
Introduction to the Digital Design Flow
Rodrigo N. Wuerdig
Joint PhD Student @ UFRGS (Brazil) and KU Leuven (Belgium)

August 28th, 2024

UNIC-CASS Mentoring Session 02



UNIC-CASS Page

https://unic-cass.github.io/

Do not miss the educational material at

Introduction to the Digital Design Flow - Aug. 28 - Rodrigo N. Wuerdig



Join the Open-EDA Community

UNIC-CASS Slack
https://join.slack.com/t/unic-cass/shared_invite/zt-1xxifr0ow-n8dpt0qNBxb4J50g8MEvmw

open-source-silicon Slack
https://join.slack.com/t/open-source-silicon/shared_invite/zt-1zopfd1gk-uI2eSlNXB54xN9RCowGa4g

Introduction to the Digital Design Flow - Aug. 28 - Rodrigo N. Wuerdig

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
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• Logical Synthesis

• Physical Synthesis

2. Open-PDK Ecosystem

3. Open-EDA Ecosystem

4. Caravel

5. How the top-level integration works
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RTL2GDSII

HW Description File
(Verilog, VHDL...)

Geometric Shapes
Description File

(GDSII)
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RTL2GDSII

Source: https://openroad.readthedocs.io/en/latest/main/README.html
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RTL2GDSII

Source: https://openroad.readthedocs.io/en/latest/main/README.html

Introduction to the Digital Design Flow - Aug. 28 - Rodrigo N. Wuerdig

If using VHDL, follow section 4.7:

https://unic-cass.github.io/training/4.7-synthesis-vhdl-design.html

https://unic-cass.github.io/training/4.7-synthesis-vhdl-design.html


Logic Synthesis
Transform a HW Description into a “mapped description” / netlist.
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Physical Synthesis
Transform the mapped netlist into a geometric shapes description (<*.gds>).
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Open-PDK Ecosystem
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Predictive PDKs

Open PDKs

● ASAP 7
● PTM-MG
● FreePDK45
● …

- GlobalFoundries 180
- Skywater 130
- IHP 130 BiCMOS

alpha release:
- SKY90-FD 
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Open-EDA Ecosystem

70+ open/free tools for IC Design

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

OpenLane

SiliconCompiler

OpenROAD Flow Scripts

...
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Source: https://openlane.readthedocs.io/en/latest/flow_overview.html 
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Source: https://openlane.readthedocs.io/en/latest/flow_overview.html 

“Logic Synthesis”
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Source: https://openlane.readthedocs.io/en/latest/flow_overview.html 

“Physical Synthesis”
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Ok! We can synthesize a block using OpenLane. 

But this block lacks context
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OpenLane gives us freedom for making our block with several 

shapes and sizes
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Block 2

Block 1 Block 3

But in a real application (ic) this block will be placed under some context

position, size, pin-connection…



Source: https://efabless.com/chipignite
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Our context is placing the multiple blocks under the Caravel Wrapper
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So it is important to try both:
1. The standard OpenLane block synthesis

https://unic-cass.github.io/training/2.1-digital-
design-tool-docker.html

2. And especially the caravel synthesis flow
https://unic-cass.github.io/training/4.3-
design-setup-caravel-user-project.html

https://unic-cass.github.io/training/2.1-digital-design-tool-docker.html
https://unic-cass.github.io/training/2.1-digital-design-tool-docker.html
https://unic-cass.github.io/training/4.3-design-setup-caravel-user-project.html
https://unic-cass.github.io/training/4.3-design-setup-caravel-user-project.html
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Block 1

Block 2

Block 3
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How the top-level integration works



Introduction to the Digital Design Flow - Aug. 28 - Rodrigo N. Wuerdig

How the top-level integration works
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How the top-level integration works
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How the top-level integration works

UNIC-CASS
IC

Project 1

Project 2

Project 3

Project 0

Block 0

Block 1

Block 2

Block 3



Project 1

Project 2

Project 3
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How the top-level integration works

Project 0



Project 1

Project 2

Project 3
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How the top-level integration works

Project 0 RTL Files

config.json

base_user_proj_example.sdc

pin_order.cfg

Git Repo

. . .
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How the top-level integration works

A “top-level” git will be created
by me :) 

Efabless git repo for last year IC
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How the top-level integration works

And information from each block 
composing the wrapper will be 
inserted there.

Efabless git repo for last year IC

Block 1

Block 2

Top-level

Block 3
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How the top-level integration works

Efabless git repo for last year IC

The placement for each block will 
be defined
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How the top-level integration works

The blocks will be also logically connected 
to the user_project_wrapper to the assigned 
pinout. By their instantiation in the wrapper 
Verilog.

Efabless git repo for last year IC



Introduction to the Digital Design Flow - Aug. 28 - Rodrigo N. Wuerdig

Think about the context! How do you want to connect it with the outside world?!

https://unic-cass.github.io/training/6.1-design-for-tapeout-Caravel-overview.html

https://unic-cass.github.io/training/6.1-design-for-tapeout-Caravel-overview.html


Thanks, any questions? :)
feel free to reach me out
rnwuerdig@inf.ufrgs.br
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