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About Me - Simon Dorrer

 PhD student @ JKU
« Research and teaching assistant @ ICQC
« 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@ijku.at
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Raise your hand if:

* 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/lp method)

* You have drawn a DRC and LVS clean layout in KLayout
e You have run a post-layout simulation

* You have automated your design flow

* You had your own chip or tile manufactured
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Motivation

« Analog integrated circuit design is complex!
o lots of data to organize and transfer between tools
o steep learning curve of tools and skKills
» Mission: Lower the entry barrier for analog mixed-signal chip design

o Course: https://qgithub.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
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Analog Mixed-Signal
Design Flow & Template




GitHub Template

« Solderpad Hardware License v2.1

- or [git clone .

+ | make all|

« Tapeout-ready AMS chip!
« Tutorial based on Quarto
* Regression tests via GitHub actions

 Unbelievable?

« Tapeout proven?
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An Open-Source Analog Mixed-Signal Chip Design

icen: olderpa a a icense v.
(c) 2026 Simon Dorrer and Harald Pretl
Institute for Integrated Circuits and Quantum Computing, Johannes Kepler University (JKU), Linz, Austria

(0 Important

This repository requires the |IC-OSIC-TOOLS container with tag 2e26.e6 or later.

Chip render of the ithp-sg13g2 analog-mixed signal template chip (1.6 mm x 1.6 mm).
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Flow Overview

Simulation, linting, and hardening of RTL :#.:ﬂ“%i
Layout checks and reports of hardened digital macro [=]- A
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 (NDRSs)

* Logo and fill insertion

Full top-level LVS and simulation without black boxing

Bonding diagram
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IHIC-OSIC-TOOLS

Mixed-Signal ASIC

\ 4 \ 4
Custom < skyl30A > <ihp—sg13g2> < g£180mcuD > Semi Custom
ihp-sgl3cmos51
\ 4 v \ 4 \ 4
Schematic Entry Analog Simulation Digital Simulation Synthesis
e e ——
Xschem v Ngspice iverilog v Yosys
Qucs-S Layout Editor Xyce Verilator RTL2GDS slang
Magic GDSFactory CACE cocotb LibreLane OpenROAD GHDL
KLayout o0 o VACASK Surfer ORFS QFlow ABC
GTKWave SiliconCompiler
A 4 \ 4 \ 4 \ 4 \ 4 \ 4 \ 4 \ 4 \ 4
DRC LVS PEX EMS P&R STA RCX DRC LVS
Magic Netgen Magic Palace OpenROAD OpenSTA OpenRCX Magic Netgen
KLayout KLayout KLayout-PEX openEMS KLayout
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Folder Structure

o Structure discussed with
FOSSIi community

» Easily share and reproduce
results of other macros
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BB 1hp-sgl3g2-ams-chip-tenplates
m Flow/
BB artistic/
mm librelane/
m ip/
B sul3g2_ip_bondpad_70x70/
Makefile
BB syl3gz_ip__jku_names/
Makefile
mm layout/
B nmacros/
B counter/
mm final/
mm flow/
W fpoal

B netlist/

mm render/

m rtl/

B schematic/

BB scripts/

BB testbenches/

mm verification/
Makefile

B inverter/

m final/

mm layout/

e netlist/

mm render/

M schematic/

BB scripts/

mm testbenches/

pm verification/
Makefile

e netlist/

m release/

mm render/

m rtl/

mm schematic/

BB scripts/

B testbenches/

mm verification/s
Makefile



Makefile Structure

make all
Y Y Y Y
( ) 2. make magic-drc
3. make sim-all 1. make build-all ’ S 4. make bondplan
L ) make klayout-drc
T
1
1
1
l '
1
Y Y Y Y 1
1
[ sim-rtl/gl-cocotb ] [ sim-gl-xschem ] [ init-submodules ] build-bondpad [ build-logos [ build-macros ] build-top !
1
T 1
1 1
1 ,; 1
1 1
1 1
1 [ build-counter ] build-inverter 1
1 1
1 ! 1
1 : 1
Y Y A 4
BONDPAD il DIGITAL ANAL TOP CHIP PACKAGING
i 13g2_ip_ jku/ oG
ip/sgl3g2_ip_ bondpad_70x70/ R macros/counter/ macros/inverter/ top-level Makefile packaging/
- - ip/sgl3g2_ip__ jku_names/
° S I id a rr WS re rese nt bondpad lint-verilog-all klayout-verify-all librelane-nodrc
° OWS Tep
n
direct target calls
« Dashed arrows

represent recursive
target calls
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Tutorial

Open-Source Analog-Mixed Signal Chip Design Tutorial (Y Home [) PDF

A Tutorial on Open-Source Analog-Mixed Signal
Chip Design with the ihp-sg13g2 Open-PDK

AUTHORS
Simon Dorrer 4@
Harald Pretl 55 ®

« Walk through all IC design
steps to get started

« Using IHP’s 130 nm CMOS
process

PUBLISHED
July 5, 2026

@ Important

This tutorial and the underlying template repository require the |IC-OSIC-TOOLS container with tag 2626.06 or
later. All commands below must be executed from within the container, and the working directory must be a folder
containing the corresponding Makefile.

« Simple exercises to learn

We happily accept pull requests to fix typos or add content! If you want to discuss something that is not clear,
by doing

please open an issue!
| - |
E - E
[
w n u L] u

1 Tutorial Overview

on the ihp-sg13g2-ams-chip-template repository for the ihp-sg13g2 130nm Open-PDK. It covers:

l: ﬁz I ¢ Overview and Installation of |IC-OSIC-TOOLS
- i L ‘I » Digital macro design
] o Design files written in SystemVerilog
{ﬂ _ " | - o Linting with Verilator
n - n o Simulation with Icarus Verilog and cocotb
['. = I' |‘ - ‘ s o Viewing waveforms with GTKWave and Surfer
- o Synthesis, placement, routing, and verification with Yosys, OpenROAD, and LibreLane
r ] g E * Analog macro design
. ) .. #-I o Schematic entry in Xschem
n - n - o Simulation with Ngspice and VACASK

E ﬂ I o Monte Carlo / mismatch characterisation with CACE
a B L
| | ]

o | avout in Kl avout

This tutorial is a step-by-step walk-through of the open-source analog-mixed signal (AMS) chip flow based

On this page

1 Tutorial Overview

1.1 Guidelines &
Cheatsheets

2 Tools

2.11IC-OSIC-TOOLS
Overview

2.2 1IC-OSIC-TOOLS
Installation

2.3 PDK Selection
3 Repository Overview
3.1 Purpose
3.2 Examples
3.3 Directory Structure
3.4 Workflow
3.4.1 Top-level targets

3.4.2 Digital macro
targets

3.4.3 Analog macro
targets

4 Digital Macro
Implementation

4.1 Directory Structure
4.2 Reading the RTL
4.2.1 counter.sv
4.2.2 counter_top.sv
4.3 Linting
4.4 Simulation
4.4.1 RTL with

Cuimtamal lnvilan tanthannah
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Tapeouts

TinyWhisper
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Analog @ HeiChips?

Let’s do it!




Overview

Workshop and templates are based on Nix shell & CMOSS5L
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
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Symbol Drawing is Art!

VDD T

T di_filter_en

vinp

vinn

J z JOHANNES KEPLER
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Fully-Differential R4
3rd Order
Multiple Feedback
Lowpass Filter
R1 R2 R3
C1_— c2 __
R1 R2 R3
R4

VSS l

@name

@symname
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Schematic Drawing i

s Art
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ing is Art

Schematic Draw
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Testbench Drawing is Art!

Testbench for AC CL analysis - Third Order MFB Lowpass Filter

.control

NGSPICE
m
. ./netlist/pex/igmod_mfb_lpf pex.spice single2dm N
.param VDI < vinp
.param Vcm=VDD/2
.param t o
.param C N
.options os |
vinn == Simulate

* optran 0 0 0 lu 1m 0

== Annotate OP
* save v(voutp) v(voutn) v(vout) v(vin)

et wr vecnanes == Load waves

set wr_singlescale

* User stants
let £ min = 1

voD CL Magnitude

VoD ai_fiter_en

Fully-Differential

3rd Order ]
Multiple Feedback x4 20
Lowpass Filter iqmod_mfb_Ipf_pex

1 $sconst.f min $&const R1 R2

-100

vec

g _th_: .raw vinp vinp.
set appendwrite

write iqmod_mfb_

voutp
c1 c2 voue
* Plotting R R2 g ’ voutn -150
let A = v(vout) /v (vin) vinn o
let Amag dB = vdb (Amag) v
let Rarg = 180/PI*cphase (Amag) 1 100 10k 1MEG 100MEG
plot Amag_dB ylabel 'Magnitude' frequency
ot Rarg ylabel 'Phase'
ot Amag_dB Aarg ylabel 'Magnitude, Phase' CL Phase
- PEX
* Measurements
meas - cl_dB find Amag dB when frequency = fdc vss
print Adc_cl_dB
Adc dB-3 Capacitive Load 100
* meas ac fcl find frequency when Amag_dB = Amag_fc RISE=1
* print fcl
meas ac fcu find frequency when Amag_dB = Amag_fc FALL=1 0

print

* Write

set wr_singlescale

wrdata ../plot_simulations/data/igmod_mfb_lpf_tb_ac_cl.txt v(Amag_dB) v(Aarg)

*quit

1 100 10k 1MEG 100MEG

Simon Dorrer

Page of Rev. 1.0 2026-07-31 18:38:09

— YSCHEM

J z JOHANNES KEPLER
UNIVERSITY LINZ



1Q Modulator
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Let’s START!

Documentation
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