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Where are we heading?
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 Challenges:

◼ Geopolitical tensions and macroeconomic trends

◼ Different driving applications

◼ R&D efforts increase for modern nodes

◼ Disruptive times (AI/ML/GenAI) 

◼ “Innovation is stochastic”: 
unpredictable and requiring experimentation

 Potential Solutions:

◼ Become more efficient!

◼ Automation!

◼ Do more Reuse!

◼ Embrace new technologies!

Integrated Circuit

Yesterday/Today Today/Tomorrow

AI

The semiconductor decade           2030
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 Different engineers involved

 Entirely custom process

Many repetitive steps

 Few weeks to some months

Traditional Analog IP Design Today 

Concept/Design

Layout

Pre-Si Verification

Requirements

IP 
1

IP 3
IP
2

IP 4
IP 5

IP 6

Chip Integration

Custom Flow
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The Future of Analog IP Design?

[UCB, BWRC]

Innovative and cool 
things where learning
and brain is needed.

Standard. Necessary 
to function, not 
requiring innovation
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EDA Solutions and Their Automation Levels

[Prautsch, FHG]
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 Disruptive Innovation in the fundamental approach to Analog Design

 Manual design steps captured into code- generators

 Automation and AI tools- design flow

Analog generators

Requirements
IP 1 IP 3IP2

IP 4
IP 5

IP 6

Chip Integration
Python Software

Design-Layout-
Verification procedures

Automation and AI 
Tools
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 Example: Sentiment Classification

Software 1.0 Software 2.0 Software 3.0

write a code                       train NN use LLMs

Software is changing

[Andrej Karpathy: Software Is Changing (Again)]
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Software is changing

[Andrej Karpathy: Software Is Changing (Again)]
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Analog ICs Design automation
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Analog ICs Design automation

Automation 1.0 -> Automation 2.0 ->....
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Analog IC design automation 1.0 -> 3.0

 Procedural automation, Documentation, Co-Pilots, GUIs, ...

 Example: Infineon MOSAIC Orchestrator
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MOSAIC Orchestrator

RootTask (block toplevel)

SubTask

Sizing Schematic Layout DRC LVSNetlisting Verification PRE Verification

JAMA Requirements, 

schematic template,

testbench

Sign-Off views 

and 

Documentation

 ☺ Full analog automated flow is possible: Spec→sign-off 
☺ Modular flow: You decide when to do what

  Most (coding) effort: Sizing, schematic, layout, verification. Rest: code reuse
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Generator Development

Generator
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Schematic 

Generator

*.py

Layout 

Generator

*.js

Sizing

*.py

Verification

*.py

IP/Gen/ 
Task 
Store

New „type“ of
Analog Design Engineer

Start with something 
familiar, and which may 

already exist

Development 
Environment

Reuse well-known tools in 
software engineering! Data-Management (git)

Visual Studio
Code

Separation of 
Software 

Development and 
Deployment

This new type of 
engineer has yet 
to be “raised” …
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Generator Usage
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Generator
Schematic 

Generator

*.py

Layout 

Generator

*.js

Sizing

*.py

Verification

*.py

Parameter Entry

IP/Gen/ 
Task 

Store Store

Specification (Management)

Generators are “soft 
macros”

with parameters
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Demo 
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Modular, Programmatic Environment (1.0-> ...)

Electrical Design
(Schematic Entry, 
Circuit Sizing, …)

Physical Design
(Layout)

Physical 
Verification

(DRC, LVS, PEX)

Electrical 
Verification

(Electrical Sim, …)

Analog Generator (written in Python)

Design
Data

EDA
Tools

*.py *.**.*

Analog
Generator

Design
Environment

MOSAIC Orchestrator API 
(Tasks, Inputs, Outputs, Caching)

Circuit Structure DSL 
(Circuits, Signals, Ports, …)

Data DataDataData

Config Templates PDK Technology

Abstraction Layers

Python Interfaces
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MOSAIC Orchestrator
O
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rMOSAIC

Tasks Inputs/Outputs Tools PDK Assets Caching Logging

Schematic
Generator

Layout
Generator

Gm/ID 
tables

Wicked
optimization

DRC,LVS,PRE, 
Netlisting

Regression/ 
Verification

PDKs
Virtuoso 

Tool
DfiiBridge

Orchestrator UI

Your project setup system

Documentation
Standalone 
simulation

ADS

Symbolic 
Sizing 

Toolbox

Cockpit
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Key Concepts

Everything is a python package (orchestrator, tool wrappers, pdk, …)

To make use of all features, you need to write Tasks (e.g. UI for free)

PIP takes care of dependency and version management

Tasks can be easily reused and shared

Tool wrappers / PDK items are used to manage tool/data access
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MOSAIC Orchestrator – extra features

Input/Output and Task handling, Tool and PDKItem injection

Common logging system

Serialization/Deserialization of Inputs/Outputs

Caching

Assets + Workproduct handling

Many more features and new ones comming…
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A simple Task: Sizing 

DesignTask

gain

ibias

from mosaic_orchestrator import Task
from mosaic_ifx_circuit_simulator import Spectre

class DesignTask(Task):
spectre: Spectre

gain = Input(float)
ibias = Input(float)

w_m1 = Output(float)
w_m2 = Output(float)
nf = Output(float)

def run(self):
...
...
self.w_m1.value = ...
self.w_m2.value = ...
self.nf.value = ...

w_m1

w_m2

nf
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 You can connect inputs and other inputs/outputs easily together

 Checks can be done upfront before executing a task

Connecting Tasks

DesignTask

gain

ibias
class
DesignTask(Task):

...

SchGen Task

class
SchGen(Task):

...

w_m1

w_m2

nf

OA

libName

w_m1

w_m2

nf
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 A UI can be shown for free with advanced features like 

◼ a „run-chart“ to track progress

◼ Setting/seeing Inputs/Outputs

UI for free

DesignTask

gain

ibias
class

DesignTask(Task):

...

w_m1

w_m2

nf

SchGen Task

class
SchGen(Task):

...

w_m1

w_m2

nf

OA

libName

Autogenerated 

UI
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Modular, Programmatic Environment (1.0-> ...)

Electrical Design
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Physical Design
(Layout)
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Electrical implementation

Design
Environment

Config
Files

OpenAccess
(Solution)

Cadence
Virtuoso

Virtuoso Skill API

Root Task- w/M. Orchestrator (API)

Skill – Python Bridge

Schematic (w/ 
Circuit 

Structure DSL)

Sizing/optimization
(w/AI/ML, 

equation/LUT 
based, etc.)

Netlisting
(w/tool API)

Verification 
(w/tool API)

Overall
Circuit (OA)

Subblock 1 (OA)

Subblock 2 (OA)

Analog 
Generator

Data

Requirements, 

schematic template,

testbench

RootTask (block toplevel)

SubTaskSubTaskSubTaskSubTask

Sizing Schematic Netlisting Verification
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Electrical implementation

Design
Environment

Config
Files

OpenAccess
(Solution)

Cadence
Virtuoso

Virtuoso Skill API

Root Task- w/M. Orchestrator (API)

Skill – Python Bridge

Schematic (w/ 
Circuit 

Structure DSL)

Sizing/optimization
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Verification 
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Circuit (OA)
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Analog 
Generator
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 MOSAIC- Modular Open-Source Analog IC (design framework)

 MOSAIC bootcamp (Infineon, SAL, Skyworks, Fraunhofer, Uni 
Aalto) – birth place of Orchestrator

 MOSAIC Orchestrator -> standardization top-down?

 ODE4EC- AMS – 2 stage application proces

◼ IFX decision to open-source MOSAIC Orchestrator

MOSAIC Orchestrator
O

r
c
h

e
s
tr

a
to

r

MOSAIC

Tasks Inputs/Outputs Tools PDK Assets Caching Logging

Orchestrator UICockpit
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Analog IC design Sch-> Analog IC design automation 1.0

 Custom circuit representation->oa-> Automation 1.0

 Example: Analog Circuit Topology (Technology and tool agnostic generators, 
on-the-fly toplogy change)
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Generator Development

Generator
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 In the future, we will need a clear programmatic data structure to deal 
with analog schematics

Pythonic Topology Definition

Python Code / AI ???

Technology 

Independence

Tool

Independence
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 Pythonic circuit representation includes devices technology abstraction

Pythonic Topology Definition

import hdl21 as h

# Create a module
m = h.Module()
# Create its internal 
Signals
m.a, m.b, m.c =
h.Signals(3)
# Create an Instance
m.i1 = AnotherModule()
# And wire them up
m.i1.a = m.a
m.i1.b = m.b
m.i1.c = m.c

Connectivity Def.

Python

Objects

Python Code / AI

Modifications on Objects

Export
(opt.)Import
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 On-the-fly topology change

Pythonic Topology – Use Case
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Analog IC design automation 1.0 -> 2.0

 Procedural automation -> NN

 Specialized tasks

 Example: Circuit sizing, analog layout placement and routing
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MOSAIC Orchestrator

RootTask (block toplevel)

SubTaskSubTaskSubTaskSubTask SubTaskSubTaskSubTaskSubTask

Sizing Schematic Layout DRC LVSNetlisting Verification PRE Verification

JAMA Requirements, 

schematic template,

testbench

Sign-Off views 

and 

Documentation
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Analog ICs Design Cycle
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 A circuit model - function that maps physical values (W, L, bias currents, 
supplies) to circuit features (Gain, BW of an amplifier, max ripple of an LDO, 
switching speed of a level shifter...) 

 Circuit Function can be „easly“ calculated with a spice simulator- its reverse 
can have multiple sets of solutions

 We cannot invert the function to find the solution set in an easy manner

A noinvertible problem
Physical domain

Set 1

Set 2

Set 3

Circuit 

feature 

solution
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 NNs are powerful function approximators

◼ link the performance of the circuit with device sizing

 Why NNs?

◼ Work for different circuit topologies (OTAs, level shifters, amplifiers, LDOs, Charge pumps etc.. )

◼ Very fast first guess sizing 

◼ Equations or flowchart not needed

◼ Full open-source approach

 Drawbacks: circuit template and technology dependent

NNs as function inverters

Neural network
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EDA Tool

Data

TP/DP

Today: 
Manual IP development

An evolution
for methodology engineer

EDA Tool

Data

TP/DP

Tool API

ANAGEN
Module

(Involuntary) revolution
for analog IP design/layout engineer!

EDA Tool

Data

TP/DP

DSL

Analog 
Generator

In addition to working with EDA tool, 
they will need to
› abstract their current manual steps
› translate them into (Python) code
› as general as possible

to allow reuse
– for different technology
– for different specification

DSL

Evolution and Revolution
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 From deep specialization (only analog IC, only data science, etc.) towards 
tinkering and embracing emerging technologies

Mindset and generation change

New „type“ of
Analog Design Engineer
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 EU Chips Act

 If Europe wants to stay in the game-> analog IC design flow
automation -> embracing new technologies 

 “Innovation is stochastic”: 
unpredictable and requiring experimentation-> open-source

Instead of Conclusion
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 Thank you.
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