software fibonacci generator —m B 18 hours ago
ry 9 air

. . . e e
docs #14: Commit c7dd%d3 pushed by sellicott (9 1m 8s

@ try and fix software fibonacci generator e B 18 hours ago

a. 3 - & 26
test #14: Commit c7 ushed by sellicott (%) Sbs

try and fix software fibonacci generator - B 18 hours ago

A i F 2
gds #14: Commit cJ pushed by sellicott (%) 3m 455

Flip check on busy signal - B 19 hours ago

2 - f f I3 4m 70
gds #13: Commit pushed by sellicott () 4m 20=

@ Flipc

o a0 - [l o

heck on busy signal in a 19 hours ago




Demo Slides (Test Action)

<» Code () Issues 17 Pul requests (® Actions || (3 Projects (0 Security [+ Insights 3 Settings

€ test

@ Remove extra quotes from Makefile #15

() Summary

Triggered via push 2 hours age Status Total duration Artifacts

e @ sellicott pushed -o- 9b78bf7 main Success 33s 1

QO test

Run details tES"t.}'al'l"ll

on: push
e

() Usage

&Y Workflow file

Artifacts

Produced during runtime

0 test-ved

test summary

) All tests passed
1 tests passed

Job summary generated at run-time




Demo Slides (Test Results)

(i) Summary :'3 Actions ﬂa Projects @ Security [* Insights 563 Settings

o et v ° Run tests
21 rm -f results.xml
MODULE=test TESTCASE= TOPLEVEL=tb TOPLEVEL_LANG=verilog \
fusr/binfvvp -M jopt/hostedtoolcache/Python/3.11.9/%64/1ib/python3.11/site-packages/cocotb/libs -m libcocotbvpi_icarus sim_build/rtl/sim.vvp

= 24 -.--ns INFO gpi ..mbed/gpi_embed.cpp:76 in set_program_name_in_wvenv Did not detect Python virtual environment. Using system-wide Python interpreter

(& Usage

Run details

-.--ns INFO gpi ../gpi/GpiCommon.cpp:181 in gpi_print_registered_impl VPI registered
9 Workflow file

@.88ns INFO cocotb Running on Icarus Verilog version 11.8 (stable)

8.88ns INFO cocotb Running tests with cocotb v1.8.1 from /fopt/hostedtoolcache/Python/3.11.9/x64/1ib/python3.11/site-packages/cocotb
@.88ns INFO cocoth Seeding Python random module with 1714867538

8.88ns INFO cocotb.regression Found test test.test_project
a
a
a

.88ns INFO cocotb.regression running test_project (1/1)
.88ns INFO cocotb. Start
.8@ns INFO cocoth. Reset
96068 .88ns INFO cocotb. Test project behavior
S@eea.eens INFO cocotb. Test n=@
1186668.88ns INFO cocotb. hw fib: @, fib: @
1leee8.88ns INFO cocotb. Test n=1
148666 .88ns INFO cocoth. hw fib: 1,
148808.08ns INFO cocoth. Test n=2
180666.88ns INFO cocoth. hw fib: 1,
1800680.88ns INFO cocotb. Test n=3
236000.80ns INFO cocoth. hw fib: 2,
230080.88ns INFO cocotb. Test n=4
200666 .88ns INFO cocoth. hw fib: 3,
206808.08ns INFO cocoth. Test n=5
360008.88ns INFO cocoth. hw fib: 5,
360880.88ns INFO cocotb. Test n=6
440800.008ns INFO cocoth. hw fib: 8,
448600.88ns INFO cocotb. Test n=7
539000.88ns INFO cocotb. hw fib: 13, sw fib: 13
538808.08ns INFO cocoth. Test n=8&
630000.88ns INFO cocotb. hw fib: 21, sw fib: 21
6308808.88ns INFO cocotb. Test n=9
748000.08ns INFO cocotb. hw fib: 34, sw fib: 34
7488668 .88ns INFO cocotb.regression test_project passed
740066 .88ns INFO cocotb.regression

#+ TEST STATUS SIM TIME (ns) REAL TIME (s) RATIO (ns/s) **

** test.test_project 748000 .00 8.81 87855366.81 **

*#* TE5TS=1 PAS5=1 FAIL=8 SKIP=8 748000 .00 - 21172371.44 **




Demo Slides (Test GTIKWave

reg current[7:0]

wire  i_clk
wire  i_n[T:0]

Wire 1_reset

GitHuUb
Actions

. th.gthow

. tha

. thwed

B test.py

BB tesi-ved.zip

Command Prompt - gtkwave tb.ved thogthw

nd time.

Results

GTKW File
V File

VICD File
Python File

zip Archive




Demo Slides (Docs Action)

¢» Code () lssues I Pull requests ® Actions | [ Projects © Security |~ Insights 3 Settings

< docs

@ Remove extra quotes from Makefile #1715

(1) Summary
Triggered via push 2 hours ago Status Total duration Artifacts

@) sellicott pushed -o- 9b78bf7 main Success 1m 20s 1

@ docs

Run details docs.yaml

on: push
[} Usage

& Workflow file

Artifacts

Produced during runtime




Demo Slides (Datasheet)

Fibonacci Sequence Generator

= Author: Samuel Ellicott
= Description: generate the Nth fibonacci number
= Language: Verilog

How it works

The project takes in the index of Fibonacci number to generate (n=0 -> 1, n=1 ->
1,..). Where n is an 8-bit unsigned integer on the n[7:0] pins. To start generating
the sequence start_stb should be asserted for one clock cycle. While the module is
working, the busy signal will be asserted. After the busy signal falls to 0, the Nth
Fibonacci number is available on £ib[7:0] pins

Pinout

# Input Output Bidirectional
0 n[0] fib[0] start_stb

1 n[l] fib[l]  busy

2 n[2] fib[2]

3 n[3] fib[3]

4 nl4] fib[4]

5 n[5] fib[5]

6 n[6] fib[6]

;

n[7]  fib[7]




Demo Slides (GDS Action)

(1) Summary ) Actions | [ Projects © Security |* Insights £3 Settings

duration Artifacts

@ sellicott pushed -o- 9b78bf7 main Success 3m 42s 6

@ gds
@ precheck gds.yaml|

o gl_test on: push

& veee Synthesis/PnR
: L og Files

7 Usage
J @ gl_test
< Workflow file

@ viewer

Cate Level

Test Results

Artifacts

Produced during runtime

7] GDS_logs

o0 gatelevel_test_vcd

0 gds_render

) github-pages

0 precheck_reports

) tt_submission




Demo Slides (Cell Usage)

(A) Summary ROUtlng StatS *) Actions | [ Projects [ Security [~ Insights £3 Settings

@ gds

@ precheck
@ gl _test
@ viewer

Utilisation (%)  Wire length (um)

95 2888

Cell usage by Category

Run details Category

{9 Usage Fill decap fill

&Y Workflow file Tap

Combo Logic

Buffer
Flip Flops
OR

Misc

AND

GDS Action NOR

NAND
Multiplexer

Inverter

169 total cells (excluding fill and tap cells)

Job summary generated at run-time




Demo Slides (2D Render)

(@) Summary

~ . - - - -
- *) Actions | [ Projects 0] Security |22 Insights £3 Settings
3D Viewer

Jobs

© ods open 3D viewer
@ precheck
@ gl_test
@ viewer

2D Preview

Run details

ff} Usage

&Y Workflow file

CDS Action




Demo Slides (3D Viewer)

KEYS ~ Controls

1: Hide Fill, Decap, Tap cells

2: Hide top cell geometry ~ View Settings
3: Isclate mouse over cell

Mouse over: FILLER_0_19_205 (sky130_ef_sc_hd__decap_12) toggleFillerCells

toggleTopCellGeometry
i
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Demo Slides (Settings)

<» Code

Fant
() lssues

I Pull requests

o -
=) Actions

EE| Projects

@ General

Access
AL Collaborators

L) Moderation options

Code and automation
¥ Branches

© Tags

E+ Rules

() Actions

&5 Webhooks

E=5 Environments
% Codespaces

5 Pages

Security

) Security

©) Code security and analysis
4 Y V!

5,- Deploy keys

E] Secrets and variables

ntegrations
@ GitHub Apps

E2 Email notifications

[~ Insights

Settings

GitHub Pages

Your site is live at https://sellicott.github.io/sellicott_fib_seq/

Last ed by @ <

[ Visit site

3 hours ago

Build and deployment

Set 1o
‘GitHub Actions’

s environment by the gds workflow.

Source

GitHub Actions =

Custom domain

Custom domain
Custom domains allow you to serve your site from a domain other than sellicott.github.ie. Learn

+ Enforce HTTPS
— Required for your site because you are using the default domain (sellicott.github.io)

HTTPS provides a layer of encryption that prevents others from snooping on or tampering with traffic to your si
When HTTPS is enforced, your site will only be served over HTTPS. Learn more uts

Visibility

GITHUB ENTERPRISE

With a GitHub Enterprise account, you can restrict access to your GitHub Pages site by publishing it privately. A privately



Running Locally

* Tiny Tapeout allows for cloud based development
o Full flow in GitHUD actions
« Only need GTKWave (to view simulation results)
o Slow iteration loop

« \We canrun the whole OpenlLane flow locally..
« Large installation size (~10Gb)
o Slightly involved installation process (on Windows)

« Run simulations locally
« Develop Verilog locally
« Smaller (~1.5GD)
« Simulate behavioral HDL —» Basic functionality
o Harden with Tiny Tapeout flow (GitHuUD actions)




Installing Tools

« Simulation Tools
« https://aithub.com/YosysHQ/oss-cad-suite-build
« Extractfile to a path without spaces
« CITKWave, Icarus Verilog, Yosis, Etc

o Start by running start.bat
« Should see '[OSS Cad Suite]
« Move around with ‘cd’

« Drag and drop folders into terminal
« Puts folder path into terminal

e Other Tools
o it https//git-scm.com/downloads
e VS Code: https://code visualstudio.com



https://github.com/YosysHQ/oss-cad-suite-build
https://git-scm.com/downloads
https://code.visualstudio.com/

Local Simulation: Running Tools

e INn [OSS CAD Suite] terminal!

o Type the tool you want to use

o Use 'gtkwave for GTKWave, etc

B ER-
File Home Share View

= l g New item ~

Easy access -
Move Copy Delete Rename New
tor to~ e folder

Clipboard QOrganize New
= v 4 B - ellicott4 (\coeit.osu.edu\home\ programs > oss-cad-suite

Mame

B bin

& OneDrive - The Ohio State University . etc

# Quick access

B ESL-DNC192034D B =amples
lmclude

= Lexar () B

" . license
. share
B environment.bat
B README
B start.bat

o Net

10items | 1 item selected

Properties

8 open - “ Select all

B Edit 2% Select none

Open

Bt

== Invert selection

Select

Type

File fo!* _r

98



Local Simulation: Running Simulator

Using Icarus Verilog for Simulation
In [OSS CAD Suite] terminal move to folder with Verilog code

Elaborate » Simulate design
o Jverilog —o tb.vvp -DICARUS <Verilog file 1> <\Verilog file 2> ...
s VWptbvvp

Cenerates tb.ved for GCTKWave

More Information:
« https//steveicarus.github.io/iverilog/usage/getting started.html

99


https://steveicarus.github.io/iverilog/usage/getting_started.html

Local Simulation: Testbench

tb.v Testhench

module th ();

$dumpfile("tb.vcd™
$dumpvars(8, tb);

Wy

Define what file to write simulation to

« $Sdumpfile sets the filename

Select what data to save

« $dumpvars selects what signals to save
See here

« Define variables that we can interact with
« Registers for module inputs
« \Wires for module outputs

 [nstantiate our Tiny Tapeout module
« Hook up power and gnd if doing a gate
level test (Run after synthesis)
« Other ports hooked up to variables

clk;

rst_n;

ena;

[7:8] ui_in;

] uio_in;
uo_out;

[7:8] uio out;
[7:8] uio_oe;

“ifdef GL_TEST
NPWR(1°b1),
NGND(1"b@),

Tendif

.ui in - (ui_in),
.uo_out (uo out),
.uio in (uio in),
.uio_out(uio_out),
.uio _oce (uio_oe),
.ena ena),
.clk clk),
.rst_n rst_n



https://www.referencedesigner.com/tutorials/verilog/verilog_62.php

Local Simulation: Testbench

tb.v Testbencn

ICARUS

CLK_PERIOD = 20;
CLK_HALF_PERIOD = CLK_PERIOD / 2:

#(CLK_HALF_PERIOD) begin

begin: fib_test
initilize();
$display("Test project behavior™);

test n_fib(18);

close

101

Only run this code if ICARUS flag is set

Avoid breaking GitHub Action sims

« Define clock torun at SOMHzZ
« Run tests
« Threesegments
* [nitilization
o Tests (Tirst 10 fibonacchi numbers)

Closing simulation




Local Simulation: Testbench

task 5
: initilize

clk = 1°'he;
$display("Start™);
#2;
$display("Reset™);
ena = 1"h1;
ui_in 8'he;
uio in = 8°he;
rst n 1'he;

(18) @(

rst n = 1'h1;

task

)

: clo
$display("Closing"”);

(18) @(

$finish;

endtask

102

Puts the system into a defined state
Sets the values for all the input registers

Reset the system

Delay a bit before ending the simulation
Makes it easier to read waveformes

$finish closes the simulator




Local Simulation: Testbench

task
input integer n e [For |OOp to test the nth Fibonacci
i * toct n Fih hlock Sequemcemumber o )
fib idx; « Weird variable definition to keep Verilog
fib_idx = e; happy
(fib_idx = ©&; fib_idx < n; fib_idx++)
begin: fib test iter
fib calc; ) ' )
fib_hw; o Calculate the Fibonacci number using a
-F'lh_l-'“.l — G- “SOfJ[\/\/a re” methOd
fib_calc = calc_fib(fib_idx); » Calculate again using module

run_fib seq(fib idx);
fibh hw = un ontl7:-871-
$strobe("Test n=kd",

$strobe("hw fib: 3 ", fib hw., fib calc);

e EXxiTsimulation if values don't match

(fib hw != fib calc) close();

end

endtask




Local Simulation: Testbench

task

it S o « Assert thei_stb pin and set what n to test

@( clk);
uio in[@] 1"h1;
ui in[7:8] n[7:8];

el clk); « Wait a clock cycle and clear the i_stb pin

uio in[@] = 1'h8;
, ClK);

(; uio_out[1]; ) @( « \Wait at least one clock cycle
endtask « Walt until o_busy is cleared




Local Simulation: Testbench

=cer calc fib
ron

« Calculate the nth Fibonacci number
n: calc_f1b block « Do the whole calculation in Verilog
ger b, o Can write basically like software

if (n == 8) begin
calc_fib = a;
end
else begin
for (1 =1; 1 < n; i++) begin
a + b;
b;
c
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Next Steps

o Install the simulation tools locally
e Follow some digital design tutorials

* Follow some Verilog tutorials

e NAND Land Verilog tutorial
e Reference Designer Verilog tutorial

o [est your own designs

|IEEE Solid-State Circuits / Circuits and Systems Societies (SSC37/CAS04) Columbus Chapter


https://tinytapeout.com/digital_design/
https://nandland.com/introduction-to-verilog-for-beginners-with-code-examples/
https://www.referencedesigner.com/tutorials/verilog/verilog_01.php

Step by Step Instructions

« Goal: Recreate Fibonacci Sequence Generator

Install Tools
o Git: httpsy//git-scm.com/downloads
« VS Code: https:)//code.visualstudio.com
o OSS-CAD-Suite: httpsy)//github.com/YosysHO/oss-cad-suite-bulld

Setup Tiny Tapeout Project
« Make your own project based on the template
« Enable GitHuUb Pages (set to GitHuUb Actions)
« Update /infoyamlfile

Write Verilog Code
 Implement Fibonacci Sequence state machine
« Write testbench
« Tolearn Verilog syntax: Verilog tutorials

Simulate Design
 Use lcarus Verilog to simulate testbench
o Use CTKWave or VaporView to view output waveforms

Push Code to GitHub



https://git-scm.com/downloads
https://code.visualstudio.com/
https://github.com/YosysHQ/oss-cad-suite-build
https://github.com/TinyTapeout/tt07-verilog-template
https://tinytapeout.com/faq/#my-github-action-is-failing-on-the-pages-part
https://nandland.com/introduction-to-verilog-for-beginners-with-code-examples/
https://steveicarus.github.io/iverilog/index.html
https://gtkwave.sourceforge.net/
https://github.com/Lramseyer/vaporview

Where To Get Help

Herel
e Tiny Tapeout Discord ——

o LOts of people with deeper knowledge than me
o |'m there too (@sellicott)

e Learning Resources
e hittps//tinytapeout.com/digital_design/
e Nttps//tinytapeout.com/nd!
e Nttps)//rZ.ieee.org/columbus-ssccas/resources

o Questions about this workshop
« Chapter: columbus.sscs.cas@gmail.com Tiny Tapeout Discord
nhttps://discord.ga/BspcX9582h



https://tinytapeout.com/digital_design/
https://tinytapeout.com/hdl/
https://r2.ieee.org/columbus-ssccas/resources/
https://discord.gg/BspcX9SB2h
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https://tinytapeout.com/credits/
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u
Sponsorship Application Event Feedback Form
https://forms.gle/ypWKDA4zrj8zKARIA https://forms.gle/g5SsnPaFxCNzazVY M8



https://forms.gle/ypWKDA4zrj8zKAR9A
https://forms.gle/g5SsnPgFxGNzazYM8
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