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About Me – Simon Dorrer
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• PhD student @ JKU

• Research and teaching assistant @ IICQC

• Open-source projects:

o AMS and RF design flows

o mm-wave six-port receivers

o TinyWhisper SoC

o Event-based ADCs

o Tutorials and templates

• Email: simon.dorrer@jku.at

mailto:simon.dorrer@jku.at


Raise your hand if:
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• You have synthesized your own digital ASIC

• You have designed an analog (mixed-signal) ASIC

• You have drawn a schematic in Xschem

• You have sized transistors (with the gm/ID method)

• You have drawn a DRC and LVS clean layout in KLayout

• You have run a post-layout simulation

• You have automated your design flow

• You had your own chip or tile manufactured



Motivation
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• Analog integrated circuit design is complex!

o lots of data to organize and transfer between tools

o steep learning curve of tools and skills

• Mission: Lower the entry barrier for analog mixed-signal chip design

o Course: https://github.com/iic-jku/analog-circuit-design

o Tutorials and workshops

o Reproducible and automated design flows

• Starting point with Makefile-driven and recursive folder structure

→ An Open-Source Analog Mixed-Signal Chip Design Template & Tutorial

https://github.com/iic-jku/analog-circuit-design
https://github.com/iic-jku/analog-circuit-design
https://github.com/iic-jku/analog-circuit-design
https://github.com/iic-jku/analog-circuit-design
https://github.com/iic-jku/analog-circuit-design
https://github.com/iic-jku/analog-circuit-design
https://github.com/iic-jku/analog-circuit-design


Analog Mixed-Signal 
Design Flow & Template
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GitHub Template

5

• Solderpad Hardware License v2.1

•             or git clone …

•  make all

• Tapeout-ready AMS chip!

• Tutorial based on Quarto

• Regression tests via GitHub actions

• Unbelievable?

o Try it out now! →

• Tapeout proven?



Flow Overview
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• Simulation, linting, and hardening of RTL

• Layout checks and reports of hardened digital macro

• Simulation of all analog testbenches (incl. PVT and MC)

• Layout checks of analog blocks (DRC, LVS, and PEX)

• Digital-on-top top-level assembly and layout check (DRC)

• Seal ring and pad frame generation

• Macro placement and wiring also with non-default rules (NDRs)

• Logo and fill insertion

• Full top-level LVS and simulation without black boxing

• Bonding diagram



IIC-OSIC-TOOLS
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Folder Structure 
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• Structure discussed with 

FOSSi community

• Easily share and reproduce 

results of other macros



Makefile Structure 
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• Solid arrows represent 

direct target calls

• Dashed arrows 

represent recursive 

target calls



Tutorial
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• Walk through all IC design 

steps to get started

• Using IHP’s 130 nm CMOS 

process 

• Simple exercises to learn 

by doing



SP   

 in   is  r

Tapeouts
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Analog @ HeiChips?
Let’s do it!
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Overview
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• Workshop and templates are based on Nix shell & CMOS5L

• Part 1:

o Draw schematics and symbols (Xschem)

o Draw testbenches and simulate (Xschem, Ngspice)

• Part 2:

o Draw DRC & LVS clean layout and PEX (KLayout, Magic+Netgen)

o Run post-layout simulation (Xschem, Ngspice)

• Part 3:

o Self-Biased Single-Ended Inverter Amplifier

o Three-Stage Ring Oscillator with Output Buffer



Symbol Drawing is Art!

14

 o   

 in 

 o  n

 inn

 s mn m 

 n m 

   

 SS

       i   r n i  
3r  Or  r
M   i            
 o   ss  i   r

 1

 1

  

  

 3

 3

  

  

C3

C1 C 

C3

 i  i   r  n



Schematic Drawing is Art!
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Schematic Drawing is Art!
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Testbench Drawing is Art!
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IQ Modulator
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Low-pass filter

Mixer



Let’s START!
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DocumentationGitHub repository
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