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EXISTING SOC FPAA EXPERIMENTAL SETUP 



ANALOG COMPUTING IMPLEMENTATIONS SEEM EXTREMELY DIFFICULT
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Current Capabilities & 
Developing Capabilities(Lived Experience)

• Device mismatch
• Programmability?

• Configurability? (Writing a program)
• Build on multiple levels? 
• Design Tools

• Not enough computational examples
• Noise and noise accumulation
• Put elements together to compute?

• Computability theory?

Floating-Gate 
(FG) on CMOS

Analog Numerical Analysis

Field Programmable
Analog Arrays (FPAAs)

Analog Implementations Seem Hard

Compute over Reals,
Physical Computing,       Turing

Analog Architectures

FPAA targeting  & 
IC synthesis

Analog Abstraction



FPAA TOOL FRAMEWORK
Design 
!Hardware
! Simulation

Used in classes 
> 10 years

One tool framework  to 
simulate, target, and design



Analog IC Design

High-Level
Mixed-Signal
Architecture
(e.g. FPAA)

Month 6

Tapeout (.gds)



e.g. 
PyTorch

e.g. Verilog-AMS

ANALOG & MIXED-SIGNAL SYNTHESIS



DIGITAL SYNTHESIS !ANALOG SYNTHESIS
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• FPAAs & Targeting
• Analog Standard Cells
• Analog Synthesis



NEXT GENERATION ANALOG TOOLS & TARGETING FPAAS & 
PROGRAMMABLE ANALOG STANDARD CELLS

[CAS I, Hasler, et. al, 2024]
[CICC, Mathews, et. al, 2024]
[ESSERC, Ayyappan 2025]

[Ige, Yang, et. al 2023]
[Hasler & Cao, 2024]

Skywater



ANALOG PROGRAMMABILITY !FLOATING-GATE (FG) CIRCUITS

Floating-Gate (FG) circuit techniques enables 
direct solution for mismatch (VT0)  (Standard CMOS)

Program FG charge once and holds for part lifetime

Programmed to 14bit accuracy: e.g. 60μV on 1V supply

(i.e. 10 year lifetime = 10-100μV)



MOSFET TRANSISTORS ON AN IC
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Skywater 130nm nFET Data
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Magic 130nm Layout
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• Decrease FG Q !
hot-electron injection

Capacitor-Based Circuits

• Resistors and Inductors define
the circuit dynamics

• Capacitors are the natural
elements on silicon ICs

Program Charge

FLOATING-GATE (FG) CIRCUITS



ISCAS 2018

• Prog. FG biasing
• FG TA inputs
• GmC, SubVT Design
(no bank of passives)
• Configurable Design

IC design
transformed by 

programmability

Needs Programmability & 
Linearity & 
Offset compensation

Transconductance-C design

Subthreshold Centric Design

Transistor Centric Design !
Few (to 0) passives 
other than capacitors

!
Wide tuning range, 
low-power / energy

Abstract Analog Circuits

Prog accuracy not by feedback



PROGRAMMABILITY ! SIGNAL PROCESSING

17

Banks of Programmable 
(Transconductance-Capacitor) Filters

Vector-Matrix Multiplication

Matrix VectorVector

Adaptive Filters [Dugger & Hasler, 2004-2005]

Continuous Adaptation

! Hand-Developed Energy Efficient Analog ASIC ICs

Single-Transistor
Learning Synapses 
(1994)



FG ARRAY ! COMPUTE IN MEMORY

!Hand-Developed Energy Efficient 
Analog ASIC ICs

Compute in Memory (2001)



ANALOG ABSTRACTION



ABSTRACTION IS ESSENTIAL FOR ANALOG SYSTEM DESIGN
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ANALOG STANDARD CELLS & FG PROGRAMMABILITY

Tight FG arrays are essential everywhere

Tight FG arrays don’t fit a 
typical standard cell approach

SWC 4x2 cell sets the pitch



ANALOG STANDARD CELLS & FG PROGRAMMABILITY

Programmable FG Cells requires 
different routing (vertical Vtun, Vinj, Vdd)



PROGRAMMABLE ANALOG STANDARD CELLS
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PnR Islands



130NM STANDARD CELL LIBRARY Std Cell libraries fabricated in 350nm, 
180nm ,130nm, 65nm, 28nm, 16nm CMOS



TRANSCONDUCTANCE AMPLIFIERS (TA)
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130NM STANDARD CELL TEST STRUCTURE

Measure cells with minimum number of pins with minimal risk / measurement complexity



SKYWATER 130NM CMOS PROCESS



SKYWATER 130NM CMOS PROCESS



HIGH-LEVEL SYNTHESIS 
(ACOUSTIC BENCHMARK)
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130nm CMOS

130nm Cells
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SMALL ACOUSTIC CLASSIFIER

65nm CMOS

Python Definition to GDSII

Acoustic Benchmark 
(Part Case I): 

4 BPF, AmpDetect,
2 Delay, VMM+WTA
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ADDITIONAL SYNTHESIS & COMPARISON
Arb Gen (32x64) ! VMM (64 x 64) + WTA ! D-FF array (64 x 64)

350nm Cells
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ANALOG & MIXED-SIGNAL HLS 
WITH FG STANDARD CELLS

Floating-Gate (FG)  
Analog
Analog Std. Cells
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Want to read more 
on FPAAs?

J. Hasler, "Large-Scale Field-Programmable 
Analog Arrays," Proceedings of IEEE, 2020. 



ADDITIONAL RESOURCES

• J. Hasler, FPAA: History, Development, Classification: https://youtu.be/2lsz9gi8Oz8

• J. Hasler, Future of FPAA opportunities: https://youtu.be/rpSdb88ubfk

• J. Hasler & A. Natarajan, Intro Open-Source FPAA Toolset:  https://www.youtube.com/8SVdhztVroc

• J. Hasler, Historical FG Perspective, https://youtu.be/R8iV01KZch4

• J. Hasler, FPAA Enabling Physical Computing, https://youtu.be/IGzinnykZIw

Videos:

FPAA on-line Workshop: http://hasler.ece.gatech.edu/FPAAWorkshop/index.html

https://youtu.be/2lsz9gi8Oz8
https://youtu.be/rpSdb88ubfk
https://www.youtube.com/watch?v=8SVdhztVroc
https://youtu.be/IGzinnykZIw
http://hasler.ece.gatech.edu/FPAAWorkshop/index.html


PHYSICAL COMPUTING
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Further questions 
are definitely 
welcome and 
appreciated.


