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Join the Open-EDA Community

UNIC-CASS Slack

https://join.slack.com/t/unic-cass/shared invite/zt-1xxifrOow-n8dpt0qNBxb4J50g8MEvmw

open-source-silicon Slack
https://join.slack.com/t/open-source-silicon/shared invite/zt-1zopfd1lgk-ul2eSINXB54xN9RCowGa4dg

Introduction to the Digital Design Flow - Aug. 30 - Rodrigo N. Wuerdig 3


https://join.slack.com/t/unic-cass/shared_invite/zt-1xxifr0ow-n8dpt0qNBxb4J50g8MEvmw
https://join.slack.com/t/open-source-silicon/shared_invite/zt-1zopfd1gk-uI2eSlNXB54xN9RCowGa4g

Outline

1. Introduction to the RTL2GDSII Flow
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Digital Design Environment Setup
Running Example
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RTL2GDSII

Geometric Shapes
Description File
(GDSII)

HW Description File
(Verilog, VHDL...)
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RTL2GDSII

Logic Synthesis

Floorplanning
|

Placement & Optimization

Figure Source: https://openroad.readthedocs.io/en/latest/main/README.html| UNIC-CASS
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Logic Synthesis

Transform a HW Description into a “mapped description” / netlist.

|SC_STI7E-1:8] scan_master;
[SC_SIZE-1:8] scan_slave;
[SC_SIZE-1:8] scan_next;

-VGND(VGND ) ,
VPWR(VPWR) ) ;
sky138 fd_sc_hd__buf 1 142 (.A(clknet_4 9 @ clk),
-VGND(VGND) ,
-VNB(VGND) ,
VPB(VPWR ),
-VPWR(VPWR ),
JX(_128 ));
skyl3@ fd sc hd buf 1 143 (.A(clknet 1 1 leat 128 ),
-VGND(VGND ) ,
-VNB(VGND) ,
-VPB(VPWR) ,
-VPWR(VPWR) ,
X(_129 ;

scan_next 'scan_data_in, scan_slave[SC SIZE-1:1];};

@ clk) begin
scan_master scan_next;

@ clk) begin
scan_slave - scan_master;

@ ()
(scan_load_chip) begin
SC to the chip-scan slave;

sky13@_fd_sc_hd__inv 2 144 _9 (.A(clknet 1_1_ leaf 129 ),
_VGND(VGND) ,
_VNB(VGND) ,

g
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Physical Synthesis

Transform the mapped netlist into a geometric shapes description (<*.gds>).

-VGND(VGND) ,
-VPWR(VPWR) ) ;
sky13@ fd sc hd buf 1 142 (.A(clknet 4 9 @ clk),
-VGND(VGND ) ,
-VNB(VGND) ,
.VPB(VPWR ),
-.VPWR(VPWR ) ,
JX( 128 ));
sky13@ fd sc_hd__buf 1 143 (.A(clknet_1 1 leaf 128 ),
-VGND(VGND) ,
-VNB(VGND) ,
-VPB(VPWR } ,

-VPWR(VPWR ),
X(_129 ));
skyl13@ fd sc hd inv 2 144 9 (_.A(clknet 1 1 leaf 129 ),
-VGND(VGND ) ,
-VNB(VGND} ,

UNIC-CASS
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Open-EDA Ecosystem

70+ open/free tools for IC Design

UNIC-CASS

Source: https://semiwiki.com/wikis/industry-wikis/eda-open-source-tools-wiki/

Uni

Introduction to the Digital Design Flow - Aug. 30 - Rodrigo N. Wuerdig 9



Frameworks/Wrappers

OpenROAD Flow Scripts
Openlane

SiliconCompiler
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Frameworks/Wrappers

OpenlLane
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Digital Design
Environment Setup
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Docker/Local vs Jupyter Notebook

Web Browser Server VM w/Conda-eda

11—

Google Colab

Happy
UNIC-CASS

Digital IC Designer

&
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| ——— —

Local Docker Instance
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Docker/Local vs Jupyter Notebook

Happy
UNIC-CASS

Digital IC Designer

&

[®]
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Local Docker Instance
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How to Start with the Docker Download and Installation

Prerequisites

To follow this lesson, you need a working linux system either of Environment Setup

the f0| IOWI ngs 2 Design tool installation & working environment setup
*A Linux-based SyStem (preferably Ubuntu 2204) 2.1 Digital design tools on Linux or WSL using
*Windows users can install WSL (Windows Subsystem Docker
Linux), then install Ubuntu 22.04 ;

Digital design tools on Linux or WSL

The commands in this guide are prepared for Ubuntu/Debian- :
using Docker

based systems. However, you can easily adapt them to other
linux distributions such as RHEL or Centos. Prerequisites

To follow this lesson, you need a working linux system either of the followings:
= Alinux-based system (preferably Ubuntu 22 04)
» Windows users can install WSL (Windows Subsystem Linux), then install Ubuntu
22.04
The commands in this guide are prepared for Ubuntu/Debian-based systems. However,
you can easily adapt them to other linux distributions such as RHEL or Centos.

Note for Windows users:
If you are a MS windows user, you need to install WSL2 and Ubuntu 22.04 as in this v

UNIC-CASS

Source: https://unic-cass.github.io/02-env-setup.html
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Installing Docker

sudo apt-get update
sudo apt-get install ca-certificates curl gnupg
sudo install -m 0755 -d /etc/apt/keyrings

curl -fsSL https://download.docker.com/linux/ubuntu/gpg | sudo gpg --dearmor -o /etc/apt/keyrings/docker.gpg

sudo chmod a+r /etc/apt/keyrings/docker.gpg

echo  "deb [arch="$(dpkg --print-architecture)" signed-
by=/etc/apt/keyrings/docker.gpg] https://download.docker.com/linux/ubuntu "$(. /etc/os-release && echo
"$VERSION_CODENAME")" stable" | sudo tee /etc/apt/sources.list.d/docker.list > /dev/null

sudo apt-get update

sudo apt-get install docker-ce docker-ce-cli containerd.io docker-buildx-plugin docker-compose-plugin

%
/ &
(

UNIC-CASS

Universalization of IC Design from IEEE CASS

Source: https://unic-cass.github.io/02-env-setup.html
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https://www.google.com/url?q=https://download.docker.com/linux/ubuntu/gpg&sa=D&source=editors&ust=1693342541142157&usg=AOvVaw0nX_3I1zgl7cbEnP4s4Fnl
https://www.google.com/url?q=https://download.docker.com/linux/ubuntu/gpg&sa=D&source=editors&ust=1693342541142454&usg=AOvVaw3g2UC4lPjWNVi4tmFEP63C
https://www.google.com/url?q=https://download.docker.com/linux/ubuntu&sa=D&source=editors&ust=1693342541143173&usg=AOvVaw0L3IpPvU30Umnjo56cxAm_
https://www.google.com/url?q=https://download.docker.com/linux/ubuntu&sa=D&source=editors&ust=1693342541143504&usg=AOvVaw2DuUbXYz1NxIK8yvDCEBRd
https://www.google.com/url?q=http://containerd.io&sa=D&source=editors&ust=1693342541144182&usg=AOvVaw3-CKOWlgwOXBmKYWU_ufQ2
https://www.google.com/url?q=http://containerd.io&sa=D&source=editors&ust=1693342541144386&usg=AOvVaw3oEhh2xeAz6ZDvWkI6UT8o

If this happens...

E: Malformed entry 1 in list file /etc/apt/sources.list.d/docker.list (Suite)

Edit “/etc/apt/sources.list.d/docker.list” and remove line break

rodrigowue@JlamesWebb: ~ X + o~

[arch=amd64 signed-by=/etc/apt/keyrings/docker.gpg]

rodrigowue@JamesWebb: ~ X + o~

[arch=amdé4 signed-by=/etc/apt/keyrings/docker.gpg]

Source: https://unic-cass.github.io/02-env-setup.html




Starting Docker

WSL Windows Machine sudo service docker start

$ sudo systemctl start docker
‘ @ \ $ sudo systemctl enable docker

Linux Machine

This works for WSL that has systemd support
So try this first!

Universal lization of IC Design from IEEE CASS

Source: https://unic-cass.github.io/02-env-setup.html . “UNIC-CASS
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Add User to Docker Group

You will also need to add your user to docker group so that you have permission to pull
the docker image as normal users:

sudo gpasswd -a $USER docker

To get the above command taking effect, you have to log out:

Source: https://unic-cass.github.io/02-env-setup.html UNIC-CASS

lization of IC Design from IEEE CASS
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Pulling OpenLane Docker Image

docker pull efabless/openlane:latest

Source: https://unic-cass.github.io/02-env-setup.html " ZUNIC-CASS

" Universalization of IC Design from IEEE CASS
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Installing the Skywater130 PDK

python3 -m pip install --upgrade --no-cache-dir volare

echo 'export PATH=$HOME/.local/bin:$PATH' >> .bashrc
source .bashrc

If pip is not found, then:
sudo apt install python3-pip
and redo the command sequence.

Source: https://unic-cass.github.io/02-env-setup.html . “UNIC-CASS
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Test if Volare is Working

volare --version

rodrigowue@JamesWebb: ~ X + o~

:~$ volare —--version
volare, version 0.12.3

i~$

Source: https://unic-cass.github.io/02-env-setup.html

esign from IEEE CASS
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Installing the Skywater130 PDK

export PDK_ROOT=$HOME/unic-cass/pdks
export PDK=sky130A

volare ls-remote --pdk sky130
volare enable --pdk sky130 78b7bc32ddb4b6f14f76883c2e2dc5b5de9d1cbc

Source: https://unic-cass.github.io/02-env-setup.html % UNIC-CASS
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Running Example

UNIC-CASS

Uni
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Create Directory and Generate OpenlLane Template

mkdir gcd_example

cd gcd_example

docker run -it -v $(pwd):/gcd_example/ -v $PDK_ROOT:$PDK_ROOT -e PDK_ROOT=$PDK_ROOT -u $(id -u $USER):$(id -g $USER)
efabless/openlane:latest

cd /gcd_example

flow.tcl -design gcd -init_design_config

Source: https://unic-cass.github.io/02-env-setup.html

28



Enter Directory and Download RTL Files

cd /gcd_example/openlane/gcd

wget https://inst.eecs.berkeley.edu/~cs250/fa20/files/gcd.tar.xz

tar xvf gcd.tar.xz
rm gcd.tar.xz
exit

Source: https://unic-cass.github.io/02-env-setup.html



https://inst.eecs.berkeley.edu/~cs250/fa20/files/gcd.tar.xz

Edit Template to Fit Design Specs

After exiting the Docker run, we need to modify the config. json and add a pin_order.cfg to implement the
design. These two file can be created using gedit commands as follows:

Open STLLE AT Save = x |

gedit openlane/gcd/config. json 1

2 "DESIGN MAME": "gcd",

3 '"WVERILOG FILES": "dir::src/*.v",

4 "CLOCK. PORT": "clk",

5 "CLOCK. NET": "ref::$CLOCK PORT",

6 "FP PIN ORDER CFG": "dir::pin order.cfg",

7 '"FP PDN VOFFSET": 7,

8 '"FP PDN HOFFSET": 7,

9 'FP PDN SKIPTRIM": true,

10 '"FP CORE UTIL" : 45,

11 'CLOCK PERIOD": 10.8,

12 'DESIGN IS CORE": true

13

Source: https://unic-cass.github.io/02-env-setup.html UNIC-CASS
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About the Configuration F

Here is where the design freedom lives.
Check the documentation to know
what each variable does.

00~ N W

w

config.json

"DESIGN MAME": "gcd",

"WERILOG FILES": "dir::src/*.v",
"CLOCK PORT": "clk",

"CLOCK NET": "ref::$CLOCK PORT",
"FP_PIN ORDER CFG": "dir::pin order.cfg",
"FP PDN VOFFSET": 7,

"FP PDN HOFFSET": 7,

"FP PDN SKIPTRIM": true,

"FP CORE UTIL" : 45,

"CLOCK PERIOD": 18.0,

"DESIGN IS5 CORE": true

Save

https://openlane.readthedocs.io/en/latest/reference/configuration.html

ile (config.json)

Flow Configuration Variables - € 4=

openlane.readthedocs.io

OpenlLane
Documentation

Q Search

Getting Started v

OpenLane Architecture

Usage guides v
Tutorials v
Reference Manual ~

Command-Line Arguments
Design Configuration Files
Flow Configuration Variables
PDK Configuration Variables
Tcl Commands
Interactive Mode
Datapoint Definitions
Viewing layouts graphically
Additional Material
Authors

Developer's Guide v

Flow Configuration Variables

This page is the comprehensive manual for user-configurable flow variables and their default values.
Variables that are defined by the PDK configuration support files and not the flow itself are listed in this
chapter.

A couple things to keep in mind

This is a comprehesive list- there are many variables here you would never need to touch. If you want just a brief list of
variables you should be using, see the usage guide Hardening Macros.

* D d variables are
entirely ignored by the flow.

y translated to their new names for at least 6 manths. Removed variables will be

Variables prefixed ruv_ enable or disable a certain step as part of the larger OpenLane flow, not when calling the relevant
function standalone. For example, if RUN_DRT is set 0, but calling detailed_routing in interactive mode will still run
detailed routing.

General

A Waming

The “include directive is not supported in Verilog files. List all the files you may be depending on, including headers, in
VERILOG_FILES .

Variable Description

Specifies the process design kit (PDK).

PDK
(Default: sky13ea)
DESIGN_NAME The name of the top level module of the design

The path of the design’s Verilog files, provided as an array of files in JSON or a
VERILOG_FILES
A must be listed first.

CLOCK_PERTOD The clock period used for clocks in the design, in nanoseconds.

delimited list of files in Tcl. The files are evaluated in order, i.e., if file B depends

OM THIS PAGE
General

Macros/Chip Integration
Linting
Synthesis
Static Timing Analysis (STA)
Floorplanning (FF)

Deprecated |/O Layer variables
All Resizer (RSZ) Steps

Global and Detailed Placement
(GPL/DPL)

Clock Tree Synthesis (CTS)

Global and Detailed Routing
(GRT/DRT)

Custom Diode Insertion Scripts

Parasitic Resistance/Capacitance
Extraction (RCX)

IR Drop Analysis
Signoff

Magic

Klayout
Layout vs. Schematic (LVS)
Checkers
Misc.

- >
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Edit Template to Fit Design Specs

After exiting the Docker run, we need to modify the config. json and add a pin_order.cfg to implement the
design. These two file can be created using gedit commands as follows:

in_order.cf
Open ¥ R 9 Save

Il
x

gedit openlane/gcd/pin_order.cfg pin_order.cfg

1 #N
2 clk
3 reset
4 operands val
5 #5
6 operands bits B.*
T #W
8 operands_bits A.*
9 operands_rdy
10 result_rdy
11 #E
12 result bits data.*
13 result_val

Plain Text + Tab Width: 8 = Ln 1, Col 1 - INS

Source: https://unic-cass.github.io/02-env-setup.html UNIC-CASS

Universal lization of IC Design from IEEE CASS
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Run Script

docker run -it -v $(pwd):/gcd_example -v $PDK_ROOT:$PDK_ROOT -e PDK=$PDK -e PDK_ROOT=$PDK_ROOT -u $(id -u $USER):$(id -g
$USER) efabless/openlane:latest

cd /gcd_example/openlane

flow.tcl -design gcd

Source: https://unic-cass.github.io/02-env-setup.html




If this happens... Its not the end of the world

flow.tcl -design gcd

OpenLane 00caae2b3186bb6b24adb7db7eela6f056ad1702
All rights reserved. (c) 2020-2022 Efabless Corporation and contributors.
Available under the Apache License, version 2.0. See the LICENSE file for more details.

Exit docker and redo the following command with the correct version:

volare enable --pdk sky130 e3b630d9b7c0e23615367d52c4f78b2d2ede58ac

Source: https://unic-cass.github.io/02-env-setup.html , "UNIC CASS




Run Again and Voila

rodrigowue@JamesWebb: ~/ X + -

- $ flow.tcl -design gecd

OpenLane 88caae2b3186bb6b2Uabb7db7eeladfo56adl7e2

All rights reserved. (c) 20208-2022 Efabless Corporation and contributors.

Available under the Apache License, version 2.8. See the LICENSE file for more details.

[WARNING]: 2 warnings found by linter
[STEP 1]

[STEP 2]
[STEP 3
]

[STEP 4]

“
/ &l

Source: https://unic-cass.github.io/02-env-setup.html \ NIC-CASS
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Installing Klayout for Viewing the .GDS

(exit docker before continuing)

wget
sudo apt-get install libqgtbdesigner5 libqtbmultimedia5 libgt5opengl5 libgt5Smultimediawidgets5 \
libgt5printsupport5 libqt5sql5 libqt5sql5 libgt5xmlpatterns5 libruby3.0

sudo dpkg -i klayout_0.28.10-1_amd64.deb

UNIC-CASS

Source: https://unic-cass.github.io/02-env-setup.html % UNIC-CASS



https://www.klayout.org/downloads/Ubuntu-22/klayout_0.28.10-1_amd64.deb

Opening <*.gds>

dons ™ KLayout 0.28.10 - gcd.gds [ged] =13
Eile Edit View Bookmarks Display Tools Macres Help

G o Rl &£, @

S Back Select Move Ruler

klayout openlane/gcd/runs/RUN_*/results/signoff/gcd.gds cell == - | | wagislgetl _ _ x| om

¥ ged 64/5 E
64/16
: 64/20
: 64/59
. 777 es/20
o Lol es5/44
. 7] ese/z0
© 5 eeaa
24 e7is
o] 67/16
777 e7/20
o] 67/44
7] e8/5
o] 68/16
777 e8/20
koo 68/44
[ 695
oo 69/16
77 e9/20
oo 69/44
L3 70i5
oo 70/16
77 70020
o 70/44
23 1us
Eony 71716
77 7120
Eo 7144
72/5
72/16

72/20 4

|

e
{i]

:

(-14
teveisfo =[.[1 3]

8 | ibraries &
ARC
CIRCLE
DONUT
ELLIPSE
PIE
ROUND_PATH
ROUND _POLYGON
STROKED_BOX
STROKED_POLYGON
TEXT

o[+]a[3]

Layer Toolbox

B

L 40 um
[ =ssse]

i : : : : : : : : Visibility
T (Default) G box(130710,139160 155395,139300) on 68/20 in gcd@1 xy 45.94098 179.31802

Source: https://unic-cass.github.io/02-env-setup.html “¢UNIC-CASS
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Thanks, any questions? :)

feel free to reach me out
rnwuerdig@inf.ufrgs.br

L\

UNIC-CASS

Uni
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