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I How will we design Analog chips in the Future®e

https://blog.baruthotels.com/en/the-spectacular-life- https://www.fenews.co.uk/wp-

story-of-the-famous-artist-salvador-dali content/uploads/2023/03/Canva-Al-digital-1-
768x512.jpg

- I 4 || 2\ —~ % — -
' w ’ A \
3 — — . - - - .
\ <N ’
) v & ||
= k 4
A 4 iy 4 .
SO ALY .
\ B v A
b - " .
A \ .
N Y ' ¢ :
A \ / R AT . | :
o N~ ) U )
e - [ . ¥ 1)) —
- { \ )
-~ d
¥, ~ f |
5 N A 7\
) ) 8
EANRE \\%'
\ \ R7 -

1. The Hand-crafted Artistic Way?

2. Tool Assisted “hand crafted” way?
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I Three Waves of Analog Synthesis

Different

Methodology
Approaches

18/5/2026

Knowledge Drivgn

Optimizers Driyen

[Gielen & Rutenbar
Proceedings IEEE 2000]

Al/ML Driven

1980

1990

2000

2010

2020

>

1. Knowledge Driven
Heuristic way of designing
circuits, hand calculations based
— book driven

2. Optimizers Driven
Gm/Id methodology, ADT
toolbox, and many other EDA
solutions

3. Al/ML Based
Under development!
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Baselbband Analog on Top SoC

Analog Blocks SPICE

Analog blocks can be:

+ SPICE (Co-sim)
+ SVRNM, VHDLRNM

: g?g::;g:;.:«nhés,wm-ms Focus on the Anang/RFIVIS
N blocks such as voltage

references, LDOs, ADC/DAC,

suze Baseband (Amps and filters)
and Wireless (RX/TX)

User can seamlessly
plug and play

different analog
model abstractions

https://www.cadence.com/content/dam/cadence-www/global/en _US/images/resources/whitepaper/demystifying-mixed-signal-simulation-for-digital-verification-engineers-wp-fig-2.png
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I Analog/RFMS Blocks

Analog-to-Digital Converters (ADCs)

x Data Converters Digital-to-Analog Converters (DACs)

. Low Dropout (LDO) Regulators,
A Power Monogemen’r Units (PMUS) DC-DC Converters, Voltage References,

Low Noise and Power Amplifiers

= .
- Radio Frequency (RF) Blocks VCOs/DCOs, Mixers and Dividers

- Phase-Locked Loops (PLLs)

., 1Iming and Frequency Generation Oscillators

@ Sensor Interfaces/Analog Front Ends Operational Amplifiers and PGAs
oR (AFEs) Integrated Filters

5/18/2026 Semiconductors Evolution : From Transistors to Wireless Applications, Automotive and Al



| Analog

Design/Al Team Expertise

Artificial Intelligence and Machine Learning

F________L_______1

Design Methodology

7

Bayesian
Optimization

Optimization
Frameworks

\

N\

7

Evolutionary
Algorithms

J

\

N\

Nelder Mead

J

Design Prediction
Models

Reinforcement
Learning

Neural Networks

Random Forests

Electronics Lab

)

Topology
& Specs

) |

)

PDK Inpu’r]

Analog/Mixed-Signal and RF Integrated Circuits
Chip Design

i—l—i

Design Vehicles Chip Design

LNA & DCO ) [ Power Management
Architectures ) \ Systems

Bandgap Voltage Data Converters
References )

Low Dropout ) [ High Speed
Regulators ) \ Interfaces
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| Infrasfructure

Design Data Management Control (SOS)

Cadence QRC

Ansys HFSS

Ansys RaptorX

Ansys RaptorH

180nm CMOS Spectre
130nm BCD-SOI SpectreRF

130nm SiGe BiCMOS HSPICE

65nm RF-CMOS LTSPICE
45nm CMOS NGSPICE

22nm FD-SOI CMOS

16nm FiNnFET

Ansys VeloceRF

ELAB-IC: Al EMPOWERED CHIP DESIGN

In-House Engines
Sim. Python API

SQLITE DB

Algorithm
Testing Env.

Parallel Sim
Interface

Radhard PCell
Engine




| AI/ML Custom

Design Engine

Standard Analog Design Flow

SPICE Post
simulator Processing

Designer —>

Circuit
Specifications

v

Topology
Selection

v

Circuit Sizing |[€—
Performance No

Evaluation

Netlist Performance! L.
Metrics ! _ -~
______________ L=
pecs are met?
vYes
L ) Layout and
Production v ‘?‘YOU_ < Parasitic
erification Extraction
No f ...............

Al Framework

Al methodology

Solutions

Y

Yes

ELAB-IC: Al EMPOWERED CHIP DESIGN
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| OpAmp Al Design

—V005 Adjustable Parameters

. Wbp Phase margin
4' C/IV 7 Wdiff Unity gain bandwidth
Ms | | Mg PO Wnb Gain
(P Wbp— —wbp|  Ce
I I Wpo ICMR
ou Cc Vout swing
in-—ll: IV(IjOff I\zjl}ff:“_irH— Slew Rate
wdi wdi .
—Cu Knowledge transfer between technology nhodes
Source Target
v proces‘f node procesAs node
M Ij_]l '|:I M L¢|:| M B = '
| | 2 4 Circuit : Circuit
Wn% Wnb Wnb simulator simulator
V SS A Transfer learned A

Final agent
v knoyvledge v 4

Source task Target task “'Knowledge '\Know[edge

RL agent RL agent from source from target

ELAB-IC: Al EMPOWERED CHIP DESIGN 10




| Bandgap Al Design

VDD o Algorithm convergence
,.-Jm . ‘- DESIGN ENVIRONMENT
| d
M7 H e L I—| . Simulator
'_,_ s interface Transistor Parameter Technology
] M1 t l‘_‘ — ; targeted regions information sizing data
=t r',:ﬂ . — M2 M3 M4 103 Circuit netlist
= mza0 oy |miziw [mizas

f mi234 [miz34

T
ﬂi‘ 5| ML ‘ \ 4
r_|| Initial values

computation
TRANSISTOR BIASING
_m" M14 ;
O 2 Dual L ’ Calculate new ‘
EN —] TRZa annealing ’ initial values | :
Mi2 =
TR2b ,‘« NO
) //Targeted\ SN
y A 3 L Sim count R
L o> ~_ exceeded?  ygg
VSS ~_reached? =

0 200 400 600 800 1000 1200 b
Function call lYES

FINAL PARAMETERS SEARCH

* 21 parameters

v

Nelder-Mead <+

* 0.84 ppm final temperature Bi—
coefficient (instead of 10) P

_ diff. <tol 2

« 12 uW power (instead of 20) Jres
« 1260 simulations (~26 minutes) (R

Full circuit
design
parameters

ELAB-IC: Al EMPOWERED CHIP DESIGN 11




LDO Al Design

« 30 free parameters 1 R o
« full complexity LDO design [1] 1021 o
« 10 outputs 1071
« 14 hybrid algorithm setups (including fransient 2 100
analysis!) i

« 31% savings in fransient analysis (~1150 sims on
avg) compared to state-of-the art NSGA-II Mg I MK
optimizer (~1660) L R

- State of the art specs (table below) o h “‘ } ] ’WH

0 500 1000 1500 2000
Transient Simulations

1014_ | A o .
10° A

—+ Algorithm iteration

rS

|| METRIC NAME | DESCRIPTION | [1] | Algorithm result | Improvement [%] ||
OTA_DC_GAIN Gain of the Error amplifier 80 80.96 +1.19 !
PSRR PSRR at zero frequency [dB] | -70 -78.01 +11.42 !
PHASE_ MARGIN Phase margin [deg] 15 7774 76 |
LNR Line regulation [mV/V] 0.01992 | 0.01543 22.85 |
LDR Load regulation [1V,/mA] 0.25 0.1437 +42.52 |_____ OptimizationLoop .
QUESC_CUR Quiescent current [uA] 6.3 36.30 -476
LNR_LOW RECTIME | LNR rec. time from low [us] 22 1.635 +92.00
LDR_LOW RECTIME | LDR rec. time from low [us] | 10 1.668 +83.33
LNR_HIGH RECTIME | LNR rec. time from high [us] | 22 12.83 +41.68
LDR_HIGH RECTIME | LDR rec. time from high [us] | 10 7.640 +23.00

[1] Nikolaos Zachos, Vasiliki Gogolou, and Thomas Noulis. A fully infegrated 1.8 v low-power Ido regulator with dynamic tfransient control for soc applications. Electronics,
13(23), 2024.
ELAB-IC: Al EMPOWERED CHIP DESIGN 12



DCO Al

Design

Data Augmentation

Gradient Boosting Models

Raw VCO
Data
Feature j 1
in
2 LightGEM Base XGBoost Base
Maodel Model
F lnuNGEM—I—OﬂF XGBoos!

T

5-Fold Cross

XGBoost -
Meta Model Validation

0OF

Residuals = Real - O0F g
Final Prediction

5-Fold Cross.
Validation

XGBoost Residual
Model

YES

DCO De5|gn Algorithm

?vss Decraase Co [— F-PM | ‘

No feasible | PN-PM

setfound | O ‘ nzn+1 [ NO
@D rormetors [ YES‘ PN-PM vss? [ F-om | Increase Col-YES

[

/
: %??:ﬁi:‘i?f -

.|Select set with|
minimum PN

Qutput:
W;/Ly = 31um/60 nm ,
Wa/Lz = 26 um /80 nm
L =184 pH Cp=284fF
Cmax = 552 fF Cyy = 160 fF

Input Specs:
fo = 25 GHz

TR =10 GHz

PNmax = -93
Define:

Vpp=0.8 V lgias=5 MA
Input Specs: Output:
fo =15 GHz Wy/Ly = 42 um/60 nm ,
TR=9GHz W,/Ls = 46 um /100 nm
PNmax = -96 L=209pH Cy=2389fF
Define: Crax = 740 fF Cryp = 256 fF
Vpp=0.8 V lgias=3.9 mA
Input Specs: Qutput:

fo = 8 GHz Wy/Ly = 41um/80 nm ,
TR = 6 GHz Ws/L, = 44 um /110 nm
PNmax = =100 L=653pH Cy=994fF

Define: Crnax = 2340 fF  Cpyp = 509 fF

From user-defined specifications
to schematic design.

Predictive models with RMSE >
0.15

Performance error below

5% across the 5-30 GHz
frequency range.

Vpp=0.8 V lgias=4.1 mA
State-of-the-Art Comparison

Performance Metrics HFB DCO MFB DCO LFB DCO [27] [28] [29] [30] [31]
CMOS Process 22 nm FDSOI 22 nm FDSOI 22 nm FDSOI 65 nm 55 nm 22 nm FDSOI 28 nm 22 nm FDSOI
Center Frequency [GHz] 24.9 14.1 8 24 10 23.8 16.25 19.8
Tuning Range (%) 35 63.1 71.2 29 9 5 20.3 23.5
Phase Noise [dBC/HZ] -100 -101.8 -109.5 -104 -106.3 -96.6 -117.3 -112.1
Power [mW] 8.5 7.8 7.3 16.9 7.3 14.4 22.1 24

Area [mmz] 0.02 0.022 0.025 0.6 N/A 0.026 0.16 0.596
FoMr [dBc/Hz] -189.5 -191.9 -196.0 -188.6 -176.8 -166.5 -194.2 -191.7

ELAB-IC: Al EMPOWERED CHIP DESIGN
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LNA Al

User-defined

Application 13!

[

Frequency Candidate
Ranges Bands for 5G
(GHz) (GHz)

2 24.25-24.45, Frequency
25.05-2525 Input
27.5-28.35,

LMDS 29.1-29.25,
31-313
39 38.6—40
, 37-38.6,
374 2-425
5764,
60 6471
, 71-76,
70/80 31 _86

State-of-the-Art Comparison

Differential LNA Topology

ELAB-IC: Al EMPOWERED CHIP DESIGN
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LNA This”* [34]* This* [35]1 This* [36]" This* 1371 This* [38]*
Design work (2022) work (2022) work (2021) work (2018) work (2020)
TEChl'lﬂl(]gy Process Process 22 nm 22 nm 22 nm 22 nm 22 nm 22 nm 22 nm 22 nm 22 nm 22 nin
Supply (V) 0.8 0.8 0.8 0.8 0.8 0.85 0.8 1 0.8 1.6
¥ ¥ No. of Stages 1 2 1 2 1 2 1 2 1 3
. ry Q [
FEOL” Characterization BEOL™ Characterization Provided by ¥ req. (GHz) 33 328 39 39 60 60 3.3 733 o1 )2_
Wave PCELLS) (on-chip Bahms) the Foundr Gain (dB) 14.2 18.2 153 154 16.5 18.1 16.3 20 15.3 18.2
(mm P Y NF (dB) 36 3.1 35 5.6 3.7 4.9 3.9 4 44 5.8
IP; (dBm) -12 NR™™ —12.5 -14 -15.3 -21.1 —17.4 -22.8 —18.5 -22.8
IP; (dBm) -29 —8.65 -3.1 -22 -5.8 NR*™* —-8.2 -39 -9.7 NR*™*
PDK Input Ppc (mW) 22.8 13 22.8 18.5 22.8 3.6 22.8 10.8 22.8 16
s ~ rQ: ] P . P
: R T s Outputs Simulated, **Measured. ***Not Recorded.
-“‘““—_’ Initial Exploration Parameters l
e Available - - y
Opsimization [ Fresuerey Design Core ] Matching Network
l | Parameters Prediction Parameters Prediction J
Wi =Wyeyy | . Ont
No Neutralization
ln.
():S\‘:n?\‘i““ _‘()uu::::lzll:fmug_n"‘l f Baluns )
Geometries
\




| EM Extraction

PCB Controlled )
Impedance Traces

EM Field Solver

\_ Custom RF Structuresj

EM Cell Generator

ASIC LAB: Al EMPOWERED CHIP DESIGN 15



| Chip Design — RF Front-Ends

Inductance vs Frequency Quality Factor vs Frequency
-90 dBc/Hz @ 1MHz Window-Shaped 41 N
Inductor EM Characterization for 33GHz VCO _ o
I S _
in 22nm CMOS FD-SOI H g’
§ °] % -10 1
2 g
£ 5]
‘{/‘ i 201
4] — Standard W-S Inductor = Standard W-S Inductor
S 3 =~ Crossed W-S Inductor -30 1 = Crossed W-S Inductor
§ § 0 5ID 160 1 '50 200 0 5ID 1 ENJ 1 éD 200
§ § Frequency (GHz) Frequency (GHz)

Tuning Range of the VCO

34.50

Tuning range: 32.60 — 34.48 GHz

B
RO

5

34.25

34.00

33.75 1

///////////////////tfﬁfi
AL AY NS A NS ATY NI Y A S AT NS A A NS AV

- 1
Q/fgx//////////////////F/K/f///////////////// /F/

P

33.50 1

q/x?///////////////////F;b;f//////////////////ﬁb/

o

/;L///////////////////F/?/?////////////////)g(

-

33.25

Oscillation frequency (GHz)

33.00

32.75

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Control voltage (V)

ASIC LAB: Al EMPOWERED CHIP DESIGN 16



| Chip Design Activities — RF Front-Ends

2.5GHz, 5GHz and 10GHz Nested

Single-Ended LNAs with 15dB L
Gain and NF < 3dB in 22nm ]
CMOS FD-SOI

1 T 33GHz Differential LNA with

| 16dB Gain and NF < 4dB in

e I K | | 22nm CMOS FD-SOI

ELAB-IC: Al EMPOWERED CHIP DESIGN 17



| Chip Design Activities — Data Converters

28GS/s Time- I : ‘I I
Interleaved Current- ‘
Steering DAC in

22nm CMOS FD-50I

A il i i, L #.»

pracsaecsrees

1‘1,; hob

25 um

RLCk-aware
Top-level
Simulations

ELAB-IC: Al EMPOWERED CHIP DESIGN 18



Data Converters

€S —

| Chip Design Activi

12-Bit 250kS/s SAR

fal
Converterin 180nm

CMOS

igi

Analog-to-D

I IETALY
RS

,J__“,_A._._,,,

5

|

2T IR < [
S R sl

19
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| Chip Design Portfolio

Electronics Lab

Active Filters Differential LNAs SARADCs DC-DC Converters
Rail-to-Rail OpAmps Active Mixers Flash ADCs LDOs LVDS RX/TX
Constant-Gm Current-Starved Ring Current-Steering BGRs
Biasing Oscillators DACs
Current Conveyors VCOs & DCOs ReS|sIt)cKE:L:dder Power Switches
Charge-Sensitive Phase-Locked Loops High-Resolution Protecl:i\c;lt\OCircuits
Amps (PLLs) TDCs ( S)
Transimpedance Latched Voltgge/ Euient
Amps Comparators ensors
—|Custom Digital Logic

ELAB-IC: Al EMPOWERED CHIP DESIGN 20



Digital Design Suite

RTL Simulation/ Verification Xcelium/ IMC VCS/ Verdi
Formal Verification/ Lint Jaspergold VC static / Spyglass
Synthesis Genus Design Compiler
Equivalence Check LEC Formality
Power Estimation Joules Primepower
quce&ROU*e ........ lnnovus ....... ooy ey
Static Time Analysis Tempus
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Chip

Design Activities — Floating Point IPs

High-performance Floating-Point circuits, based on IEEE-754 System Verilog |
Standard Design
« Fully IEEE compliance g
« RISC-V based architecture = Y
- Single precision, half precision and all parameterizable custom precisions & Somisl vy
from float-8 to float-32 c| Functional Verification
« 400 MHz frequency @40 nm with 3-stage pipelined logic § |
Lint Check / Formal
Arithmetic IPs Rounding Modes Verification
FP multiplier FP to integer |IEEE round to nearest even v
FP division Integer to FP |IEEE round to zero Synthesis / LEC
FP adder FP to FP conversion |IEEE round to positive infinity
FP Multiply and
Accumulate (MAC) A Qanmpeieier

FP reciprocal
FP square root
FP inverse square root

18/5/2026

ELAB-IC:

|IEEE round to negative infinity
Round to nearest up @ NO
Round away from zero

Round to odd
YES
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| 2.5D Systems — Signal Integrity (Sl)

50 Ohm B Biisn ,\
Arras —() Interconnect )— Arml;, _|_ \R"/
200 % Data rate: 6.+ Gbps

450.0 3
400.0 -
35003 #

300.0 3

Silicon Interposer design and
evaluation automation
flows incorporating EM tools and
ML techniques

T T T T T
0.0 50.0 100.0 150.0 200.0 250.0 300.0

T T T
50.0 100.0 150.0 time (ps)

time (ps)
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| 2.5D Systems — Signal Integrity (Sl)

Causal and Passive S-parameter
estimation using Neural Networks

CPU Memory
|
/ Flash /Os

Interposer

18/5/2026

Causality Assurance Framework

(  Extrapolation Prediction NN

1. Input Layer (31 nodes)

Re{S} | & 2. 3 Hidden Layers (ReLU + Dropout)
31 points { 0-16 GHz) 3. Output Layer (589 nodes,
Y Predicted High Frequency

Re{Sy} (16 - 320 GHz)

"Concatenation of the

LF and HF Re{S;}

J (" Mirroring of the Re(S;} ;

To ensure Hermitian
Symmetry (Impulse
response to be real)

( Back-Propagate Error of Im(S{ij})

! . One-Sided

L FFT (Virtual v-domain)

f - — Analytic 1. Zero all negative
Causal S- treque(nsciy(«n[))omam‘ Transfer Back to Spectrum ‘ frequency Components
Parameters 4 Frequency Domain ! 2. Double the Ampiitude of
\ Re{S;} +Im {si'} (Inverse FFT) positive frequency
) 1 compontnts

TITLE

24




2.5D Systems — Signal Integrity (Sl)

Fast and accurate Sl analysis on silicon interposers with Machine Learning (ML)

nuOOnnl_;_;On

« Estimation of eye-diagram metrics by utilizihng a Deep Neural Network (DNN)

Prediction vs True for eye_maxHeight

Input Hidden Qutput
Layer Layers Layer [ ] [ ] True Values
—
— » Predicted Values
w L) 1200 1 ¢
3 - b 4
i "
Channel ] s ":_ff' X _)
Geometry 4l \}__\ — = L]
L ;< '.I " _ 2 1000 4
L — ._17\" I}:__< P M :'_J x
L _,, . f \ =
unshieided >\ {‘ .‘ ,-.- RN T Max Eye = 2 .
AT Height < .
. @ = ¢ 800 x
Vin —)-I J \ \ A ‘ﬁ' T Ma; Eye o
. PA T Width 9
(‘\ "'.'.\( "‘\ - @ ® L
Transmitter Vrise -"I"\ \1 Eye Height ]
4 f\ .I—P @ 50% -
Model & 6001 X ]
Period —»( ) /| /) & 4 L ®
x
Tx res ——| ? o L]
- 400 1 B
Metal L/
PDK thickness .
Parameters . . T T
Dielectric 0 2 4 6 B8 10 12 14
thickness

Sample index

+ Development of ML techniques and Neural Networks (NNs) to accelerate EM simulations
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