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Introduction

• In this presentation, we present some steps of designing basic digital 
chips from Verilog. We consider elementary Boolean gates and 
circuits and give the design steps so that the chips can be made using 
the open-source Tiny Tapeout procedure. We consider the following 
example, F = AB + C’.

• Steps using Cadence to Verilog to GDS file – quick overview

• Steps using efabless from Verilog to GDS file – quick overview

• Sending chip for fabrication – MOSIS, TinyTapeout



Steps using Cadence

1. Write the code in Verilog

2. Synthesis

3. Run Innovus and Automatic Place and Route flow

4. Run Virtuoso and Pad ring creation: This step will create rings of pad 
cells around the chip. 

5. Physical Verification

6. Sending the design to MOSIS for fabrication



Steps using Cadence
1. Write the code in Verilog

We assume that Cadence tools and required PDKs are already installed on our systems. The procedure starts with 
writing the RTL for your circuit as shown below.

We will also be needing the following files:

• TCL Script for Genus

• NCSU CDK Library

• UofU Technology Library ("UofU_TechLib_ami06/")

• UofU Standard Cell Library ("UofU_Digital_v1_2/")

`timescale 1ns / 1ps 

 

module smpl_circuit(output x, 

                    output y, 

                    input A, 

                    input B, 

                    input C); 

    wire e; 

    and g1(e,A,B); 

    not g2(y, C); 

    or g3(x,e,y); 

endmodule 



Steps using Cadence

2. Synthesis

Run the command genus -legacy_ui -files genus.s to perform synthesis.



Steps using Cadence

3. Run Innovus and Automatic Place and Route

Run the command innovus -files innovus.cmd to start Innovus tool.

Save netlist file with new name by going to Files → save → Verilog, now save as nlopt.v. Now save the def file with new name 
Files → save → def, now save as Example_3_1.def.

Figure 1: Innovus cell layout



Steps using Cadence

4. Run Virtuoso & Pad ring creation

We will run Virtuoso to create the layout and pad ring. Run the two commands below to start Virtuoso.

source cshrc_virtuoso

virtuoso

Figure 2: Virtuoso design layout Figure 3: Virtuoso schematic editor Figure 4: Symbol generation Figure 5: Virtuoso final layout



Steps using Cadence

5. Physical Verification

Verify → DRC

Verify → Extract

Verify → LVS

Go to the main home log window → file → Export → click on stream → click on Translate → ok → verify errors → yes. 

You should get zero errors upon completion. The GDS file will be saved in the example folder which may be sent to MOSIS if 
required.

Figure 5: Virtuoso final layout



Steps using Cadence
6. Sending the design to MOSIS for fabrication

• MOSIS stands for Metal Oxide Semiconductor Implementation Service and is a well-regarded provider of multi-project 
wafer (MPW) fabrication services. 

• They also provide support services to help ensure a successful tapeout, which is the final step in the design process before 
chips are manufactured.



Steps using efabless

1. Write the code for both the design and simulation in Verilog HDL.

2. Simulation is done to check the correctness of the design.

3. Running Automatic Place and Route flow is performed after the 
generation of Gate-Level Netlist automatically.

4. Sending design for fabrication



Steps using efabless

1. Write the code for both the design and simulation in Verilog HDL.

Let’s take F = AB + C’ as an example.

OpenLane ASIC flow needs to be installed inside the Docker container on an Ubuntu machine.

`timescale 1ns / 1ps 

 

module smpl_circuit(output x, 

                    output y, 

                    input A, 

                    input B, 

                    input C); 

    wire e; 

    and g1(e,A,B); 

    not g2(y, C); 

    or g3(x,e,y); 

endmodule 



Steps using efabless

2. Simulation (Optional, not required for GDS generation)

• Beneficial to do simulation in different simulation environments and compare to ensure consistency and accuracy

• iverilog and gtkwave tools are used to view the “.vcd” files generated during simulation.

Figure 6: efabless simulation results of F = AB + C’



Steps using efabless

3. Running Automatic Place and Route (APR) flow is performed after the generation of Gate-Level Netlist 
automatically.

• We run the efabless APR to enter the docker environment to generate the GDS layout.

• The klayout tool can be used to view the GDS.

Figure 7: klayout GDS



Steps using efabless

4. Sending design for fabrication

The design must be submitted to the efabless MPW shuttle program. Users will need to create an account on the efabless 
shuttle website. 

1. Create a GitHub project link including the caravel_repo

2. Perform pre-verification checks on the website to find out any potential conflicts or DRC errors when placed with other 
people’s project

3. Include a LICENSCE file in your repo 

4. Submit your design once it’s clean. This may take a while depending upon the complexity of your design

5. The design will be received on a MPW caravel package which will have an ASIC containing the submissions of multiple 
users including ours.



Sending the design for fabrication

• MOSIS – not being supported for students

• Chipignite - $9750

• Chipignite mini - $3500

• Chipignite ML - Pricing starts at $14,750. Proto + Production Option: 
Includes full features for production-ready applications, starting at 
$30,000.

• TinyTapeout - $300



More Fabrication Options - ChipFoundry

https://chipfoundry.io/ 

https://chipfoundry.io/


TinyTapeout Introduction Video

https://tinytapeout.com/ 

Tiny Tapeout is an educational project that aims to make it easier and cheaper than ever to get your 
digital and analog designs manufactured on a real chip.

https://tinytapeout.com/
https://tinytapeout.com/


TinyTapeout

• NAND Gate

• Simple Boolean Circuit F=AB+C’

• 1-bit Half Adder

• 1-bit Full Adder

• 2-4 Decoder

• 2-1 Multiplexer



TinyTapeout Procedure for F=AB+C’

Step 1 – Set up your Verilog project

Add your Verilog files to the source (src) folder.
Edit the project.v file and use the following modified Verilog 
program. 
Change the source file name from project.v to 
tt_um_islam_ihfaz_simple_circuit.v. 
Make sure to use your own name and information where applicable. 
It is suggested that the Verilog file and module name match.



TinyTapeout Procedure for F=AB+C’

Step 2 - Edit the info.yaml file.

Edit the info.yaml file and update information about your project 
as shown below, paying special attention to the source_files 
and top_module properties.



TinyTapeout Procedure for F=AB+C’

Step 3 - Edit docs/info.md and add a description of your 
project.

The info.md will be the datasheet for your digital design project 
and will explain how the design works, how it can be tested, if there 
is any external hardware used, and your pinout if included.



TinyTapeout Procedure for F=AB+C’

Step 4 – Set up the testbench (cocotb using Python)

Tiny Tapeout uses cocotb to drive the design-under-test (DUT) and 
check the outputs.



TinyTapeout Procedure for F=AB+C’

Step 5 – View the GDS results including the 2D and 3D schematic 
views



Sending design to TinyTapeout
• On the main page of your GitHub repository, at the top of the README, if all the prior steps were 

followed properly, then all three flows (gds, docs, test) should be successful and will be displaying 
a green “passing” icon.

• This means that the design passes GitHub workflows and is ready for submission. The design may 
not be fabricated if it fails backend checks after submission, but most likely it will pass those 
checks as well.

• Once you are ready, you may upload your GitHub repository link to TinyTapeout for fabrication, 
paying the $300 fee, at this link https://app.tinytapeout.com/. 

• Currently, the IHP 25B and Sky 25A shuttles are open. Each shuttle has its own GitHub template 
which needs to be filled out. F=AB+C’ design was done using Skywater shuttle #10 template, 
https://github.com/TinyTapeout/tt10-verilog-template. 

https://app.tinytapeout.com/
https://github.com/TinyTapeout/tt10-verilog-template
https://github.com/TinyTapeout/tt10-verilog-template
https://github.com/TinyTapeout/tt10-verilog-template
https://github.com/TinyTapeout/tt10-verilog-template
https://github.com/TinyTapeout/tt10-verilog-template


Example of Unsuccessful TinyTapeout Design

• This will be showing on your repository main page if your design fails 
one or more of the GitHub workflows. 

• For example, the design below is failing gds and test workflows.



Limitations of TinyTapeout

• Limited number of I/O pins

• A number of designs can be put on a single board.

• F=AB+C’ design uses 1x1 tile which is the smallest size chip. A single tile is about 167x108 𝜇m.

• Add more tiles for larger designs (1x2, 2x2, 3x2, 4x2, 6x2 or 8x2) for more space on the board. 
However, the number of pins will remain the same regardless of tiles. 



Conclusion

• TinyTapeout procedure for chip fabrication

• Limitations of TinyTapeout

• Looking for low-cost procedures for getting the digital chips made so that the 
students can learn the entire chip fabrication process without paying any money.

• What makes TinyTapeout so easy to use is that everything is done through 
GitHub, made possible by GitHub Actions and workflows.

• No terminal commands or local machine needed, but can be used.

• Online open-source silicon community



Verilog to Digital Chip Book on Amazon

https://www.amazon.com/dp/B0FG2MFJP9 

https://www.amazon.com/dp/B0FG2MFJP9
https://www.amazon.com/dp/B0FG2MFJP9


TinyTapeout Demo
F = AB + C’



Questions
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