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ASIC Lab Mission

5/18/2026

Design High Performance 
Analog on top System on Chip 

Enable Artificial Intelligence 
on Custom IC Design

High Performance SoC 
Rapid Prototyping 



How will we design Analog chips in the Future?

318/5/2026

1. The Hand-crafted Artistic Way?

2. Tool Assisted “hand crafted” way?

3. AI/ML inspired way? 

https://www.fenews.co.uk/wp-

content/uploads/2023/03/Canva-AI-digital-1-

768x512.jpg 

https://blog.baruthotels.com/en/the-spectacular-life-
story-of-the-famous-artist-salvador-dali 

https://computer.howstuffworks.com/10-types-of-computers.htm 

Semiconductors Evolution : From Transistors to Wireless Applications, Automotive and AI
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Three Waves of Analog Synthesis
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Knowledge Driven

Optimizers Driven

AI/ML Driven 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. AI/ML Based

Under development![Gielen & Rutenbar
Proceedings IEEE 2000]

Semiconductors Evolution : From Transistors to Wireless Applications, Automotive and AI

Different 

Methodology 

Approaches



Baseband Analog on Top SoC
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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 

Focus on the Analog/RFMS 
blocks such as voltage 

references, LDOs, ADC/DAC, 
Baseband (Amps and filters) 

and Wireless (RX/TX)
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Analog/RFMS Blocks
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Data Converters
Analog-to-Digital Converters (ADCs)

Digital-to-Analog Converters (DACs)

Power Management Units (PMUs)
Low Dropout (LDO) Regulators,

DC-DC Converters, Voltage References,

Radio Frequency (RF) Blocks
Low Noise and Power Amplifiers

VCOs/DCOs, Mixers and Dividers

Timing and Frequency Generation
Phase-Locked Loops (PLLs)

Oscillators

Sensor Interfaces/Analog Front Ends 

(AFEs)

Operational Amplifiers and PGAs 

Integrated Filters 



Analog Design/AI Team Expertise

7ELAB-IC: AI EMPOWERED CHIP DESIGN

Analog/Mixed-Signal and RF Integrated Circuits
Chip Design

Power Management 
Systems

Data Converters

High Speed 
Interfaces

Chip Design

LNA & DCO 
Architectures

Bandgap Voltage 
References

Low Dropout 
Regulators

Design Vehicles

Artificial Intelligence and Machine Learning
Design Methodology

Reinforcement 
Learning

Neural Networks

Random Forests

Design Prediction 
Models

Bayesian 
Optimization

Evolutionary 
Algorithms

Nelder Mead

Optimization 
Frameworks

Topology 
& Specs

PDK Input

Electronics Lab



Design Data Management Control (SOS)

PDKs

180nm CMOS

130nm BCD-SOI

130nm SiGe BiCMOS

65nm RF-CMOS

45nm CMOS

22nm FD-SOI CMOS

16nm FinFET

Simulators

Spectre

SpectreRF

HSPICE

LTSPICE

NGSPICE

Physical Verification

Cadence QRC

Ansys HFSS

Ansys RaptorX

Ansys RaptorH

Ansys VeloceRF

In-House Engines

Sim. Python API

SQLITE DB

Custom RL Env.

Algorithm 
Testing Env.

Parallel Sim 
Interface

Radhard PCell 
Engine

Infrastructure

8ELAB-IC: AI EMPOWERED CHIP DESIGN



AI/ML Custom Design Engine

9ELAB-IC: AI EMPOWERED CHIP DESIGN



OpAmp AI Design

10

Performance metrics

Phase margin

Unity gain bandwidth

Gain

ICMR

Vout swing 

Slew Rate

Adjustable Parameters

Wbp

Wdiff

Wnb

Wpo

Cc

Knowledge transfer between technology nodes

ELAB-IC: AI EMPOWERED CHIP DESIGN



Bandgap AI Design

11

• 21 parameters

• 0.84 ppm final temperature 

coefficient (instead of 10)

• 12 μW power (instead of 20)

• 1260 simulations (~26 minutes)

ELAB-IC: AI EMPOWERED CHIP DESIGN



LDO AI Design

12

• 30 free parameters
• full complexity LDO design [1]
• 10 outputs
• 14 hybrid algorithm setups (including transient 

analysis!)
• 31% savings in transient analysis (~1150 sims on 

avg) compared to state-of-the art NSGA-II 
optimizer (~1660)

• State of the art specs (table below)

[1] Nikolaos Zachos, Vasiliki Gogolou, and Thomas Noulis. A fully integrated 1.8 v low-power ldo regulator with dynamic transient control for soc applications. Electronics, 
13(23), 2024.

ELAB-IC: AI EMPOWERED CHIP DESIGN



DCO AI Design

13

• From user-defined specifications 

to schematic design.

• Predictive models with RMSE > 

0.15 

• Performance error below 

5% across the  5-30 GHz 

frequency range.

State-of-the-Art Comparison

ELAB-IC: AI EMPOWERED CHIP DESIGN



LNA AI Design
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State-of-the-Art Comparison

ELAB-IC: AI EMPOWERED CHIP DESIGN



EM Extraction

15ASIC LAB: AI EMPOWERED CHIP DESIGN

EM Field Solver
Synopsis HFSS 

EM Engine
EM Extraction

Synopsis RaptorX 
& RaptorH 

PCB Controlled 
Impedance Traces

Custom RF Structures

EM Cell Generator
Synopsis VeloceRF

EM-Modeled RF Cells



Chip Design – RF Front-Ends
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-90 dBc/Hz @ 1MHz Window-Shaped 
Inductor EM Characterization for 33GHz VCO 
in 22nm CMOS FD-SOI

ASIC LAB: AI EMPOWERED CHIP DESIGN



Chip Design Activities – RF Front-Ends
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2.5GHz, 5GHz and 10GHz Nested 

Single-Ended LNAs with 15dB 

Gain and NF < 3dB in 22nm 

CMOS FD-SOI

33GHz Differential LNA with 

16dB Gain and NF < 4dB in 

22nm CMOS FD-SOI 

ELAB-IC: AI EMPOWERED CHIP DESIGN



Chip Design Activities – Data Converters

18

28GS/s Time-
Interleaved Current-
Steering DAC in 
22nm CMOS FD-SOI

ELAB-IC: AI EMPOWERED CHIP DESIGN



Chip Design Activities – Data Converters
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12-Bit 250kS/s SAR 

Analog-to-Digital 

Converter in 180nm 

CMOS

ELAB-IC: AI EMPOWERED CHIP DESIGN



Chip Design Portfolio
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Electronics Lab

Baseband

Active Filters

Rail-to-Rail OpAmps

Constant-Gm
Biasing

Current Conveyors

Charge-Sensitive 
Amps

Transimpedance 
Amps

RF/mmWave

Differential LNAs

Active Mixers

Current-Starved Ring 
Oscillators

VCOs & DCOs

Phase-Locked Loops 
(PLLs)

Mixed-Signal

SAR ADCs

Flash ADCs

Current-Steering 
DACs

Resistor-Ladder 
DACs

High-Resolution 
TDCs

Latched 
Comparators

Custom Digital Logic

Power Management

DC-DC Converters

LDOs

BGRs

Power Switches

Protection Circuits 
(UVLOs)

Voltage/Current 
Sensors

Interfaces

SPI

LVDS RX/TX

ELAB-IC: AI EMPOWERED CHIP DESIGN



Digital Design Suite

18/5/2026 ELAB-IC: AI EMPOWERED CHIP DESIGN 21



Chip Design Activities – Floating Point IPs

18/5/2026 ELAB-IC: AI EMPOWERED CHIP DESIGN 22

High-performance Floating-Point circuits, based on IEEE-754 

Standard
• Fully IEEE compliance
• RISC-V based architecture
• Single precision, half precision and all parameterizable custom precisions 

from float-8 to float-32
• 400 MHz  frequency @40 nm with 3-stage pipelined logic

Arithmetic IPs Conversion IPs

FP multiplier FP to integer

FP division Integer to FP

FP adder FP to FP conversion

FP Multiply and 
Accumulate (MAC)

FP comparator

FP reciprocal

FP square root

FP inverse square root

Rounding Modes

IEEE round to nearest even

IEEE round to zero

IEEE round to positive infinity

IEEE round to negative infinity

Round to nearest up

Round away from zero

Round to odd



18/5/2026 23

2.5D Systems – Signal Integrity (SI)

ASIC LAB: AI EMPOWERED CHIP DESIGN

Silicon Interposer design and 
evaluation automation 

flows incorporating EM tools and 
ML techniques



18/5/2026 TITLE 24

2.5D Systems – Signal Integrity (SI)

Causal and Passive S-parameter 
estimation using Neural Networks



2.5D Systems – Signal Integrity (SI)

18/5/2026 ELAB-IC: AI EMPOWERED CHIP DESIGN 25

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

methods

• Estimation of eye-diagram metrics by utilizing a Deep Neural Network (DNN)

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