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Where are we heading?

Baseline CMOS: CPU, Memory, Logic

130 nm

90 nm

65 nm

45 nm

32 nm

22 nm

More than Moore: C

Analog / RF Passives HV Power
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Sensors
Actuators

Biochips

Beyond CMOS

Interacting with people and environment




The semiconductor decade = 2030

, ~ = Al
. Smartphones Healthcare and wellness
o Cha"enges' Apps Telemedicine
B Geopolitical tensions and macroeconomic trends Education
. . . . . Personal Computers Autonomous driving
m Different driving applications WWW Gaming
B R&D efforts increase for modern nodes Mainframes / Entertainment, VR/AR
. . . Scientific computing Visualization
B Disruptive times (AI/ML/GenAl) Data processing / P -
B “Innovation is stochastic”: / /
unpredictable and requiring experimentation /// s (Coud
>
1970 1980 1990 2000 2010 2020 2030
[0 Potential Solutions: Integrated Circuit
B Become more efficient!

B Automation!
B Do more Reuse!
B Embrace new technologies!

3



The semiconductor decade = 2030
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[0 Potential Solutions:

1)
B Become more effici \“
H Automation! ‘
B Do more Reuse!
]

Embrace new technologies!

Integ rgd Circuit

R

Yesterday/Today Toda T morrow
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Traditional Analog IP Design Today SS=S

Concept/Design Custom Flow
Requirements 2;1
1
STH? i % Layout
) mé .ia é exofse=s = SRS ‘;’.Uj
: : _ o Chip Integration
e 5| Pre-Si Verification
IP IP
: : . IP 3
[ Different engineers involved i 12
[0 Entirely custom process AN | pa  IP5
00 Many repetitive steps 7 | 1P 6
[0 Few weeks to some months A




The Future of Analog IP Design?
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Designer

" Innovative and cool
things where learning
and brain is needed.

Innovative

Standard. Necessary
to function, not
requiring innovation

-.‘4 \ —

Standard

[UCB, BWRC]
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IPs by Spec
Pulsic Animate
: Layout
Circuits BAG Intelligent (Layout)
cadence® Q® ‘;@ Q‘;@ Generators, Gem::ators
ildi SySr;gr?'lsgrﬁs@ ' b‘??bcg? (\OQQZS" Q,(&’%(D‘Z? . Master  Intento MunEDA
E—— EDA® (}.@ob S\ o -@QQ@ Group Micro  ID-Xplore ~ WiCkeD
Blocks 5 (OS5) ADT (Explo-  (Optimizer,
Jedat® CDS pCells  (gm/ID)  ration) Yield)
Device SYN pyCells
& Route SKILL CAD SIE DevGen

- - : Procedural Optimization &
Manual Design Design Acceleratlo Synthesis

[Prautsch, FHG]
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Analog generators S555

Chip Integration

Python Software

#.\ogoer ~ \ogwiee
the

Requirements

IP1 IP2 IP3

IP 5
IP 6

IP 4

Design-Layout- [ Automation and Al 1
Verification procedures Tools

[0 Disruptive Innovation in the fundamental approach to Analog Design
[0 Manual design steps captured into code- generators
0 Automation and Al tools- design flow




)
MUNICH
S-11 SEPTEMBER sis e

EsSSERC 3

Software is changing =525

[0 Example: Sentiment Classification
Software 1.0 Software 2.0 Software 3.0
write a code train NN use LLMs

You are a sentiment classifier. For every review that appears between the

9 copy 10,000 positive examples

tags
= "1": I "’Y(TQYLCW: ) ">, d DA Any kevio . : 10,000 negative examples <REVIEW> ... </[REVIEW>, respond with exactly one word, either
positive = { POSITIVE or NEGATIVE (all-caps, no punctuation, no extra text).
"go0d", "great”, “excellent”, "amazing", "wonderful", fantastic encoding (e.g. bag of words)
Example 1
} <REVIEW>| absolutely loved this film—the characters were engaging and

negative = {

bad", "1 . vawful®, "poor”, “boring", “hate", “hated", the ending was perfect.</REVIEW>

s e e, seeintingt masien train binary classifier A
Example 2

) <REVIEW>The plot was incoherent and the acting felt forced; | regret
for word in review.lower().split():

w = word.strip(".,!?7;:") watching it.</REVIEW>
Stv i pastiive: v NEGATIVE
cufs:o:: ;eg;(ive: parameters Example 3
Ty <REVIEW=>An energetic soundtrack and solid visuals almost save it, but
return “positive" if score >= 0 else "negative" the story drags and the jokes fall flat.</REVIEW>
NEGATIVE

Now classify the next review. LY

[Andrej Karpathy: Software Is Changing (Again)]
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Software is changing =525

A huge amount of Software will be (re-)written.

1.0

2.0 30

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

Circuit Specifics

Topology Design

Ig/2
Md4a

M3a

M2a

Vpp

1s/2
M4b

M3b

—0 Vout

M2b
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Circuit Sizing |—

Pseudo-sample Generation

yspec

J) size

Cartesian Products

Y design
(0@ =)

J_size

design = x™

x

=N

f‘x;;....pu )

sample

s¢ le
Next Sample: X; AP

o

Critic - Network

~ Actor

ge DNN

P5 P21 i P6

Circuit Simulator

|
|
|
|
|
|
|
Topology, Specs, Bounds |
|
|
|
|
T
|
|
|

Final Layout
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Analog ICs Design automation

Circuit Specifics

Topology Design

!

Vpp
18/2 18/2
M4a }__| M4b

M3a j '__| [t M3b

—0 Vout

M2a :]}-—1—4[: M2b
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Final Layout
Automation 1.0 -> Automation 2.0 ->.. - A

4

Circuit Sizing

!

Pseudo-sample Generation e e =

t]) design = x™
spec= fP(xP*
J) size = N?
Cartesian Products

Y design = x
(O® Jpw-r-

2 size =N

. z
s, Actor S
=)

sample
P9

f(x;

sample

P5 P21 i P6

s¢ le
Next Sample: X; Aple

e

Circuit Simulator
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Analog IC design automation 1.0 -> 3.0
[0 Procedural automation, Documentation, Co-Pilots, GUIs, ...
0 Example: Infineon MOSAIC Orchestrator

QIEEE {{y #k= 9 3
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MOSAIC Orchestrator =SSEEs WV

JAMA Requirements,
schematic template,
testbench

0 © Full analog automated flow is possible: Spec->sign-off Sign-Off views

d
© Modular flow: You decide when to do what Docur::,ntat;on

O ®© Most (coding) effort: Sizing, schematic, layout, verification. Rest: code reuse

14
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Generator Development SS5S

. IP/Gen/

This new type of Task
engineer has yet Schematic Store

2 o to be “raised” ... e

o

g © V *.py

) E‘ New ,type" of

S o Analog Design Engineer Verification

@ *.py

° '- H‘ 7
M. )

Jrroz  ARTIFACTORY

_— -
(@) @)

»

)
fd

©

g' Layout Separation of
v Generator Software

= Development and
= Deployment

o

>

©

—

Development

Environment

Reuse well-known tools in
software engineering!

Start with something
familiar, and which may
already exist

visual studio gy L IISIId STNI@ T

Code Data-Management (git)

¥
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Generator Usage =o=5

Schematic Specification (Management)

O
Generator ©
*.py GE,
c
@

Verification

IP/Gen/ *.py
Task

Store Store

»

Layout
Generator
*.js ™ _
Parameter Entry

Schematic Template

Generators are “soft
macros”
with parameters

®)
S
(C
O
=
-
)
>

16



Launch File Edit Wiew Cr Options Window ClioSoft MunEDA P us  CLEX i nue  *Calibre Help cadence

1

Navigator 7

| Schematic

: dfgdf

| + OBJECTS
{ Al

Instances

I\

Pi
| Mets and Pins
| ~ GROUPS

| » QUERIES

| +

48k schem atn All
netMamend...
Library

Cell

View
Mode

Last Saved
Locked By rennekef...
Units inch

mouse L: schSingleSelectPt()

M: IfxAnaGen->pro R: schHiMousePopUp()

an




Modular,
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Programmatic Environment (1.0->=55

Analog Generator (written in Python)

-~

-«

MOSAIC Orc

estrator API Analog
(Tasks, Inputs, Qutputs, Caching) Generator
Circuit Structure DSL Design

S . Environment

(Cirguits, Signals, Portf

)

Python Interfaces

Abstraction Layers

Electrical Design Electrical : : Physical
(Schematic Entry, Verification Phys(lfanOBSS|gn Verification EDA
Circuit Sizing, ...) (Electrical Sim, ...) (DRC, LVS, PEX) Tools
N '\ L I\ Y,
Config Templates PDK Technology
Data Data Data Data 8



4.} oss semievicn @
MOSAIC Orchestrator e ==85E5S
Tool Documentation

Symbolic

Toolbox DfiiBridge
Schematic Layout Gm/ID Wicked DRC,LVS,PRE, Regression/
Generator Generator tables optimization Netlisting Verification

Cockpit Orchestrator Ul

Virtuoso

J0j}e.l}sayd.10

\Y[@ISYAN (@
Your project setup system

19
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Key Concepts @i =885

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

% PIP takes care of dependency and version management

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

>> Tasks can be easily reused and shared

%4 Tool wrappers / PDK items are used to manage tool/data access

20
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MOSAIC Orchestrator — extra features = =655V

» 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...

21



A simple Task: Sizing &
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DesignTask

from mosaic_orchestrator import Task
from mosaic_ifx_circuit_simulator import Spectre

i o
galn class (Task):
ibias spectre: Spectre

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

1 = Output(float)
2 = Output(float)
Output(float)

(self):
self.w_m1l.value

self.w_m2.value
self.nf.value = ...

w_ml
w_m?2
ali

22
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Connecting Tasks =i =SS

SchGen Task

libName

DesignTask

w_ml

gain °

wW_m?2

ibias (Task):
nf

[0 You can connect inputs and other inputs/outputs easily together
[0 Checks can be done upfront before executing a task

23



AN

UI for free o

Autogenerated
UI

SchGen Task

libName

DesignTask

w_ml
w_m?2
nf

gain
IES

[0 A UI can be shown for free with advanced features like
B a ,run-chart” to track progress
B Setting/seeing Inputs/Outputs

24



Modular, Programmatic Environment (_1_0?%%55_;0“"“

Analog Generator (written in Python)

R

-~

-«

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

Circuit Structure DSL

(Cirguits, Signals, Portsf ..)

!

Electrical Design

(Schematic Entry,

Circuit Sizing, ...)
-

Analog
Generator
Design
Environment

Python Interfaces

Abstraction Layers

| !

Data

EIe_c_trlc_aI Physical Design
Verification (Layout)
(Electrical Sim, ...)
AN AN J
Config Templates
Data Data

N

|

Physical
Verification
(DRC, LVS, PEX)

EDA
Tools

)

PDK

Data

Technology

5
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Electrical implementation SSES

Data

Analog
Generator

Design
Environment

Overall
Circuit (OA)

Subblock 1 (OA

Subblock 2 (OA)

[ Root Task- w/M. Orchestrator (API) ]

¥ v v v ﬁ

Slzm(gv{;ﬁl/nl\jllflatlon Schematic (w/ Verification

. Netlisting
equation/LUT Circuit (w/tool API) (w/tool API)

based( etc.) Structure DSL) : ; |

Skill - Python Bridge
Virtuoso Skill API

Virtuoso

Config schematic templat:
' testbench

OpenAccess
(Solution)

[ Cadence }

Requirements,

Verification

SubTask

Netlisting

ol

SubTask SubTask
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Electrical implementation SSES

Data

Analog
Generator

Design
Environment

Subblock 1 (OA

Subblock 2 (OA)

[ Root Task- w/M. Orchestrator (API) ]
¥ v v v ﬁ

Overall
Circuit (OA)

SIZIn?VC(;REI/T,lEatlon Schematic (w/ Verification

o Netlisting
equation/LUT - Ct'rCU'tDSL (w/tool APT) (w/tool API)
based( etc.) THEETE )

{ v —

Skill - Python Bridge

Open Source Software Model

Billion Dollar Company Code

Virtuoso Skill API

Cadence
Virtuoso
CO n .I.I g | MemCache saeepd Apache $15B+
: Thrift o PhP Open
Software Source
Cassandra Stack Jenkins Stack

OpenAccess -
(Solution) —

27
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MOSAIC Orchestrator =SS55sV
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-11 SEPTEMBER “‘:“‘

Cockpit Orchestrator Ul

MOSAIC

[0 MOSAIC- Modular Open-Source Analog IC (design framework)

[0 MOSAIC bootcamp (Infineon, SAL, Skyworks, Fraunhofer, Uni
Aalto) - birth place of Orchestrator

J40}e.1}soyd.10

[0 MOSAIC Orchestrator -> standardization top-down?

[0 ODE4EC- AMS - 2 stage application proces
B IFX decision to open-source MOSAIC Orchestrator

28
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Analog IC design Sch-> Analog IC design automation 1.0
[0 Custom circuit representation->o0a-> Automation 1.0

[0 Example: Analog Circuit Topology (Technology and tool agnostic generators,
on-the-fly toplogy change)

$IEEE {fffy b= 9 *
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Generator Development SS5S

. IP/Gen/

This new type of Task
engineer has yet Schematic Store

2 o to be “raised” ... e

o

g © V *.py

) E‘ New ,type" of

S o Analog Design Engineer Verification

@ *.py

° '- H‘ 7
M. )

Jrroz  ARTIFACTORY

_— -
(@) @)

»

)
fd

©

g' Layout Separation of
v Generator Software

= Development and
= Deployment

o

>

©

—

Development

Environment

Reuse well-known tools in
software engineering!

Start with something
familiar, and which may
already exist

visual studio gy L IISIId STNI@ T

Code Data-Management (git)

¥
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Pythonic Topology Definition ==geme O™

Technology Tool
Independence Independence

Python Code / Al ".—'oo 2777

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

31



Pythonic Topology Definition ==geme O™

®@onnectivity Def.

import hdl21 as h

m = h.Module()

Python

Objects

m.a, m.b, m.c =
h.Signals(3)

m.il = AnotherModule()
Modifications on Objects

m.il.a = m.a
m.il.b = m.b
m.il.c = m.cC

Python Code / Al

[0 Pythonic circuit representation includes devices technology abstraction

32



Pythonic Topology — Use Case

EsSSERC 3

MUMNICH
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Tech specific template

With technology = SOk
devices and cdf Smove

params

=)

Tech specific circuit
Circuit

Wlt!ﬂ technology Apply PDK
devices and cdf
params

0 On-the-fly topology change

ADL

Topology

Replace known
devices with
abstract
representation

Circuit

Changed params
and connectivity

<
0
g
<

33
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Analog IC design automation 1.0 -> 2.0
[0 Procedural automation -> NN
[0 Specialized tasks

0 Example: Circuit sizing, analog layout placement and routing

QIEEE i #E 9 34
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MOSAIC Orchestrator =SSEEs WV

JAMA Requirements,
schematic template,
testbench

RootTask (block toplevel)

I Netlisting \ Verification DRC LVS PRE

SubTask SubTask SubTask SubTask SubTask SubTask SubTask SubTask

1.0 Sign-Off views

and
Documentation

2.0 3'0

35



Analog ICs Design Cycle

Circuit Specifics

Topology Design

Ig/2
Md4a

M3a

M2a

Vpp

1s/2
M4b

Pseudo-sample Generation

Circuit Sizing

Cartesian Products
Y design = x

) spec f(x)

2 size =N

Circuit Simulator

f (sccampley

sample

Next Sample: x:"mph‘

Actor

two-stage DNN

MUMNICH
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Final Layout
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A noinvertible problem ==g2=c 0

Physical domain

Circuit

feature
solution

- o %

[0 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...)

[0 Circuit Function can be ,easly" calculated with a spice simulator- its reverse
can have multiple sets of solutions

[0 We cannot invert the function to find the solution set in an easy manner
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NNs as function inverters =0=S
Noise <— Linearity f_ L
// o \\‘ M11 [M 1@
Power . W =514 u
Dissipation A Gain _— | - 300.06 n o
I N \ I wz[ IM 12
Input / Output " /* Supply
Impedance Voltage y I W =18.83 u
" b > | =204.54 n
4 Voltage ¥
Speed Swing 1 JIL

Neural network

[J NNs are powerful function approximators
B link the performance of the circuit with device sizing
[0 Why NNs?
B Work for different circuit topologies (OTAs, level shifters, amplifiers, LDOs, Charge pumps etc.. )
B Very fast first guess sizing
B Equations or flowchart not needed
B Full open-source approach

[J Drawbacks: circuit template and technology dependent
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Evolution and Revolution

Today: An evolution (Involuntary) revolution
Manual IP development for methodology engineer for analog IP design/layout engineer!
e P )
IS ls ¢l D mx B0 RIY IR T »lde »B'% @
EETEE 2 B & - [ mselecto seimo sty Analog
DSL Generator
ANAGEN l
Module
: DSL
e : e Tool API
EDA Tool EDA Tool EDA Tool In addition to working with EDA tool,

they will need to
abstract their current manual steps
Data Data Data translate them into (Python) code
as general as possible
to allow reuse
TP/DP TP/DP TP/DP for different technology
for different specification

39
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Mindset and generation change =S=S

Innovative and cool
things where learning
and brain is needed.

Standard. Necessary
to function, not
requiring innovation.

New ,type" of
Analog Design Engineer

ﬁ
[‘

Standard

[0 From deep specialization (only analog IC, only data science, etc.) towards
tinkering and embracing emerging technologies

40



Instead of Conclusion
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[0 EU Chips Act

EU 2%

EU 14%

Design Tools

and IP ]
3%

Material and
silicon wafers

Manufacturing
Equipment

ﬂ

i i \
Chip design
30%
EU 8%
s 3

Semiconductor

manufacturing
34%

Assembly, Test and
Packaging

—

Orig. Equipment
Manufacturers
I Distribution

[ |

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

41
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0 Thank you.
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