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PROGRAM AT A GLANCE £ BiZH

2026 5F3H24H - $0X

10:00-20:00 SWNE R R INFF T 1F XE

2026 F3H25H - $E1X

08:45-10:15

10:30-12:00

13:30-13:45

13:45-14:15

14:15-14:45

15:15-15:40
15:40-16:05
16:05-16:30
16:30-16:55
16:55-17:20
17:20-17:45

18:00-19:00

19:00-21:00

2T 1 T2 LT3

SN 1 SN 2 SN 3
TR HRRER A B TR BT

A & B HEBS

10:15-10:30 | % &K

SEIE 4 SN 5 I 6
TRA: IS A R TR A

BXF HSE BHE

12:00-13:30 | & 4k

KESFT

ICAC 2026 FEINX & ICAC 2025 FfER S i

AERE: HER, EBXFE
AT71.5-dB SNDR 475-MS/s Ringamp-Based Pipelined SAR ADC
With On-Chip Bit-Weight Calibration
AERE: EXS, FEXE
A Fully Flexible Compute-in-memory Chip for Edge Intelligence
14:45-15:15 | % 8K

XESF2

Precision Analog
Interfaces and Sensors

BE2F1 ERT3

RF, mm-Wave and
Photonic Circuits

A BHR ERHA: K EA: a2l

w B = B %

g kB % )i

iR =55 oA

B T & mxT

T & et

ST % & B

AREESLIDIES / /
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08:30-08:55
08:55-09:20

09:20-09:45
09:45-10:10

10:30-10:55
10:55-11:20
11:20-11:45
11:45-12:10

13:30-13:55
13:55-14:20
14:20-14:45
14:45-15:10
15:10-15:35

15:45-16:10
16:10-16:35
16:35-17:00
17:00-17:25
17:25-17:50

17:50-18:15

&1

Radar and
RF Transceivers
A #HIEE
ik =2

EVA ]

F O#

ERT2
Neuromorphic Processors
and Security
FRFA: BITR
[T
E&W
B3ohiF
2aiR

10:10-10:30 | % &k

High Precision
CIM Macros
FFA: DI
K &

t h
3 B2

T4

Low-Power Edge
SoCs
FRAD F=R
KB
ZRETR
B El
szt

12:10-13:30 | & 1k

THz and mm-Wave
Transceivers

EHHA:
tA=FR
AR
B
T R

PR35

High-Speed Wireline
Interfaces
A SRIEE

FENB
& W
iR
w %l
a5

15:35-15:45 | & &k

RF Frequency Generation
Circuits
FHREA: SA=ER
S
B H
E
HRisE
F=ER

A7

Analog Circuits and
Sensors

FHA EFH
R R
=eEA
2
B
TFH
EIKAK

005

ERT3

Advanced ADC and DAC
Architectures
ERBAN: BEER

FREN1T
FFE

EIHN
B B

Resonant and Sigma
Power Converters
FFA: BRIRE

B &
B X
ERE
=R

Compute-in-Memory and
Edge Accelerators
FEFA: MEF

FE—
E5H
FF—15

RiEE

PERVELY

Power Converters and
Gate Drivers
TN ZEE
RS

BERA
PRERF
Pz
KEBE
1AfERK
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2026 F3H27H - $B3X
ERT1 BERT2 RT3

Energy Harvesting and

RF Front-End Circuits Al and Vision Accelerators .
Power Conversion

FHA: TR FHEA RER TN ERS
08:30-08:55 FRFE RS EO.
08:55-09:20 =5 % 1B X F
09:20-09:45 F = ok S ZPEEF
09:45-10:10 IT B0 EliEde S =

10:10-10:30 | % &k
Wideband RF Biomedical Edge-Al Delta-Slg.ma Modul?tors
. and Time-Domain
Transmitters Processors Converters
o N . N- =+

FFA: ERF FFA: KEE TR
10:30-10:55 & & Y A7) v 8
10:55-11:20 EZR FEW iR=27
11:20-11:45 WRIE KEElg FEF
11:45-12:10 B & NES B =

12:10-13:30 | & &
High-Speed Wireline and Precision Analog
Optical Links Interfaces and Sensors

Integrated Power and
Low-Power Systems

FHRA TR FRA: = FRA XNF
13:30-13:55 M 1 E & B &
13:55-14:20 i8R SR8 &=
14:20-14:45 ARHE 5% X = Fin¥
14:45-15:10 AXT fa B R
15:10-15:35 287 i1 FigiE B R

15:35-15:45| % &
Advanced RF Front-End Processors for High-Speed Data
Circuits Next-Generation Al Conve:::‘::srfaa Il:ssensor

FHRA: BB FRFA XFE A T
15:45-16:10 W R FRIRB% pALES
16:10-16:35 XA XK fh 5
16:35-17:00 s FiRA z =
17:00-17:25 EXfH 7 BEHR
17:25-17:50 / / ICAC 2026 FAIFRINT &

ICAC 2026 RfEFE BRI
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CONFERENCE SCHEDULE £V BIZi¥1B

2026 fF3H24H - %$0X

1F KE
10:00-20:00 FEFIR=INEFIEREY
2026 F3 H25H - ®¥1X
E2F1
1Z3)IBE 1: Computation-in-Memory Circuits Design
08:45-10:15 -
BE, REAF
BERF2

1ZiIE 2: High Performance Discrete-time Amplifiers Utilizing Time-varying
08:45-10:15 Settling Processes
EMEE, JIERERKF
BERIT3

1EiIIE 3: 1C Design Meets Piezoelectrics: Energy Harvesting and Resonator-Based
08:45-10:15 DC/DC Converters
HEBRL, A=RXHETAZF
10:15-10:30 | % &k
BERT1

10:30-12-00 1Z3)IIEE 4: Architecture and Design Methodology of Domain-Specific Accelerators
' T B/XF, dtEk¥

1ZiIEE 5: High-Speed SerDes Design
10:30-12:00

BEBE, FEKF

11k 6: Design and Research on DC-DC Converters for Computing Devices
10:30-12:00

BRE, #IKF
12:00-13:30 | &F &
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13:30-13:45 ICAC 2026 AFINT & ICAC 2025 RfEIRE MR
AEhRE: HER, EBXF

13:45-14:15 A T71.5-dB SNDR 475-MS/s Ringamp-Based Pipelined SAR ADC With On-Chip
Bit-Weight Calibration
AERE: EXS, FEXFE

14:15-14:45
A Fully Flexible Compute-in-memory Chip for Edge Intelligence
14:45-15:15 | % &k
BE2T1
RF, mm-Wave and Photonic Circuits
IFHRA BER
15:15 Advanced Optical Transmitter and Receiver Design for Short-reach Scale-Out

TALK #2.1 Interconnect Arrays

e, FEREAE
15:40 CMOS mm-Wave and THz Clock and System for Sensing and Communication
TALK#2.2 ZE03, REgA¥
A 20 500Gb/s Monolithic Silicon-Photonic DWDM PAM-4 Transceiver in 45nm
CMOS SOl
ERE, EPREXFE
A 20GHz Frequency Synthesizer with Spur-Shaping Modulator Achieving 46.2fs
Jitter and -76.5dBc Worst-Case Fractional Spur
B#M, BFRERAFE
BASS-PLL: A Bandwidth Augmented Sub-Sampling PLL Achieving A Wide
16:55 Bandwidth Above 30% of the Reference Frequency and A Worst-Case FOMREF of
TALK#2.5 -247.9 dB at 3 GHz with A Ring Oscillator
Fig, EBEKRFE
An Inherently Phase-Tunable Injection-Locked Ring Oscillator for High-Speed

16:05
TALK #2.3

16:30
TALK #2.4

17:20
TALK #2.6

Communication Systems
SR, LBREAF
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15:15
TALK #3.1

15:40
TALK #3.2

16:05
TALK #3.3

16:30
TALK #3.4

16:55
TALK #3.5

17:20
TALK #3.6

15:15
TALK #4.1

15:40
TALK #4.2

BERT2

Precision Analog Interfaces and Sensors
FIFAL KEHR

A £60mA-Inaccuracy Low-Side Average Current Sensor with
Operating-Conditions-Insensitive Control Supporting 0.1-to-3A Load Range and
Sub-100ns Sample Time for Automotive USB Charge Application
BAEE, BFREKE
From Liability to Asset: Harnessing Comparator Resolution Time for Input
Amplitude Estimation and Metastability Mitigation
LB, JERKE
A 0.4-V 32-kHz Pulse-Injection Temperature-Compensated Crystal Oscillator With
Sub-Cycle CL Modulation and DLL-Reused Temperature Sensor
FxRE, BKF
A Cryogenic Nano-Watt PVT-Insensitive CMOS Voltage Reference Operating From
4 to 300 K
F&, PERZERAKRT
A +43.3-dBm IIP3, Low-Power Transimpedance Amplifier Employing a
Switched-Capacitor Amplifier-Based Transition-Band Pole-Zero Doublets
Compensation Technique
&5, ARIEIKE
A 24-t0-27.5GHz Self-Adaptive Load-Modulated Balanced Amplifier for Integrated
Communication, Sensing and Power Transfer Scenarios

KRB, REKRF

Al Accelerators and DSA
FRA B

A 14.08-t0-135.69Token/s ReRAM-on-Logic Stacked Outlier-Free
Large-Language-Model Accelerator with Block-Clustered Weight-Compression
and Adaptive Parallel-Speculative-Decoding
B5, WIIKF
BayesBB: A 9.6-Gb/s 1.61-ms Configurable All-Message-Passing
Baseband-Accelerator for B5G/6G Cell-Free Massive-MIMO Systems
I, REAKFE/RELSENE
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16:05 A 0.00022mm2/electrode 1024-Channel Sparsity-Aware Neural Interface with

CIM-Based PredictiveFocused Sampling for Hotspot Spike Tracking
TALK #4.3

w7, BEHKE
16:30 Generative Al Accelerator Design for Visual Autoregressive Model
TALK#4.4 BXF, tRKF

A Potts Machine With Coefficient Reuse Strategy and Successive Boundary

16:55
Approximation Annealing for Multi-State Combinatorial Optimization
TALK #4.5 . s
RER, HRXF
1720 A Hierarchical-Hybrid Floating-Point Compute-in-Memory Macro Using FP-DAC
' and FP-ADC for Edge-Al Devices
TALK#4.6
BH, ®IKFE
BE=2fF1
18:00-19:00 HIEREHEFLIXIDLLES
ERT3

19:00-21:00 24 BIRET
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08:30
TALK #5.1

08:55
TALK #5.2

09:20
TALK #5.3

09:45
TALK #5.4

08:30
TALK #6.1

08:55
TALK #6.2

09:20
TALK #6.3

09:45
TALK #6.4

2026 £F3H26H - $2X

BExT1

Radar and RF Transceivers
A HHIEE

A 1.6-t0-3.8GHz Reconfigurable FMCW Radar SoC with 81.5% Relative-Bandwidth
PLL for Real-Time Life Detection in Disaster Response
K=, tRM=MEXKZFE
Self-Interference Cancellation in Millimeter-Wave Automotive Radar Receivers
rEg, HEARRAE (M)
A 128mW 2@ 4 Radar-on-Chip with Forward- M DPLL-Locked Multi-Injection
RTWO in 22nm CMOS Enabling ADC-Free Digitization and PS-Free Beamforming
Demonstrated in In-Cabin Vital-Sign Monitoring
#irlE, PFEREREAKZE
A NearLink 2.0 Compliant Dual-Band RF Transceiver for Smart Wireless Personal
Audio Applications
FHi, EFFINRERZFR

Neuromorphic Processors and Security
FHRAL BETR

ANP-OT: A 0.17nW/Synapse 0.46pJ/SOP Neuromorphic Olfactory Processor with
On-Chip Transfer Learning for Non-Invasive Cross-Hospital
Cross-Pulmonary-Disease Diagnosis
BRAT, BEKRE
A 28-nm Computing-in-Memory Processor With Zig-Zag Backbone-Systolic CIM
and Block-/Self-Gating CAM for NN/Recommendation Applications
E&W, PERFRHNEFHARFR
Enabling Energy-Efficient Homomorphic Encryption Evaluation via
Programmable In-Situ Computing
Tshi¥, BEKRE
SpikeRAM: A 48.1pW/Synapse/Bit Event-driven Spiking
Compute-Near/In-Memory Processor with Neuromorphic Sensor Enabling
Life-Long On-Chip Learning
2E%R, FARRXE (M)

011
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08:30
TALK #7.1

08:55
TALK #7.2

09:20
TALK #7.3

09:45
TALK #7.4

10:30
TALK #8.1

10:55
TALK #8.2

11:20
TALK #8.3

11:45
TALK #8.4

BERT3

Advanced ADC and DAC Architectures
FRA BEFRR
Reasons for "Not" Engaging in Analog-to-Digital Converter Research
BREN1T, HITKZF
A 16-bit 10-GS/s DAC Achieving >67dBc SFDR and <-77dBc IM3 up to the Nyquist in
28nm CMOS
FFE, BEKRE
A 5-MS/s 16-bit Low-Noise and Low-Power Split Sampling SAR ADC With Eased
Driving Burden
EIEW, ERNEBARFR
The Renaissance of Common-Gate Amplifiers: A High-Linearity Resistive-Input
Pipe-SAR ADC Enabled by Continuous-Time Floating Charge Transferrer
1|Eg, FEKXRF
10:10-10:30 | % &k

High Precision CIM Macros
FEA BIR

A 28-nm 88.3-TFLOPS/W POSIT-Approximate-Calculation-Based Digital
Computing-in-Memory Macro Incorporating Final-Cycle Fusion and Joint
Skipping
Ks2, PERIFRNEFHATFR
RAC-NAF: A Reconfigurable Analog Circuitry for Nonlinear Activation Function
Computation in Computing-in-Memory
Hh, mRKF
A 28nm 127.54TFLOPS/W MXFP6 and 117.42TFLOPS/W MXFP8
Compute-in-Memory Macro with Adaptive-Preserved-Bit-Width and
Serial-Dual-Bit-Sliding Schemes
BE, REAF
AFP-CIM: All-Inclusive Floating-Point With Segmented Compute-in-Memory
Macro
TR, RIKE

012
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BERT2

Low-Power Edge SoCs
FRFA =R
SharpSAT: A Heuristic-Learning-Based SAT Accelerator Achieving 0.8(s/16.1(s

10:30
TALK #9.1 Solution Time in SAT/UNSAT Cases
T kEg, BEAE
10:55 A 174/756-nW 6-Class Keyword Spotting ASIC With Delta/Successive-
' Approximation Dual-Mode Quantizer
TALK#9.2 _ L
IR, LBRRBAFE
11:20 A 65nm 0.066pJ/bit Floating-Latch-Based True Random Number Generator
) Resilient to Power-Noise Injection Attacks
TALK#9.3 s N
FEl, PERFRMEFHRRFR
11:45 A Heterogeneous TinyML SoC With Systematic Minimum Energy Searching and
' Management for Keyword Spotting
TALK #9.4 . o
B2, ItRKF
BERT3
Resonant and Sigma Power Converters
FHRFA: BRERE
10:30 A Galvanic Isolator Achieving 117-Mb /s Forward Data Transfer in the Presence of
TALK.#10 ) 181-kV/{s Common-Mode Transient Interference
BB, EmEmAR
10:55 Maximum-360MHz Coupled-OSC-based Converters Achieving 89.5% Peak
TALK.#10 5 Efficiency
TR, BIIKE
11:20 A Compact 4Vin 93.4%-Peak-Efficiency 12A Load and 20mV Undershoot Resonant
' Sigma Converter with PCB-Embedded Converter-on-Substrate Packaging
TALK #10.3

BRE, #IKFE
11:45 5-1V DLDO-SC-MConverter
TALK #10.4 ZE8, mAREKXF
12:10-13:30 | 4 fk

013
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BExT1

THz and mm-Wave Transceivers
FIFAL IBE
A 140GHz Full-Duplex CMOS Transceiver with Metasurface-Integrated Self-
13:30 Interference-Cancelling Antenna Supporting 16Gb/s 16QAM Dual-Mode
TALK#11.1 Bidirectional Communication
tA=FR, REKFE
13:55 Integrated Transceiver Chip for Terahertz Communication and Sensing
TALK #11.2 FIBIR, R@AZF
A 436-t0-472GHz 4-Element IF Beamforming Phased-Array Receiver in 65nm

14:20
TALK #11.3 cMos
TR, EBEmAY
14:45 THz-TSI: A0.33pJ/b 264Gb/s Through-Silicon Interconnect Module for 3D
' Integration Utilizing Terahertz Coupling
TALK#11.4 "
IR, EBEX¥
15:10 A 200-to-350GHz broadband SiGe BiCMOS Frequency Doubler with Slotline-Based
' Mode-Decoupling Harmonic-Tuning Technique
TALK #11.5 - s
MR AE, BEXF
BERFT2
High-Speed Wireline Interfaces
FHEA: HHIEY
13:30 A 112-Gb/s PAM4 SBD Transceiver with Mismatch-Compensated 2xVDD Hybrid
| and Two-Step Echo Canceller
TALK #12.1

B, ARBARE
A 72Gb/s/pin Single-Ended Simultaneous Bi-Directional Transceiver with
13:55 C-Peaking Leakage Cancellation and Dual-Loop Hybrid Impedance Calibration for
TALK #12.2 Chiplet Interfaces
BN, AARRKE
A 47.0Tb/s/mm 112Gb/s/pin PAM4 Single-Ended Transceiver Featuring
14:20 4-Aggressor Crosstalk Cancellation and Supply-Noise Tolerance for Short-Reach
TALK #12.3 Memory Interfaces
iR, EBRAF
Recent Research Progress on the PLL and CDR Forwireless/Wireline

14:45
TALK #12.4

Communication
ikEl, HERFERESEHRER
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A 21.6fsrms-Jitter, -260.7dB-FoM Fractional-N PLL Enabled by an Intrinsically

15:10
Linear Variable-Slope SPD for Quantization Error Cancellation
TALK #12.5 e
fRIg%E, EBXE
Ik
Compute-in-Memory and Edge Accelerators
FEHA MEH
13:30 A 28nm 47.3TFLOPs/W 894mJ/inference Visual Autoregressive Accelerator with
' Differential-Amplifier Speculation and Chain-Reaction-like Parallel Generation
TALK #13.1 . s
FE—, FEXF
13:55 A 12nm 4Mb INT/FP4 Charge-Trap Transistor-Based Computing-in-Memory Macro
' Using Analog-Predict-Digital-Compute for Al Edge Devices
TALK #13.2 e . N
£25H, PERFRMEBFHARHA
14:20 Hybrid SRAM/ROM Compute-in-Memory Architecture for High Task-Level Energy
TALK.#13 3 Efficiency in Transformer Models With 8928-kb/mm? Density in 28nm CMOS
TOBIS, EEAE
14:45 A 22-nm 109.3-t0-249.5-TFLOPS/W Outlier-Aware Floating-Point SRAM
' Compute-in-Memory Macro for Large Language Models
TALK #13.4

KiEH, EBEXF
A 28nm 106.85TOPS/W and 77.68TFLOPS/W CIM Macro with Stage-Wise-Enabled
15:10 Lossless Compressors Based on Sign-Bit-Embedded Transition-Counting-Lines
TALK #13.5 for Edge-Al Devices
BiIR, ATBEFREAZF
15:35-15:45 | %% &%

RF Frequency Generation Circuits
A tA=FA
A 14GHz Chopper-Refolding Sampling PLL Achieving 33.8fsrms and 80.8dBc
Reference Spur with a kT/C-Noise-Cancellation SPD
Fik, FEKF
16:10 Multi-Reference PLL: Theory and Implementation
TALK #14.2 3BfH, BEKFE
A 14GHz Ring-Based 3rd-Order Fractional-N PLL with 164fsrms Jitter and a
100MHz Reference
wmERE, FAREXE (M)
17:00 A PLL Technique: Charge-Steering Sampling
TALK #14.4 #RisHE, DERERAKE

15:45
TALK #14.1

16:35
TALK #14.3

015
\\\\ tE- s I



17:25
TALK #14.5

17:50
TALK #14.6

15:45
TALK #15.1

16:10
TALK #15.2

16:35
TALK #15.3

17:00

TALK #15.4

17:25
TALK #15.5

17:50
TALK #15.6

15:45
TALK #16.1

16:10
TALK #16.2

A Low-Jitter mm-Wave Fractional-N Sub-Sampling PLL Using a Polarity-
Reversible SSPD for DTC Range Reduction

FER, BKF

A 17.9-t0-22.4GHz 195.6+1.3dBc/Hz FoM Quad-Core Class-F-1 VCO Featuring
Improved Synchronization Using a Circular Pentafilar Transformer-Based Tank
%, BIKF

BERT2

Analog Circuits and Sensors

FRAD EFFH
Energy Efficient Amplifier for Driving Large Capacitive Loads
RE, #IKF
A 140-dB Single-Exposure Wide-Dynamic-Range CMOS Image Sensor Combining
LOFIC and Selective Overflow Technology
SEBE, XEKXRF
A Battery-Free Wireless Electrochemical-Interface SoC Featuring 143dB Dynamic
Range for Multimodal Wearables
B8, #IKF
Energy-Efficient and Environmentally Resilient Transceivers for Body Channel
Communication
42, EBREARF
Energy Efficient Sensor Interface for Digital Microphones
TFH, MWIKF
A 1289 96 Multimodal Flash LiDAR SPAD Imager with Object Segmentation
Latency of 18(s Based on Compute-Near-Sensor Ising Annealing Machine

=ik, EERF

BERT3

Power Converters and Gate Drivers
FIFA: 2B
A Light-Load Optimized Dual-Output Fly-Buck Converter With an Implicit
Feedback of the Isolated Output
BRK, mARRKE
A 24V-to-20V Isolated DC-DC Converter using a Transformer-Based Supply-
Generating Technique

BERT, PERFRAKE

016
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A Closed-Loop EMI Regulated GaN Power Converter with 500MHz-Sampling-
16:35 Bandwidth In-Situ EMI Sensing and 9kHz-Resolution Global Excess-Spectrum
TALK #16.3 Modulation
PRERE, EEXF
A Condition-Insensitive Active SiC Gate Driver With On-Chip di/dt and dv/dt

- ALl}Z::fsA Sensing for Targeted Slew Rate Control
AFEH, BFRRKE
17:25 An Adaptive Three-Stage GaN Gate Driver With Peak Miller Plateau Voltage
TALK #16.5 Tracking and Voltage Tailing Suppression for 36.4% Switching Loss Reduction
KiEE, EPREKFE
17:50 A Multi-Phase Hybrid Converter with Q Samplers Enabling Simultaneous IL
Auto-Balance and Arbitrary Phase Count
TALK #16.6

BIER, BIIKF

017
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2026 £F3H27H - $3X

BExT1

RF Front-End Circuits
FEA Tifl

08:30 Reflectionless Blocker-Tolerant Mixer-First Receivers for 5G-Advanced/6G FR3

TALK #17.1

Communications
ERTE, XEXRF
08:55 Design Practices of a 5G NR FR2 Low-noise Amplifier and a FR3 Power Amplifier
TALK #17.2 ZM5, XEXRF
09:20 Ultra-Wideband Miniaturized RF Amplifier Integrated Circuit Design
TALK#17.3 FE=, EBX¥

09:45 A Multi-Band RF Transmitter Employing a Transformer-Based N-Path

TALK #17.4

Switched-Capacitor Modulator for CIM3 Suppression
TTBEN, HFLKF

Al and Vision Accelerators
FRAD RER
08:30 CNN Accelerator Featuring a Memory Stationary Dataflow
TALK #18.1 [FiZHIE, RIIKFE
A 10 000-Inference/s Bio-Inspired Spiking Vision Chip Based on an End-to-End

08:55
SNN Embedding Image Signal Enhancement
TALK #18.2 o N
T8, PENFRFSEHARAR
09:20 HYDAR: A 390K QPS, 1574K QPS/W Hybrid Analog/Digital Compute-in-RRAM
. Accelerator for Efficient Recommendation System
TALK #18.3 s e
WEME, FEKRF
09:45 A 1286fps 0.39mJ/Frame Modeling/Rendering Unified 3D GS Processor with
' Locality-Optimized Computation and Reconfigurable Architecture
TALK #18.4

HIRF, BEXF

018
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BERT3

Energy Harvesting and Power Conversion
RN BRA

08:30 A Three-Mode Single-Inductor Four-Quadrant Converter Achieving 94.6% Peak

Efficiency with Seamless Zero-Crossing
TALK #19.1

B, mRAE
08:55 120V/230V Non-Isolated AC-DC Converter with High Power Density for loT Devices
TALK#19.2 XIF, FBHXKZFE (R
09:20 Piezoelectric Energy Harvesting: From MPP to MPPT
TALK #19.3 ZFEF, PUKF

09:45 A Multi-Coil Scalable Energy-Shared Wireless Power Receiver Network for

Distributed Time-Division-Multiplexing Somatosensory Cortex Stimulation
TALK #19.4

g1, FEXF
10:10-10:30 | % &%

Wideband RF Transmitters
FRFAD EIHFE
10:30 Wideband Digital RF Transmitter Design
TALK #20.1 &89, EBX¥
10:55 Digital-RF Transmitter for mm-Wave Application
TALK #20.2 %, FIKE
A 0.6-t0-0.9GHz, 28.06dBm Pout, 43.73% SE, 6-Phase Switched-Capacitor Power
11:20 Amplifier Using In-Cell Digital Waveform Synthesis for the 2nd-, 3rd-, and 4th-
TALK #20.3 Harmonic Suppression
BRE, FINKFE
A 4.5-t0-7.2GHz Beyond Rail-to-Rail Output SCPA with 27.9dBm Pout and 46.2%
DE at 5.1GHz Using Periodic Voltage-Pacing Network
AR, F®INKEF

11:45
TALK #20.4
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BERT2

Biomedical Edge-Al Processors
FRA KEE
10:30 Collapsing the Vision Stack: Ultra-Efficient Analog Intelligence for Edge Al
TALK #21.1 #k$5, EHRKRKSF
A Patient-Independent Prototype-Based Spatio-Temporal CNN Processor with
10:55 Forward-Inference-Based Adaptation for Robust and Low-Latency Seizure
TALK#21.2 Detection
FEH, BARKKE
A 28-nm 239-bp/CJ Agile Pangenome Analysis Accelerator for Multi-Scheme Read

20
appin
TALK #21.3 PP g
RELE, BFEKXRFE
11:45 A High-Accuracy and Ultra-Energy-Efficient Cardiac Arrhythmia Classification
' Processor for Wearable Intelligent ECG Monitoring
TALK #21.4 Y . -
NER, BFRERKF
ERT3
Delta-Sigma Modulators and Time-Domain Converters
FiIFA: AR
10:30 A Power-Efficient Jitter-Insensitive Wideband 1-bit CT- MADC with Direct Charge
' Dump Feedback
TALK #22.1 .
v, BLEXF
10:55 A 25.8% 3u/{-Accuracy, 0.12%/ £ Temperature Drift Sigma-Delta Modulation
' Calibrated Pseudo-Resistor With GX to TZ Tuning Range
TALK #22.2

st 5, LBBKRE
A Multi-Event, 7.9-ps Resolution Time Amplification-Based TDC With an Ultra-
11:20 Low Static Phase Error DLL Using Interpolator Recycling Technique for dToF
TALK #22.3 Applications
FEF, AREFREAF
11:45 Time-Interleaved™ MADC for Broadband Wireless Applications
TALK #22.4 =, LEBZEKRFE
12:10-13:30 | & 4K
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BExT1

High-Speed Wireline and Optical Links
FHFAL TR
13:30 Monolithically Integrated DWDM Si-Photonic Transceiver for Chiplet Optical I/O
TALK #23.1 #Bt@, PERFREFSAHARFR
Exploring the Speed Limit of Planar CMOS Processes: A 240Gbps 0.7pJ/bit Analog
Efficiency PAM4 Transmitter in 65n CMOS Process
RBE, FEXF
14:20 A 112-Gb/s PAM-4 Retimer Transceiver
TALK #23.3 #fhB5&, PERIFRHEFHAZFR
A 16Gb/s/pin 0.51pJ/bit Single-Ended NRZ Transceiver with Distributed
14:45 Dual-Loop VDDQ Ripple Compensation and Dynamic Clock Duty-Cycle Calibration
TALK #23.4 for Memory Interfaces
IXT, EBXRF
Compatibility and Testability Techniques for High-Speed and High-Density

13:55
TALK #23.2

15:10
TALK #23.5

Interfaces
R, ARBEFREKXE

Precision Analog Interfaces and Sensors
A 8=
13:30 Capacitively-Biased Diode Technique and Its Applications
TALK #24.1 B9, BATBEFRZAF
A 1ppm/°C and *=0.066% 3 Accuracy Bandgap Reference with Temperature-

13:55
TALK #24.2 Adaptive PTAT Scaling
SR8, ERMEXF
14:20 PWM-Based Impedance Boosting Technique With Autonomous Background
TALK #24.3 Calibration for VCO-Based Neural Front Ends
g, LBRBERF
14:45 A Wire-Metal-Based Temperature Sensor With a Fractional-Discharge FLL and V2T
TALK #24.4 Converter Achieving 45-fJ K2 R-FoM in 28-nm CMOS
a8, N'&ILdXF
15:10 A 0.6V 9.4CW 1,892¢ m2 Current-Pulse-Injection Crystal Oscillator Featuring
Capacitively Biased Amplifier with 242.2dBc/Hz PN FoM @1kHz Offset
TALK #24.5

FigkE, HIKF
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BERT3

Integrated Power and Low-Power Systems
FRA XTI

13:30 A 100A LLC Resonant Converter with an Embedded Primary-Current-Extracted

Regulator
TALK #25.1

2, PERFERAKE
13:55 PVT-Robust Wide-Band Backscatter Modulator for Ultra-Low Power loTs
TALK #25.2 ZH#, EFKE
A Battery Charger Based On Mesh-Connection 2@ CF Continuously-Scalable-

14:20
Conversion-Ratio Converter Achieving 3.2W/mm3 Power Density
TALK#25.3 _
EiZT¥, BIKF
14:45 A 2.5-5V Input 100V Output 86.2% Peak Efficiency Fibonacci-Dickson Hybrid
' Converter for Acoustic Surface Audio Driver
TALK #25.4 .
HAER, AARHRKE
15:10 An Inductor-at-Middle Hybrid Buck Converter with Shared Power-Signal Path for
' Distributed Vertical Power Delivery
TALK #25.5

BRIE, FEKXF

15:35-15:45 | %% &

Advanced RF Front-End Circuits
FRAL BB
15:45 Design of 25-31GHz Power Amplifier and True Power Detection in 40nm CMOS
TALK #26.1 ¥¥&, EBEKX¥
A Compact 26/38GHz-Reconfigurable Dual-Band LNA Using Transformer-Based
16:10 Pole-Zero-Inversion Image-Rejection Technique Achieving >39/41dB IRR for 5G
TALK #26.2 Multi-Band Applications
X7, MMEBFREIRAE

16:35 K-/Ka-Band Down/Up Frequency Converter Chipsets for Phased Array SATCOM

TALK #26.3

Ground Terminals

[HS, REKF

Ultra-Broadband Self-Compensated Vector-Modulation Phase Shifter With Over
100-GHz Bandwidth

BXE, FEAAE

17:00
TALK #26.4
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BERT2

Processors for Next-Generation Al
FHRAL XFE
15:45 Scalable Compute-in/near-Memory Systems with 2.5D/3D/3.5D Integration
TALK #27.1 [FRiBBR, EEXY
A 51.6C J/Token Subspace-Rotation-Based Dual-Quantized Large-Language-
16:10 Model Accelerator with Fused Scale-Activation INT Datapath and Rearranged
TALK #27.2 Bit-Slice LUT Computation
XK, FREAKF

16:35 A Multicore Programmable Variable-Precision Near-Memory Accelerator for CNN

TALK #27.3

and Transformer Models
FRA, REBEIKRE

17:00 A 28nm Speculative-Decoding LLM Processor Achieving 105-t0-685( s/Token

Latency for Billion-Parameter Models
TALK #27.4

), FEXF

High-Speed Data Converters and Sensor Interfaces
FIFAL IXT
15:45 Continuous-Time Pipelined Delta-Sigma ADC With DAC Image Prefiltering
TALK #28.1 &R, BIKF
A CMOS Hybrid Common-Gate Current-Integrating Sampler with >37dB SNDR
Across 51GHzBW in a 128GS/s Front-End
5, BEKRF
16:35 A 14b 20GS/s RF-Sampling DAC Achieving 70.4dBc IMD3 up to 8.9GHz
TALK#28.3 F R, RIIGFHHBFRABRAE
17:00 High-Performance Time-Domain Capacitance-to-Digital Converters
TALK #28.4 BEFIR, ItmKF

16:10
TALK #28.2

17:25-17:50 ICAC 2026 FEINT & ICAC 2026 R{EF L BRI

023

2026%3825—27H EElERlms] =




PLENARY TALK HEAXEIRS

2026 £3H25H - £1X
RKEZT

Talk #1.1/13:45-14:15

AER, B EEXFHR. 8% FUTFHERFRAKRE, KIERARLEFEIFMR(ETHZ)E
FIRRRGELFUG, FAFEE—(UBLIEMRARBSHEETESIHIEETE, HEAKGHRE
MEE R, AERBIZ KM ERIAER B IHSAE N BIRIAAMEAET LIE, HABERESFT 50 281H
T 300 ZRMWL, EFRNEBTFERMEMLLR, HRESEMBRMFIANILIHTHHAR, ETBIR
BEMAFEAMR. ERFAILX 300 RFE, LRVPEFTEEHREN GIEVRALSHHM RISC i
i) MBFALARAEE (RIMNEREBERZAMIZIT) o FE 2011 £/ 2019 FEAERERE RS VIEFE
REEF, 2016-20191SSCC EFERSER, A JAFEREGEMNBERERERIETRES,

A 71.5-dB SNDR 475-MS/s Ringamp-Based Pipelined SAR ADC With On-Chip Bit-Weight
Calibration
This paper presents a single-channel 13-bit 475-MS/s pipelined successive-approximation register (SAR)
ADC. To achieve energy-efficient residue amplification, a ring amplifier (ringamp) is exploited in this work
with optimized bias scheme and common-mode feedback (CMFB). The inter-stage gain error, mainly due
to the finite gain of the ringamp, is calibrated in the background through the proposed
auxiliary-latch-based dithering and separate-averaging algorithm. This calibration achieves a fast
convergence requiring only 4096 dither-injected samples to be averaged. The DAC mismatch is calibrated
by reusing the gain-calibration circuit in the foreground. Fabricated in a 22-nm CMOS process, the ADC
consumes 9.93 mW at 475 MS/s and achieves a peak SNDR of 71.5 dB, yielding a Schreier figure of merit
(FOMS) of 175.3 dB and a Walden figure of merit (FOMW) of 6.8 fl/conversion-step. The interleave

multi-channel ADC will be presented too!
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PLENARY TALK HEAXEIRS

2026 £3H25H - £1X
RKEZT

Talk #1.2 / 14:15-14:45

RIEXRFE

XL, B8R, BERZEEHERAZREIRK, ERAUFTEEEREFTE, KIFEREHRIE, IEEE
Fellow, 2003 FiRIBEBERFEMEBRFRE (MBFA) i, 2011 £F 2012 FHEEMEEAF
KFSRHE, EER, HKEERBARNFERES. RRBESMLIT. BEREARKREHNEZHE
REERHRTE, ME—RINAFEEZEMTZMNERARR. TERRVAANEENABTFRME. Sh5
R, BiE: Bt RBSERENRY, FUEREBMG. CHERYE, —HRBFRHETHF. ZE
AN EEZARATMEINARIEX 750 RFE, 831F Nature. Nature Electronics. Nature Machine
Intelligence. Nature Communications. Science Advances. IEEE Electron Device Letters. IEEE
Journal of Solid-State Circuits. IEEE Transactions on Electron Devices. |IEDM &, # Elsevier %
TR “DEKAEESWEIFE” . HEDINLEAEF 70 R, 1BE/GE IEEE BFRHFREIEE (RE
KEER) « BB FIRIAEAFEARAZIN IEDM HiZE (FEKEER) . IEEE BFRGFIBEERS
IFE (PEARER) « FEMKARERFSIEPE. IEEE EDS Distinguished Lecturer. IEEE EDTM
Z. IEEE Journal of Electron Device Society 48Z. IEEE Transactions on Nanotechnology 4Z. (&
ERlZE: EE8E) FEFFAER,

A Fully Flexible Compute-in-memory Chip for Edge Intelligence

Flexible electronics, coupled with artificial intelligence, hold the potential to revolutionize robotics,
wearable and healthcare devices, human-machine interfaces, and other emerging applications. However,
the development of flexible computing hardware that can efficiently execute neural-network-inference
tasks using parallel computing remains a substantial challenge. Here we present FLEXI, a thin, lightweight
and robust flexible digital artificial intelligence integrated circuit to address this challenge. Our approach
uses process-circuit-algorithm co-optimization and a digital dynamically reconfigurable compute-in-
memory architecture. Key features include clock frequency operation of up to 12.5 MHz and power
consumption as low as 2.52 mW, all while achieving subdollar-per-unit cost and an operational circuit
yield of between approximately 70% and 92%. Our circuits can perform 10710 fixed and random
multiplications without error, withstand over 40,000 bending cycles and maintain stable performance for a
period exceeding 6 months. A one-shot on-chip neural network deployment eliminates the power
consumption and latency associated with sequential weight writing, achieving up to 99.2% accuracy in
temporal arrhythmia detection tasks on a single 1-kb chip. In addition, FLEXI demonstrates over 97.4%
accuracy in human daily activity monitoring using multimodal physiological signals.
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TUTORIAL RIS

2026 F3825H - 1%
ER2T1

08:45-10:15

BE, RAEAFEHER, B1XESRIN, BEREFTEAL, EEFTEFE, REFFFE. NEFTEE—HK
Al Rigit, RiTAREMBETNEKFSNEHTI 60 RE, 85 17 BOHRRMIERSINIEX ISSCC,
11 REMHERIT JSSCo EFZHEREHDEMABIE, BB EBEFHREFRMITTTRIV IEDM,IFHE
SHBEBEIN A-SSCC FEFREI TPC,

TUTORIAL
Computation-in-Memory Circuits Design
Computation-in-memory (CIM) has emerged as the most promising solution to the memory wall
bottlenecks. The training and inference of LLMs bring new challenges and requirements beyond
conventional memory hierarchical structures. This tutorial will introduce the latest CIM solutions for CNNs

and Transformers, including floating-point and hybrid CIM designs.
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2026 £3H25H - £1X

ERT2
08:45-10:15
KRB
fEmEAE

EMER, F 2014 FHRBEBREMEFERFLEN, 2019 FREEERFHAZFRICTORBS ST
BN IEELTR0,. MEFEARFERBRFRIERE. ELESIT. ARARASSESE ADC. &)/
BEES IC KT, SEEARSBIZORMEGERS, EREEMRNAHTISSNAREITITFHEIEX 60 RiE,
HAP4E 20 5 ISSCC #1 20 i% JSSC e, HEATMIRGZURE, @1 2024 F IEEE CICC AEFE
X GENMEE) . 2023 £ IEEE ISSCC Anantha P. Chandrakasan AHHERIEXE GBIAESE) .
2018-2019 £F IEEE BEISBEFRIELMMREE, Zi8FE ACM/IEEE DAC IARAZEGZEM 5, IEEE TCAS-I
Fl4miE. IM$E(E ICAC Workshop TPC XfE, HEERTF IEEE CICC RAZR R,

TUTORIAL

High Performance Discrete-time Amplifiers Utilizing Time-varying Settling Processes

As a key component of discrete-time ADCs, the discrete-time amplifier often serves as a pivotal
determinant of the system's noise and power efficiency. The presentation will start with an overview of the
trends and trade-offs associated with various amplifier configurations. It will particularly emphasize the
evolution of traditional amplifier designs, where there has been an interesting shift towards leveraging
multi-phase time-varying process. This shift aims to accelerate the settling and relax the stringent
bandwidth demands. Subsequently, the talk will discuss some popular examples, including the latest
developments in ring-amplifier technology and different variants of floating inverter amplifiers.
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2026 £3H25H - £1X

ERT3
08:45-10:15
HEE
F=RRXBEIRE

HBR, F=RXFBETIAZE (TU Delft) MEBFREIZKE. KELIHKZE (University of Cambridge)
BFIEEL, ZEMMAEARFSK (UCBerkeley) E1E. FEMRABNSEKEFEIRERB
B5RY, HSEERE. THRESEMUNEMRZE DC/DC WEEHRIE, IE I1ISSCC. ESSERC FEPR
FWEAREFZRS (TPC) EXRo

TUTORIAL
IC Design Meets Piezoelectrics: Energy Harvesting and Resonator-Based DC/DC Converters
Piezoelectrics are increasingly used in integrated circuits both for kinetic energy harvesting and
piezoelectric resonator-based DC/DC conversion, giving rise to two distinct yet closely related circuit
design domains. This tutorial provides a circuit-design-oriented overview of ICs based on piezoelectric
devices, covering key challenges and solutions in both piezoelectric energy-harvesting interfaces and
piezoelectric resonator-based DC/DC power converters. The tutorial highlights representative circuit
techniques and design trade-offs when interfacing piezoelectric devices with integrated circuits,
illustrated through selected state-of-the-art examples. The goal is to provide practical insights that can

guide IC design across a wide range of applications and operating conditions.
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2026 F3825H - 1%
ER2T1

10:30-12:00

EREKF

BXF, tRAFENBRARIEHR/MAG. BREFEFE, ERKFEMBRIGTREIEE, SE
SENEFEE—MFAISRCHIERTERKLEEREE. XEFRILAFEL, HHEXFELRE, siRHE
IEEAFENEMREIR, ARMENBFEMBRIZHS Al SHITESZEM, £ “CHREMLREZIN 1ISSCC
S UIEM SN A RIEX 80 KRR, NEEREFFAL,

TUTORIAL

Architecture and Design Methodology of Domain-Specific Accelerators
Domain-specific accelerator chips have become a significant trend in chip design in recent years. This
report will present the cutting-edge development trends by analyzing ISSCC cases, such as
near-memory/in-memory computing, Chiplet-based heterogeneous integration, and dedicated
computing unit design. The report will also introduce the advancements from design methodology
perspectives, covering technologies like agile design methodologies and Al-assisted automated design.
The report will reveal that domain-specific chips are rapidly evolving towards a deep integration of

"architectural specialization" and "design automation."
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2026 £3H25H - £1X
BT 2

10:30-12:00

BBE, FEAFENBRFREIHER. TEMRRARASERTEROMEEZRK/ XML LRI, &
¥E. BEBITHEO. D2D BiEEN. ZXKFEER. HXKETLWAN. FMCW &ixF. (FARRAEE
PHREE R &It EREARFESERRANE, BAFARFABFTIMNERFAZINILN 100 £,
B$E ISSCC. JSSC. TMTT. CICC FEMHERIHTIAFAZNSFARET,

TUTORIAL

High-Speed SerDes Design
High-speed Serializer/Deserializer (SerDes) is a core enabling technology for high-bandwidth
communication systems, with its rapid evolution from 200G to 400G posing numerous critical technical
challenges. Key functions in high-speed data links, including data serialization/deserialization, clock data
recovery (CDR), adaptive equalization, and noise suppression, directly rely on high-performance SerDes
circuits. High-speed SerDes design is a cutting-edge topic in integrated circuit design, covering
mixed-signal circuit implementation, digital signal processing algorithms, and system-level optimization.
This tutorial will cover SerDes circuit design from basic concepts and design skills to the latest progress

and innovations.
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2026 3H25H - £1X

HE2T3
10:30-12:00
RBh
IKF

BAE, MIXFERBRFRER, BLERM, BREFFEAL, BLEIVTHERFRAR, 2008
FE 2017 FRIMTHE LG AAMBEMERMATIE, BEIREM. FRIEM. JEITRIM; 2017
FERMNCIAFALEES, KEMNFHIRESENBERIZTAXARIE, TEMRARANER=4
SWERNEEERRERCAIT, SFESRRAHINEMNNEGZNAKIEL. SSEIFFBE
EHIRIEFR R AF, ASEFSAEMEBREESH, AREMESBBESINKLET JSSC iEX%E
R, BEST IEEE SKFRMUBAEZER MG,

TUTORIAL

Design and Research on DC-DC Converters for Computing Devices
With the rapid development of artificial intelligence technology, the computing power demands of
various electronic devices have shown explosive growth. Against this backdrop, high-performance DC-DC
converter chips have become the core equipment supporting the development of high-computing-power
processors and large-scale data centers. This report will introduce typical DC-DC converter chip designs,
summarize and analyze the technical characteristics of existing high-performance DC-DC converters, and
analyze the mainstream technical trends in academia by combining current academic technical

approaches, providing more technical references for relevant researchers.
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INVITED TALK HigiRS

2026 £3H25H - £1X
ExT1

TALK #2.1 / 15:15-15:40

EREKF

aitE, #IE, IEEE Fellow # Optica Fellow, fthFERFMAFRINTARREBFIREFLEF M. T
HEAFRSEFIEMISHETIR . HEEEAMNETERSQILZSRERE, B1F Atheros.
Jetcomm. LiPHY % High5 Semi, BATFRHBAMREZLABLUEAR, E2EERRAFEER
RBWERRK, E-+REBFEEDR, ERREGTFREMSEKRSE (2003-2006) . MMAFEE
EEESK (2006-2011) | FEKXF (2015-2016) . FERKAF (2010 £S) MENEEKRF (1998
FRk 2025 F) MEEABRIZTHENEFRMIE, RiHESEE 30 ®EL5 10 RBWML. aEH
RERREBE/ B BE/ER KT LBEEMERIZT. ZE T BEYMEREREEBENERRAS
8, BIATS IEEE BAMIRE A BRIIY R EICIER (2024) . EFESHEBRINREREICR
(2003) . IEEE BES5RFFAALBEMEER (2017) URFPETERAETERZEREER (2016) .

Advanced Optical Transmitter and Receiver Design for Short-reach Scale-Out Interconnect Arrays
This talk presents recent advances in high-speed optical transmitter and receiver circuits for short-reach
scale-out optical interconnects.

First, a 40-Gb/s 1-to-N VCSEL driver implemented in a 150-nm GaN HEMT process is introduced.
Leveraging the high breakdown voltage and broadband capability of GaN devices, the driver directly
supports series or parallel VCSEL array configurations without a pre-driver stage. The prototype
demonstrates up to 8 mW optical modulation amplitude (OMA) at 40 Gb/s NRZ and supports PAM-4
signaling up to 38 Gb/s while enabling scalable multi-VCSEL operation for higher optical power.

Second, a power- and area-efficient 48-Gb/s PAM-4 optical receiver implemented in 28-nm CMOS is
presented. The receiver employs a transadmittance-transimpedance (TAS-TIS) architecture that eliminates
inductive peaking and CTLE while maintaining high gain-bandwidth product and linearity. Combined with
a 2-tap feed-forward equalizer (FFE) and 2-tap decision feedback equalizer (DFE), the receiver achieves
-5.1 dBm sensitivity at 48 Gb/s PAM-4 with 1.28 pJ/bit energy efficiency and only 0.06 mm? active area.
Together, these transmitter and receiver designs demonstrate a scalable and energy-efficient optical
front-end architecture for next-generation short-reach optical interconnect arrays.
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BERT1
TALK #2.2 / 15:40-16:05

FES, REAF. REUEREHR, FLEIFHARENAF. TARRKBEZKESSIXRE
BESRSK. RE&SKHEHE. RUSHFHRIZITS.

CMOS mm-Wave and THz Clock and System for Sensing and Communication
In this work, we will present our recent works on the CMOS mm-Wave and THz clock and system for
wireless sensing and communication applications.
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2026 £3H25H - £1X
ExT1

TALK #2.3 /16:05-16:30

EhERKE

EEERE, PR AEHIR, BLESF. KIEMSMIRINERBRIZITAENARIE, REESERE
FOBEWA B, FEXBMEERLERERIVMIZRRNELBE, NEEREEEALITR. EHE
RERMAAITRIRE 2 . EREAREESHNE 4 WM. LBV ESSERRIE 10 2T, FHHEAR
A EEigi+E R IhERE]

SREMEBER BN EESEM/SRERBENITE (10 x 100 Gbps CMOS DRV+TIAHMIF K BiRE A9
BEEMTH. 112 Gbps SiGe BICMOS DRV+MZM+TIA+PD I EEEERMTH) ; B ekt tEE/
FEEKRENESE (4x128 GBd/2 x 140 GBd/200 GBd+ TIA+DRV, 4 x 224 Gbps /448 Gbps TIA#
DRV. 112 Gbps CMOS DFB IEEI/ASS. 28 GBd CMOS R A1E BT sh#kiE%E CDR i, 100 GHz 2:1
EEEEINEIER) ; MEAFRERBREANGE (4-12 GHz XBEIRHREEMBIFRK,. 75-110 GHz i
ESRMERKAMN. 50-75 GHz BEEIMEXZEBN) F, UE—/BINEETEFRNESINAEAT (IEEE
Trans) R&XILX 20 £, BIE: IEEE ISSCC. T-CAS I/ll. T-MTT; U$E—{EHETE Springer Nature
FREXEE 2 8F; RIENERLZAEF 20 2, EEEF 2 0, RREFNER. ERENFTHEAREK
ALRERUTHR., FERBARNFESELNE. @LMBFH, ERERNTHARRKEETRER
RERSZER, IEEE Access BIE4, IEEEJSSC. T-CASI. T-MTT SRSV ATIFER A

A 2X500Gb/s Monolithic Silicon-Photonic DWDM PAM-4 Transceiver in 45nm CMOS SOI
This work presents a monolithic 2x5-A DWDM microring transceiver in 45-nm CMOS SOl delivering
2x500 Gb/s (100 Gb/s PAM-4/channel). V-groove coupling and a PSR-to-CRR front end enable low loss
and tight spacing. A cascaded Q-tamed CTLE yields a TIA of 62 dBQ), 43.5 GHz, 3.14 pA_rms at 67 mW; the
driver delivers 25 V_ppd and >30 GHz. A PWM-based WLL locks -5~-6 dB IL. Enabled by
electro-photonic co-design, the transceiver achieves <2.5 pJ/bit at 100 Gb/s in end-to-end loopback.
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TALK #2.4 / 16:30-16:55

BFEHEXF

BREAE, BFRHRAFEHRIT, KEBAFERENMN. 2XKK. KifkR L= E RS &VERIE5iHHR
R, NE—RIIEMRALCHREIMEARTHR, SFERERHNDERABIIRGSSE. BEESESHAL
R~ ERDEF, TEMERIGHH THMRSN/HTI EARSEEKFILEX, B4F IEEEISSCC. JSSC.
CICC. TMTT F, HEXHARMRAE 2024 FEFE+AFSBHARERER. TASHTEREERIAE,
BREERERMAITY. BEERAERBBEF, ASHHERPENSEKELBEFIRN.

A 20GHz Frequency Synthesizer with Spur-Shaping Modulator Achieving 46.2fs Jitter and -76.5dBc
Worst-Case Fractional Spur

In this presentation, a frequency synthesizer with ultra-low fractional spur and integrated rms jitter is
proposed, which adopts a spur-shaping modulator technique to suppress the nonlinearity caused by
inter-slice mismatch, thereby improving the fractional spur mitigation capability.

Implemented in 28nm CMOS process, the prototype is measured to achieve 46.2 fs rms jitter, -76.5 dBc
worst-case fractional spur at the near-integer channel, with -251.4 dB FoM and -102.6 dB FoMibs.
Notably, the measured rms jitter with and without fractional spur only differs by 0.03 fs.

035

2026%3825—27H EElERlms] =




INVITED TALK HigiRS

2026 F3825H - 1%
ER2T1

TALK #2.5/ 16:55-17:20

LEBZERE
IR, BEREERBINEFALT, LEREBERFEHR, 737 LBEXRFEMMMAERIIT F 5 HIR
FEIMBLEM, BLEVEEXEHEBEEAFHITELEHR, OEMEXESEAREENN/ES
ESCHRAAIEM, F 2022 FIMALBREKRF, KEMEFRSRINERBRIZITIRTR, E5RKE
BRI ANEBATINRARNARSEXTELEECH. SEEARSH. SEEEOSHFH RN
HRHR. ZRIEXRERELEXRG. RNEELZFZH, BF CICCEFEFIK TPC

BASS-PLL: A Bandwidth Augmented Sub-Sampling PLL Achieving A Wide Bandwidth Above 30% of
the Reference Frequency and A Worst-Case FOMREF of -247.9 dB at 3 GHz with A Ring Oscillator
This work presents a bandwidth augmented subsampling phase-locked loop (BASS-PLL) architecture that
features simultaneous out-of-band noise suppression by direct- and multipath-sampling of the ring
oscillator's output and in-band noise suppression via an intrinsic sub-sampling mechanism, ultimately
combining the benefits of over-sampling PLLs (OSPLLs) and sub-sampling PLLs (SS-PLLs) towards a low
jitter compact PLL. A reference multiphase generator is employed to enableMBA sampling paths, each
sampling the output of the slope generator that is driven by the ring oscillator for linear- and
highsampling gains, enabling stabilized operation at an augmented bandwidth that is >30% of the
reference frequency. Meanwhile, each sampling path behaves in a sub-sampling manner without
requiring dividers in the feedback loop that consumes additional power overhead and degrades the

overall in-band noise performance.
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An Inherently Phase-Tunable Injection-Locked Ring Oscillator for High-Speed Communication
Systems

An inherently phase-tunable four-phase injection-locked ring voltage-controlled oscillator (VCO) is
presented, proposing an innovative approach that integrates multi-phase generation and clock phase
tuning within the oscillator itself. The ring oscillator employs a novel unbalanced feedforward topology,
achieving both high power efficiency and high area efficiency. By adjusting the ratio of feedforward
current to input current in each stage of the oscillator, the phase of the four-phase output clocks can be
precisely and flexibly controlled. The proposed VCO inherently possesses phase tunability/calibration
capabilities, enabling direct generation of target phase outputs without the need for additional back-end
calibration circuits. This eliminates issues such as noise performance degradation and increased power
consumption in the clock path. Combined with injection-locking technology, the oscillator maintains
excellent noise performance over a wide frequency range and broad phase tuning range. A prototype
oscillator fabricated in a 40-nm CMOS process achieves a frequency tuning range of 3.27-5 GHz. The
differential and quadrature phase tuning ranges are -90.0° to 80.9° and -69.6° to 76.5°, respectively, with
an average phase tuning resolution of 0.14°/mV. Across the entire phase tuning range, the oscillator
achieves a figure-of-merit (FoOM) area of 211.1-207.3 dBc/Hz.
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A T 60mA-Inaccuracy Low-Side Average Current Sensor with Operating-Conditions-Insensitive
Control Supporting 0.1-to-3A Load Range and Sub-100ns Sample Time for Automotive USB Charge
Application
A E£60mA inaccuracy low-side average current sensor with operating-conditions-insensitive control is
proposed to address accuracy degradation over different operating conditions. It maintains accuracy
across varying duty cycles and load currents (0.1-to-3A). An adaptive settling helper reduces settling
delay, while a DC level-shift bias improves light-load current sense accuracy. Anti-duty resistor suppress

sampling bandwidth variation.
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From Liability to Asset: Harnessing Comparator Resolution Time for Input Amplitude Estimation
and Metastability Mitigation

Metastability in comparators represents a dominant contributor to elevated bit error rates (BER) in
high-speed analog-to-digital converters (ADCs). When the input differential signal approaches the
comparator's decision threshold, metastability prolongs the resolution time, potentially exceeding the
allocated quantization interval and inducing decision errors.

This presentation proposes an interesting angle that exploits this inherent time-domain characteristic: the
resolution time itself encodes supplementary information about the input signal magnitude. By
introducing a dedicated time-domain decision criterion alongside conventional voltage comparison,
additional amplitude information can be extracted. Based on this principle, two implementations are
presented: 1) a dual-path architecture employing precisely background calibrated time-domain
thresholds enables concurrent voltage and time-domain comparisons. This approach not only suppresses
metastability-induced errors but also enhances effective resolution through the fusion of complementary
decision metrics; 2) Integration into a pipelined SAR ADC to address inter-stage gain error—a critical
performance limiter. Conventional dither-based background calibration entails a trade-off between
convergence speed and amplifier swing constraints. Here, real-time time-domain estimation of the input
magnitude triggers injection of a large-amplitude dither signal only when the amplifier input swing falls
below a defined threshold. This accelerates calibration convergence without expanding the overall input
signal range or degrading linearity.
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A 0.4-V 32-kHz Pulse-Injection Temperature-Compensated Crystal Oscillator With Sub-Cycle CL
Modulation and DLL-Reused Temperature Sensor

This article presents a 0.4-V 32 kHz pulse-injection (Pl) temperature-compensated crystal oscillator (TCXO)
that incorporates subcycle capacitive load ( CL ) modulation for frequency compensation. The proposed
TCXO compensates for the crystal's frequency deviation ( Af ) by dynamically adjusting the enabling
duration of the additional CL within each cycle, thereby ensuring long-term frequency stability. Notably,
the design leverages the loop control voltage within a thyristor-based delay-locked loop (DLL) to facilitate
energy injection and temperature acquisition for precise compensation. We fabricated the TCXO using the
CMOS 65 nm process. Experimental results demonstrate that the TCXO achieves a frequency stability of
+8.5 ppm across a temperature range of -300C to 850C, while consuming 179.4 nW of power. The
achieved Allan deviation (ADEV) of 15.9 parts per billion (ppb) at a 1-s gating interval highlights its
superior performance in low-power and high-stability applications.
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A Cryogenic Nano-Watt PVT-Insensitive CMOS Voltage Reference Operating From 4 to 300 K

This work presents a trimming-free, low-power Cryo-CMOS voltage reference for quantum interfaces,
operating continuously from 300 K down to 4 K. By compensating for process-dependent threshold shifts,
device mismatch, and nonlinearity, the design achieves simultaneous process and temperature
compensation over an ultra-wide range.
Fabricated in 180 nm CMOS, 80 test chips demonstrate an average temperature coefficient of 76.9 ppm/K
after a one-time model correction. The circuit consumes only 195 to 304 nW while maintaining a stable
1.045 V output with 0.72% fluctuation. Minimum supply voltages are 1.5 V at 300 K and 1.9 V at 4 K. This
PVT-insensitive, nanowatt-power reference offers a cost-effective solution for high-accuracy quantum
integrated circuits.
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A +43.3-dBm IIP3, Low-Power Transimpedance Amplifier Employing a Switched-Capacitor

Amplifier-Based Transition-Band Pole-Zero Doublets Compensation Technique
This article proposes a novel zero-pole doublet compensation method for a three-stage operational
transconductance amplifier (OTA) used in high-linearity transimpedance amplifiers (TIAs). In the proposed
OTA, the first stage employs a switched-capacitor (SC) amplifier, enabling independent and precise
control over the frequency locations of the zero-pole doublet. The subsequent second and third stages
are formed by a Miller-compensated amplifier incorporating positive feedback, which provides high gain
and establishes a high-frequency dominant pole. The proposed compensation method can effectively
enhance the gain-bandwidth (GBW) product of the OTA by ten times, resulting in a high input third-order
intercept point (IIP3). The designed TIA, fabricated in a 22-nm CMOS process, provides a gain of 5.1 dB
with a bandwidth of 20 MHz, and an input-referred noise of 48 n V (normalized to 10 MHz) with an 1IP3
of 43.3 dBm and a 1-dB compression point of 8.3 dBm. The TIA occupies an area of 0.024 mm2 and
consumes 4.9 mW from a 1.8-V supply voltage.
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A 24-to-27.5GHz Self-Adaptive Load-Modulated Balanced Amplifier for Integrated

Communication, Sensing and Power Transfer Scenarios
With the emerging sixth-generation (6G) millimeter wave (mm-wave) wireless communication,
multi-functional convergence scenarios, such as vehicle-to-everything (V2X) and Internet of Things (loT),
are expected to deliver smarter and more efficient living environments. Consequently, future
multifunctional front-ends will extend beyond mere communication capabilities to support sensing and
power-transfer functions. There is no doubt that the design of integrated communication, sensing, and
power transfer (ICSPT) can largely empower system functionalities and significantly reduce operation
costs. The modulated signal with a high peak-to-average power ratio (PAPR) for the communication
scenario, which requires the front-ends to support high output-power back-off (OPBO) efficiency.
Typically, a wideband frequency-modulated continuous-wave (FMCW) signal is used for the sensing
scenario, while a single-tone signal is used for the power-transfer scenario, which both rely on high
saturated power, efficiency, and gain. As the most energy consuming devices in the transmitter, power
amplifiers (PAs) are required to operate efficiently in both at OPBO and saturation states for ICSPT
applications. A 24-to-27.5GHz gallium nitride (GaN) self-adaptive load-modulated balanced amplifier
(SALMBA) is proposed for 6G integrated communication, sensing, and power-transfer scenarios. Based on
the proposed self-adaptive power divider, the power divide ratio can dynamically change according to the
input power levels, and the back-off PAE and saturated performance of the SALMBA can be significantly
improved. The SALMBA achieves the saturated PAE of 28.5 to 33%, and 10dB OPBO PAE of 15.3 to 22.1%
over 24 to 27.5GHz. And for 2.4Gb/s 64QAM 5G NR signal at 25.5GHz, the SALMBA provides 26.6dBm
average output power and 23.3% average PAE.
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A 14.08-to-135.69Token/s ReRAM-on-Logic Stacked Outlier-Free Large-Language-Model
Accelerator with Block-Clustered Weight-Compression and Adaptive Parallel-Speculative-Decoding
This work presents a 55nm speculative decoding-based LLM accelerator with bumping-based
face-to-face ReRAM-on-logic stacking technology. It features a local rotation unit for outlier-free low-bit
quantization, a stacking-aware PNM architecture co-designed with blockwise vector quantization to
reduce weight EMA overheads, and an adaptive parallel speculative decoding scheme with out-of-order
scheduler for high resource and bandwidth utilization. Our chip achieves 14.08-135.69token/s and

4.46-to-7.17 X speedup over vanilla speculative decoding.
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BayesBB: A 9.6-Gb/s 1.61-ms Configurable All-Message-Passing Baseband-Accelerator for B5G/6G
Cell-Free Massive-MIMO Systems

Cell-free massive multi-input multi-output (CF-mMIMO) has emerged as a promising alternative for the
forthcoming beyond 5G and 6G (B5G/6G) systems. As an imperative part of supporting B5G/6G
applications, baseband(BB) chips encounter more challenging key performance indicator (KPI)
requirements. To achieve the B5G/6G goal of higher than 8-Gb/s/user throughput, less than 2-ms latency,
and configurable hardware, a Bayesian inference-based all-message passing baseband-accelerator
(BayesBB) is presented in this article. Benefiting from the pipelined and fully unfolded all message-passing
architecture, BayesBB delivers three unexplored merits: high throughput (9.6-Gb/s), low latency (1.61-ms),
and good configurability. Specifically, a ten-gigabit ethernet (XGE) interface with 10.3125-Gb/s SerDes is
used, resulting in 9.6-Gb/s throughput. A fully unfolded MIMO-BP detector achieves a detection latency
of 1.44-ms, contributing to chip latency of 1.61-ms. A configurable architecture is designed, supporting
various B5G/6G applications, for example, the decoding of both 3GPP low-density parity-check (LDPC)
codes and polar codes. As a system-level implementation, tests have verified that 16 arrays of BayesBB
can handle the BB processing of a 128 X 128 CF-mMIMO system with commercial setups, delivering
9.6-Gb/s throughput and >100-b/s/Hz spectrum efficiency (SE).
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A 0.00022mm2/electrode 1024-Channel Sparsity-Aware Neural Interface with CIM-Based
PredictiveFocused Sampling for Hotspot Spike Tracking
This 1024-ch neural interface solves the power, area, and bandwidth bottleneck by combining low-power
panoramic scanning for hotspot prediction withhigh-fidelity spike tracking on active sites. The dynamic
allocation is guided by a real-time compute-in-memory (CIM) engine, providing a 16x resolutionboost
(10kHz) and a record 0.00022 mm2/elec. efficiency in 40nm CMOS. The design achieves state-of-the-art
efficiency, maximizing spike density for itspower and silicon area.
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Generative Al Accelerator Design for Visual Autoregressive Model
Visual Autoregressive (VAR) is the latest generative model for efficient image generation. This work
presents VARSA, a 22nm visual autoregressive accelerator for efficient text-to-image generation. VARSA
achieves 503mJ/inference for 512x512 image generation, which is 2.7 X -89 X better than prior
Diffusion-based SOTA accelerators.
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A Potts Machine With Coefficient Reuse Strategy and Successive Boundary Approximation
Annealing for Multi-State Combinatorial Optimization

The annealing processor based on the Ising model has attracted significant attention in recent years due
to its remarkable ability in solving combinatorial optimization problems (COPs). By mapping a COP to the
annealing processor, the optimal or near-optimal solution can be achieved efficiently. However, the Ising
model is limited to two spin states, which restricts its application in solving multi-state COPs. To address
this limitation, we propose a Potts machine implemented in 65-nm CMOS technology, which is based on a
16 x 16 King's graph topology. The proposed Potts machine supports two to four spin states and is
compatible with both the Ising model and the Potts model. Additionally, we introduce an intra- and
inter-coefficient reuse strategy, which effectively decreases the coefficient memory area overhead by
68.75%. Furthermore, we propose a successive boundary approximation (SBA) annealing method to
address the challenges associated with long convergence time. The measurement results demonstrate
that the proposed SBA annealing method achieves a 10x acceleration in comparison to the conventional
simulated annealing approach. The proposed Potts machine has a spin area of 4400 um2 and exhibits an
energy consumption of 1.06 nJ when powered by a 1-V supply.
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A Hierarchical-Hybrid Floating-Point Compute-in-Memory Macro Using FP-DAC and FP-ADC for
Edge-Al Devices

This article presents an energy-efficient FP-CIM macro designed for edge-Al devices. It addresses energy
efficiency bottlenecks through three key features: 1) an FP digital-to-analog converter (FP-DAC) simplifies
the pre-alignment logic, thereby reducing undesired power overhead throughout the FP process; 2) an FP
analog-to-digital converter (FP-ADC) that substitutes uniform quantization steps with FP ones, eliminating
redundant conversion power through adaptive quantization range; and 3) a hierarchical-hybrid structure
(HHS) refines the balance between accuracy and energy efficiency in FP-CIM using a coarse-to-fine hybrid
strategy. Fabricated in a 65-nm CMOS process, the prototype FP-CIM macro achieves 54.4 TFLOPS/W in
BF16 mode and 130.9 TFLOPS/W in FP8 mode.
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A 1.6-to-3.8GHz Reconfigurable FMCW Radar SoC with 81.5% Relative-Bandwidth PLL for
Real-Time Life Detection in Disaster Response
A 1.6-3.8GHz FMCW radar SoC for real-time non-line-of-sight life detection is implemented in 40nm
CMOS. An 81.5% BW ring-VCO PLL with DTC achieves 29.6kHz frequency error and 0.78-400MHz/us chirp
slopes. The TX integrates a 13.43dBm PA, while the RXRF features 8.1dB NF, baseband chain with
100dB-rejection SC-HPF at TkHz and CT A-Z ADC. A RISC-V core with FPU/VPU enables DSP, detecting
people behind 6 walls and vital signs behind 2, occupying 7.65mm2 and consuming 0.395W.

050

2026%3825—27H EElERlms] =




INVITED TALK HigiRS

2026 F3826H - 2%
ER2T1

TALK #5.2 / 08:55-09:20

FRAREXE (M)
TS, EARRAE (M) BhEHGR, BREEAT, DANFH=ZARKFEIXRFE. £FH

RARFRIGE L. FLFML, BT NXP Elﬁvﬁi\ S|T|me ARHEESERATIEN, TEHAAEEES
SMEAKREM IR, BIERSIH=ERR. SRBIEREBRS,

Self-Interference Cancellation in Millimeter-Wave Automotive Radar Receivers
Millimeter-wave (mm-wave) frequency-modulated continuous wave (FMCW) radars have become a key
sensing technology in advanced driving assistance systems (ADAS). Same as the other full-duplex
systems, the FMCW radar transceivers suffer from self-interference effects (also known as spillover). This
talk presents an E-band receiver (RX) with spillover cancellation for frequency-modulated
continuous-wave (FMCW) radars. To reject spillover from both TX-RX coupling and undesired reflections
from radar assembly (such as bumper reflection), a spillover replication method based on frequency-delay
translation through a single-sideband (SSB) modulator is introduced. To keep the RX performance
immune from strong spillover, we propose an in-LNA common-mode voltage-domain canceller. It
provides high isolation between the RX signal chain and cancellation path, minimizing noise figure (NF)
degradation. Spillover is rejected in the input voltage domain before entering the critical LNA stage and
inducing current, thereby preserving the linearity. Prototyped in 65-nm CMOS, the RX exhibits 5.7 - 7.2 dB
NF and -11.4 dBm IP1dB across 69-76.5 GHz range. It demonstrates 38 dB rejection to spillover signals
with offset frequency up to 3.6 MHz and power up to -10.4 dBm, while keeping the maximum NF
degradation below 1 - 1.5 dB.
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A 128mW 2 X4 Radar-on-Chip with Forward-A% DPLL-Locked Multi-Injection RTWO in 22nm
CMOS Enabling ADC-Free Digitization and PS-Free Beamforming Demonstrated in In-Cabin

Vital-Sign Monitoring
A 2 X4 phased-array SIL radar-on-chip in 22nm CMOS is demonstrated for in-cabin vitalsign monitoring.
Built on a forward-AZX DPLL-locked multi-injection RTWO at 20GHz it concurrently serves as
(de)modulator, beamformer, and data converter. The chip delivers 0dBm CW/PMCW for respiration
cancellation, boosting SFDR by 9dB for cardiac extraction. RTWO-based beamforming covers £48° FoV

in ~15° AoA step. The 1.42mm?2 chip consumes 128mW and achieves RR/HR errors < =6bpm with 1.2mwW
DSP on-chip
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Rui Yu (Senior Member) received the Ph.D. degree in ECE Dept., National University of Singapore,
in 2007. He is currently a RFIC design lab director with Huawei Singapore Research Center. His
research interests are in the area of RF and mixed-signal IC design for connectivity wireless and
wireline applications.

A NearLink 2.0 Compliant Dual-Band RF Transceiver for Smart Wireless Personal Audio
Applications
This work presents a NearLink 2.0-compliant dual-band RF transceiver. Compared with traditional BT/BLE
counterparts, this design achieves receiver figures of merit (FOM) of 188.7dB in the 2.4GHz band and
185.2dB in the 5GHz band, exceeding the state-of-the-art by >4dB. Furthermore, it demonstrates a 30.9%
2.4GHz-transmitter system power efficiency with exceptional EVM performance: 3.3% in 3Mbps BT
Enhanced Data Rate mode and 3.64% in 4M-16QAM NearLink 2.0 mode (16Mbps).
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ANP-OT: A 0.17nW/Synapse 0.46pJ/SOP Neuromorphic Olfactory Processor with On-Chip Transfer
Learning for Non-Invasive Cross-Hospital Cross-Pulmonary-Disease Diagnosis

This paper shows the first olfactory processor with on-chip transfer learning for cross-hospital and

cross-pulmonary-disease diagnosis, which achieves >94% pulmonary disease detection accuracy at 3

different hospitals. This work achieves a 0.46pJ/SOP energy efficiency, and a power density of

0.17nW/synapse.
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A 28-nm Computing-in-Memory Processor With Zig-Zag Backbone-Systolic CIM and
Block-/Self-Gating CAM for NN/Recommendation Applications
Computing-in-memory (CIM) chips have demonstrated promising energy efficiency for Al applications
such as the neural networks (NN), Transformer and recommendation system (RecSys). However, several
challenges still exist. First, a large gap between the macro and system level CIM energy efficiency is
observed. Second, several memory-dominate operations, such as embedding in RecSys and non-linear
functions in NN/Transformer, require heavy off-chip access. This work presents an energy-efficient
CIM-CAM processor for both NN and RecSys applications with three main innovations. First, we propose a
reconfigurable Zig-Zag memory access structure, enabling flexible adjacent connections between SRAMs
and CIM arrays to minimize SRAM access power. Second, a backbone-systolic CIM array is implemented
to avoid long accumulation path with better data reuse between CIM macros. Third, a distribution-aware
block/self-gating CAM is proposed to reduce off-chip access and on-chip search power for the
memory-dominant embedding operations in RecSys. The fabricated 28nm CIM-CAM chip achieves
37.9-81.5TOPS/W for NN and 12.3-56.1nJ/request for RecSys, and highlights the improvement of
system/macro efficiency ratio (SMER) by 9.2% over the trendline of the state-of-the-art system-level CIM

processors.
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Enabling Energy-Efficient Homomorphic Encryption Evaluation via Programmable In-Situ
Computing

Privacy-preserving computing serves as the foundation for a wide range of emerging applications,
including artificial intelligence of things and blockchain. Homomorphic encryption (HE), a novel
privacy-preserving technique, enables computation directly on encrypted data without requiring
decryption outside the data owner's domain. This approach provides mathematically provable security
that surpasses traditional cryptographic methods, positioning HE as a promising alternative for
privacy-preserving computing. However, the number-theoretic basis of HE introduces substantial
computational and storage overhead, limiting its deployment on both cloud and edge platforms. In
addition to these challenges, the increased size of ciphertexts creates communication bottlenecks for
edge HE processing, as the energy required to transmit ciphertext from resource-constrained edge
devices to the cloud can exceed available energy budgets. This work presents an HE accelerator with
programmability for evaluation, encryption, and decryption, utilizing a circuit-architecture-software
codesign methodology. The concepts of in-situ computing (ISC), defined as the chaining of HE operators,
and digital in-memory computing (IMC) are leveraged to achieve energy-efficient HE processing. The
challenges of programmable HE processing are analyzed, focusing on mismatches between HE dataflows
and conventional von Neumann architectures. Subsequently, a multi-core HE accelerator architecture is
introduced, integrating energy-efficient, high-density IMC HE cores with tightly coupled dynamic
computation units, eDRAM bit cells, and data-swapping paths. Finally, strategies for scaling HE cores and
integrating them with RISC-V CPU platforms are discussed.
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SpikeRAM: A 48.1pW/Synapse/Bit Event-driven Spiking Compute-Near/In-Memory Processor with
Neuromorphic Sensor Enabling Life-Long_x000b_On-Chip Learning

Edge perceptual SoCs increasingly demand high energy efficiency, strong privacy protection, and
adaptability for real-world tasks involving power-hungry applications, sensitive data, and diverse users
and environments. To address these requirements, we propose SpikeRAM, a neuromorphic sense-
memory—-compute system with on-chip learning, tightly integrated with an event vision sensor. SpikeRAM
features three key characteristics: (1) Near-sensor computing with event-driven convolution operations.
(2) One time-window triggered e-OTBP learning algorithm. (3) Gray-code encoded weights with ternary
gradients for efficient on-chip learning. Benefiting from these designs, SpikeRAM achieves highly
energy-efficient real-time inference with a power density of 48.1pW/synapse/bit. Meanwhile, it maintains
over 90% learning accuracy while reducing learning memory and computational cost by more than 24
times, and decreasing the average memory programming times by 86.3%. The effectiveness of SpikeRAM
is demonstrated on practical applications such as event-based signature verification.
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Reasons for "Not" Engaging in Analog-to-Digital Converter Research
Data converters are often regarded as the crown jewels of analog circuit design because they demand
exceptional complexity and a broad foundation of interdisciplinary knowledge. Researchers in this field,
such as Prof. Sun Nan and Prof. Li Qiang, are extremely smart (unlike the speaker of this talk@)).
Hopefully, through this talk, you will find thought-provoking reasons to pursue data converter research. |

will present some design examples to convince you. Believe me there.
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A 16-bit 10-GS/s DAC Achieving >67dBc SFDR and <-77dBc IM3 up to the Nyquist in 28nm CMOS
This article presents an approach to mitigating both current source unit deviations and inter-symbol
interference (ISI) non-linearities in Nyquist current-steering digital-to-analog converters (DACs). A 16-bit
10-GS/s DAC is designed in 28-nm CMOS and mounted in a BGA package. Measurement results show
that this DAC achieves spurious-free dynamic range (SFDR) >70 dBc up to 2.86 GHz and SFDR >65 dBc
with third-order intermodulation distortion (IM3).
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A 5-MS/s 16-bit Low-Noise and Low-Power Split Sampling SAR ADC With Eased Driving Burden
This work presents a 16-bit 5-MS/s successive approximation register (SAR) analog-to-digital converter
(ADC) with the proposed split sampling (SS) technique. The SS decouples the sampling and conversion
operations of the ADC, effectively addressing the tradeoff among the driving burden of the digital-
to-analog converter (DAC), sampling noise, power, and bit cycling speed. The SS consists of 2 20-pF
sampling capacitors and a 1-pF DAC. The sampling capacitors sample the input with low noise and cancel
the kT/C noise of the DAC, avoiding the pre-amplifier saturation issue and easing the noise aliasing. As
the sampling capacitors track the input when the DAC is performing bit- cycling, the input driving is eased
with the extended tracking time. The small DAC guarantees fast speed and low power. Moreover,
statistical residue measurement (SRM) is employed to reduce the pre-amplifie’s noise and the
guantization noise, efficiently improving the signal-to-noise-and-distortion ratio (SNDR) and the bit
weight calibration accuracy. The ADC is fabricated in a 180- nm process and occupies an active area of
0.57 mm2. With the SS and SRM, the ADC samples at 5 MS/s and achieves a 93.7-dB SNDR with a
5.31-mW power consumption, yielding a high Schreier-figure-of-merit (FoM) of 180.4 dB.
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The Renaissance of Common-Gate Amplifiers: A High-Linearity Resistive-Input Pipe-SAR ADC

Enabled by Continuous-Time Floating Charge Transferrer
Over the past decade of high-performance ADC research, novel common-source amplifiers, such as
Gm-C, Ring-amp, and FIA, along with the transconductance (gm) based design philosophy, have held
absolute dominance in the field. While this philosophy has achieved repeated breakthroughs in FoM, the
intrinsic nonlinearity and PVT sensitivity associated with gm circuits remain commonplace challenges. This
presentation discusses a fundamentally different design philosophy: native charge-domain circuits based
on common-gate amplifiers, specifically Floating Charge Transferrer (FCT). It will explore the design
paradigm shift that this circuit brings to ADCs, along with its various features and performance
advantages. Finally, a resistive-input Pipe-SAR ADC based on CT-FCT will be discussed. At a sampling rate
of 500 MS/s, this design achieves a linearity exceeding 90dB and a buffer-included FoM of 171 dB, while
demonstrating robust PVT stability and circuit simplicity.
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A 28-nm 88.3-TFLOPS/W POSIT-Approximate-Calculation-Based Digital Computing-in-Memory
Macro Incorporating Final-Cycle Fusion and Joint Skipping
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RAC-NAF: A Reconfigurable Analog Circuitry for Nonlinear Activation Function Computation in
Computing-in-Memory

The emerging computing-in-memory (CIM) architecture shows promise in efficiently processing deep
neural networks (DNNs) by minimizing the data movement through analog in-memory computing.
Unfortunately, the energy efficiency of CIM s still limited since it struggles to efficiently process the
massive nonlinear activation functions (AFs) widely used in DNNSs. In the current solutions, AFs require to
be fulfilled in the digital domain with co-processors or lookup table (LUT). Therefore, a significant amount
of data requires a round-trip conversion between the analog and digital domains at each AF process. The
unavoidable analog-to-digital and digital-to-analog (AD/DA) conversions dominate the system’s power
consumption and reduce the overall energy efficiency. To address these issues, we propose a
reconfigurable analog circuitry for nonlinear AF computation, named RAC-NAF. It is a pure analog
circuitry that utilizes Taylor approximation (TA) to fit the arbitrary AFs, thereby reducing AD/DA
conversions. To enhance the accuracy, RAC-NAF adopts a segmentation calculation method (SCM) based
on the characteristics of nonlinear AFs. Moreover, the RAC-NAF provides the capability for reconfiguration
to support various AFs and can be easily integrated with the existing CIM accelerators. The experimental
results show that the proposed RAC-NAF significantly improves the performance of the CIM accelerators
and reduces the energy consumption. When performing inference on various CIM accelerators, the
energy consumption of AD/DA conversions can be reduced up to 12.31X , while the overall energy
efficiency can be increased by 2.34X - 520X , and the accuracy loss is below 1%.
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A 28nm 127.54TFLOPS/W MXFP6 and 117.42TFLOPS/W MXFP8 Compute-in-Memory Macro with
Adaptive-Preserved-Bit-Width and Serial-Dual-Bit-Sliding Schemes
Conventional FP-CIMs suffer from fixed preserved bit-width (PBW), limiting their adaptability and
efficiency. This work proposes the firstMXFP-CIM macro enabling wide-range adaptive PBW, featuring: (1)
A serial dual-bit-sliding scheme; (2) A harmless data mapping scheme with a hierarchical hidden-bit
decoder; (3) An adjustable-PBW MXFP-MAC circuit via twin-stage allocation. The 28nm MXFP-CIM macro
achieves a peak energy efficiency of 127.54 TFLOPS/W in the MXFP6/6 mode.
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AFP-CIM: All-Inclusive Floating-Point With Segmented Compute-in-Memory Macro

This article reports an all-inclusive floating-point (AFP) with the segmented 8T-static random access
memory (SRAM) compute-in-memory (CIM) macro. It features: 1) a segmented read-wordline (SRWL) to
efficiently support the AFP formats including the AFP4/6/8/16 with all of the exponent-mantissa ratios
(EMRs); 2) a bit-wise accumulation first (BWAF) circuit structure with a segmented in-memory accumulator
(SIMA) for computing the parallel processing of the exponent and mantissa (Parallel-EM) to double the
throughput of AFP operations; and 3) a reconfigurable weight-activation ratio (WAR) in AFP-CIM for
supporting heterogeneous dataflow within CIM (HD-CIM) to minimize the external memory access (EMA)
among various layers and models. Prototyped in 28-nm CMOQOS, the proposed AFP-CIM exhibits a peak
throughput density of 0.9TFLOPS/mm2 and a peak energy efficiency of 22.7 TFLOPS/W with AFP4
operations. Evaluated with ResNet-50 and ViT-B for ImageNet classification, the AFP-CIM with HD reduces
90.2% and 43.3% EMA, respectively. It achieves the inference accuracy of 75.4% and 80.6% with the
AFP4/6/8 operations, respectively.
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SharpSAT: A Heuristic-Learning-Based SAT Accelerator Achieving 0.84s/16.1s Solution Time in
SAT/UNSAT Cases

The Boolean satisfiability (SAT) problem, as a foundational NP-complete problem, stands at the epicentre
of modern computational logic, serving as the critical engine for high-stakes applications such as
hardware formal verification, cryptographic analysis, and Al planning. While the demand for high-speed
SAT solving is paramount, traditional software solvers are often bottlenecked by exponential search
spaces, and existing ASIC accelerators frequently rely on local search heuristics that are inherently
incomplete—meaning they cannot provide the mathematical guarantee of unsatisfiability (UNSAT)
required for rigorous system validation. To address these limitations, this paper proposes SharpSAT, a
high-performance complete SAT accelerator that integrates a heuristic-driven learning architecture to
systematically prune the search space. By implementing a rapid conflict-driven clause learning (CDCL) unit
to prevent redundant variable flips and a dedicated dual-BCP engine to accelerate the primary
computational bottleneck of Boolean constraint propagation, SharpSAT achieves a sophisticated balance
between exploration and exploitation. Furthermore, its smart assignment strategy introduces strategic
randomness to diversify the search without compromising completeness. Fabricated in a 28nm CMOS
process, the SharpSAT prototype demonstrates superior efficiency, reaching average solution times of 0.8
ks for SAT and 16.1us for UNSAT cases for instances with 50 variables and 218 clauses. This architecture
achieves a 70.67x and 6.17x speedup over the MiniSAT software solver on SAT/UNSAT tasks respectively,
while outperforming prior complete hardware accelerators by up to 21.11x, establishing a new benchmark
for hardware-accelerated automated reasoning.
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A 174/756-nW 6-Class Keyword Spotting ASIC With Delta/Successive-Approximation Dual-Mode
Quantizer

An ultra-low-power (ULP) six-class keyword spotting (KWS) ASIC is presented in this article, which can be
used in always-on speech-based human-machine interface applications. The ASIC is composed of a
sampling frequency and resolution adaptive (SFRA) dual-mode analog-to-digital quantizer and a
power-gated KWS engine with a multiplier-less processing element (PE) array. The dual-mode quantizer
mainly operates as a 1.5-bit delta quantizer (DQ), providing inherent robustness against dc drift. It
adaptively switches to high-resolution successive-approximation register (SAR) quantization mode upon
detecting a sound event based on the DQ output. In the KWS engine, the multiplier-less PE array is reused
for both feature extraction and gated recurrent unit (GRU)-based keyword classification. To unveil the
tradeoffs between power consumption and flexibility, two versions of the classifier have been
implemented, with ROM-based on-chip weight memory (WM) and SRAM-based WM. Fabricated in
180-nm CMOS technology, the proposed KWS ASIC with ROM and SRAM-based WM achieves six-class
classification accuracies of 87.3% and 90.1%, respectively, on the Google Speech Command dataset
(GSCD) while consuming 174 and 756 nW long-term average (LTA) power with a decision latency of 14 ms
at a clock frequency of 256 kHz.
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A 65nm 0.066pJ/bit Floating-Latch-Based True Random Number Generator Resilient to
Power-Noise Injection Attacks
A floating-latch-based true random number generator (FL-TRNG) is presented that achieves an energy
efficiency of 0.066pJ/b by leveraging a floating reservoir capacitor as its power supply. This architecture
inherently offers strong resilience against power-supply noise injection attacks. Furthermore,
current-starved inverters are employed within the latch to perform mismatch compensation and enhance

PVT tolerance.
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A Heterogeneous TinyML SoC With Systematic Minimum Energy Searching and Management for
Keyword Spotting

This work presents a low-power heterogeneous TinyML SoC for keyword spotting with systematic
minimum energy searching and management. Comprehensive fully synthesizable monitors are developed
to be aware of the runtime energy, event, and performance for each computing block and guide the
system-level minimum energy point (MEP) search. Hierarchical voltage regulation is designed with
in-block power switches and on-chip switched capacitor regulators. Additionally, a 2-stage CIM-based
event-driven wake-up scheme is developed to reduce the standby energy. Fabricated with 55nm CMOS
technology, the systematic energy management approach obtains an average of 51% energy saving,
which is 28% higher than a single block MEP management. Meanwhile, the SoC achieves a minimum
power consumption of 3.5uW and a peak-to-idle power ratio of 30000 X. Overall, the presented TinyML
SoC is suitable for edge Al applications with state-of-the-art low-power features.
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A Galvanic Isolator Achieving 117-Mb /s Forward Data Transfer in the Presence of 181-kV/us
Common-Mode Transient Interference

Targeting a high data rate (DR) in the presence of common-mode transient (CMT) interference in the
isolated gate driver application scenario, we presented an inductively galvanic isolator (Gl) consisting of
transmitter (TX) and receiver (RX) dies. To eliminate the destructive effects of CMT interference, an
adaptive transconductance enhancement (ATE) technique was proposed on the TX side, which enables
real-time detection of CMT events and contributes to an enhanced gm to stabilize the oscillator's
operation. For the data transfer, we observed the problem of unequal data symbol durations using the
conventional frequency-shift keying (FSK) demodulator, which can lead to shoot-through current or large
reverse conduction loss. This problem was solved by the proposed compensated FSK demodulator. Both
TX and RX dies in the proposed Gl were fabricated in a 0.18 um BCD process. Experimental results verified
that the proposed Gl demonstrates static CMT immunity (CMTI) up to 299 kV/ps. Furthermore, even in the
presence of a severe CMT interference of 181 kV/us, the Gl supports a high DR of 117 Mb/s,
corresponding to a data rate ratio (DRC) of 67 %, with a low bit error rate (BER) of 10-8. This extends the
state-of-art by 3.72X in DRC and 1.24X in dynamic CMTI.
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Maximum-360MHz Coupled-OSC-based Converters Achieving 89.5% Peak Efficiency
This work proposes coupled-OSC-based high-frequency converters. Retaining gate-charge recycling in
prior single-phase design, this work achieves inherent even phase interleaving, per-phase and
per-inductor current balance. It reduces inductor count per phase, while enables high-speed ON-OFF

control and improves load-transient performance by fast startup scheme. It achieves 89.5% peak PCE at
61MHz with air-core inductors, and 80% peak PCE and 1.82W/mm?2 density at 360MHz using bondwire
inductors.
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A Compact 4Vin 93.4%-Peak-Efficiency 12A Load and 20mV Undershoot Resonant Sigma Converter
with PCB-Embedded Converter-on-Substrate Packaging

This work presents a 4V input 12A load resonant sigma converter which consists of a 10MHz high-side

switched-capacitor Buck (SCB) and a 5MHz low-side direct resonant switched-acapacitor (ReSC)

converter. The proposed converter features a low V+ A metric, a compact volume, and more importantly, a

fast response by providing an ~0.5A/ns current slew rate during the transient. The measurements show

93.4% peak efficiency, 20mV undershoot under a 6A load step and 0.38A/mm2 system current density.
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5-1V DLDO-SC-X Converter

This talk presents a switched-capacitor (SC) sigma converter with a digital low dropout (DLDO) regulator
and an auxiliary loop for efficiency improvement for high-density power delivery applications. The
proposed converter has the input-series and output-parallel feature, and it consists of a hybrid SC
converter on the high side for high density and high efficiency, and a DLDO on the low side for fast
voltage regulation. To further improve overall efficiency, an auxiliary control loop is proposed to
guarantee a minimized dropout voltage for the DLDO across a wide range of input and output voltages.
The DLDO-SC-Sigma converter was fabricated in a 40 nm CMOS process. It can deliver 5 A maximum
current from 3 to 5 V input to sub-1 V output and achieves a peak efficiency of 92%. A 1.6 us response
time and 36 mV voltage droop are achieved with a 2 A load transient. The converter achieves a system
power density of 101.3 W/cm3.
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A 140GHz Full-Duplex CMOS Transceiver with Metasurface-Integrated Self-Interference-Cancelling

Antenna Supporting 16Gb/s 16QAM Dual-Mode Bidirectional Communication
This paper presents a 140GHz CMOS transceiver for both full-duplex and frequency-division duplex
communication. By proposing self-interference (Sl)-cancelling antenna and dual-polarized metasurface,
the design achieves measured EIRP of 26.8dBm and SI suppression of >49dB, therefore relaxing the
challenges at RF/digital domains. A 16Gb/s 16QAM simultaneous bidirectional communication over Tm is
demonstrated, achieving the highest data rate reported for full-duplex dual-mode transceivers in the
comparison table.
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Integrated Transceiver Chip for Terahertz Communication and Sensing

With breakthroughs in silicon-based semiconductor technology and the development of the terahertz
frequency band, a new generation of integrated communication and sensing technology has ushered in
significant opportunities. This report focuses on cross-disciplinary innovation in terahertz communication
and sensing, with emphasis on the design of miniaturized transceivers based on silicon-based processes.
The unique ultra-wide bandwidth characteristics of the terahertz frequency band provide a physical
foundation for high-precision physical sensing and ultra-high-speed data exchange, while silicon-based
integration technology promotes the evolution of transceiver systems toward miniaturization. This report
introduces a mode-tunable transceiver chip operating in the 180-230 GHz frequency band. The
transmitter achieves a saturated output power exceeding 10.5dBm and a 3dB bandwidth greater than
50 GHz, while the receiver exhibits a single-sideband noise figure of 12dB. A single-channel transmitter
module delivers a peak equivalent isotropic radiated power (EIRP) above 28 dBm. In communication
mode, the measured data transmission rate exceeds 16 Gbps using non-return-to-zero (NRZ) modulation.
In sensing scenarios, based on stepped-frequency continuous-wave (SFCW) mode signals, the system
achieves a range resolution better than 6 mm over a sweeping bandwidth of 40 GHz.
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A 436-t0-472GHz 4-Element IF Beamforming Phased-Array Receiver in 65nm CMOS
This paper presents a 436-to-472GHz 4-element IF beamforming phased-array receiver in 65nm CMOS. A
two-step mixing architecture reduces layout overhead. The LO frequency multiplier chain
provides >-1dBm over 180 to 214GHz to drive the THz mixer. The 6-bit phase shifter covers 51 to 66GHz
with 2.5° phase error. The on-chip stacked patch antenna array enables 10dBi gain and 91GHz 3dB
gain-bandwidth. The receiver achieves +35° scanning range, 36GHz system operating bandwidth and

27.5dB noise figure.
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THz-TSI: A 0.33pJ/b 264Gb/s Through-Silicon Interconnect Module for 3D Integration Utilizing
Terahertz Coupling
A through-silicon interconnect module for 3D integration utilizing THz coupling is presented, which
achieves a record high data rate of 264Gb/s and efficiency of 0.33pJ/b. Both bi-directional point-to-point
link and broadcast mode are successfully demonstrated. This scheme offers highly competitive bandwidth
and density with significantly simpler fabrication and lower cost. Furthermore, its high flexibility enables
real-time adjustable interconnect topology to effectively reduce latency.
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A 200-to-350GHz broadband SiGe BiCMOS Frequency Doubler with Slotline-Based
Mode-Decoupling Harmonic-Tuning Technique
This talk presents the analysis and design of push-push frequency doublers (PPFDs) with
second-harmonic source tuning for broadband terahertz generation. Using a simplified large-signal
transistor model, we analyze the doubling mechanism and show that the second-harmonic
input-controlled by the common-mode source impedance-significantly affects performance, particularly
bandwidth. To achieve broadband operation, we introduce a source-tuning design scheme employing a
mode-decoupling harmonic source/load-pull approach to determine optimal common-mode source and
second-harmonic load impedances. A slotline-based second-harmonic source-tuning technique then
realizes the desired impedance while enabling broadband input matching. As proof of concept. An
H-band amplifier-doubler chain in 130-nm SiGe BiCMOS demonstrates 4.7-dBm saturated output power,

1.13% dc-to-RF efficiency, 37-dBc fundamental suppression, and only 3.6-dB power variation from 200 to
350 GHz.
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A 112-Gb/s PAM4 SBD Transceiver with Mismatch-Compensated 2xVDD Hybrid and Two-Step Echo
Canceller

A 112Gb/s PAM-4 simultaneous bidirectional (SBD) transceiver in 28nm CMOS is presented. It features a

hybrid with a 2 X VDD stacked driver to restore signal swing, a joint delay and slew-rate matching scheme

to eliminate dynamic glitches, and a two-step echo canceller to mitigate reflections. The transceiver

achieves BER < 1E-10 over a 12.7dB loss channel (equivalent to 24.4dB at Nyquist), with 1.73pJ/b energy

efficiency and an FoM of 0.14pJ/b/dB.
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A 72Gb/s/pin Single-Ended Simultaneous Bi-Directional Transceiver with C-Peaking Leakage
Cancellation and Dual-Loop Hybrid Impedance Calibration for Chiplet Interfaces
This paper presents a 72Gb/s/pin single-ended simultaneously bi-directional (SBD) TRX in 28nm CMOS.
Capacitive peaking leakage cancellation (CPLC) suppresses the high-frequency leakage due to the main
and hybrid driver mismatch in SBD links by 63%. Dual-loop hybrid impedance calibration reduces the
coefficient errors of the hybrid circuits under PVT variations by 92%. The TRX achieves a 72Gb/s data rate
with an eye-opening of 0.45Ul and 243mV and an energy efficiency of 1.5pJ/b.

080

2026%3825—27H EElERlms] =




INVITED TALK HigiRS

2026 3H26H - 82X
BT 2

TALK #12.3 / 14:20-14:45

BAREA¥

iR, MRAFEEER, EREFEATHIREE, FHEVTFREARF, Mt. FRdFREM
MAZFEBIZANDIR(UCLA). MMEREBEMNETRSH BB SHHEMITEAEHRER L. 7 |EEE AREHA
FIRATU TR =N LA RIEX 60 RiE, BIE ISSCC. JSSC. TCAS-I/Il. TVLSI, TMTT FE/KFEFREAT
M=, HiX IEEE BESRGEEME (Darlington) REATIENER, SEBEBKAEINEXHAR
BRRNE 2025 FEFEE=ZAFFEEATKHE" o

A 47.0Tb/s/mm 112Gb/s/pin PAM4 Single-Ended Transceiver Featuring 4-Aggressor Crosstalk

Cancellation and Supply-Noise Tolerance for Short-Reach Memory Interfaces
This talk presents a five-lane 112Gb/s/pin four-level pulse amplitude modulation (PAM-4) single-ended
(SE) transceiver for high-density short-reach interfaces. It features low-power front-end designs, including
resistor-feedback amplifier (RFA)-based termination and triple equalization; 4-aggressor shape-fitting
crosstalk cancellation (XTC) and supply-noise (SN)-tolerant clock distribution network are also proposed
to improve signal integrity. The transceiver with the on-chip 2-mm channels is fabricated in 28-nm CMOS;
it achieves an energy efficiency of 0.52 pJ/b and an edge density of 47.0 Tb/s/mm.
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Recent Research Progress on the PLL and CDR Forwireless/Wireline Communication
In this presentation, we will present two workspublished in ISSCC 2026. One is a 50-70-fs low-jitterPLL
featuring a low-jitter performance over a widesupply range of 0.65-1V. The other one is a 112Gb/sPAM4
receiver incorporating the first reported over-100Gb/s referenceless PAM4 CDR.
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A 21.6fsrms-Jitter, -260.7dB-FoM Fractional-N PLL Enabled by an Intrinsically Linear Variable-Slope
SPD for Quantization Error Cancellation

This work presents a fractional-N PLL with an intrinsically linear variable-slope sampling phase detector

for quantization error cancellation. Linearity, noise, and power efficiency are improved by eliminating the

edge-restoration buffer. Combined with the proposed charge injection based nonlinearity compensation,

the 14GHz prototype PLL achieves 21.6fs rms jitter, -260.7dB FoM and -67.4dBc worst-case spur in

fractional-N mode with 18.1TmW power consumption in 28-nm CMOS process.
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A 28nm 47.3TFLOPs/W 894mJ/inference Visual Autoregressive Accelerator with
Differential-Amplifier Speculation and Chain-Reaction-like Parallel Generation
To accelerate Visual Autoregressive (VAR) applications, this work implements a 28nm VAR accelerator
achieving 47.3TFLOPs/W and <0.6% FID loss. A differential visual attention amplifier speculates critical
tokens for selective execution; a full-path optimized MXINT PE adapts to biased data distribution; and, a
chain reaction-like parallel generation exploits spatial correlation. The 5.76mm2 chip runs at 400MHz,
accelerating DeiT/ViT VAR by 37.6 X with 2.75TFLOPs/mm?2 area efficiency.
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A 12nm 4Mb INT/FP4 Charge-Trap Transistor-Based Computing-in-Memory Macro Using

Analog-Predict-Digital-Compute for Al Edge Devices
Previous nonvolatile CIM (nvCIM) macros suffer from low storage density, unnecessary
multiply-and-accumulate (MAC) operations, and large hardware cost for floating point computations. A
fabricated 12nm 4Mb CTT nvCIM macro supports INT/FP4 MAC operations with the
analog-predict-digital-compute scheme for power saving, achieving an energy-efficiency of
137.75TFLOPS/W and >40 times improved density FOM (storage density X computing density). This work
is the first 12nm CTT nvCIM design.
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Hybrid SRAM/ROM Compute-in-Memory Architecture for High Task-Level Energy Efficiency in

Transformer Models With 8928-kb/mm? Density in 28nm CMOS
This article reports the first ultra-high-density hybrid static random access memory (SRAM)/read-only
memory (ROM) compute-in-memory (CiM) architecture for multibit multiply-accumulate (MAC)
operations of transformer models. It features several techniques that enhance the on-chip weight density,
energy efficiency, and flexibility, namely: 1) the hybrid CiM structure of 6T SRAM and 1T multi-level cell
(MLC) ROM for ultra-high memory density to improve the limited on-chip memory capacity and alleviate
the frequent weight reload from dynamic random access memory (DRAM); 2) 2-/5-b adaptive-resolution
analog-to-digital converters (ADCs) for energy reduction and low accuracy loss; and 3) post-fabrication
1-of-4 capacitor selection (PFCS) to reduce the capacitance of computing capacitors, which was originally
limited by the capacitor variation. This leads to lower energy and higher accuracy. A record-high 22-Mb
ROM CiM and 896-kb SRAM CiM macro has demonstrated the 8 X8 b MAC operations of one transformer
layer, featuring ultra-high weight density of 8928 kb/mm2 and significantly reduced DRAM access
activities toward high inference energy efficiency.
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A 22-nm 109.3-t0-249.5-TFLOPS/W Outlier-Aware Floating-Point SRAM Compute-in-Memory
Macro for Large Language Models

Large language models (LLMs) excel at complex Al tasks but suffer from heavy overhead due to surging
parameters, impairing Al processors’ energy efficiency (EEF) and memory footprint. Compute-in-memory
(CIM) relieves bandwidth bottlenecks and boosts EEF, yet INT/FP CIM variants face accuracy-memory
trade-offs in LLM deployment. Outlier-aware quantization (OAQ), using low-precision formats for normal
values and FP for outliers, becomes mainstream by matching full-FP accuracy.

This work presents OA-CIM, an SRAM-based digital CIM macro for hybrid BF16 outlier and INT4 normal
value processing. Its key contributions are: (1) a LUT-based FP/INT-compatible MAC circuit; (2) an
xor-sharing exponent gating scheme reducing latency/area via bypassing redundant comparisons; (3) a
sparsity-aware readout circuit with distribution-offset weight encoding to cut bitline power consumption.
A 22-nm 512-kB 8T SRAM prototype achieves 346.6 TOPS/W (INT4) and 249.5 TFLOPS/W (outlier mode),
outperforming state-of-the-art mixed-precision CIMs by 2.7-3.1 X.
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A 28nm 106.85TOPS/W and 77.68TFLOPS/W CIM Macro with Stage-Wise-Enabled Lossless
Compressors Based on Sign-Bit-Embedded Transition-Counting-Lines for Edge-Al Devices
This paper presents a 28nm bit-parallel digital CIM macro with stage-wise-enabled lossless compressors
based on sign-bit-embedded transition-counting lines, achieving 106.85TOPS/W (INT8) and
77.68TFLOPS/W (BF16).
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A 14GHz Chopper-Refolding Sampling PLL Achieving 33.8fsrms and 80.8dBc Reference Spur with a
kT/C-Noise-Cancellation SPD

A 14GHz chopper-refolding sampling PLL is implemented in 28nm CMOS, integrating a

kT/C-noise-cancellation sampling phase detector (SPD) and a self-injection VCO with harmonic-

impedance expansion. The SPD decouples jitter and phase-detection gain, while the chopper-refolding

scheme filters flicker noise. The VCO enables a high FoM without manual tuning, achieving 33.8fsrms

jitter, -80.8dBc spur, 16.9mW power, and competitive jitter performance among integer-N PLLs.
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Multi-Reference PLL: Theory and Implementation
The limitation of reference phase noise causes problems for the very low-jitter PLLs, which is increasingly
critical and may be an impediment toward 10 fs jitter. This article presents a multireference PLL
architecture featuring the ability to reduce reference PN by using more reference clocks. The architecture
evolution, noise model analysis, and circuit design considerations are presented. The prototype of the
multireference PLL is implemented in a 65-nm CMOS process and achieves 16.1 fs jitter.
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A 14GHz Ring-Based 3rd-Order Fractional-N PLL with 164fsrms Jitter and a 100MHz Reference
This work presents a 14 GHz ring-based 3rd-order fractional-N PLL with 164fsrms Jitter and a 1T00MHz
reference. A sub-sampling DLL is cascaded at a type-Il PLL output for extra phase noise and supply noise
suppression. A narrow-pulsed integrator is used in sub-sampling DLL to reduce integrated jitter. A
tri-state polarity-reversible SSPD is used to reduce DTC range and bandwidth degradation. A delay
calibration is used to reduce VCDL delay range and allow VCDL duty-cycle calibration.
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A PLL Technique: Charge-Steering Sampling
With the rapid arrival of Al and the 6G era, ultra-high-speed wireline/wireless technologies are becoming
increasingly important. In this context, ultra-low-jitter integer-N and fractional-N phase-locked loop (PLL)
chips play a critical enabling role. This report introduces a low-jitter all-digital PLL (ADPLL) architecture
based on charge-steering sampling (CSS). The architecture integrates three key techniques: high-gain,
high-linearity phase detection enabled by CSS; reduced quantization noise achieved through mid-rise
encoding; and AX quantization-error compensation implemented in the charge domain using a
capacitive DAC. As a novel charge-domain ADPLL solution featuring architectural simplicity and excellent

performance, this technology shows strong potential for future wireline/wireless communication systems.
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A Low-Jitter mm-Wave Fractional-N Sub-Sampling PLL Using a Polarity-Reversible SSPD for DTC
Range Reduction
This talk presents a mm-Wave band fractional-N sub-sampling PLL that achieves an rms jitter of 57.9 fs
and fractional spurs below -55.2 dBc at the near-integer fractional-N channel around 27GHz
corresponding to an excellent FOM of -249.7 dB. The proposed polarity-reversible sub-sampling phase
detector reduces the digital-to-time converter range, improving its noise and nonlinearity performance,
resulting in low in-band phase noise and fractional spurs.
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A 17.9-t0-22.4GHz 195.6 £ 1.3dBc/Hz FoM Quad-Core Class-F-1 VCO Featuring Improved

Synchronization Using a Circular Pentafilar Transformer-Based Tank
A 17.9-t0-22.4GHz quad-core inverse-Class-F VCO achieving PN of -145.6 to -141dBc/Hz and an FoM of
194.3 to 196.9dBc/Hz is reported. The VCO features a circular pentafilar transformer tank that provides
high Q1/Q2 without requiring extra CM resonators. Multipath synchronizations—in-phase at gates,
out-of-phase at drains, and an auxiliary dualpath coil-equalize impedances at both fO and 2f0. A
segmented alignment technique is proposed to preserve 1D tuning with improved robustness against
PVT variations.
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Energy Efficient Amplifier for Driving Large Capacitive Loads

The presentation discusses a low-power two-stage amplifier for large capacitive load driving. A
closed-loop gm -boosting stage with complementary devices is exploited to reduce the output resistance,
and thus, makes the output pole non-dominant with minimum power overhead. Therefore, the amplifier
has the dominant pole internally with a small capacitor, achieving a high gain-bandwidth (GBW).
Meanwhile, a current-mirror-based slew rate (SR) enhancement circuit is implemented to increase the
current driving capability. This circuit leverages the gain of a cross-coupled pair to generate an
SR-enhancing current with a fixed ratio to its bias, featuring high PVT robustness compared with
voltage-based enhancement. The proposed amplifier is implemented in a standard 55-nm CMOS
technology, with an active area of 0.009 mm2. It achieves a GBW of 1.6 MHz with a 12nF CL, achieving an
IFOMS of 984 615 that advances the state of the art by 1.4X. It provides an SR of 0.19V/u s with an IFoML
of 116923, exceeding the state of the art by 2X. The excellent GBW and SR with a quiescent current of
only 19.5 pA make this amplifier suitable for large capacitance driving applications.
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A 140-dB Single-Exposure Wide-Dynamic-Range CMOS Image Sensor Combining LOFIC and
Selective Overflow Technology

This report presents a wide-dynamic-range (WDR) CMOS image sensor (CIS) integrating lateral overflow
integration capacitor (LOFIC) technology and selective overflow architecture, achieving a 140-dB dynamic
range (DR) in a single exposure. The proposed pixel architecture modulates the barriers of overflow paths
to enable saturated charges overflow through two distinct pathways: effective overflow (captured by
LOFIC) and ineffective overflow (discharged via VDD). This unique selective overflow mechanism
equivalently enhances the charge storage capacity of the LOFIC capacitor, strengthening high-light
detection capabilities and thereby extending DR. In addition, we propose a count-range-selectable
single-slope (SS) analogto-digital converter (ADC) circuit to resolve the dual-channel readout issue
caused by inconsistent readout sequences between high-gain and low-gain signals in LOFIC architectures.
This design achieves single-channel readout while maintaining digital correlated double sampling (DCDS)
functionality. The prototype chip is fabricated using an 110-nm backside illumination (BSI) CIS process,
featuring a 5x5 pum pinned photodiode (PPD) pixel and a 14.32-fF LOFIC capacitor. Compared with
conventional LOFIC architectures, the proposed selective overflow mechanism extends DR from 101 to
140 dB, with a switching-point signal-tonoise ratio (SNR) of 20.5 dB. By selecting appropriate overflow
gate parameters, the photo-response non-uniformity (PRNU) at the half-full code for the
high-conversion-gain (HCG) output is measured at 0.50%, while PRNU for the low-conversion-gain (LCG)
output is 0.89%. At an ambient temperature of 60 °C, the dark current of the HCG signal is 181 e-/s, and
that of the LCG signal is 621 e—/s.
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A Battery-Free Wireless Electrochemical-Interface SoC Featuring 143dB Dynamic Range for
Multimodal Wearables
A battery-free wireless electrochemical-interface SoC is implemented and demonstrated in a sweatband
prototype for physiological monitoring in body sweat, where the proposed techniques improve the
dynamic range with a high linearity and low power consumption: 1) A self-adaptive stepwise-sinking
technique for an OTA-less potentiostat extends the dynamic range to 143dB with 23.3uW power. 2) A
frequency-digital-hybrid structure helps to ensure a high linearity of R2=0.99997 across the 143dB range.
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Energy-Efficient and Environmentally Resilient Transceivers for Body Channel Communication
Body-Channel Communication (BCC) has emerged as a promising interconnect technology in Wireless
Body-Area Networks (WBANSs), offering advantages such as low transmission loss and enhanced physical
security. This tutorial provides a comprehensive overview of BCC transceivers (TRXs), beginning with the
fundamental principles of BCC and channel modeling techniques. It then delves into design
methodologies for highly energy-efficient and environmentally robust TRX circuits, covering both
narrowband and wideband implementations. Additionally, measurement techniques and future research
directions will be explored. This tutorial aims to equip designers of wearable healthcare SoCs and other
low-power WBAN devices with practical insights and technical expertise.
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Energy Efficient Sensor Interface for Digital Microphones
With the rise of voice-enabled applications, digital microphones are increasingly demanded for both high
performance and ultralow power consumption. However, power consumption of a sensor interface circuit
typically trades off with its key performance metrics such as dynamic range (DR). This presentation reports
a co-optimization methodology for MEMS-ASIC design that employs electrostatic force feedback to
effectively decouple this trade-off. Through co-optimization of the MEMS transducer and the readout
interface at the system level, the proposed solution achieves a wide dynamic range of 107 dB while

drawing only 430 pA of supply current.

099

2026%3825—27H EElERlms] =




INVITED TALK HigiRS

2026 3H26H - 82X
BT 2

TALK #15.6 / 17:50-18:15

Bk, EBAFEMRA, BLEST, BRESFRRIAT. BRAEERREL, EPRIRELLEEAY
IBFFRIELFL. HFEERRARARMTERESH. RMURBERIGTHYE A HHEE, FHEER
BAMNZFESEER/EBEIME+RM, B TEREAMBHXBESHRREES, E=FUE—/EAE
& 1E ISSCC. DAC. CICC. Nature F¥l. IEEE TCAS H—HaiN/HFIARXE+RE, MITHFEIL+=
EMEEREAERBECR, ENZ=8/MNSSKIE. XEZSHAZTEIL. FIERE. B¥IESF
KEZTMMREREARSHEARRINENNR.

A 128 X96 Multimodal Flash LiDAR SPAD Imager with Object Segmentation Latency of 18s Based
on Compute-Near-Sensor Ising Annealing Machine

This paper presents a 128 X 96 multimodal flash LIDAR SPAD imager integrated with a

compute-near-sensor Ising-model annealing processor for dynamic object segmentation, framed as a

combinatorial optimization problem. The proposed system enables real-time updates of Hamiltonian

coefficients using a high-bandwidth output-while-write scheme, and accelerates Ising spin iterations by

exploiting multimodal SPAD information, achieving a remarkable segmentation latency of just 18 ps.
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A Light-Load Optimized Dual-Output Fly-Buck Converter With an Implicit Feedback of the Isolated
Output

This paper presents a 100 V fly-buck converter with limited zero-current (ZC) time and implicit feedback
of isolated output in discontinuous conduction mode (DCM). An anti-noise pre-regulator is developed to
resist the noise and generate stable internal supplies during high-voltage switching. A ZC-time limitation
scheme is designed to adjust the maximum ZC time in DCM, such that the lowest switching frequency in
DCM is confined, and the charging frequency of the isolated outputs is guaranteed. The light-load
efficiency can be improved with a lower switching frequency than working in the classical forced
continuous conduction mode (FCCM). Yet, the isolated output voltage seriously drops with the load in ZC
time-limited DCM, due to the loss of regulation. Therefore, an enhanced ontime generator (EOTG) is
further introduced to generate adaptive on-time without requiring direct input or output voltage
information, while realizing implicit feedback of the isolated output in DCM. The on-time is increased with
the enlarged load of the isolated output, improving the regulation of the isolated output in
ZC-time-limited DCM. The implemented fly-buck converter prototype was fabricated in a 100 V 0.18 pum
BCD process. Up to 24% light-load efficiency improvement is achieved at VIN = 48 V with a 25 ps ZC time
limitation. The measured peak efficiency is 94.4% with a 24 V input voltage.
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A 24V-to-20V Isolated DC-DC Converter using a Transformer-Based Supply-Generating Technique

This report presents a 24V-to-20V isolated DC-DC converter featuring a transformer-based
supply-generating technique for efficient gate-driver power delivery. Unlike conventional high-voltage
inverters that rely on auxiliary LDOs or buck converters, the proposed approach directly generates a 5 V
supply from an auxiliary coil coupled to the primary winding, eliminating external power components and
reducing system complexity. The transmitter (TX) and receiver (RX) are fabricated in a 0.18 ym BCD
process and packaged in an LGA package. Measurement results demonstrate a peak efficiency of 73.2%
and a power density of 36.5 mW/mm?3. Compared with prior integrated solutions, the proposed converter
achieves a 13.2% efficiency improvement and meets the CISPR-32 Class B EMI standard on a two-layer
PCB without stitching capacitors.
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A Closed-Loop EMI Regulated GaN Power Converter with 500MHz-Sampling-Bandwidth In-Situ
EMI Sensing and 9kHz-Resolution Global Excess-Spectrum Modulation
As EMI standards evolve from the rules-based approach to the risk-based alternate, online EMI
assessment and control become critical for lifetime risk management. Meeting such a trend, this article
presents an online closed-loop EMI regulation for GaN power converter. Specifically, a wide-bandwidth
in-situ EMI sensor is integrated to characterize the noise through autocovariance-based spectrum
analysis. With a stepwise random space sampling, it significantly compresses the sensing time without
sacrificing the accuracy for real-time EMI spectral characterization. Based on the online measured noise, a
global excess-spectrum modulator is devised to adaptively track and hence continuously regulate the
maximum excess noise. A prototype chip was fabricated in a 180nm BCD process, commanding two
enhancement-mode GaN power switches at a nominal frequency of 2.8MHz. The measurement results
show that the integrated in-situ EMI sensor can capture the EMI spectra with a 500MHz sampling
bandwidth and TmV sensing accuracy, while reducing the sensing time by over 25 times. Compared to the
commercial spectrum analyzer, it demonstrates a maximum discrepancy of 3dB. The embedded global

excess-spectrum modulator accomplishes a 9kHz-resolution EMI regulation, dynamically optimizing the
EMI control.
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A Condition-Insensitive Active SiC Gate Driver With On-Chip di/dt and dv/dt Sensing for Targeted
Slew Rate Control
To address the longstanding challenges of segmented driving control in the control accuracy and load
compatibility, this study introduces a condition-insensitive active silicon carbide (SiC) MOSFET gate driver,
designed to achieve targeted control of di/dt and dv/dt slew rates. An innovative mixed-signal
auto-timing (MSAT) technique employing the cascaded analog and digital delay lock loops (DLLs) is
proposed for precise and flexible segment control. Furthermore, on-chip di/dt sensing with
self-calibration, along with a low-power dv/dt sensing technique, enables the real-time slew rate
monitoring during switching transients. The targeted slew rate control (TSRC) technique facilitates the
adaptive closed-loop regulation of slew rates, ensuring compliance with predefined targets. Fabricated
using a 0.18- | m, 40-V bipolar-CMOS-DMOS (BCD) process, the proposed driver offers a tracking range
for segment control of up to 156.7 ns, allowing independent control of di/dt (0.25, 0.35, and 0.45 A/ns)
and dv/dt (5, 10, and 15 V/ns) targets across varied load conditions (400 V and 10 A, 600 V and 8 A, and
600 V and 12 A), achieving up to a 32% reduction in turn-on losses compared with conventional methods.
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An Adaptive Three-Stage GaN Gate Driver With Peak Miller Plateau Voltage Tracking and Voltage
Tailing Suppression for 36.4% Switching Loss Reduction

Achieving low switching loss is critical for high-frequency gallium nitride (GaN)-based power converters
due to the compact packaging and limited heat dissipation capacity of GaN devices. Focusing on
minimizing the switching loss, this article proposes an adaptive three-stage gate driver (ATSGD) for GaN
high electron mobility transistor (GaN HEMT). By providing a three-stage driving current within the Miller
plateau (MP) stage, the proposed ATSGD can achieve a near-constant dV/dt, thus minimizing the
switching loss under specific peak dV/dt constraints. Utilizing peak MP voltage tracking (PMPVT) and
quick voltage tailing suppression (QVTS) techniques, the driver dynamically determines optimal switching
timings for the three-stage driving currents in real time. Therefore, the extra losses caused by slow dV/dt
start-up and voltage tailing effect are minimized under dynamic operation conditions. Fabricated in a 0.18
M m bipolar-CMOS-double-diffused metal oxide semiconductor (BCD) process, the proposed driver
reduces the total switching loss by 36.4% under 400 V/15 A with a peak dV/dt of 45 V/ns, benefiting from
a 46.1% reduction in slow dV/dt start-up loss and an 88.7% reduction in voltage tailing loss compared
with conventional gate drivers.
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A Multi-Phase Hybrid Converter with Q Samplers Enabling Simultaneous IL Auto-Balance and
Arbitrary Phase Count
The paper presents a multiple-phase hybrid converter with Q samplers. Split-TON control enables VCF
auto-balance and arbitrary phase counts under all-phase interleaving, while 0-V Q samplers support IL
auto-balance with minimal reduction in power density. It achieves peak efficiencies of 90.5% and 91.5% at
1V and 1.8V VO. With 6-phase operation and ALL-ON control, the converter attains the lowest normalized
undershoot. This method is extendable to other hybrid converters.
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Reflectionless Blocker-Tolerant Mixer-First Receivers for 5G-Advanced/6G FR3 Communications
With the rapid evolution of next-generation wireless communication (e.g., 5G-Advanced, 6G), spectrum
resources have become increasingly crowded. Compared to congested FR1 (sub-6GHz) allocations, The
upper mid-band (FR3, ~6-to-24GHz) offers an order of magnitude more bandwidth, while avoiding the
propagation penalties of mm-wave frequencies above 28 GHz. Recently, the reflection-based N-path
mixer-first receivers designed for FR1 band have garnered widespread attention due to their capability to
provide a tunable and frequency-selective bandpass response. However, the reflection-based out-
of-band (OOB) rejection mechanism introduces two key implementation constraints. First, a trade-off
exists between OOB rejection and switch size. Second, the OOB reflections can induce undesired standing
waves, which degrade overall RF performance particularly in massive MIMO systems. To address these
challenges, this talk focuses on reflectionless blocker-tolerant mixer-first receivers for next-generation
wireless communications, covering frequency ranges of 6-to-26GHz and 10-to-30GHz.
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Design Practices of a 5G NR FR2 Low-noise Amplifier and a FR3 Power Amplifier
Recent wireless systems spanning 5G NR, 5G-Advanced, and emerging 6G are increasingly being
architected to address both millimeter-wave (FR2) and mid-band FR3 spectra, imposing stringent—and
often coupled — requirements on silicon RF front-ends. On the receiver side, ultra-wideband
millimeter-wave LNAs are required to simultaneously support multiple 5G NR and NR-U bands with flat
gain, low noise figure, and robust stability. On the transmitter side, FR3 PAs must deliver approaching
watt-level output power and high efficiency while maintaining intrinsic harmonic containment and
compact integration under tight silicon and thermal budgets.
Drawing from two recent JSSC works, this talk presents a set of circuit-level design and analysis practices
for a 22.6-73.9 GHz ultra-wideband LNA and a compact FR3 CMOS SOl power amplifier. For
millimeter-wave LNAs, synergistic equalization techniques combining shunt feedback, inductive peaking,
and resonant feedback compensation are discussed, together with their analytical foundations for
bandwidth extension, noise optimization, and stability control. For FR3 PAs, the focus is placed on
transformer-based multi-way power combining, intrinsic harmonic termination shaping, and
reliability-aware stacked transistor operation, highlighting how passive and active co-design can mitigate
the efficiency-linearity—area trade-offs.
Beyond reporting measured performance, the presentation emphasizes practical design insights,
including parameter sensitivities, layout-EM interactions, and reusable analysis frameworks that bridge
circuit theory and silicon implementation. Collectively, these practices provide a unified perspective on
wideband RF front-end design across FR2 and FR3, and offer concrete guidance for the development of
future scalable, spectrum-aware 5G-Advanced and 6G transceiver architectures.
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Ultra-Wideband Miniaturized RF Amplifier Integrated Circuit Design
To realize a smart society, fifth-generation (5G) wireless communication technology is one of the key
technologies, 5G connects everything with high speed and low latency. In this report, RF amplifier
integrated circuit designs for 5G Frequency Range 1 and 3 (FR1 and FR3) will be introduced. Multiple
wideband design techniques are employed for a high-linearity, low-noise. The power amplifier (PA) and
low-noise amplifier (LNA) both achieve a data-rate over 140 Gbps. This report provides a possible design
direction of multi-band compliant 5G transceiver.
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A Multi-Band RF Transmitter Employing a Transformer-Based N-Path Switched-Capacitor
Modulator for CIM3 Suppression

A multi-band high-linearity radio frequency (RF) transmitter features a transformer-based N-Path
switched-capacitor (SC) modulator to perform third-order harmonic (3x fLO) suppression, and tunable
high-Q bandpass filtering to reduce the out-of-band (OB) noise emission. The intrinsic lowpass
characteristic of the transformer also aids in suppressing the 3x fLO harmonic terms in the modulator,
reducing the thirdorder cross-intermodulation product (CIM3) at the transmitter output. To enhance the
transmitter efficiency and preserve the linearity, the power amplifier (PA) driver features a class-A/B
transconductor (gm) parallelized with a gm linearizer biased in the triode region. Fabricated in 65-nm
CMOS, the transmitter measures a power efficiency of 5.1% at a 2.3-dBm output, while showing CIM3 <
-60 dBc and ACLR1T < -46 dBc. Over the 2-to-3 GHz RF bands, OB noise < -157 dBc/Hz is consistently
achieved, with power consumption between 30.8 and 34.3 mW. The active area is 0.21 mm?2.
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CNN Accelerator Featuring a Memory Stationary Dataflow

The rapid growth of deep-neural-network (DNN) models has created an increasing gap between
computation capability and memory efficiency in Al hardware. As memory movement now dominates
both energy consumption and silicon area in modern accelerators, improving on-chip memory utilization
has become essential for sustaining performance scaling. Residual-network architectures, such as ResNet,
further intensify memory demands due to their large feature-buffering requirements, making
memory-centric optimization a key design challenge.

In this talk, | will introduce a memory-utilization-aware CNN accelerator that addresses these challenges
through a novel memory stationary (MS) dataflow. The MS dataflow unifies input and output feature
processing within a single cyclic memory block, boosting memory utilization and reducing
feature-memory access. To overcome buffering overhead in residual paths, we propose layer-wise
clipped-asymmetric residual distillation (LCARD) quantization and memory-stationary gating (MSG),
achieving higher OCMU and throughput gains over fixed-bit-width designs.
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A 10 000-Inference/s Bio-Inspired Spiking Vision Chip Based on an End-to-End SNN Embedding

Image Signal Enhancement
Edge machine vision requires a vision chip to perform imaging and visual recognition with high speed,
high accuracy, and compact size. Current vision chips adopt a two-stage workflow, which uses computer
vision processing and a deep neural network to perform signal enhancement and recognition,
respectively. However, the two stages involve different operations and are separately optimized, which
causes degraded recognition accuracy, low inference rate, and huge hardware overhead. To address it, we
propose a vision chip that integrates a single-photon avalanche diode image sensor and a reconfigurable
spiking neural network (SNN) processor. Inspired by the human visual system that employs a full SNN for
signal enhancement and recognition, the vision chip acquires spike-based images and performs an
end-to-end SNN embedding image signal enhancement (ISE) for object recognition. The ISE and
recognition are trained jointly in a unified deep learning framework to increase recognition accuracy and
inference speed. The vision chip only integrates an SNN processor to perform ISE and recognition by
being reconfigured into the low precision multiply-accumulation (MAC) mode or accumulation (ACC)
mode, respectively, thereby avoiding a dedicated image signal processor. Based on a 55-nm CMOS
technology, the fabricated vision chip integrates 128 X128 pixels and can implement 4096 ACC/MAC
components. The chip was measured to exhibit: 1) a 99.2% accuracy with 10 000 inferences/s at 10 Ix and
95.3% at 1.43 mlx on the MNIST dataset and 2) a 94.32% accuracy with color mosaic images on the
ETH-80 dataset.
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HYDAR: A 390K QPS, 1574K QPS/W Hybrid Analog/Digital Compute-in-RRAM Accelerator for
Efficient Recommendation System
We present the first 28nm hybrid compute-in-RRAM (CiR) accelerator for recommendation system
(RecSys) based on the HYDAR framework: (1) DL ADCs enable early termination of non-topK calculations.
(2) PPSP dataflow boosts throughput for irregular workloads. (3) A coarse-to-fine architecture preserves
system recall accuracy. The 36M-RRAM CiR chip achieves 390K QPS with a SOTA 1574K QPS/W. The chips
scale out to a 576M system for practical RecSys task, improving by 66x in QPS and 181x in QPS/W.
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A 1286fps 0.39mJ/Frame Modeling/Rendering Unified 3D GS Processor with Locality-Optimized
Computation and Reconfigurable Architecture
A modeling/rendering unified 3D GS processor is proposed with: 1) A locality-aware dynamic fine-grained
rendering engine for reduced redundant computation. 2) A Locality-optimized unified rendering workflow
to reduce EMA. 3) A unified reconfigurable architecture for neural modeling and gaussian rendering with
minimal area overhead. It achieves 3.4 X higher rendering throughput and 74.1% lower energy per frame
than SOTA 3D GS accelerators, and orders-of-magnitude reduction in modeling latency.
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A Three-Mode Single-Inductor Four-Quadrant Converter Achieving 94.6% Peak Efficiency with
Seamless Zero-Crossing
This paper presents a three-mode single-inductor four-quadrant converter with 94.6% peak efficiency for
electrochromic smart windows. It supports a 5 to 12V input, a =5 to +5V output and a -3 to 3A load
current, achieving full four-quadrant operation by employing buck/boost, inverting buck/boost and
auxiliary transition modes. This integrated converter enables seamless zero-crossing and mode switching

with a single inductor, thus resulting in a compact, low-cost, and low-complexity system.
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120V/230V Non-Isolated AC-DC Converter with High Power Density for loT Devices

This report presents two non-isolated AC-DC converters for Internet of Things (loT) applications. A 1.05-W
universal input capacitive AC-DC Converter with idle power reduction will be presented first. This
converter improves output power by increasing the AC-DC output voltage and stepping it down with an
SC converter. Three operating modes are proposed to regulate the AC-DC output voltage and reduce its
ripple. Thus, a smaller capacitor can be used to improve the power density of this system. Two capacitors
in series with two LDMOS transistors are added to an AC-DC rectifier to increase loop impedance and
reduce idle power, generating zero waves. The proposed power converter achieves 1.05-W output power,
577-mW/cm3 power density, and ~50% idle power reduction. Next, an offline power converter based on
a full-duty-cycle input series dual-branch (ISDB) topology will be presented. The proposed ISDB converter
elevates the overall output power of the AC-DC converter to 2.15-W and improves the power density to
1088-mW/cm?>.
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Piezoelectric Energy Harvesting: From MPP to MPPT
A fully digital MPPT is proposed for bias-flip piezoelectric energy harvesting. Once the MPP is identified,
its parameters are stored and locked. Even if the vibration amplitude/frequency changes or disappears
entirely, it directly operates at the pre-recorded MPP, no need for repeated tracking and ensuring
continuous maximum power output. By reusing the ZCD signal, no dedicated sampling operation is
required for MPPT. The measured quiescent current of the MPPT circuit is 17 nA, and the peak MPPT
efficiency is 99.8%.
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A Multi-Coil Scalable Energy-Shared Wireless Power Receiver Network for Distributed
Time-Division-Multiplexing Somatosensory Cortex Stimulation
This work presents a system-level scalable wireless power receiver (RX) network for miniaturized
distributed somatosensory cortex stimulation. By interconnecting the power outputs of all RX cells in the
network, the stimulator in each cell can access the total received power of the whole network, with a
time-division-multiplexing stimulation manner. Thus, each cell owns a multiple-input single-output
wireless power RX network without additional RX coils, with improved efficiency and robustness.
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Wideband Digital RF Transmitter Design
To fully benefit from advanced CMOS technologies, it is desirable to completely digitize the transmitter,
which yields reduced die area, highly-efficient operation and direct interface to digital baseband. Driven
by the increasing data rate demand with high-order modulation schemes, it poses great challenges on
transmitter linearity and power efficiency to support wideband baseband signals. This talk will discuss on
our recent works of wideband digital RF transmitter design.
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Digital-RF Transmitter for mm-Wave Application
Digital-RF transmitter with merits of integrated multi-function, high power efficiency, and compact circuit
size is highly attractive for mordern wireless. This talk will focus on the proof-of-concept, design

procedure of the digital-RF transmitter for mm-wave application.
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A 0.6-t0-0.9GHz, 28.06dBm Pout, 43.73% SE, 6-Phase Switched-Capacitor Power Amplifier Using

In-Cell Digital Waveform Synthesis for the 2nd-, 3rd-, and 4th-Harmonic Suppression
This work presents a 6-phase 0.6-t0-0.9GHz switched-capacitor power amplifier with a peak output power
of 28.06dBm and a peak system efficiency of 43.73%, using digital waveform synthesis for harmonic
suppression. A reused differential-switch topology is utilized to generate multi-level stepped waveform
with intrinsically canceled 2nd, 3rd, and 4th harmonics. Such an SCPA achieves 38.7/52.8/39.5dBc
suppression level of the 2nd/3rd/4th harmonics at 850MHz and supports 40MHz 64-QAM and 20MHz
256-QAM signals.
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A 4.5-t0-7.2GHz Beyond Rail-to-Rail Output SCPA with 27.9dBm Pout and 46.2% DE at 5.1GHz
Using Periodic Voltage-Pacing Network

This work presents a switched-capacitor power amplifier (SCPA) using periodic voltagepacing network,
capable of generating output voltage beyond conventional rail-to-rail limit, which enhances both the
output power (Pout) and efficiency. Fabricated in a 40nm CMOS process, it shows a competitive 27.92dBm
peak Pout and 46.2% peak drain efficiency covering a wide 1dB bandwidth from 4.5 to 7.2GHz.

Furthermore, it supports 200MHz 64QAM and 80MHz 256QAM, confirming its suitability for 5G/6G and
WiFi systems.
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Collapsing the Vision Stack: Ultra-Efficient Analog Intelligence for Edge Al
This work presents a fully analog intelligent vision SoC that eliminates both sensor-processor and
inter-layer A/D conversions for end-to-end vision. A continuous analog datapath from sensing to
multi-layer inference is enabled by a PWM imager, an RRAM-based CIM, and a linearity-recovery analog
memory. Fabricated in 55nm CMOS, the chip achieves 11pJ/(pixel - frame) sensing efficiency, 8,791
TOPS/W MAC efficiency, and 346 TOPS/W system-level efficiency across diverse vision tasks.
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A Patient-Independent Prototype-Based Spatio-Temporal CNN Processor with
Forward-Inference-Based Adaptation for Robust and Low-Latency Seizure Detection
This work presents a patient-independent, prototype-based spatio-temporal CNN processor for seizure
detection, achieving high accuracy without patient-specific data, at the lowest energy (16.4 nJ/class) and
latency (<120 ms). An optional forward-inference-based zero-shot adaptation improves robustness to
variability and low-quality inputs. The 40-nm IC achieves 94.3%/94.9% sensitivity/specificity without
patient data, improving to 95.4%/97.9% with adaptation, at 4.4 X lower energy and 3X lower latency.
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A 28-nm 239-bp/J Agile Pangenome Analysis Accelerator for Multi-Scheme Read Mapping
Recent advancements in deoxyribonucleic acid (DNA) sequencing have brought about a significant
paradigm shift in genome analysis, moving from linear approaches to pangenome graphs. Pangenome
analysis demands powerful computation capabilities to handle graph data structures, which are irregular
and complex, as well as the flexibility to adapt to various algorithms and data types. This article presents
the first silicon accelerator for pangenome read mapping. The 5.9-mm 2 822 -mW application-specific
integrated circuit (ASIC) accelerator includes a dedicated graph mapping engine (GME) that leverages
domain-specific characteristics to parallelize computations. It achieves a throughput of 151.8 Mbp/s and
an energy efficiency of 239 bp/ 1 J in pangenome read mapping. Moreover, its dynamic reconfigurability
and pipeline bubble hiding technique allow it to efficiently adapt to multiple mapping schemes with
improved hardware utilization. It is backward compatible with conventional short-read mapping and
offers up to 2.24 X area efficiency and 3.65X energy efficiency compared to state-of-the-art short-read

mapping silicon accelerators while maintaining an accuracy comparable with standard software packages.
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A High-Accuracy and Ultra-Energy-Efficient Cardiac Arrhythmia Classification Processor for
Wearable Intelligent ECG Monitoring
Wearable intelligent ECG sensors with integrated cardiac arrhythmia classification processors have been
used to detect and classify arrhythmia, alerting users to potential cardiac diseases. While state-of-the-art
arrhythmia classification processors employ neural networks (NN), the high computational complexity of
NNs results in significant energy consumption, limiting the model size and classification performance of
NNs. Additionally, inter-patient variation in ECG can lead to accuracy degradation when applying a
trained NN to patients whose ECG features differ from those in the training dataset. In this work, we
propose an ultra-energy-efficient cardiac arrhythmia classification processor incorporating three key
technologies: 1) heartbeat difference-based classification to improve accuracy under inter-patient
variation and reduce energy consumption; 2) event-driven NN computation with shared feature extraction
to reduce energy consumption; and 3) an adaptive NN wake-up technique to reduce energy consumption
while maintaining accuracy. The design was fabricated using 55 nm CMOS process technology and
evaluated using the MIT-BIH arrhythmia dataset. For arrhythmia classification, it demonstrates an energy
consumption of 0.09 W per classification with 98.7%/96.6% accuracy for intra-patient and inter-patient

testing,respectively.
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A Power-Efficient Jitter-Insensitive Wideband 1-bit CT AZ ADC with Direct Charge Dump
Feedback

Using a 1-bit quantizer in a wideband CT AX ADC is beneficial, but a 1-bit CT AX ADC imposes a stringent
linearity requirement on OTA1, leading to high OTA1 power, and is sensitive to jitter when using a
resistive/current-steering feedback. This work proposes to directly dump the feedback charge to the loop
filter without the participation of OTA1, and OTA1 only processes the slow and small input signal and
works for compensation, which does not require high accuracy, thus its power is significantly reduced. As
the proposed feedback impulsively dumps the feedback charge, it is insensitive to jitter, alleviating the
noise requirement on the clock circuit. To efficiently reduce the non-common-mode noise from the
biasing current provider in an OTA, a switched capacitor supply is proposed. The prototype 1-bit, fourth
order CT AX ADC with the proposed feedback and SC supply scheme is fabricated in a 28-nm CMOS
process and achieves SNDRs of 76.3/73.2 dB in 25/40-MHz BW and Schreier FoM of 174.0/172.9 dB
without DAC correction; furthermore, it can tolerate 2.4ps,rms jitter with only 1.2-dB SNDR degradation.
The ADC core consumes 4.2mW, of which OTA1 only consumes 1.5mW. The prototype achieves one of
the best power efficiencies among the 1-bit, jitter-insensitive, and DAC-correction-free state-of-the-art CT
AX ADCs, validating the prominent advantage of the proposed techniques.
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A 25.8% 30/K-Accuracy, 0.12%/°C Temperature Drift Sigma-Delta Modulation Calibrated

Pseudo-Resistor With GQ to TQ Tuning Range
This work presents an on-chip self-calibrated pseudo-resistor (PR) based on a sigma-delta modulation
(SDM) loop. The proposed real-time calibration mechanism facilitates the implementation of an accurate
low-drift ultra-high-value (UHV) PR with a wide tuning range at minimum hardware expenditure.
Experimental results demonstrate that the resistance can be precisely tuned from 1.5 GQ to 2.5 TQ. The
average temperature drift is 0.12%/°C within the temperature range from-40 -C to 80 °C, which is
comparable to the on chip high_x0002_resistance poly resistor. The relative accuracy (3op) is 25.8% under
room temperature, representing an improvement of over one order of magnitude compared to an
uncalibrated PR. To validate the proposed calibration loop, a capacitively-coupled instrumentation
amplifier (CCIA) embedding the calibrated PR has been fabricated in a standard 180-nm CMOS process,
occupying a core area of 0.187 mmA2. The CCIA achieves an accurately tunable high-pass corner
frequency (fHP) from 0.13 to 217 Hz, a total harmonic distortion (THD) as low as 0.0093%, and a linear
output swing up to 3.9 Vpp. The input-referred noise (IRN) is measured at 2.40 yVrms within a 0.5-200-Hz
bandwidth. In conclusion, this work paves the way for implementing accurate tunable on-chip UHV
resistors in mass production.
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A Multi-Event, 7.9-ps Resolution Time Amplification-Based TDC With an Ultra-Low Static Phase
Error DLL Using Interpolator Recycling Technique for dToF Applications
A multi-event time-to-digital converter (TDC) with a high conversion rate using an interpolator recycling
technique is proposed in this work. The conversion dead time is greatly reduced by reusing the coarse
interpolation channel (CIC) during the quantization of Start and Stop signals. A high resolution is achieved
by a coarse—fine interpolation with a calibration-free high-linearity time amplifier (TA). A flash sub TDC
using a novel fully symmetric quantization (FSQ) scheme is proposed to implement fine interpolation,
which helps improve the linearity. An ultra-low static phase error (SPE) DLL with time amplification in the
feedback loop is proposed, to improve the TDC's precision and linearity. The proposed TDC is fabricated

in a 0.18-um CMOS technology, achieving a 7.9-ps resolution over a 2033.5-ns dynamic range with a
conversion rate of 80 MS/s. The worst case DNL and INL are +0.15/-0.09 LSB and +0.69/-0.43 LSB,
respectively.
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Time-Interleaved A% ADC for Broadband Wireless Applications

Time-interleaved (TI) structures have been widely used in Nyquist-rate ADC architectures such as Pipeline
and SAR to enhance system sampling rates. Theoretically, this technique is also applicable to A%Y ADCs,
effectively increasing their equivalent clock sampling rates. However, due to the recursive operational
nature of AX modulators, different channels require internal interaction to achieve time interleaving,
resulting in significantly higher architectural complexity compared to traditional Nyquist ADC
time-interleaving schemes.

This talk presents a low-complexity solution based on extrapolation prediction: leveraging the recursive
characteristics of AL modulators, the output of other channels is predicted using complete information
from a single channel, thereby avoiding complex multi-channel collaborative design. Building on this
approach and incorporating key circuit techniques such as hybrid-inputs adders and DAC linearity
enhancement, a dual-channel TI AX ADC prototype was implemented using a 28nm CMOS process.
Measurement results show that the ADC achieves 71.5dB SNDR, 77.3dB DR, -160.3 dBFS/Hz NSD over a
200MHz signal bandwidth, with a power consumption of 106 MW, delivering a state-of-the-art
FOMS|SNDR of 164.3 dB.
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Monolithically Integrated DWDM Si-Photonic Transceiver for Chiplet Optical 1/0

With the explosive development of Al and ML, the ever-growing data movement is asking for high density
interconnects with higher bandwidth, lower power and lower latency. However, the millimeter-sized MZM
can hardly fit into xPU packages. Dense wavelength division multiplexing (DWDM) is also needed to
shrink the fiber counts for higher shoreline density. The transistor-size Micro-Ring Resonator (MRR)
enables high-density and high-efficiency integration with CMOS circuits. Its intrinsic resonance is
employed for dense-WDM in the optical link. In this talk, a monolithically integrated DWDM Si-photonic
transceiver is presented. All necessary electronic and photonic circuits are fully integrated on a single
CMOS chip, including 4 channel drivers, transimpedance amplifiers (TIA), micro-ring modulators (MRM),
micro-ring filters (MRF) and photodetectors (PD). Based on the high-Q micro-ring resonation, four
200-GHz spaced wavelengths transmitting and receiving at 50 Gb/s/A each is demonstrated.
Implemented in 45-nm SOI CMOS, experimental results show clear eyes at 4\ X 50 Gb/s with <10-12 Bit
Error Rate (BER), achieving 176-Gb/s/mm2 BW-density and 3.5-pJ/bit power efficiency, which is boosted
to 224-Gb/s/mm2 and 2.85-pJ/bit at 64-Gb/s/lane. Full link transceiver and multi-A crosstalk experiments
are demonstrated. At last, the recent advances in our group on the integrated optical I/O will be briefed.
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Exploring the Speed Limit of Planar CMOS Processes: A 240Gbps 0.7pJ/bit Analog Efficiency PAM4
Transmitter in 65n CMOS Process
Driven by artificial intelligence (Al), the data rate of high-speed SerDes is evolving rapidly from 200 Gbps
per single channel to 400 Gbps. The performance of high-speed SerDes is strongly correlated with
processes. Advanced FinFET processes boast advantages such as high transistor cut-off frequency (fT), fast
switching speed, short interconnection routing length, and robust digital processing capability. FinFET
processes from 14nm to 3nm are widely adopted by the industry at the 100G/200G generations. How to
achieve a data rate comparable to that of advanced processes based on mature planar CMOS processes
has become a valuable research topic. This report presents our exploration into the speed limit of planar
CMOS processes and discusses the design techniques of a 240 Gbps PAM4 high-speed SerDes and a
256Gbps 5.4Vppd optical linear driver based on the 65 nm CMOS process. The relevant technologies can
also be applied to advanced process nodes, which accelerates the evolution toward 400 Gbps per channel.
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A 112-Gb/s PAM-4 Retimer Transceiver

This report presents an ADC-DSP-based 112-Gb/s PAM-4 transceiver for long-reach retimer applications.
It incorporates a compact low-jitter clocking scheme, an output-jitter-optimized TX, and a
compensation-enhanced RX to lower the clock jitter and link BER while maintaining a high-energy
efficiency. The clocking scheme utilizes a single jitter-filtering Pl followed by an ILO to obtain synchronous
low-jitter clocks with relaxed bandwidth and low-power consumption. The TX features an internal FFE
cascaded with a forward-coupling pad driver to improve the output ISl jitter, and a timing-optimized 4:1
MUX to reduce the serialization jitter. The RX contains a flexible CTLE, an SNR-optimized ADC, and a
high-resolution digital FFE/DFE to improve the compensation accuracy and further minimize the BER.
These techniques are demonstrated by a prototype fabricated in a 28 nm CMOS process, achieving a raw
BER of 1E-12 at 112 Gb/s over a 31.2-dB loss channel. The clock network delivers a rms recovered clock
jitter of 252 fs and a power efficiency of 0.56 pJ/bit, which outperforms other state-of-the-art works. This
work also verified the viability of forward-error correction-free PAM-4 transceivers beyond 100 Gb/s/lane
for the high-speed retimer applications in the data center.
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A 16Gb/s/pin 0.51pJ/bit Single-Ended NRZ Transceiver with Distributed Dual-Loop VDDQ Ripple
Compensation and Dynamic Clock Duty-Cycle Calibration for Memory Interfaces
This work presents a 16 Gb/s/pin 0.51 pl/bit single-ended NRZ transceiver with distributed dual-loop
compensation (DDLC) for VDDQ ripple suppression and dynamic duty-cycle calibration (DDCC) for robust
clocking. The DDLC locally regulates VDDQ ripple with a shared low-power LDO, reducing decoupling
capacitor by 91.4% while improving horizontal/vertical eye margins by 1.61X/1.36X. Demonstrated on
five channels, it scales naturally to larger DQ counts for high-density memory.
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Compatibility and Testability Techniques for High-Speed and High-Density Interfaces

With the development of wireline communication and the Chiplet ecosystem, numerous standards and
protocols have emerged for high-speed, high-density interfaces. Concurrently, the testing challenges
associated with these interfaces have become increasingly prominent. This report aims to explore
compatibility technologies across multiple standard protocols, primarily focusing on clock and data
synchronization techniques, transmitter linearization techniques, wideband clock generation and
distribution circuits, as well as on-chip built-in-self-testing (BIST) technologies in both the time and
frequency domains.
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Capacitively-Biased Diode Technique and Its Applications
BJTs/Diodes biased with static current sources can generate PTAT and CTAT signals, which are widely used
to build bandgap references, temperature sensors, and other analog circuits in CMOS processes. Despite
their high accuracy and reliability, they typically require an over-1V supply voltage, which may limit their
applications in advanced CMOS processes, where a sub-1V supply is preferred. Furthermore, their over-1V
supply and static power also limit the energy efficiency in loT applications. To further reduce the supply
while keeping high accuracy, the capacitively-biased diode (CBD) technique was proposed recently.
Instead of using static current sources, BJTs/diodes can also be biased by pre-charged capacitors, which
require a lower voltage headroom and consume only dynamic power. In this talk, the speaker will
introduce the recent research on the CBD technique and explore its applications in various analog

designs, such as temperature sensors, bandgap references, and current sources.
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A 1ppm/°C and +0.066% 30 Accuracy Bandgap Reference with Temperature-Adaptive
PTAT Scaling
This paper presents a process-independent, curvature-compensated bandgap reference. By introducing a
temperature-adaptive duty-cycled resistor to scale the PTAT voltage, the design effectively compensates
for CTAT nonlinearity without introducing offset errors. Fabricated in 0.18um CMOS, the prototype chip
occupies 0.068mm2 and consumes 15pA. After two-point trimming, it achieves an average temperature
coefficient of 1 ppm/°C and a 36 output accuracy within +0.066%.

137

2026%3825—27H EElERlms] =




INVITED TALK HigiRS

2026 3H27H - £3X
BT 2

TALK #24.3 / 14:20-14:45

LigsEkE
X, W1, LEEATEREBERINE. FADENRNERBREIEA. BASENEOA
BERRERS, HATHAELESERTE BERNENES. THRSSSTWNEO. £S5
ERERHENDLRRE, ERREHST. BIENSARERTUAGETYREX 40 K5,
HEERSMEFILEER 10 27, BERAT

PWM-Based Impedance Boosting Technique With Autonomous Background Calibration for
VCO-Based Neural Front Ends

Adaptive impedance boosting for bio-signal acquisition front-ends is crucial for wearable and implantable
devices where sensors exhibit high and widely varying source impedance. This talk presents a pulse-width
modulation (PWM)-based, capacitively coupled chopped voltage-controlled oscillator (VCO)
continuous-time delta-sigma modulator (CTDSM) for bio-potential monitoring. A PWM-based positive
feedback loop is introduced to cancel on-chip coupling and decoupling effects, thereby boosting input
impedance with a simplified calibration digital-to-analog converter (DAC). A frequency-domain loop
stability detection scheme continuously monitors VCO outputs through a fully digital implementation,
enabling a background auto-calibration mechanism that achieves sub-second convergence time.
Fabricated in a 180-nm CMOS process, the proposed VCO-based neural front-end achieves an IRN of 3.09
pVrms, an SNDR of 81.0 dB, and a DR of 85.7 dB, at a 10-kHz chopping frequency, it exhibits. Additionally,
an input impedance of 8.73 GQ is achieved at 2 Hz.
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A Wire-Metal-Based Temperature Sensor With a Fractional-Discharge FLL and V2T Converter
Achieving 45-f) *K2 R-FoM in 28-nm CMOS
This report presents a compact wire-metal-based temperature sensor for thermal detection in advanced
technologies. The key innovations include: 1) a fractional-discharge scheme originated by extracting the
fractional pulse from the 5-phase voltage-controlled ring oscillator (VCRO) to shrink the discharge
window in the front-end (FD) to 10% of a complete clock cycle, preserving the power budget while
eliminating the need for bulky metal resistors; 2) a voltage-to-time (V2T) converter with chopping
implemented as amplifying stage inside the frequency-locked loop (FLL), eliminating the undesired dc
offset and 1/f-noise to safeguard the sensing accuracy and resolution. Prototyped in 28-nm CMOS
process, this sensor occupies a footprint of 4,700 um2 and consumes 10.5 yW under 0.8 V VDD at room
temperature. It demonstrates outstanding 3o inaccuracies of 01.5 °C/00.2 °C after 1-/2-point trimmings
across —40 to 125 °C, respectively. The resolution figure-of-merit (R-FoM) achieves 45 fJ-K2, illustrating
the best-in-class performance compared to the resistor-based temperature sensors in the sub-65-nm

process.
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A 0.6V 9.4puW 1,892um2 Current-Pulse-Injection Crystal Oscillator Featuring Capacitively Biased
Amplifier with 242.2dBc/Hz PN FoM @ 1kHz Offset
This paper reports a current-pulse injection-based Crystal Oscillator (XO). A capacitively biased amplifier,
powered by the stacked capacitor power supply (SCPS), delivered a short boosted current pulse into the
crystal to limit the amplifier's shoot-through current while upholding the XO's phase noise. Fabricated in
65nm CMOS, the XO core occupies 1,892um?. The 16MHz XO consumed 9.4uW at 0.6V VDD, associated
with a phase noise of -137.9dBc/Hz @1kHz offset, corresponding to a superior FoM of 242.2dBc/Hz.
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A 100A LLC Resonant Converter with an Embedded Primary-Current-Extracted Regulator

LLC resonant converters are widely used for 48V-to-~1V xPU power delivery due to their inherent
ZVS/ZCS operation, which enables high efficiency and compact magnetics. To support hundred-ampere
load currents, multiple paralleled discrete GaN/Si power devices are typically employed, whose gate
drivers require a dedicated low-voltage supply (e.g., 5V). In conventional implementations, this supply is
generated by a separate auxiliary buck converter or transformer winding, increasing BOM, board area, and
efficiency loss.

To address these challenges, this report presents a 100A LLC resonant converter with embedded
primary-current-extracted regulator. The proposed regulator supplies the gate drivers of the LLC
converter, thereby eliminating the need for an external auxiliary buck converter or additional auxiliary
windings. Fabricated in a 0.18um BCD process, the proposed regulator occupies a die are of 8.3mmz2.
Operating at a switching frequency of TMHz, the LLC resonant converter achieves a 60V/2V voltage

conversion with a peak efficiency of 93.4%.
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PVT-Robust Wide-Band Backscatter Modulator for Ultra-Low Power loTs
Conventional backscatter modulators are limited to low-order modulation at low data rates, whereas
existing high-order approaches exhibit PVT sensitivity and require frequent calibration. This talk will
introduce an energy-efficient backscatter modulator supporting wide-band, high-throughput, and

calibration-free operation.
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A Battery Charger Based On Mesh-Connection 2 X CF Continuously-Scalable-Conversion-Ratio
Converter Achieving 3.2W/mm3 Power Density

This work presents a compact battery charger for smartwatches based on a mesh-connected continuously
scalable-conversion ratio converter (CSC) that uses only two CFs. The proposed design reduces the
number of invalid phases, switch and routing resistance, achieving 89.2% efficiency at 16.8 W output
power and a power density of 1.6 W/mm? and 3.2 W/mm?. A shared- EA scheme ensures a smooth
transition between constant-current and constant-voltage (CC-CV) modes. With a peak power PCE of
92%, this compact and efficient design is particularly well-suited for smartwatch applications.
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A 2.5-5V Input 100V Output 86.2% Peak Efficiency Fibonacci-Dickson Hybrid Converter for
Acoustic Surface Audio Driver

This talk introduces a hybrid boost converter designed for the acoustic surface audio driver, operating
within an input voltage range of 2.5-5 V and boosting it to a high voltage (HV) of 100 V. The design
adopts a cascaded approach by integrating the Fibonacci and Dickson switched-capacitor (SC) topologies.
This combination enables the converter to achieve a high-voltage conversion ratio (VCR). It offers the
advantages of a reduced number of flying capacitors and reduced voltage stress for power switches. To
improve the overall efficiency, we only use laterally diffused N-type metal-oxide-semiconductor
(LDNMOS) power switches, which offer low ON-resistance, fast switching, and reduced fabrication mask
requirements. In addition, a stacked active bootstrap replaces the conventional bootstrap diode with an
actively controlled transistor that has lower ON-resistance, overcoming the diode forward voltage drop
issue and improving efficiency. The converter delivers a maximum output power of 2 W at 100-V output
voltage with a peak efficiency of 86.2% and a power density of 7.43 W/cm3.
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An Inductor-at-Middle Hybrid Buck Converter with Shared Power-Signal Path for Distributed
Vertical Power Delivery
This talk presents an inductor-at-middle hybrid buck DC-DC converter for high-current density vertical
power delivery, reusing the power inductors as signal feedback paths. The proposed switching bus
multiplexing control reuses the power path to carry a feedback signal, mitigating the challenges in
sophisticated signal and power network co-design for pin-intensive distributed applications. The
prototype achieves a vertical current density of 1.65A/mm~2.
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Design of 25-31GHz Power Amplifier and True Power Detection in 40nm CMOS
We present a compact mixer-based true power detector integrated within a Ka-band power amplifier
(PA). By performing capacitive voltage sensing and inductive current sensing at the primary coil, the
compact power detector eliminates the need for additional area-consuming passive components while
still allowing the power amplifier to maintain a single-ended antenna output. The control of magnetic
coupling with the secondary coil is achieved by exploiting magnetic flux cancellation rather than
increasing the physical distance between coils. The active mixer multiplying the voltage and current
employs current bleeding technique that simultaneously suppresses the flicker noise and enhances
linearity, leading to a state-of-art dynamic range. Without phase shifters or resistor termination, the
overall power detector achieves intrinsic phase compensation by matching the delays between the
voltage and current sensing paths. Fabricated in a 40nm CMOS process, the power detector occupies
covers a detectable power range from -18dBm to +15dBm across 25-31GHz with 12.1mW power

consumption.
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A Compact 26/38GHz-Reconfigurable Dual-Band LNA Using Transformer-Based
Pole-Zero-Inversion Image-Rejection Technique Achieving >39/41dB IRR for 5G Multi-Band
Applications
The fifth-generation (5G) communication technology utilizes millimeter-wave (mm-wave) spectrum to
meet high-speed data transmission requirements. These 5G Frequency Range 2 (FR2) bands typically
include the n257/n258/n261 and n259/n260 bands, which can be classified as a mm-wave low-frequency
(LF) band (24.25 to 29.5GHz) and high-frequency (HF) band (37 to 43.5GHz). A large-scale multi-channel
transceiver technology is the key to expanding mm-wave transmission distance and communication
capacity. However, the number of transceiver channels is limited by the operating frequency bands and
antenna size. Therefore, multi-band mm-wave circuits that can significantly reduce chip size and power
consumption are both highly practical and technically challenges. In this talk, we will report a compact
26/38GHz dual-band high-IR LNA for narrow-LO dual-side mixing reception. This work simultaneously
reduces the requirements for LO source bandwidth and I1Q architecture reception, provideing an

alternative solution for simplified and compact mm-wave multi-band transceiver circuits.
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K-/Ka-Band Down/Up Frequency Converter Chipsets for Phased Array SATCOM Ground Terminals
Large-scale integrated phased arrays are enabling the millimeter-wave (mm-Wave) satellite
communications (SATCOMs). Dedicated to the SATCOM planar phased array systems, the design of the
K-/Ka-band down/up frequency converter (FC) chipsets is presented. The quadrature Gilbert FCs benefit
from the proposed differentiated IF and LO high-order in-phase and quadrature (IQ) balancing
techniques, supporting fully on-chip high-image/sideband rejection ratio (IRR/SRR). The wideband IF
signal processing chains, simultaneously enabling gain control, reconfigurable filtering, Hilbert
transformation, voltage/power amplifying, as well as single-ended/differential signal conversions, are
proposed for the heterodyne up and down FCs. The FC chipsets fully support the 2-D operation in the RF
band of 17.7-21.2 GHz [downlink receiver (RX)]/27.5-31.0 GHz [uplink transmitter (TX)] and the wide-IF
band of 0.8-4 GHz, offering the peak conversion gain of 35.7/33 dB for the RX/TX, with over 40-dBc
IRR/SRR and 58-dBc calibrated LO suppression.
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Ultra-Broadband Self-Compensated Vector-Modulation Phase Shifter With Over 100-GHz
Bandwidth

With the rapid development of communication, radar, radio astronomy and security inspection imaging,
next-generation RF systems are evolving toward universal and ultra-broadband (UBB) operation.
However, the lack of wideband and low-cost phase shifter (PS) has been a bottleneck in these systems,
limiting the operating bandwidth, phase resolution, size, and ease of array expansion. In this work, we
introduce a self-compensated vector modulation (SCVM) PS architecture with significant reduction in
amplitude and phase errors, and dramatically enhanced bandwidth. It also effectively suppresses
performance degradation caused by non-ideal factors such as variable gain amplifier (VGA) nonlinearity
and coupler imbalance. An overcompensation technique that eliminates amplitude and phase errors is
proposed, and the operating bandwidth of a silicon-based PS has been increased to more than 100 GHz
for the first time. To reduce the chip area, an active-coupling technique is introduced, reducing the large
chip size requirement for passive devices. The prototype PS is designed in a 130-nm SiGe BiCMOS
process, achieving a state-of-the-art operation frequency range from 6 GHz to 110 GHz, with a maximum
ABRMS of 3°, a maximum AGRMS of 0.5 dB, and a phase shifting resolution of 2.5°.
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Scalable Compute-in/near-Memory Systems with 2.5D/3D/3.5D Integration

The rapid expansion of large Al models, such as ChatGPT, has placed significant challenges on traditional
computing architectures. To overcome the memory wall memory-centric architectures such as Computing
in/near Memory (CIM/PNM) have emerged, integrating computation and memory to reduce both latency
and energy consumption. This talk explores the scalability of CIM/PNM systems through 2.5D/3D/3.5D
heterogeneous integration enabled by advanced packaging techniques. In 2.5D integration, a layer-wise
pipeline parallelism mapping is discussed, where inter-chiplet communication is minimized to improve
efficiency. In 3D integration, the stacking interface promises enhanced bandwidth, reduced interconnect
delays, and scalable performance for Al workloads. An active interposer-based 3D CIM system is
developed to enable flexible 3D communication. The talk will also address the architectural and
circuit-level challenges associated with designing active interposer-based systems. In 3.5D integration, an
architecture-algorithm co-design approach is developed for decoder-only large language model (LLM)
systems. The recent 3.5D PNM technology effectively addresses the extremely large memory access and
tens of gigabytes of weight data required by these systems. These 2.5D/3D/3.5D approaches offer a viable
path for sustaining advancements in scaling laws in the post-transistor-scaling era, with significant
implications for Al infrastructure, edge computing, and high-performance systems.
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A 51.6J/Token Subspace-Rotation-Based Dual-Quantized Large-Language-Model Accelerator

with Fused Scale-Activation INT Datapath and Rearranged Bit-Slice LUT Computation
A 51.6pJ/token accelerator for rotation-based dual-quantized LLMs is presented. A subspace-rotation
method with parallel Hadamard transposer reduces on-chip rotation power by 62.3% and area by 59.7%.
A fused scale-activation unit lowers energy by 61.5% vs. the naive FP design. Rearranged bit-slice LUT
computation achieves 2.28 X better energy efficiency compared to a direct bit-parallel MAC
implementation, while supporting flexible bit-width. The chip reduces per-token energy by 32.6% over
SOTA under an equal accuracy constraint.
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A Multicore Programmable Variable-Precision Near-Memory Accelerator

for CNN and Transformer Models
Convolutional neural network (CNN) and Transformer are the most popular neural network models in
computer vision (CV) and natural language processing (NLP). It is quite common to use both these two
models in multimodal scenarios, such as text-to-image generation. However, these two models have very
different memory mappings, dataflows and mathematical operators, making it difficult to accelerate both
types of models simultaneously. To address the forementioned challenges, we propose a multi-core
programmable near-memory-accelerator and introduce an arbitration-free multi-port SRAM array to
improve storage utilization while maintaining flexibility. To achieve performance comparable to
compute-in-memory (CIM) designs, we use near-memory variable-precision multiplier-accumulators
(NVMAC) to perform multiply-accumulate (MAC) operations tightly close to the memory to maximize the
memory access throughput and support the mixed-precision neural network inference. We use a
fine-grained instruction set architecture to support software sparsity and reduce overhead caused by
coarse-grained non-MAC operations with low utilization. A chip is fabricated in a 28 nm process and
achieves 6.3-to-101.4TOPS/W energy efficiency for Transformer model and 7.3-to-194.6 TOPS/W for CNN
model, 1.2x to 4.2x compared with other state-of-the-art designs, while efficiently supporting both CNN
and Transformer overloads.

152

2026%3825—27H EElERlms] =




INVITED TALK HigiRS

2026 3H27H - £3X
BT 2

TALK #27.4 / 17:00-17:25

RIEXRFE
T4, L, BEXFEIARRE, N\EPEBFEREFATIRE,. REBFEXFE “KRXSHEE” , M
EMEMERTECHEN. ERHTECHAEME=SERBRETESHAEEMAR, FARRAZERE
BEALHIFE/EXEAERESEZTFESFIWMA 7, E=FR, UFE—/BAEE LR 1ISSCC/ISSC/VLSI
FiIL 36 (6 ISSCC/5 JSSC/4 VLSI), HARFARILX 50 RE, ARBRNIE “PESHBEF+KHE,
3 RFEB PEFESERIRTAHRBIRZ LR, K18 CCF CHIP Best Paper Award, ISSCC Highlight Paper;
BT EERR ERERTRZRHATI JSSC/TCAS-I/TCAS-Il E&EHEFE A

A 28nm Speculative-Decoding LLM Processor Achieving 105-to-685us/Token Latency for
Billion-Parameter Models
LLMs face decoding bottlenecks. Speculative Decoding (SD) reduces latency via a small draft model for
serial decoding and a large target model to verify in parallel. Despite this advantage, it still suffers from
exponent redundancy, inefficient weights/KV, and hardware underutilization. We propose an SD LLM
processor with three innovations: an exponent dual-reuse MAC, draft back-propagation target
mixed-precision dataflow, and draft early start parallel compute, achieving 10.29X speed increase.
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EBEEAARSHATI I (TCAS-I) MIBIELR. 2 2024-2025 FEEFR IEEE EIZSEBE IS (SSCS)HIZNH# M,
fthE 2011 FERMNFSRAHD —FRHERRE 2 —(ZRASRITERIRE).

Continuous-Time Pipelined Delta-Sigma ADC With DAC Image Prefiltering

This presentation reports a continuous-time (CT) pipelined delta-sigma (AZ) ADC featuring a proposed
pre-filtering scheme to tackle the DAC image issue. We introduce a fast-shunting route for high-speed
DAC image current with a passive RC low-pass filter (LPF) on the quantization (QTZ) path. Together with
another LPF on the signal path to align the delay, the CT front-end stage provides a residue signal with a
small amplitude and smooth edges, relaxing the linearity requirements on the residue amplifier (RA) and
the back-end stage. Specifically, the RC delay in the two LPFs are tracked over process variation, relaxing
the signal leakage to the back-end. For the back-end stage, we utilize an all-pass filter (APF) analog delay
in a 2nd-order CT cascade of integrators with feedforward (CIFF) AZ modulator (DSM) with an input
feedforward path. Such an APF can restore the unity signal transfer function (STF) under the influence of
excess loop delay (ELD), thus simplifying the matching requirement between analog and digital domains'
transfer functions.

Prototyped in 28-nm CMOS process, the proposed ADC operates with a clock of 3.2GHz, occupying an
active area of 0.104 mma2. It exhibits a 72-dB dynamic range (DR) and a 68.5-dB peak signal-to-noise-
and-distortion ratio (SNDR) over a 160-MHz bandwidth (BW). The modulator consumes 36.2 mW, yielding
165-dB Schreier figure-of-merit (FOMS) based on the SNDR.
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FF 2022 FHEBERFERFIERANEFELEMAIE, 7F 2023 FANRBEAFEFILIERIBEENIEH
Rii. MEEIBENMRSRAEESESERIERLRE (ADC) . SitaEREINESERE. St
ftigit ADC F, IERAFHLZREFEKFIEX 30 RFE, HPIMEFZIW ISSCC. TRKHATI JSSC FFAL

X 10 RiE, & JSSC. TCASI FHRFIFERA, EIRNHETI (HEBEFF) FFEEH. MHIELE 2023 FER
ERBE “RESFENHR

A CMOS Hybrid Common-Gate Current-Integrating Sampler with >37dB SNDR Across 51GHz BW
in a 128GS/s Front-End

This work proposes a CMOS hybrid common-gate current integrating sampler to address linearity, BW,

and jitter limitations in prior wideband ADC front-ends. The front-end employs a hybrid common-gate V-I

converter, transformer-coupled inductive peaking, and an automatic power-gating hold buffer, enabling

48.1dB SFDR and 38.6dB SNDR near its 52GHz BW-3dB. This work demonstrates superior SNDRBW

(measured near BW3dB), outperforming prior samplers/ADCs reported in ISSCC/JSSC/VLSI with
BW>30GHz.
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A 14b 20GS/s RF-Sampling DAC Achieving 70.4dBc IMD3 up to 8.9GHz
This work presents a 14b 20GS/s RF-Sampling DAC. By introducing a switch driver with process-and-
temperature-adaptive (PT-adaptive) level shifting and enhanced low-crosspoint control, the DAC
demonstrates an IMD3 of 83.5dBc at 7.2GHz and a maximum output power of 7dBm without negative
supply. And an algorithm, named ISI-Minimizing Dynamic Element Matching (ISIM-DEM), is proposed to
mitigate output distortion induced by inter-symbol interference (ISI) effect at 8.9GHz and 20GS/s.
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BEHIE, tRAFENIEHE. BLESM, tha5F 2012 £ 2019 FE LERBEBAFMNERIFHAFR
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Z#0 IEEE Solid-State Circuits Letters BlE 4R

High-Performance Time-Domain Capacitance-to-Digital Converters

Capacitive sensors are widely used in loT applications and smart edge devices to detect a broad range of
physical quantities, including pressure, humidity, acceleration, and proximity. These applications call for
capacitance-to-digital converters (CDCs) that deliver high resolution, low latency, and outstanding energy
efficiency.

This talk will begin with an overview of the fundamental principles and key design trade-offs of capacitive
sensor readout circuits, followed by recent research advances such as emerging converter architectures
and time-domain quantization techniques. Several design examples will be presented, including double
PFD quantizers and time-domain feedforward compensation. The talk will conclude with a discussion of
future directions and opportunities in CDC design.
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Session 1: Connectivity and Clocking

P01 ;5#R&EH: A 10-72GHz SDR Receiver with Compact and Low-Phase-Noise LO Frequency
Quintupler
HEAN: BEF, ELRKFE

BSEIH: EIFH
#E . Demands for 5G NR, 6G, autopilot radar, satellite communication and other emerging applications
promote the development of compact receivers for easier phased-array integration and some
communication protocols such as 5G n263 require receivers with over 70GHz bands [1-3]. Therefore, a
multi-standard-supported SDR receiver with a small die area, a high RF bandwidth and high
reconfigurability shows excellent adaptation for the potential demands [4,5]. In a multi-standard receiver,
the orthogonal local oscillator (LO) accuracy directly affects the demodulation quality. However, the
existing wideband orthogonal LO generators including XFMR-based 1Q network, QVCO, and hybrid-path
band selection show limitations such as high core area, high power consumption, or high spur
interference [6,7]. Besides, the down-mixing scheme of RF signals over 40GHz like harmonic mixing shows
relatively low conversion gain [8]. This work introduces a 10-72GHz receiver with only one inductor-less
LO generator for multi-protocol applications. Phase interpolator and edge-combining switched-capacitor
(SC) based frequency quintuple techniques are proposed to output 10GHz to 40GHz LOs while operating
within 2-8GHz. For the 40-72GHz band, the RF signals are down-mixed two times with the same frequency
to reduce the LO operating frequency to fRF/2. The first down-mixing process is performed with the
image band at DC, achieving over 100dB image rejection ratio (IRR) through the transformer for input
matching and then relieving the noise deterioration and image interference. This work describes a
10-72GHz, 26-48dB gain, and 19.7-23.7dBm OIP3 SDR receiver with a 0.068mmz2 LO generator.

P02 ;B3RxEH: A 1.6-to-3.8GHz Reconfigurable FMCW Radar SoC with 81.5%
Relative-Bandwidth PLL for Real-Time Life Detection in Disaster Response
wEAN B, ERMEMEKRTE

BSEMm: K2
#E: A 1.6-t0-3.8GHz FMCW radar SoC for real-time non-line-of-sight life detection is implemented in
40nm CMOS. An 81.5% BW ring-VCO PLL with DTC achieves 29.6kHz frequency error and
0.78-t0-400MHz/us chirp slopes. The TX integrates a 13.43dBm PA, while the RXRF features 8.1dB NF,
baseband chain with 100dB-rejection SC-HPF at 1kHz and CT A-X ADC. A RISC-V core with FPU/VPU
enables DSP, detecting people behind 6 walls and vital signs behind 2, occupying 7.65mm2 and
consuming 0.395W.

P03 &RH: A Charge-Domain Fractional-N ADPLL Based on Charge-Steering Sampling
REAN: FRE—, PERERAKRTF

S RiEYg
#HE: We propose a charge-domain fractional-N all-digital phase-locked loop (ADPLL) that employs
charge-steering sampling (CSS) of a sinusoidal reference waveform. The well-known issue of quantization

error in fractional-N operation is compensated by a capacitive digital-to-analog converter (CDAC), which

159

2026%3825—27H EElERlms] =




serves the conventional role of a digital-to-time converter (DTC). This CDAC is further merged with the
inherent CDAC of a successive approximation register (SAR) analog-to-digital converter (ADC), which is
exclusively used for digitizing the time-error mainly induced by the phase noise (PN). Initially, the
combined CDACs are preset to VDD, and then discharged during a short digitally controlled oscillator
(DCO)-divider-triggered pulse via a pseudo-differential MOS pair directly driven by the input reference
sinusoidal waveform. Owing to the gentle slope of the reference waveform, the charge-domain
fractional-N operation achieves a wide and linear time-error detection (TD) range. Furthermore, by
reinterpreting the SAR ADC output using multi-bit midrise encoding, the effective time-to-digital
conversion (TDC) gain is boosted by bang-bang (BB) effects while maintaining fast and robust locking. To
accurately model the CSS current, we introduce a damped-sine waveform model incorporating harmonics,
providing comprehensive insight into the CSS-TD gain, even with short-channel devices. Fabricated in 22
nm CMOS, the prototype achieves an rms jitter of 96 fs at 24 GHz with a reference spur of —60 dBc in
integer-N mode, while 167.8 fs at approximately 24.5 GHz with a worst in-band spur of —47.8 dBc in
fractional-N mode. The occupied area is only 0.08 mm?.

P04 ;5#RzAH: A 25.48-29.25 GHz Rotary Traveling-Wave Oscillator Achieving -191dBc/Hz FoM

at 10 MHz Offset Using Ringlnterleaved N/P Cross-Coupled Pairs in 22-nm CMOS
REAN: WBRIE, FERERAKRTF
BSEIM: Ri5Y

W E: This paper presents a 25.48-29.25 GHz rotary traveling-wave oscillator (RTWO) employing
ring-interleaved nMOS/pMOS cross-coupled pairs along a Mdbius ring to achieve low phase noise and
high efficiency. By generating 16 phases with fewer active cells, the design reduces noise sources and
power consumption while maintaining a simple switched-capacitor array. Reusing part of the Mdbius ring
as common-mode inductance enhances the return-path impedance, suppresses device noise, and
improves the effective Q. Placing the switched capacitors between the nMOS and pMOS pairs introduces
a partial inductive path for harmonic currents, mitigating flicker phase noise. Fabricated in 22-nm CMOS,
the RTWO consumes 8.8 mW and occupies 0.03 mm?, achieving a peak FoM of —191 dB at 10 MHz offset
across a 13.7% tuning range, breaking the —190 dB barrier for RTWOs and approaching state-of-the-art
LC oscillator performance.

PO5 B#R&EH: A 0.068mm2 8.5-t0-12.7GHz Complementary Dual-Core VCO with
Auto-2nd-Harmonic-Tracking Technique Achieving 202.7dBc/Hz Peak FOMT and 0.9dB-FoM
Variation at a 1MHz Offset in a 39.6% Tuning Range
WEN HIRE, BKREHEFHRRMR
ESEIm. BRIR
#E: A complementary dual-core VCO with auto f2nd tracking is proposed to achieve consistently low
PN and a high FoM over a wide tuning range (TR). Prototyped in 65nm CMOS, the proposed VCO
achieves a peak FOM@1/10MHz of 190.7/193.5dBc/Hz with only 0.9/1.6dB variation across the TR from
8.5 to 12.7GHz (39.6%). The VCO occupies a compact area of 0.068mm2 including a small decoupling

capacitor of 18pF.
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P06 i§#RAH: A 25-31GHz Compact True Power Detector with >33dB Dynamic Range in 40nm
Bulk CMOS
wEAN: RN, EEXF
EFEMm: =S
#E: This paper presents a compact mixer-based true power detector (PD) integrated within a Ka-band
power amplifier (PA). The proposed compact PD avoids on-chip balun by sensing the voltage and current
from the primary coil. Flicker noise suppression by current bleeding and linearity enhancement in the
mixer expand the overall dynamic range of power detection. Intrinsic phase compensation in the
detection paths removes the need of additional phase shifters, which further saves area cost. Fabricated in
a 40nm CMOS process, the PD occupies a core area of 3520um2 and maintains a dynamic range of >33dB
across 25-31GHz with 12.1mW power consumption.
P07 ;5igi&H: A Wideband Replicas-Rejection Digital Transmitter Using Joint-Digital-Analog
Interpolation and Filtering in 28nm CMOS
wmEA: BAEER, SEXF
ESEM. RI8E
E: This article proposes a wideband replicas-rejection quadrature digital transmitter (Q-DTX) with
joint-digital-analog interpolation and filtering techniques for high signal bandwidth applications. The
digital polyphase architecture, swapping the order of interpolation and filtering, is employed to increase
the sampling rate with low power consumption. The analog interpolation is integrated in the digital power
amplifier (DPA), along with the digital-domain filtering, to further suppress sampling replicas. A wideband
analog interpolation DPA with 1Q-sharing and Doherty techniques is realized to enhance the efficiency at
power back-offs (PBOs) while supporting wide frequency coverage. Implemented in 28-nm CMOS, this
Q-DTX occupies only 0.88-mm2 core area. Powered by only one 1.1-V supply, this Q-DTX achieves
27.3-dBm peak output power with 30.5% system efficiency (SE) at 3.6 GHz. The 3-dB RF bandwidth range
is 2.1-5.1 GHz. For Wi-Fi 40-MHz 64QAM signal with peak-to-average power ratio (PAPR) of 7.2 dB, this
Q-DTX achieves 21.1-dBm average output power ( Pavg ) and 21.6% average SE with error vector
magnitude (EVM) of —26.0 dB at 2.56 GHz. For Wi-Fi 80-MHz 256QAM signal with PAPR of 8.7 dB, it
obtains Pavg of 17.5 dBm and average SE of 10.3% with EVM of —29.5 dB at 3.84 GHz. This Q-DTX
achieves over 42-dBc sampling replicas rejection.
P08 ;&R H: A Ka-band Multi-Beam Phased-Array Transmitter with Time-Modulation for
PAPR Reduction and Physical Layer Security
wEAN. BEMA, FEKXFE
ESEm: B8R

FEE: This article presents a fully connected, timemodulated, multi-beam phased-array transmitter (TX),
with reduced multi-beam peak-to-average power ratio (PAPR) and physical layer security. In the proposed
time-modulated architecture, phase-shifted beam signals are sequentially fed into dedicated power
amplifiers (PAs) at different time slots, contrasting with the conventional voltage-domain beam

combination. Thus, the linearity and efficiency problems in conventional architecture are avoided, while
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maintaining comparable effective isotropic radiated power (EIRP) performance. On the other hand, as
each beam is transmitted in turn through different PAs, the phase compensation provided by phase
shifters (PSs) deteriorates outside the main lobe region, providing the desired physical layer security. The
proposed TX is fabricated in a 65-nm CMOS process, where a canceling-based time modulator and a
synchronous clock distribution network are implemented to support the time modulation. A measured
20.9-dBm saturation output power (Psat) and 9.37% power-added efficiency (PAE) at 6-dB power back off
(PBO) from Psat are achieved. A twobeam, four-element TX system is implemented for over-the-air (OTA)
measurements. The dual-beam measurement reveals the expected PAPR reduction, with an output power
improvement of 1.1 dBm in 16-QAM for the 5% EVM and a 1.5-dBm improvement for 256-QAM at 4%
EVM. Furthermore, the time-domain combination also suppresses the inter-beam power contention,
resulting in constant performance regardless of the power of the other beam. When PA is saturated by
beam 1 signal, the EVM of beam 2 is improved by 5.2%. The desired physical layer security is proved in
single beam measurement, where the EVM of the eavesdropper increases from 4.8% to 18% at a 30 °
angle.
P09 ;5iRiEH: A 26/28/37/39GHz Reconfigurable Fully Connected MIMO Receiver Front-End
with On-Chip Diplexer Achieving 52-to-70dB Blocker Rejection

wREAN: BIRA, KEAAF

BSEIM. LHE/FED
E: A 24.25-t0-29.5 / 37-to-40GHz fully connected MIMO receiver (RX) front-end for 5G FR2 that
enables 52-to-70dB calibration-free inter-band blocker rejection and up to -5dBm blocker tolerance is
introduced. A compact on-chip diplexer and band-selective network are integrated in the RF chain to
reject undesired signals before the mixer. The RX can support concurrent dual-band or multi-stream
single-band operation, and achieve 4.8Gb/s 64-QAM non-contiguous inter-band carrier aggregation
operation.

P10 ;B¥R#H: A D-Band 5-bit SiGe Active Bidirectional Phase Shifter Achieving 0.09-dB RMS
Gain Error and 0.86° RMS Phase Error
wEAN. L2, KEMKFE
1ESEIH: PR

#E: This brief presents a D-band active bidirectional vector-modulation phase shifter (PS) based on a
phase inverter embedded variable gain amplifier (PI-VGA). A Lange coupler and self-shielded Marchand
baluns are utilized for 1Q signal generation and combination, achieving bidirectional lowloss impedance
matching. The switchless bidirectional PI-VGA incorporates compensation networks for parasitic reduction
and intrinsic gain enhancement, enabling amplitude modulation and quadrant selection. The PS supports
5-bit 360 ° bidirectional phase shifting over 112-145 GHz. The measured minimum insertion losses are
7.5 dB and 9.5 dB for forward and reverse operations, with RMS gain errors of 0.09 dB. The measured
minimum RMS phase errors for both directions are 0.91 ¢ and 0.86 °. The measured input 1-dB
compression point amounts to 8 dBm and the core area of the PS is only 0.256 mm2, with an average

power consumption of 81 mW under 3.3 V power supply. To the best of the authors' knowledge, this is
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the first reported D-band active bidirectional PS, and the PS is suitable for terahertz time-division
duplexing (TDD) phased arrays, offering a compact size and reduced insertion loss.
P11 ;5igEH: TIP: Turbo Implicit Pursuit Channel Estimator for mmWave MIMO Systems
wBEAN: FEH, KEAF
EFEIm: K
#E: Compressed-sensing (CS)-based channel estimation is a promising technology for future millimeter
wave (mmWave) multiple-input-multiple-output (MIMO) systems, enabling significant pilot reduction and
improved estimation accuracy. Channel estimators based on matching pursuit (MP) variants offer lower
complexity compared with other CS algorithms, but suffer from high latency due to their iterative nature,
hindering efficient hardware implementation. To mitigate this issue, this article introduces a turbo pursuit
(TP) strategy that relaxes sequential dependencies in MP variants, enabling parallel processing and
pipelined implementation. To demonstrate the effectiveness of TP, this article further introduces turbo
implicit pursuit (TIP), a hardware-friendly instance of TP that leverages a prioritized gradient descent (GD)
strategy for low-complexity least squares (LS) solving. A hardware auto-generator for TIP is then proposed
using a formula representation approach, which constructs a parameterized hardware-algorithm design
space and enables hardware-algorithm co-optimization. Our optimized 32 X 4 TIP MIMO channel
estimator ASIC in 65-nm CMOS achieves 0.53-ps latency under 18.75% measurements. Compared with
prior implementations of MP variants, this work achieves higher or comparable estimation accuracy with
over 18% latency reduction and over 5X higher throughput to area ratio (TAR) for ASICs, and over 90%
latency reduction with over 3 X higher hardware efficiency for FPGAs.
P12 ;5igEH: Reflectionless Blocker-Canceling Mixer-First Receivers for Next-Generation
Communication and Sensing Systems
wEAN Fil, REXF
BSEm: ERT
FEE: 1. This paper proposes a 6-18 GHz reflectionless blocker-canceling mixer-first receiver for satellite
communication systems. By introducing a novel phase-compensation feedforward path, out-of-band
blockers are effectively canceled and a reflectionless design is implemented to minimize the LO power
consumption. The 65nm CMOS prototype achieves maximum out-of-band rejection of 55.6 dB, voltage
gain of 8.9 to 11.6 dB, and NF of 11.2 to 17.6 dB while consuming 53 to 81 mW.
2. This paper presents two reflectionless blocker-canceling mixer-first receivers. By employing a
reflectionless blocker-canceling technique with phase compensation, the trade-off between out-of-band
(OOB) rejection and switch size is decoupled. Thus, switches with small-size can be used without
sacrificing OOB rejection, and the power consumption of the local oscillator (LO) buffers is also reduced.
Further, the phase compensation technique can accurately allocate the transmission zero, thereby
enhancing the rejection of high-side TX leakage. Two receiver variants (Design-1 and Design-2), mainly
differing in LO and baseband (BB) circuits, are fabricated in 65 nm and 40 nm CMOS technologies, with
chip area of 0.99 mm2 and 0.7 mmz2, respectively. Design-1 operates from 6-18 GHz, with a RF-to-BB

conversion gain of 8.9-11.6 dB and a maximum high-side OOB rejection of 55.6 dB. Design-2 covers a
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wider range of 6-26 GHz, achieving a RF-to-BB conversion gain of 7.2-9.9 dB in wide mode and 7.0-9.5 dB
in narrow mode, with a maximum high-side OOB rejection of 50.8 dB in both modes. Design-1 has a BB
BW-3dB of 225 MHz, while Design-2 achieves 320 MHz in wide mode and 210 MHz in narrow mode,
along with a steeper transition-band roll-off and flatter passband. The power consumption of Design-1
and Design-2 are 53-81 mW and 61-76 mW, respectively.
3. This paper presents two RF-to-Millimeter-Wave blocker-tolerant mixer-first receivers. A feedforward
path with phase compensation is designed parallel to the main path to cancel the out-of-band (OOB)
blocker. It can break the trade-off between mixer switch size and OOB rejection, thereby simultaneously
achieving high transition-band roll-off and excellent LO-to-RF isolation. In addition, a balanced input
network is employed to achieve broadband input matching. LC tanks are introduced into the second
design to further improve the OOB rejection. Fabricated in a 130 nm SOI CMOS process, the proposed
receivers achieve a transition-band roll-off of 40 dB/decade and OOB rejection of 25-55 dB in the
frequency range of 10-30 GHz. It also achieves a maximum LO-to-RF isolation of 61.7 dB at 11 GHz.
P13 ;&ReEH: A 180-to-240Gb/s Analog-Intensive PAM-4 Transmitter with 0.70pJ/b Analog
Power Efficiency in 65nm CMOS
wBEAN: MFR, BFEXF
ESEN. REE
E: This paper presents a 180-240Gb/s analog-intensive PAM-4 transmitter in 65nm CMOS process. A
three-stage cascaded 2-to-1 analog MUX (AMUX) is employed to reduce the complexity and therefore
the parasitic capacitance of both output and internal high-speed nodes. Reconfigurable 4-tap FFE, current
injection, and dual T-coil techniques are proposed to enhance the output swing and the bandwidth. The
transmitter achieves 0.70pJ/b analog energy efficiency at a 240Gb/s data rate.

P14 i5iRE: A47.0Tbh/s/mm 112Gb/s/pin PAM4 Single-Ended Transceiver Featuring
4-Aggressor Crosstalk Cancellation and Supply-Noise Tolerance for Short-Reach Memory
Interfaces
wBEAN MR, BRAF
fESEm: 1R
#E: This paper presents a five-lane 112Gb/s/pin PAM4 single-ended transceiver in 28nm CMOS for
high-density short-reach memory interfaces. Low-power triple-equalization, 4-aggressor shape-fitting
crosstalk cancellation and supply-noise-tolerant clock distribution networks are involved to improve the
signal integrity. The design demonstrates robust performance against severe crosstalk and supply noise,

achieving an energy efficiency of 0.52pJ/b and an edge density of 47.0Tb/s/mm.
P15 &B#REH: A21.6fsrms-Jitter, - 260.7dB-FoM Fractional-N PLL Enabled by an Intrinsically
Linear Variable-Slope SPD for Quantization Error Cancellation
wREAN: XZE, EBEXF
BSEIm: A%
E: This work presents a fractional-N PLL with an intrinsically linear variable-slope sampling phase

detector for quantization error cancellation. Linearity, noise, and power efficiency are improved by
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eliminating the edge-restoration buffer. Combined with the proposed charge-injection based nonlinearity
compensation, the 14GHz prototype PLL achieves 21.6fs rms jitter, -260.7dB FoM and -67.4dBc worst-case
spur in fractional-N mode with 18.1mW power consumption in 28-nm CMOS process.
P16 ;5iRiEH: A 14GHz Chopper-Refolding Sampling PLL Achieving 33.8fsrms and 80.8dBc
Reference Spur with a kT/C-Noise-Cancellation SPD
wBEAN: NBR, BFEXF
BSEMm. EiHk

ZE: A 14 GHz chopper-refolding sampling PLL is implemented in 28 nm CMOS, integrating a kT/C noise
cancellation sampling phase detector (SPD) and a self-injection VCO with harmonic-impedance
expansion. The SPD decouples jitter and phase detection gain, while the chopper-refolding scheme filters
flicker noise. The VCO enables high FoM without manual tuning, achieving 33.8 fsrms jitter, -80.8 dBc
spur, 16.8 mW power, and competitive jitter performance among integer-N PLLs.

P17 /BR%EH: A 16Gb/s/pin 0.51pJ/bit Single-Ended NRZ Transceiver with Distributed
Dual-Loop VDDQ Ripple Compensation and Dynamic Clock Duty Cycle Calibration for Memory
Interfaces
wBEAN:. THIK, EBXF
BSEm: NEF/IXT
#BE: A 16Gb/s/pin 0.51pJ/b single-ended NRZ transceiver with distributed dual-loop compensation
(DDLC) for VDDQ-ripple suppression and dynamic duty-cycle calibration (DDCC) for robust clocking is
presented. The DDLC locally regulates VDDQ with a shared lowpower LDO, reducing the required
decoupling capacitor by 91.4%, while improving horizontal and vertical eye margins by 61% and 36%.
Demonstrated on five channels, the proposed DDLC scales naturally to larger DQ counts for high-density

memories.

P18 ;§#R%H: 20.10 A 214-to-242GHz Miniaturized Co-Packaged PA-Antenna Array with 29dBm

Lens-less EIRP in a 0.13um SiGe Process
wREAN: 2T, KEAF
BSEm. HE
#E: This work presents a miniaturized, high-power, and wideband THz PA-antenna array,realizing
29dBm lens-less peak EIRP from 214 to 242GHz. To improve the BW and Psat of the PA, a folded
10th-order power-splitting/combining and staggered-matching method is proposed, achieving 17.4dB
peak gain and 16.5dBm peak Psat from 160 to 248GHz. To address the efficiency and BW limitation of the
AoC, a co-packaged ULP slot-patch antenna is integrated, extending the radiation efficiency to 66.7% and
BW to 36GHz.
P19 ;BRREH: A 0.06mm2 14.7-t0-20.2GHz Quad-Core VCO Enabled by the Folded Circular
Transformer Achieving 201.1dBc/Hz FoMT and 203.4dBc/Hz FOMA
BEAN: BRRE, BIKFE/EEKXRE
ESEIm: TXXE

#HZE: This paper proposes a quad-core oscillator utilizing a folded circular transformer that utilizes both
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magnetic and electric coupling for core synchronization, greatly reducing the area and phase noise
penalty of quad-core VCOs. Moreover, the proposed transformer simultaneously enhances
common-mode and differential-mode quality factors. Fabricated in 28nm CMOS, the proposed VCO
covers 14.7-to-20.2GHz (31.5%) within an area of 0.06mm2 while consuming 5.3mW power. It achieves
FOMA and FOMT@10MHz offset frequency of 203.4 and 201.1dBc/Hz at 15.8GHz.

P20 i5#RkzEH: A 128mW 2x4 Radar-on-Chip with Forward-AX DPLL-Locked Multi-Injection
RTWO in 22nm CMOS Enabling ADCFree Digitization and PS-Free Beamforming Demonstrated
in In-Cabin Vital-Sign Monitoring
wBEAN: &, PERFRAKE
BESEIM: #irlE
#E: A 2X4 phased-array SIL radar-on-chip in 22nm CMOS is demonstrated for in-cabin vitalsign
monitoring. Built on a forward-AX DPLL-locked multi-injection RTWO at 20GHz, it concurrently serves as
(de)modulator, beamformer, and data converter. The chip delivers 0dBm CW/PMCW for respiration
cancellation, boosting SFDR by 9dB for cardiac extraction. RTWO-based beamforming covers £48° FoV
in ~15° AoA step. The 1.42mm?2 chip consumes 128mW and achieves RR/HR errors <E6bpm with 1.2mwW

DSP on-chip.

P21 ;53R EH: A 40-nm CMOS Phase-Tunable Four-Phase Injection-Locked Ring VCO Utilizing
Unbalanced Feedforward Topology Achieving - 211.1- to — 207.3-dBc/Hz FOMA Over
Differential/Orthogonal Phase Range of — 90.0° to 80.9°/- 69.6 °to 76.5°
wBEAN. 78E, LBTEKF
BESEM: £&

FEE . This article proposes a phase-tunable four-phase injection-locked ring voltage-controlled oscillator
(RVCO) voltage-controlled oscillator (VCO), where the functions of muti-phase generation and clock
phase tuning are merged in the VCO, and no additional phase-tuning block is needed in the clock system.
The ring oscillator (RO) utilizes a novel unbalanced feedforward topology with high power and area
efficiency. By tuning the ratio of the feedforward current to the input current at each stage of the
oscillator, the phase of the four-phase output clock can be precisely and flexibly controlled. The proposed
VCO achieves an inherent phase-tunable/calibration feature for desired phase outputs, without the need
for additional back-end calibration circuits, avoiding the deterioration of noise performance and the
increase in power consumption in the clock path. The injection locking technique is applied in the
proposed VCO to maintain good noise performance over a wide frequency and phase-tuning range. The
VCO prototype in a 40-nm CMOS can cover the frequency range of 3.27.5 GHz and achieves a wide
differential/orthogonal phase-tuning range of 90.0° to 80.9°/69.6° to 76.5° and a small phase-tuning
step of 0.14°/mV on average. Over the full phase range, the VCO achieves an FOMA of 211.1 to 207.3

dBc/Hz, which is the best FOMA among the state of the arts.
P22 ;§RBE: A 220-GHz Low-Noise CMOS Receiver Utilizing Noise Cancellation and Gain
Enhancement

wEAN: EWE, FKEKXF
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{eSEm: =LA
#E: This paper presents a 220 GHz low noise receiver (RX) implemented in 40 nm bulk CMOS process
with fT/fmax = 300/270 GHz. The RX comprises a 2-stage low noise amplifier (LNA), a single-balanced
active mixer, and an intermediate frequency amplifier. To enhance gain and suppress noise of LNA, a
tri-coil gm-boosting network and an inductors-assisted differential noise-cancellation network are
proposed. The core of LNA is designed using a lossy-Gmax-core to simultaneously achieve noise and gain
matching. The proposed active mixer integrates a noise-self-cancellation network embedded between
gate and source of the switch-stage and utilizes the lossy-Gmax-core as the gm-stage, improving both
conversion gain (CG) and noise performance. The RX achieves a CG of 17.8 dB, a minimum noise figure of
11.8 dB, an input 1-dB compression point (IP1dB) of -24.7 dBm, while consuming 35.5 mW. The design
occupies a total area of only 0.2 mm?, with a core area of 0.078 mm? To the best of the authors'
knowledge, this work demonstrates the lowest reported noise figure among CMOS receivers operating
above 200 GHz.

P23 ;§iRE: ALow Phase Noise and High-Efficiency Biharmonic Class-F- 1VCO With
Improved Waveform Shaping
wEA: R, BIKF

ESEm: ZIE
E: This article presents an inverse class-F (class-F— 1) voltage-controlled oscillator (VCO) architecture
that achieves a higher figure of merit (FoM) compared with the reported RF harmonic VCOs. The design
conditions for FOM improvement in biharmonic VCOs (with sole 2nd harmonic) are analyzed. To meet the
conditions revealed, a distributed dual-mode resonator (DMR) without magnetic flux cancellation,
featuring simultane ously high 1st and 2nd harmonic impedances, is introduced to realize the proposed
class-F—1 VCO, enabling improved phase noise (PN) with reduced power consumption. The proposed
structure is able to boost the 2nd harmonic voltage components while suppressing the detrimental
misaligned 3rd harmonic voltage in the output waveforms by introducing significant 2nd harmonic
voltage (VG2) at the gates. Consequently, the waveform exhibits an extended flat region of the waveform
where the impulse sensitivity function (ISF) approaches zero, leading to reduced noise-to-PN conversion,
even without excessive D-to-G voltage gain. Meantime, the introduced VG2 enlarges the zero-current
(ZC) zone in the output current waveform, thus improving the power efficiency. Two prototypes of VCO
targeting room-temperature (RT) and cryogenic applications are designed and measured to verify the
proposed architecture. The RT VCO achieves a frequency tuning range (FTR) from 9.37 to 10.86 GHz,
delivering state-of-the-art PN of —143 dBc/Hz at a 10-MHz offset, and attaining a peak FoM of 198.9
dBc/Hz. The cryogenic VCO measured an average FoM of 210.2 dBc/Hz under sub-1 mW at 4.2 K.

P24 ;5iR7EHE: A CMOS Low-Noise Fast-Settling BM-TIA with CM-Post-Amplifier Chip
Connectivity for 50G-PON
BEA BEE, AREAF
BSEm: =5

E: In this paper, we address the noise and settling time challenges in CMOS BM-TIA for low cost, which
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also highlights the unique capability to drive a continuous-mode (CM) post amplifier chip in the BM
environment.
P25 ;§iRE: A 6GHz Quadrature Digital Transmitter Supporting 1GHz Signal Bandwidth with
<-40dB EVM Floor and >55dB Dynamic Range in 28nm CMOS

wREAN: B, EBXF

ESEM. BREY/RGE
#E: A 6GHz quadrature DTX supporting a 1GHz signal bandwidth is presented in 28nm CMOS, where
static and dynamic nonlinearities are carefully optimized. Occupying a core area of 0.67mm2 and
packaged in a fanout SiP, the DTX delivers 23.1dBm peak output power with a 30.3% peak PAE at 6.0GHz,
and the 1dB RF bandwidth is from 5.7 to 6.5GHz. For 1GHz 64-QAM signals, it achieves 18.0dBm Pavg and
16.2% PAEavg with -25.5dB EVM. The dynamic power range is >55dB, and its EVM floor is -40.8dB.

P26 ;SiREEH: A 2.68-pJ/b 135-GHz OOK Transmitter With Class-F VCO in 28-nm CMOS for
High-Speed Link
wBEAN. i, REKF
1eSEIH: PR

FEE: This work presents a 135-GHz high-speed ON-OFF keying (OOK) transmitter (TX) chip fabricated in
28-nm CMOS technology. A simplified 45-GHz Class-F voltage-controlled oscillator (VCO), with
low-power consumption and implicit tripling characteristic, is proposed to generate a 135-GHz local
oscillator (LO) signal. A Gilbert-cell modulator is utilized to support highspeed modulation and provide a
high ON/OFF ratio. Cascaded inverters are utilized to reshape the baseband signal distorted by external
metal interconnects. Moreover, amplifiers based on neutralized gm core are used to boost the third
harmonic signal at 135 GHz and amplify the D-band modulated signal. The TX was used to establish a
wireless link via on-board Vivaldi antennas. Data rates of 29 and 30 Gb/s were achieved with an energy
efficiency of 4.4 and 4.25 pJ/bit, respectively, over a 2-cm over-theair (OTA) distance. In a low-loss channel
such as bonding-wire connections, a data rate of 32 Gb/s with an energy efficiency of 2.68 pl/b was
achieved. PRBS31 was used to verify that the TX chip is suitable for applications requiring long
pseudorandom binary sequence (PRBS) data streams. To the best of authors' knowledge, this work
achieves the highest error-free OTA data transmission rate among D-band OOK TX chips, providing a
feasible CMOS solution for sub-terahertz (sub-THz) high-speed point-to-point wireless or wireline
communication.

P27 ;§#R%E: A 140GHz Full-Duplex CMOS Transceiver with Metasurface-Integrated
Self-Interference-Cancelling Antenna Supporting 16Gb/s 16QAM Dual-Mode Bidirectional
Communication
wEAN: BES, KSLKEE
ESEIN: A=
E: This paper presents a 140GHz CMOS transceiver for both full-duplex and frequency-division duplex
communication. By proposing self-interference (Sl)-cancelling antenna and dual-polarized metasurface,

the design achieves measured EIRP of 26.8dBm and S| suppression of >49dB, therefore providing enough
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SINR for transceivers. A 16Gb/s 16QAM simultaneous bidirectional communication over Tm is
demonstrated, achieving the highest data rate reported for full-duplex dual-mode transceivers in the
comparison table.
P28 ;BiREHE: A 0.184mm2 WW-Band Single-RTWO-Based Subharmonic RX Achieving 3.72
dB-NF and I/Q Mismatch <0.8° in 22 nm CMOS
wREAN. B8R, PERERAKRE
ESEIM: Ri5Y
E: We present a W-band sub-harmonic 1Q receiver (RX) featuring a single rotary traveling-wave
oscillator (RTWO) integrated with an ADPLL. It addresses key challenges in conventional mmwave
direct-conversion RXs: LO generation and distribution with poor phase noise (PN), IQ mismatch, high
power consumption, large area, and high dc offset. RTWO multimodes are suppressed via asymmetric
capacitance in the crossover of the Mdbius ring. Fabricated in 22 nm CMOS, the RX demonstrates a 3.72
dB noise figure (NF), IQ mismatch <0.8°using a bundle-based calibration. It occupies a tiny area of
0.184mm?2 and has a total power consumption of 56.7 mW, including the ADPLL.
P29 &#R&EH: APLL Technique: Charge-Steering Sampling
BEAN BFR, PERFRAKXRT
{ESEIm: HisE
#BE: This article introduces a charge-steering sampling (CSS) technique for time-error detection (TD), an
equivalent of phase detection (PD), in phase-locked loops (PLLs). The CSS mechanism presets the input
capacitors of a successive approximation register (SAR) analog-to-digital converter (ADC) to VDD and
subsequently discharges them during a reference-triggered pulse through a pseudo-differential MOS pair
directly driven by the oscillator. The resulting differential-mode (DM) charge residue, proportional to the
time error, is digitized by the ADC to support all-digital PLL (ADPLL) operation. The proposed technique
simultaneously achieves high-TD gain for low jitter, the excellent oscillator isolation for reduced reference
spur, and multi-bit digital TD output for fast locking, fully leveraging the capabilities of advanced CMOS
technology. A digital loop filter (DLF) featuring a dead zone (DZ) in the integral path is introduced to
mitigate potential conflicts with the proportional path. To accommodate the short-oscillator period Tosc
at millimeter-wave (mm-wave) frequencies, we propose extending the CSS pulsewidth to 1.5Tosc . In
addition, a damped-sine waveform model for the CSS current is developed, providing deeper insights into
the high-TD gain characteristics. The comprehensive noise analysis of the CSS is conducted using a
multirate timestamp model, identifying contributions to the output phase noise (PN). Fabricated in 22-nm
CMOS, the 18.8-23.3-GHz CSS-ADPLL prototype achieves 63-fs rms jitter, —52.4-dBc reference spur, and
a figure of merit (FoM) of —254 dB, while consuming 9.95-mW total power, with only 1.3 mW allocated
to the loop. For an initial frequency error of 200 MHz, the system achieves a locking time of 0.61 W s,
benefiting from the combined effects of a counter-based frequency-locked loop (FLL) ( 0.27 W s) and the
multi-bit digital output of the CSS-ADPLL (0.34 U s).
P30 ;5iRRAHE: A24-to-27.5GHz Self-Adaptive Load-Modulated Balanced Amplifier for
Integrated Communication, Sensing, and Power Transfer Scenarios
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wBEAN. TR, FEAFE
ESEm:. KRB
FEE: A 24-t0-27.5GHz self-adaptive load-modulated balanced amplifier (SALMBA) is proposed for 6G
integrated communication, sensing, and power-transfer scenarios. Based on the proposed self-adaptive
power divider, the power divide ratio can dynamically change according to the input power levels, and the
back-off PAE and saturated performance of the SALMBA can be significantly improved. The SALMBA
achieves the saturated PAE of 28.5 to 33%, and 10dB OPBO PAE of 15.3 to 22.1% over 24 to 27.5GHz.
P31 ;5igEH: BayesBB: A 9.6-Gb/s 1.61-ms Configurable All-Message-Passing Baseband
Accelerator for B5G/6G Cell-Free Massive-MIMO Systems
|REAN: KEZ, FMKF
fEFEIm: K

ZE: Cell-free massive multi-input multi-output (CF-mMIMO) has emerged as a promising alternative for
the forthcoming beyond 5G and 6G (B5G/6G) systems. As an imperative part of supporting B5G/6G
applications, baseband(BB) chips encounter more challenging key performance indicator (KPI)
requirements. To achieve the B5G/6G goal of higher than 8-Gb/s/user throughput, less than 2-ms latency,
and configurable hardware, a Bayesian inference-based all-message passing baseband-accelerator
(BayesBB) is presented in this article. Benefiting from the pipelined and fully unfolded all message-passing
architecture, BayesBB delivers three unexplored merits: high throughput (9.6-Gb/s), low latency (1.61-ms),
and good configurability. Specifically, a ten-gigabit ethernet (XGE) interface with 10.3125-Gb/s SerDes is
used, resulting in 9.6-Gb/s throughput. A fully unfolded MIMO-BP detector achieves a detection latency
of 1.44-ms, contributing to chip latency of 1.61-ms. A configurable architecture is designed, supporting
various B5G/6G applications, for example, the decoding of both 3GPP low-density parity-check (LDPC)
codes and polar codes. As a system-level implementation, tests have verified that 16 arrays of BayesBB
can handle the BB processing of a 128 X 128 CF-mMIMO system with commercial setups, delivering
9.6-Gb/s throughput and >100-b/s/Hz spectrum efficiency (SE).
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Session 2: Computing and Power Management

P32 ;5iREH: A28 nm 68.6TOPS/W Folded-Differential SwitchedCapacitor FIA-Based SRAM
CIM Macro With Scalable MAC Sizes for Tiny-ML Inference,
wEAN: R, FEXF
ESEIm: Hieh
E: This paper presents a switched-capacitor SRAM CIM macro optimized for TinyML inference. Key
features include: 1) an area-efficient folded-differential multiply-andaccumulate (FD-MAC) scheme to
double the signal margin; 2) a closed-loop floating-inverter amplifier (FIA)-based charge accumulation
technique for SNR enhancement and MAC voltage integration; and 3) a sparsity-aware multi-step MAC
method to reduce A/D conversions and improve utilization. Fabricated in a 28nm process, the 32kb
prototype achieves 68.7 TOPS/W energy efficiency and 1.74 TOPS/mm?2 area efficiency in 8-bit mode.
P33 /5iRi&EH: A Cryogenic HBT-CMOS Temperature Sensor Operating From 4 to 70 K
REAN: BR, BIKFE
S BZIE
E: In current cryogenic temperature sensor (cryo-TS) systems, the sensing front-end and readout
circuits typically operate in cryogenic and room-temperature environments, respectively. This paper
proposes a scheme to integrate both the front-end devices and readout circuits of cryo-TS within the
cryogenic environment to achieve lower noise, digital fan-out of temperature information, and cost
reduction. We employed the silicon-germanium (SiGe) heterojunction bipolar transistors (HBT), which
demonstrated excellent linearity and current gain even at cryogenic temperatures, as the sensing front
end of the cryo-TS and a Zoom-ADC as its readout circuits. A redundancy bit is introduced in the
cryogenic readout ADC to avoid temperature misjudgment. The design methodology and key
considerations for implementing cryogenic readout analog circuits are presented. Implemented in a 65
nm CMOS process, the cryo-TS achieved a 1-point-trimmed (at 40 K) inaccuracy of £0.54 K (30) from 4 K
to 70 K under a supply current of 22.13 pA.
P34 B#REH: An Area-Efficient High-Precision Analog Front End for Battery Management
System
REAN: BE, RAFAFE
ESFEm: RIM
#E: An analog front end (AFE) for monitoring the voltages of a stack of sixteen Li-ion batteries is
presented. Each cell has a conversion voltage range of 0 to 5 V, allowing for a stack maximum input
voltage of up to 80 V. The gate voltage bootstrap switch in high-voltage applications accurately measures
battery voltage, reducing nonlinear sampling errors and significantly shrinking circuit size by omitting
LDMOS devices. Furthermore, the high voltage switch charge injection cancellation is adopted to
counteract the error introduced by the asymmetric sampling switches. All sixteen channels were sampled
and amplified within 16 ps. The AFE is fabricated using a 0.18 um high-voltage BCD process, and the total
circuit area is 0.32 mm2. The measurement error for the 16-channel battery voltage is within 1 mV.
P35 ;5ikiEH: Algorithm-level Approximate Computing-in-Memory (AACIM) Chip and Compiler
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wBEAN: DBR, LRKFE

ESEIm:. BERR
#E: With the rapid advancement of edge Al, the complexity of tasks on edge devices is continually
increasing, demanding better efficiency and precision from Al accelerators. Pre-aligned floating-point
computing-in-memory (FP CIM) has been proposed to achieve high-precision neural network (NN)
computations based on floating-point (FP) data precision. However, the complex digital circuitry required
for integer (INT) mantissa multiply-accumulate (MAC) computation and exponent alignment severely
limits the efficiency and throughput of FP CIM. This work proposes an energy- and area-efficient
computing-in-memory (CIM) engine for one-shot FP NN inference and on-device fine-tuning. To improve
the throughput of FP CIM, a one-shot compute scheme is proposed to perform FP operation within one
cycle. It adopts the multiply-less NN instead of the multiply-based NN to simplify the integer mantissa
MAC to minimum selection. A customized 8-bit parallel minimum selector is also designed to further
reduce the parallel computation cost. To simplify the FP/INT conversion process, an input-weight
co-alignment workflow is proposed to eliminate maximum exponent selection and simplify mantissa
shifting logic. To minimize the inference accuracy loss caused by environmental changes, a lightweight
on-device fine-tuning core (ODFC) is designed to support online weight updates. The 28-nm fabricated
chip achieves an energy efficiency of 128 TFLOPS/W and a computational density of 7.02 TFLOPS/mm?2 at
BF16, representing a 4.1 X and 3.4X improvement over previous state-of-the-art works, respectively.

P36 ;§iRRE: A 14.08-to-135.69Token/s ReRAM-on-Logic Stacked Outlier-Free
Large-Language-Model Accelerator_x000b_with Block-Clustered Weight-Compression and
Adaptive Parallel-Speculative-Decoding
wREAN: BT, BERHEKF

ESEIm: BHE
E: This work presents a 55nm speculative decoding-based LLM accelerator with bumping-based
face-to-face ReRAM-on-logic stacking technology. It features a local rotation unit for outlier-free low-bit
quantization, a stacking-aware PNM architecture co-designed with blockwise vector quantization to
reduce weight EMA overheads, and an adaptive parallel speculative decoding scheme with out-of-order
scheduler for high resource and bandwidth utilization. Our chip achieves 14.08-135.69token/s and
4.46-t0-7.17 X speedup over vanilla speculative decoding.

P37 /BiR%EH: A Piezoelectric Energy Harvesting Interface With Type Detection and
Variable-Duty-Cycle-Based MPPT for Periodic and Shock Vibrations
wBEAN B, EBXFE

BSEIm: GBE
FE: This paper presents a novel multi-mode energy harvesting interface system designed to optimize
energy harvesting in dynamic mechanical environments, such as periodic and shock vibrations. The
system proposes the integration of vibration type detection (VTD) mechanism, a variable duty cycle-based
maximum power point tracking (MPPT) algorithm, and an energy extraction cease-time determination

(EECTD) module, enabling adaptive energy harvesting strategies based on varying vibration conditions.
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The VTD mechanism classifies vibrations into periodic and shock types, facilitating tailored energy
harvesting strategies. The variable duty-cycle-based MPPT algorithm dynamically adjusts the rectifier's
duty cycle based on the input conditions, ensuring efficient energy conversion under both periodic and
shock vibrations. In the case of shock vibrations, the EECTD module halts energy extraction during
negative power regions to minimize control power losses. Experimental results demonstrate that,
compared to conventional full-bridge rectifiers (FBR), the proposed system enhances energy harvesting
by 6.03 times under shock vibrations and by 7.69 times under periodic vibrations. By incorporating mode
switching and optimized energy harvesting tailored to different vibration types, the proposed system
offers a more efficient and adaptable solution.

P38 ;5iRiEH: SpikeRAM: A 48.1pW/synapse/b Event-driven Spiking Compute-Near/In Memory

Processor with Neuromorphic Sensor Enabling Life-Long On-Chip Learning
wEAN: [FHEX, FBEEHRKFE (TH)
ESEM. 2AE1%

#E: Edge perceptual SoCs increasingly demand high energy efficiency, strong privacy protection, and
adaptability for real-world tasks involving power-hungry applications, sensitive data, and diverse users
and environments. To address these requirements, we propose SpikeRAM, a neuromorphic sense-
memory—-compute system with on-chip learning, tightly integrated with an event vision sensor. SpikeRAM
features three key characteristics: (1) Near-sensor computing with event-driven convolution operations.
(2) One time-window triggered e-OTBP learning algorithm. (3) Gray-code encoded weights with ternary
gradients for efficient on-chip learning. Benefiting from these designs, SpikeRAM achieves highly
energy-efficient real-time inference with a power density of 48.1pW/synapse/bit. Meanwhile, it maintains
over 90% learning accuracy while reducing learning memory and computational cost by more than 24
times, and decreasing the average memory programming times by 86.3%. The effectiveness of SpikeRAM
is demonstrated on practical applications such as event-based signature verification.

P39 ;5iREEH: A 24-W 91.5% Peak Efficiency All-in-One Dual-Loop Controlled Quasi-Resonant
Isolated DC-DC Converter With Adaptive Peak Current and Valley-Hysteresis-Locking
Techniques
wREAN: BFE, BILTILXF
ESEm:. SEZE
E: This brief presents an all-in-one isolated DC-DC converter combines a primary flyback controller,
secondary synchronous rectifier and digital isolator on a single chip. The converter adopts quasi-resonant
(QR) peak current mode control with valley-hysteresis-locking (VHL) method. The adaptive peak current
and VHL techniques could prevent sudden frequency hopping at some load point. Additionally, a
down-hill detection method in the valley detector ensures accurate valley switching operation. With these
proposed techniques, the converter could realize quasi-resonant under different load conditions. The chip
has been fabricated with a 0.18 pm BCD process, and the primary and secondary control chips occupy
the area of 1.04 mm2 and 0.62 mm2, respectively. The converter delivers 12 V output with a maximum

current of 2 A, achieving a peak efficiency of 91.5%.
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P40 ;5iRiEH: A22-nm 109.3-t0-249.5-TFLOPS/W Outlier-Aware Floating-Point SRAM
Compute-in-Memory Macro for Large Language Models
wREAN. FAHH, EBXFE
BSEIm: KEE
#E: Large language models (LLMs) have demonstrated exceptional performance in complex artificial
intelligence (Al) tasks. However, their rapidly increasing parameter sizes lead to significant communication
and computational overhead, posing challenges to the energy efficiency (EEF) and memory footprint of Al
processors. Compute-in-memory (CIM) architecture has emerged as a promising solution to alleviate
bandwidth constraints and improve EEF. Nonetheless, both integer (INT) and floating-point (FP) CIM
implementations struggle with the trade-off between accuracy and memory requirement when applied to
LLMs. Outlier-aware quantization (OAQ), which employs low-precision formats for normal values and
retains FP formats for high-magnitude outliers, has proven effective in matching the accuracy of full-FP
baselines and has become a mainstream approach for efficient LLM deployment. Therefore, this work
presents OA-CIM, an SRAM-based digital CIM macro that facilitates element-wise hybrid processing of
BF16 outliers and INT4 normal values. The major contributions are: 1) an LUT-based
multiply-and-accumulate (MAC) circuit design, which supports efficient FP/INT-compatible (FIC) MAC
operations; 2) an xor-sharing non-maximum exponent gating scheme that reduces latency and area by
bypassing unnecessary exponent comparisons in FP dataflow; and 3) a sparsity-aware readout circuit with
distribution-offset weight encoding (DOWE) to mitigate the power-intensive charging/discharging
process on the bitline. A 22-nm 512-kB 8T SRAM OA-CIM prototype is fabricated, which achieves an EEF
of 346.6 TOPS/W in INT4 mode and 249.5 TFLOPS/W in outlier mode, representing a 2.7X to 3.1X
improvement over state-of-the-art mixed-precision CIMs.
P41 ;5igiEH: HR-DCIM: High-Reliability Floating-Point Digital CIM Architecture with Unified
Low-Cost Iterative Error Correction
wREA: @4, FEKXRF
S FE—

#ZE: Digital computing-in-memory (CIM) is a promising computing paradigm for neural networks (NN)
acceleration. However, during the actual deployment process of digital CIM chips, we find that existing
digital CIM designs face the severe computing reliability issue, which is crucial for real product
development but remains underexplored. Thus, this work pioneers a systematical computing reliability
analysis for digital CIM across off-memory and in-memory levels. We find that both the off-memory
floating-point (FP) exponent alignment and the in-memory random cell bit-flip errors impair digital CIM's
computing reliability, causing significant truncation and bit-flip accuracy loss. Critically, existing reliability
solutions are incompatible with the unique multi-row accumulation structure of digital CIM, which either
severely damage digital CIM's performance or result in prohibitive overhead.

To address above challenges, we propose HR-DCIM: a high-reliability FP digital CIM architecture featuring
unified low-cost iterative error correction. Specifically, for the off-memory reliability, we propose an

exponent-mantissa joint-alignment mechanism to repurpose inherent invalid bits of aligned mantissas as
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compensation bits to reduce alignment truncation loss, without damaging digital CIM's performance.
Then, for the in-memory reliability, we propose a remainder aliasing-based unified multiply-accumulation
(MAC) error correction mechanism to correct possible MAC errors caused by various cell error cases with
low-cost iteration. Experimental results show that the proposed techniques enable digital CIM to maintain
high performance and efficiency across various operating voltage conditions without significant accuracy
loss.
P42 i5iRzEH: A 40nm 4Mb High-Reliability STT-MRAM Achieving 18ns Write-Time and 94.9%
Wafer-Level-Die-Yield across -55°C-to-125°C
REAN: ERE, BBEHRXTF
ESEIm: 2REEA
#E: This work presents a 40nm 4Mb mass-production-ready, wide-temperature (-55°C to 125°C)
STT-MRAM fabricated on a 300mm Si wafer, achieving 18ns write time, 1e8 endurance and 94.9%
wafer-level yield. Key innovations include on-chip LDO-based power supply for wide-temperature
requirements, asymmetrical write path to mitigate low-temperature breakdown risk, 2T-2M bit-cell
structure for reliable high-temperature read operations, and byte-wise ECC to enhance yield and adapt
with various MCU interface.
P43 ;5ikiEH: A Globally Optimized 3-D MPPT System for Dual-Band RF Energy Harvesting with
Collaborative Source Reconfiguration
wBEAN: FEX, EBEXF
ESEm. BEF/ RZIR
HE : This paper presents a globally optimized RF energy harvesting system leveraging the novel concepts
of 3-D maximum power point tracking (MPPT) and collaborative source reconfiguration, achieving high
MPPT accuracy and wide input power range. The 3-D MPPT is realized by coordinating energy source,
optimizing the rectifier output and regulating the rectifier stages. By integrating a multi-level regulating
DC-DC converter with a reconfigurable rectifier, the system enables synchronized and collaborative
energy harvesting from dual-band RF sources. The fabricated chip demonstrates a peak end-to-end
efficiency of 71%, a sensitivity of -24.1 dBm, and the wide high-PCE input power ranges of 15.5 dB and
20.5 dB at 433 MHz and 900 MHz, respectively.

P44 BiREH: A2.15W 120V/230Vac to 5-to-12Vdc Offline Power Converter with
Full-Duty-Cycle Input-Series Dual-Branch Converter Achieving 1088mW/cm3 and 87.2% Peak
Efficiency

wEA: XIR, FBPXKE CRII)
BESEm: NI
B E: This paper presents a 120V/230Vac to 5-to-12Vdc offline power converter consisting of a
capacitor-drop AC-DC rectifier and a full-duty-cycle input-series dual-branch DC-DC converter for loT
devices. The proposed converter operates at full-duty-cycle with VCR of D/2 and reduces both the CREC
volume and the voltage stress on components, while achieving high efficiency across a broad input and

output voltage range. 87.2% peak efficiency, 2.15W output power, and 1088mW/cm3 power density are
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achieved.
P45 ;5igiEH: A Galvanic Isolator Achieving 117-Mb/s Forward Data Transfer in the Presence of
181-kV/pus Common-Mode Transient Interference
wREA: BN, BRKF

fESEIm: BRiE
#E: Targeting a high data rate (DR) in the presence of common-mode transient (CMT) interference in
the isolated gate driver application scenario, we presented an inductively galvanic isolator (Gl) consisting
of transmitter (TX) and receiver (RX) dies. To eliminate the destructive effects of CMT interference, an
adaptive transconductance enhancement (ATE) technique was proposed on the TX side, which enables
real-time detection of CMT events and contributes to an enhanced gm to stabilize the oscillator's
operation. For the data transfer, we observed the problem of unequal data symbol durations using the
conventional frequency-shift keying (FSK) demodulator, which can lead to shoot-through current or large
reverse conduction loss. This problem was solved by the proposed compensated FSK demodulator. Both
TX and RX dies in the proposed Gl were fabricated in a 0.18 um BCD process. Experimental results verified
that the proposed Gl demonstrates static CMT immunity (CMTI) up to 299 kV/us. Furthermore, even in the
presence of a severe CMT interference of 181 kV/us, the Gl supports a high DR of 117 Mb/s,
corresponding to a data rate ratio (DRC) of 67 %, with a low bit error rate (BER) of 10-8. This extends the
state-of-art by 3.72X in DRC and 1.24 X in dynamic CMTI.
P46 Bk H: Fully Analog In-Memory Annealing Ising Machine with Unified Deterministic and

Probabilistic Computing Array Using CMOS-integrated VCMA-MTJ
wBEA MR, FARKKTE

ESEIM: ZB2RA
#E: This work presents a fully analog in-memory annealing Ising machine based on CMOS-integrated
voltage-controlled magnetic anisotropy magnetic tunnel junction (VCMA-MT)), developed through a
device-circuit-system co-design approach to address bottlenecks in traditional digital CMOS and
mixed-signal CMOS+X Ising machines. By unifying classical bit (C-bit) and probabilistic bit (P-bit)
functionalities into the VCMA-MTJ device, the proposed chip, fabricated using 28-nm CMOS+VCMA-MT)
technology, enables simultaneous deterministic Hamiltonian calculations and probabilistic spin updates,
thus achieving a fully analog in-memory Ising machine. System-level demonstrations validate the
prototype’s performance, incorporating calibration techniques to TMR variations in the C-bit array and
switching variations in the P-bit array. Without relying on additional ADCs, DACs, or RNG circuits, this
work demonstrates a spin density enhancement of 8.9X to 73.7 X, while achieving an annealing power
per spin of just 28 WW (power reduction of 246 X to 147 X) compared to prior CMOS and
CMOS+X-based all-to-all Ising machines.
P47 i5iRiEH: PAPRICA: A Pre-Synthesis Area Predictor for Baseband Circuit Auto-Generators

wEAN: EBF, KEXF
ESEIm: K

E: Auto-generation and auto-optimization for baseband circuits have significantly enhanced design
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productivity. Nevertheless, existing auto-optimizers primarily focus on optimizing RTL code for algorithm
performance, neglecting critical hardware constraints. To overcome this limitation, this paper proposes
Paprica, a pre-synthesis area predictor for baseband circuit auto-generators. Paprica bridges the gap
between hardware parameters and area, providing auto-optimizers with accurate area predictions in
milliseconds. To validate Paprica, we estimate the area of three baseband circuits (polar encoder, MIMO
detector, and polar decoder). Experimental results demonstrate remarkable accuracy and efficiency in
area prediction, achieving a mean absolute percentage error (MAPE) of 0.21%, 1.49%, and 1.20% with
average end-to-end runtimes of 0.9 ms, 8.0 ms, and 6.6 ms, respectively. Paprica outperforms the
state-of-the-art approach in area prediction, reducing MAPE by 98.0%, 91.8%, 78.4%, respectively, and
decreasing average end-to-end runtime by over 99% across the three circuits.

P48 i5ikiEEH: A 12nm 4Mb 104.56-t0-137.75TFLOPS/W Charge-Trap Transistor-Based
Computing-in-Memory Macro Using Analog-Predict-Digital-Compute for Al Edge Devices
WREAN: LT, PERFERMEFHRRAAR
ESEIn. =255
# E . Previous non-volatile CIM (nvCIM) macros suffer from low storage density, unnecessary
multiply-and-accumulate (MAC) operations, and large hardware cost for floating point computations. A
4Mb CTT nvCIM macro, fabricated in 12nm CMOS, supports INT/FP4 MAC operations with the
analog-predict-digital-compute scheme for power saving, achieving an energy-efficiency of

137.75TFLOPS/W and > 40 times improved density FOM (storage density X computing density).
P49 ;5ikEH: A 6V-to-1V ReSC-Hybrid Two-Stage Merged Buck Converter with an Ultra-Small

Inductor for VPD

wEN. RER, FERFE/HTKF

ESEIm: BRI
#E: This work presents a compact 6-to-1 V resonant switched-capacitor (ReSC) hybrid two-stage
merged buck converter targeting point-of-load vertical power delivery (VPD) in XPU systems. The
proposed topology merges a low-frequency ReSC stage and a low-voltage high-frequency inductor-first
buck stage, enabling efficient regulation with simple duty-cycle control and greatly reduced volume of the
passive components. The two stages (chips) are fabricated in a 180-nm BCD and a 65-nm CMOS process,
respectively. Compared with conventional ReSC, The ReSC-Hybrid converter maintains high efficiency
across most of the regulation range. With a compact 33nH inductor, it achieves 92.4% peak efficiency at
0.2 VCR and delivers 1.3 W/mm?* power density and 2.35 A/mm? vertical current density.

P50 ;EigEH: GenPolar: Generative Al-Aided Complexity Reduction for Polar SCL Decoding
wBEAN: I ER, KEAF

BSEIm: K
#E: The CRC-aided successive cancellation list (CA-SCL) decoding algorithm for polar codes has gained
widespread adoption thanks to its outstanding performance. However, with the evolution of 6G
technologies, the high complexity of CA-SCL decoding poses a challenge in meeting growing

performance requirements. Consequently, it is crucial to devise strategies that reduce this complexity
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without compromising error rates. Current efforts to mitigate the complexity mainly depend on
harnessing special nodes associated with the code construction sequences, such as Fast-SCL decoding.
However, these strategies suffer from redundant complexity due to ill-suited construction sequences and
unnecessary sorting operations within special nodes. Addressing this issue, this paper proposes a
hardware-friendly and GenAl-aided complexity reduction approach for Fast-SCL decoding, named
GenPolar. This approach involves two-step optimization techniques: 1) Transformer encoder models for
generating polar construction sequences, and 2) a sorting entropy based method for sorting reduction.
These two-step techniques result in reduced complexity with negligible performance loss. For polar codes
of length-1024 with code rates of 0.25, 0.50, and 0.75, GenPolar achieves latency reductions of 20.6%,
29.8%, and 40.6%, respectively. Even benchmarking against the reduced-complexity version of Fast-SCL
decoding, the relative gains are 14.0%, 17.8%, and 22.3%, respectively. It should be noted that the
immediate application is not limited to Fast-SCL decoding but also extends to other node-based SCL
decoding algorithms like SSCL-SPC and SR-SCL.
P51 ;BiRREH: A 16Mb 166.8TOPS/W Near-Memory Phase-Domain-Computing Ferroelectric
NAND Flash for Approximate Nearest Neighbor Search on Edge Devices
wREAN: TR, PERFERMBEFHRRAR
ESEIn. =255

E: Previous near-memory computing (NMC) or in-memory-computing (IMC) NANDs suffers from
limited 10 width, large energy-delay-product, and can not support diverse vector types. This work
presents the fabricated 16Mb near-memory phase-domain-computing (NM-PDC) FeNAND chip can
compute the 512 similarity distances between 256-dimensional, 4-bit vectors in a single search operation,
with an energy efficiency of 166.8 TOPS/W and 12.8 times reduced overall search latency.

P52 ;5ikiEH: A28nm 127.54TFLOPS/W MXFP6 and 117.42TFLOPS/W MXFP8
Compute-in-Memory Macro with Adaptive-Preserved-Bit-Width and Serial-Dual-Bit-Sliding
Schemes
wREAN: =, KEKF
eSEm. 8&

#EE: Conventional FP-CIMs suffer from fixed preserved bit-width (PBW), limiting their adaptability and
efficiency. This work proposes the first MXFP-CIM macro enabling wide-range adaptive PBW, featuring: (1)
A serial dual-bit-sliding scheme; (2) A harmless data mapping scheme with a hierarchical hidden-bit
decoder; (3) An adjustable-PBW MXFP-MAC circuit via twin-stage allocation. The 28nm MXFP-CIM macro

achieves a peak energy efficiency of 127.54TFLOPS/W in the MXFP6/6 mode.
P53 i§#REH: ACEMARL: Adaptive Clustering Enhanced Multi-Agent Reinforcement Learning
for Analog Circuit Sizing
wBEAN: RE, EARKKE
ESEM. RIE/ERH
E: Analog circuit sizing remains a critical bottleneck in integrated circuit design, requiring extensive

manual effort and computational resources. While multi-agent reinforcement learning (MARL) accelerates

178

2026%3825—27H EElERlms] =




optimization through parallel agent training, existing approaches rely on manual circuit block clustering
that fails to capture functional relationships between parameters. This paper presents ACEMARL, an
adaptive clustering framework that automatically discovers functionally similar parameter clusters.
ACEMARL integrates Bi-population Covariance Matrix Adaptation Evolution Strategy (BIPOP-CMA-ES), a
high-performance evolutionary algorithm, for multi-modal exploration with data-driven clustering, aiming
for automatic agent assignment. Experimental validation on amplifier and low-dropout regulators with up
to 179 parameters demonstrated 3.3-5.0$\times$ faster convergence and 5.7-38.5\% Figure-of-Merit
(FoM) improvement compared to state-of-the-art (SOTA) block-based methods. The framework reduced
confidence interval width by 31.6-60.7\% along mean reward trajectories, enabling fully automated
analog circuit sizing with improved stability and performance.
P54 ;BiREH: A 28-nm Mode-Reconfigurable CAM-CIM Hybrid Complete 3-SAT Solver
Supporting Conflict-Driven Clause Learning with 100% Solvability
wEAN: RFHEA, ERKF
fESEm: TR
E: The K-SAT problem is NP-complete and costly on von Neumann machines. Several ASIC solvers
have been proposed to mitigate this, but they rely on inefficient crossbar mapping, overlook community
structures and lack adaptability to formula size. This work presents an ASIC complete solver with
conflict-driven clause learning (CDCL), employing a mode-reconfigurable CAM-CIM hybrid architecture.
Fabricated in 28nm CMOS, it achieves 4.3-to-5.1 times speedup and 1.4 times energy reduction over a
state-of-the-art ASIC complete solver.
P55 i§#R%AH: A Flexible Digital Compute-in-memory Chip for Edge Intelligence
wEAN: BFZ, BEKXRFE
ESEm: EX<L
#E: Flexible electronics, coupled with artificial intelligence, hold the potential to revolutionize robotics,
wearable and healthcare devices, human-machine interfaces, and other emerging applications,. However,
the development of flexible computing hardware that can efficiently execute neural-network-inference
tasks using parallel computing remains a substantial challenge. Here we present FLEXI, a thin, lightweight
and robust flexible digital artificial intelligence integrated circuit to address this challenge. Our approach
uses process-circuit-algorithm  co-optimization and a digital dynamically reconfigurable
compute-in-memory architecture. Key features include clock frequency operation of up to 12.5 MHz and
power consumption as low as 2.52 mW, all while achieving subdollar-per-unit cost and an operational
circuit yield of between approximately 70% and 92%. Our circuits can perform 1010 fixed and random
multiplications without error, withstand over 40,000 bending cycles and maintain stable performance for a
period exceeding 6 months. A one-shot on-chip neural network deployment eliminates the power
consumption and latency associated with sequential weight writing, achieving up to 99.2% accuracy in
temporal arrhythmia detection tasks on a single 1-kb chip. In addition, FLEXI demonstrates over 97.4%
accuracy in human daily activity monitoring using multimodal physiological signals.
P56 ;E3ReEH :A 10MHz All-1.2V-NMOS Battery-Input Single-Mode Hybrid Buck-Boost Converter
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in 65nm CMOS with Fast Transient Response
wEAN: XN, BFEXF
ESEIm: BT
#E: Buck-boost DC-DC converters are widely used in Li-ion battery-powered portable devices. For the
conventional buck-boost converter, high voltage stress of switches, right-half-plane (RHP) zero and large
inductor current ripple are major three drawbacks. This paper presents an inductor-first ladder-based
hybrid single-mode buck-boost converter implemented in 65nm CMOS. All switches and capacitors only
experience a voltage stress of 1/3 output voltage (VOUT). The converter works in single mode operation
and exhibits small inductor current ripples. This work achieves the highest chip density of 1.62A/mm2 and
off-chip power density of 6.55W/mm3.
P57 ;5{gEH: Fully Digital Hybrid Compute-in-ROM/SRAM Architecture for On-Chip
Deployment of Large-Scale Deep Neural Networks
wEAN: FRE, FEXF
BESEIm:. =FE
#E: Compute-in-memory (CiM) is a promising approach to alleviating the von Neumann memory wall
bottleneck in data-intensive tasks. As a candidate to build CiM, static-random-access memory (SRAM) has
become popular in accelerating deep neural networks (DNNs) because of its mature fabrication support
and high flexibility. However, SRAM-based CiM suffers from low memory density, resulting in frequent
weight reloading and increased power consumption during end-to-end inference tasks. Recently,
read-only-memory (ROM)-based analog CiM (ACiM) has demonstrated the potential to deploy all DNN
weights on-chip by leveraging high-density ROM. It may also achieve encouraging flexibility by exploiting
the synergy between a small SRAM and a big ROM. Nevertheless, it faces challenges in achieving high
computing density due to limitations in analog-to-digital converter (ADC) performance.
Meanwhile, digital CiM (DCiM) improves computing density but incurs significant energy and area
overhead due to the adder tree. To address these challenges, we proposes the first fully digital and
flexible compute-in-read-only-memory (DCiROM) design approach. On the one hand, DCiROM
introduces a novel ROM-logic fusion CiM that reduces the CiM area by 51% while maintaining high
memory density and computing performance. On the other hand, DCIROM achieves high flexibility with
minimal area overhead by proposing two innovative multiply-and-accumulate (MAC) resource-reusing
techniques. This work has implemented a DCiIROM chip with 3024Kb ResNet-56 parameters using a 65nm
CMOS technology. This macro achieves 6.9-29.5x higher normalized FoM (memory density x computing
density) than the state-of-the-art CiM works. Additionally, it reduces energy consumption per image
inference by 2.9-9.9x compared to SRAM-based CiM works when off-chip access is considered.
Additionally, this paper presents a fully digital compute-in-ROM/SRAM macro for edge Al acceleration,
fabricated in a 28nm CMOS technology. The proposed architecture integrates 18Mb of compressed ROM
with 8Kb of trainable SRAM, achieving a record-high memory density of 26.9 Mb/mm~2. This work
introduces a novel sparsity-aware ROM mapping mechanism, reducing area by 91% and 88% for sparse

and dense weights compared to SRAM implementation. The proposed ROM macro employs a
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value-aware balanced adder tree that enhances computing throughput by 28% via critical path
optimization. Furthermore, this chip utilizes a scalable ROM/SRAM hybrid architecture that maintains
<0.5% accuracy loss in transfer learning scenarios, while supporting model expansion through
time-division multiplexing (TDM). Measurement results demonstrate a 7.9-40.3x improvement in density
FoM over prior CiM designs, achieving 11594 TOPS/W x Mb/mm~*2 in SWaP
(Space-Wattage-and-Performance-Density) metric. For complete inference tasks, the proposed design
exhibits 43.8x higher energy efficiency than volatile SRAM/eDRAM CiM works.
P58 &#R&EH: A Compact Dual-Capacitor Relay SPT Supply Modulator with Overshoot-Free
Adaptive On-Time Control for 5G FR2 CMOS PA
wBEAN: BEX, FEXRFRTKE
fESEIm: BT
#E: 5G new-radio frequency-range-2 CMOS PAs with high peak-to-average-power ratios suffer from
low efficiency, calling for compact and fast symbol-power-tracking (SPT) supply modulators (SMs).
Inductor-based SPT shows limited tracking speed, while multilevel switched-capacitor approaches need
redundant capacitors and switches. The proposed prototype dual-capacitor relay SPT SM with
overshoot-free adaptive constant on-time control achieves <290ns tracking using a 0402 inductor,
suitable for compact PA arrays.
P59 B#k&EH: A CRYO-CMOS RF-DAC Based Super-Heterodyne Transmitter for
Superconducting Qubit Control
BEA RRE, ®IKF
SR ZIE
#E: Multiple Qubits should be manipulated to perform practical quantum computing, which requires a
broad frequency range for the qubit control chip. We present a 4 K cryo-CMOS quantum control chip
featuring a Mixing (MIX)/ Non-return-to-zero (NRZ) mode radio frequency digital to analog converter
(RF-DAC) and an up-conversion mixer. By opting for Mixing Mode RF-DAC and a mixer for two-stage
frequency up-conversion instead of direct-conversion or other methods, our controller can achieve a
wider modulated frequency range and lower power consumption.
P60 ;5#RzEH :An Inductor-at-Middle Hybrid Buck Converter with Shared Power-Signal Path for
Distributed Vertical Power Delivery
WEN: KRR, BEKRFRTKE
ESEIm: BT
#E: This work presents an inductor-at-middle hybrid buck converter for high-current density vertical
power delivery, reusing the power inductors as signal feedback paths. The proposed switching bus
multiplexing control reuses the power path to carry a feedback signal, mitigating the challenges in
sophisticated signal and power network co-design for pin-intensive distributed power delivery network.
The prototype achieves a vertical current density of 3.17A/mmz2.
P61 BiREEH: A6.78-MHz Wireless Power and Data Transfer System Achieving Simultaneous
48.6% End-to-End Efficiency and 4.0-Mb/s Forward Data Delivery With Interference-Free
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Rectifier
BEAN: ERR, BRAF
ESEIm: BBE
#E: Targeting implantable medical devices (IMDs), we presented a simultaneous wireless power and
data transfer(WPDT) system, using the fundamental and harmonic components of the bridge inverter on
the transmitter (TX) side to, respectively, deliver power and forward data. On the receiver (RX) side, we
discovered the data-flipping problem using the conventional full-bridge rectifier (FBR), which is ascribed
to the interference from its distorted input voltage (VAC). This problem is solved by the proposed
interference-free rectifier (IFR) featuring its low-distortion staircase Vac. To further alleviate the crosstalk
between power and data transfer, a tapped coil three-capacitor (TL3C) topology on the TX side together
with a resonant topology on the RX side was proposed. The IFR IC was fabricated by a 0.18-um CMOS
process, with which a 6.78-MHz WPDT system was implemented. Experimental results showed that
compared with the conventional FBR, the interference voltage ratio (IVR) in the proposed IFR was reduced
from —17 to —45.2 dB. At a distance of 6 mm, our system supported simultaneous 54.4-mW load power
(PLoad) and 4.0-Mb/s forward data rate (DR) with 48.6% end-to-end efficiency (NE2E). Both figure of

merits (FOMs) for power and data transfer are the highest compared with previous results.
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Session 3: Analog, Sensors and Data Converters

P62 ;&iReEH: An LTPS-TFT-Based Large-Area PPG Readout Circuits With Improved Linearity
and Robustness for Flexible Healthcare Ring
wEAN. B, LBRBEKRF
ESEm: &
#E: Thin-film transistor (TFT) can be fabricated on flexible substrates, offering potential for seamless,
long-term wearable health monitoring. However, the limited performance, process variation, and motion
artifacts hinder the widespread adoption of flexible wearable devices. This article presents a TFT-based
photoplethysmography (PPG) acquisition circuit for flexible healthcare rings, integrating a
voltage-controlled oscillator (VCO) based analog front-end (AFE) to overcome the performance
limitations caused by the low mobility of TFT devices. Meanwhile, a dead-zone free (DZ-Free)
phase-frequency detector (PFD) was proposed and integrated into the VCO transimpedance amplifier
(TIA) to enhance the linearity. Additionally, a 0-1 MASH VCO-analog-to-digital conversion (ADC) structure
was adopted to improve the quantization dynamic range (DR). The system is implemented using 3- L m
low-temperature poly-silicon (LTPS) TFT (LTPS-TFT) process of TIANMA Microelectronics. The
measurement results show that DZ-Free PFD improves the linearity and the proposed VCO-TIA achieves a
61.5-dB DR. The proposed ADC demonstrates a 72-dB spurious-free dynamic range (SFDR), a 65.8-dB
SNDR and an 80-dB DR. Under temperature sweeping from —40°C to 80°C and supply voltage
variations of 10 * 2V, the ADC maintains performance variations within 3%, while the TIA stably sustains
againof 110 dB Q . Finally, PPG and blood oxygen saturation (SpO2) measurements were demonstrated,
including ambient light compensation. This work provides a feasibility demonstration for TFT-based fully
integrated flexible electronics in bio-signal monitoring applications.
P63 BiREH: An Energy Efficient Amplifier with a Closed-Loop Gm-Boosting Stage and
Current Mirror Based SR Enhancement for Driving Large Capacitive Loads
wEAN EEE, MIIKF
ESEIm: KRR
W E: This paper proposes a low-power two-stage amplifier for large capacitive load driving. A
closed-loop gm-boosting (CLGB) stage with complementary driving devices is exploited to reduce the
output resistance and thus makes the output pole non-dominant with minimum power overhead.
Therefore, the amplifier has the dominant pole internally with a small capacitor, achieving a high
gain-bandwidth (GBW). Meanwhile, a current-mirror based slew rate (SR) enhancement circuit is
implemented to increase the current driving capability. This circuit leverages the gain of a cross-coupled
pair to generate an SR enhancing current with a fixed ratio to its bias, featuring high PVT robustness
compared with voltage-based enhancement. The proposed amplifier is implemented in a standard 55nm
CMOS technology, with an active area of 0.009mm2. It achieves a GBW of 1.6MHz with a 12nF CL,
achieving an IFOMS of 984,615 that advances the state-of-the-art by 1.4X. It provides an SR of 0.19 V/us
with a 12nF load, with an IFoML of 116,923, exceeding the state-of-the-art by 2X. The excellent GBW and
SR with a quiescent current of only 19.5uA make this amplifier suitable for large capacitance driving
applications.
P64 ;EiReEH: A 28nm 8-Bit 32-GS/s DAC Achieving > 55dBc/> 40dBc SFDR up to
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5.2GHz/13.6GHz Using 4-Channel NRZ Time-Interleaving with Background Calibration for
Direct Digital Signal Synthesis
wBEAN: BRRE, BEXF
1BSEIH: HiED
BE: This work presents an 8-bit 32-GS/s 4-channel non-return-to-zero (NRZ) time-interleaving (TI)
digital-to-analog converter (DAC) fabricated in a 28 nm CMOS process. This DAC is the first to achieve a
sampling rate of over 16 GS/s using an NRZ Tl structure. The proposed DAC employs background
calibration to ensure the clock timing alignment of the four channels, which significantly improves the
DAC dynamic performance. The measurement results demonstrate a 55 dBc spurious-free dynamic range
(SFDR) at 5.2 GHz and a 40 dBc SFDR at 13.6 GHz. The total power consumption is 692 mW when the DAC
operates at 32-GS/s sampling rate (FS) under a mixed 1.8V/1.2V/1.0V supply. The proposed DAC provides
superior bandwidth and precision for direct digital signal synthesis (DDS), especially at high frequencies.
P65 B#RREH: An Energy-Efficient Pipelined-SAR ADC With Cascode Capacitively Degenerated
Dynamic Amplifier and MSB Pre-Conversion Technique
wBEAN: FESR, ERKF
1ESEI: LR

E: This article presents an energy-efficient fully dynamic pipelined successive approximation register
(SAR) analog-to-digital converter (ADC), which utilizes a cascode capacitively degenerated dynamic
amplifier (CD-DA) as the residue amplifier. The proposed amplifier achieves inherent linearity together
with a boosted gain, while an output swing enhancement technique further extends its swing range. To
guarantee stable linearity across wide temperature variations, a PTAT bias current is employed. In
addition, the most significant bit (MSB) pre-conversion technique is introduced, which elegantly
integrates the output swing enhancement method with the second-stage SAR ADC, enabling
simultaneous swing extension and faster residue conversion without additional hardware. The prototype
ADC is fabricated in a 22-nm CMOS process and achieves 73.9-dB signal-to-noise-and-distortion ratio
(SNDR) and 89.4-dB spurious free dynamic range (SFDR) at Nyquist input while consuming only 0.36 mW.
This corresponds to a Walden figure of merit (FoM) of 1.78 fJ/conversion-step and Schreier FoM of 182.3
dB. The measurement shows that the SNDR variation is below 2 dB at —40~80 oC and over £10%
supply variation.

P66 ;§iRIE: A CMOS Hybrid Common-Gate Current-Integrating Sampler with >37dB SNDR
Across 51GHz BW in a 128GS/s Front-End
wREAN: BE, FEXF
FESEIM: FMi
#E: This work proposes a CMOS hybrid common-gate current integrating sampler to address linearity,
BW, and jitter limitations in prior wideband ADC front-ends. The front-end employs a hybrid

common-gate V-I converter, transformer-coupled inductive peaking, and an automatic power-gating
hold buffer, enabling 48.1dB SFDR and 38.6dB SNDR near its 52GHz BW. This work demonstrates superior
SNDR (measured near BW), outperforming prior samplers/ADCs reported in ISSCC/JSSC/VLSI with
BW>30GHz.
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P67 ®iREH: An Energy-Efficient, High-Resolution kT/C-Noise- Canceled Pipelined-SAR
Capacitance-to-Digital Converter With Incomplete-Settling-Based Correlated Level Shifting in
22-nm CMOS
wBEAN. B4, ItLRKFE
1BSEIH: MR
#ZE: This article presents a high-resolution and energy-efficient pipelined-successive-approximation
-register (SAR) capacitance-to-digital converter (CDC). The converter uses a two-stage SAR analog-t
o-digital converter (ADC) and a Residue amplifier (RA) to effectively convert the input signal. To
mitigate the impact of kT/C noise during the sampling process, an enhanced kT/C noise cancellati
on technique is used within a pipelined-SAR architecture. In addition, an innovative incomplete-set
tling-based correlated-level-shifting (ISCLS) technique is proposed to achieve an equivalent open-lo
op gain of over 80 dB, thereby enhancing power efficiency and amplification accuracy. Furthermor
e, a background calibration loop is proposed to track PVT changes and ensure high-precision am
plification under PVT variations to ensure PVT stability. The proposed CDC is implemented in a 22
-nm CMOS process. The prototype achieves a resolution of 37.12 aF under 384-fF input capacitan
ce with 471 pyW, resulting in a Walden figure-of-merit (FoMw) of 7.9 fJ/conv.-step, which represen

ts more than a twofold improvement compared with previous sub-fF resolution CDCs.

P68 i5ikiEH: A 0.93ps-ToF-Resolution 14.6mW NIRS IC with Signal-Aware Optical Frontend
and Rotational Modulation Data Converter for Psychiatric Disorders Diagnostics
wREAN: BEW, LBEEBRF
fESEIm: BE
#E: This work proposed a near-infrared spectroscopy (NIRS) IC achieves a 0.93 ps time-of-flight (ToF)
resolution within a 10 Hz bandwidth while consuming 14.6 mW power. The chip is configurable to operate
across frequencies ranging from 10.24 to 40.96 MHz, enabling compact optical system designs and
adaptability to diverse diagnostic methods for psychiatric disorders. The maximum measurement error of
the absorption coefficient and the reduced scatter coefficient are less than 3%, surpassing the
state-of-the-art. Comprehensive in-vitro and in-vivo demonstrations showcase its capability for both

verbal task and niacin flush based mental health diagnosis.

P69 ;BiRREE: A 13b 500MS/s 94dB-SFDR Resistive-Input Pipelined-SAR ADC_x000b_with
Linear and Efficient Current-Buffer-Based Integrating Sampler
wREAN: f{fEE, FEXF
ESEIN: F)E/I8E

#E: This work proposes a pipelined-SAR ADC featuring a current-buffer-based integrating sampler that
presents a resistive input with good linearity. A floating charge transferrer (FCT) with multi-bit
pre-conversion (MB-PC) enables linear residue amplification and accelerates the second-stage conversion.
The prototype ADC achieves an SNDR of 67.5 dB and an SFDR of 94.5 dB under a Nyquist input at 250
MHz. This SFDR is the highest reported for discrete-time ADCs operating above 200 MS/s.

P70 ;§iR™E: A 2.16 pW Chopper Amplifier with a Feedforward SAR ADC Assisted Mixed-Signal

DC-Servo Loop Achieving =1V DC Offset Cancellation in 2.1s and 1Vpp CM Interference
Tolerance for Neural Signal Acquisition
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REAN. &, ARKEARF
BSEMm: KB

#E: Emerging brain-computer-interface technologies necessitate precise acquisition of weak neural
signals under strong interferences (Fig. 1) [1-5]. Apart from common-mode interferences (CMI) at 50/60
Hz, the electrode DC offset (EDO) can be up to 1 V and varies remarkably when connection status
changes, especially in wearable sceneries. In applications where a frontend amplifier is shared by
multi-channel electrodes, large EDO steps may occur at the amplifier's input when the channel switches
[2]. Therefore, cancellation of large EDO within a short recovery time is very important for these cases. In
these areas, capacitively-coupled instrumentation amplifiers (CCIA) are popular because of their low
power and fully integration advantages, in which chopper-stabilization (CS) is often incorporated to
suppress the CCIA’s large 1/f noise [3]. However, with chopping, the EDO could propagate through the
input capacitor and saturates the CCIA. In addition, the decreased input impedance (Zin ) due to chopping
not only attenuates the neural signal but also deteriorates the CMI's effect caused by electrode mismatch.
Many structures have emerged to solve above problems, such as DC-servo loops (DSL) [3] for EDO
cancellation, CMI cancellation (CMC) loops [3], positive feedback loops (PFL) for Zin boosting [4]. Among
them, the existing DSL techniques still face tough tradeoffs between the maximum EDO can be cancelled
(VEdo,max ), recovery time, power consumption, and noise injection. This paper presents a CS-CCIA with a
feedforward SAR ADC assisted mixed-signal DSL (MS-DSL) in 180nm CMOS, which achieves the best
overall performance in terms of Vedo,max, recovery time, power consumption and noise among recent
related works. In addition, a feedback CMC (FB-CMC) loop and a hybrid PFL are also proposed, achieving
1—VppCMI tolerance and 2GQDC Zin, respectivel...

P71 iBiRFH: A2.84-mW 8-MHz Bandwidth 76.7-dB SNDR N-Path-Filter-Based Pure Bandpass

DSM
wREAN: FidH, FEBERXKF
1EeSEIm: FI
ZE : This article presents a power-efficient high-performance bandpass Delta-Sigma modulator (BPDSM)
based on passive N-path filters (NPF) for direct digitization of intermediate-frequency (IF) signals in
wireless receivers. NPF-based BPDSMs have recently been introduced, offering excellent power efficiency
and flexible IF frequencies. However, the reported ones recorded a relatively narrow bandwidth, had a
redundant passband around DC, and were demonstrated only with a single-bit quantizer. In this work, we
report the first NPF-based BPDSM that removes the redundant DC passband using a special NPF for
extended bandwidth and improved power and area efficiency. For this reason, it is called a pure BPDSM.
Furthermore, we demonstrate that the NPF-based BPDSM works well with a multi-bit quantization
approach for improved performance. A fourth-order BPDSM prototype was designed and fabricated in a
65-nm CMOS process, occupying an active area of 0.086 mm2. It features an IF tuning range from 100 to
500 MHz with a signal-to-noise-plus-distortion ratio (SNDR) greater than 60 dB over a fixed 8-MHz
bandwidth. Clocked at 700 MHz (IF = 175 MHz), the BPDSM achieves a peak SNDR of 76.7 dB over the
8-MHz bandwidth while dissipating 2.84 mW from a 1.2-V supply, leading to a Schreier's figure-of-merit
of 171.2 dB, the highest among reported BPDSMs of any type.
P72 /8#RiEH: High-Performance Flexible Carbon Nanotube CMOS Integrated Circuits for
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Sensor Front-End
wEAN: FEE, ERKF

ESEM: XA
## E . Flexible sensor front-end ICs that process signals in-situ are vital for next-generation
human-interfacing flexible electronics. Carbon nanotubes (CNTs) offer a promising opportunity to
construct high-performance CMOS transistors and ICs in a mechanically flexible form, thanks to the
CNTs'excellent electrical and mechanical properties. We report wafer-scale, high-performance flexible
CNT CMOS transistor technology and its applications in both analog and digital ICs. For analog circuits,
CNT CMOS transistors distinguish themselves from Si counterparts by showing inherent negative
differential resistance (NDR) effects in subthreshold region, which produce intrinsic gain singularities
(gmro — o0) that can be utilized in circuits for ultrahigh and exponentially variable gain. A flexible CNT
CMOS op-amp with a tunable single-stage gain of 35-60 dB is demonstrated. For digital circuits, flexible
CNT transistor shows advantages in speed due to the high mobility (comparable with rigid Si CMOS),
superior to other flexible transistor technologies. We report a five-stage ring-oscillator showing oscillation
frequency of 356 MHz, corresponding to stage delays of 281 ps, under a supply voltage of 2.6 V,
representing the first flexible high-speed ICs with sub-nanosecond stage delays. We also build a flexible
flash memory array based on CNTs. Leveraging the platforms of flexible CNT transistors, flexible sensor
front-end electronics can be built, as we demonstrated in proof-of-concept flexible
electrocardiogram/electromyogram patches.

P73 /5{R&EH: A 103.9dB-SFDR 83.8dB-SNDR 3MHz-BW Multi-Bit Quadratic-Exponential
Noise-Coupled IDSM with High Tolerance to DAC Non-Linearity
wREAN: FRFA, BIKF

BSEM: KER
#E: This paper presents a quadratic-exponential noise-coupled (NC) IDSM to achieve a quantization
noise shaping effect greater than 4th order with OSR 22, while having high tolerance to DAC non-linearity
and a small noise penalty factor. The DAC2 and adder in NC are reused for a larger effective OSR and
improve energy efficiency. Implemented in 28nm CMOS, the IDSM achieves an SNDR/SFDR of
83.8dB/103.9dB, with a 3MHz bandwidth, and 794 uW, resulting in Schreier FOMSNDR/FOMDR of
179.6dB/181.4dB.
P74 iBiREH: A0.0022 mm2, 2 GS/s Resettable VCO-Based ADC With-out Quantization Noise

Shaping
wEAN: 85, PENERAKE

eSEIm: HisE
#E: With the rapid advancement of sensing and communications, there is an increasing demand for
medium-resolution (6-8 b), high-speed (> 1 GS/s) ADCs. Flash and time-interleaved ADCs typically obtain
high sampling rates, albeit at the cost of large power [1], [2], [3]. Taking advantage of the significant
advances in digital performance in CMOS, time-domain based converters enable ever faster conversion
speeds [4], [5], [6], [7]. Highly digital low-power VCO-based ADCs have particularly benefited from this
trend. Although VCO-based ADCs features inherently first-order noise shaping of quantization noise, they
are widely used in low-speed, high-precision applications thanks to oversampling [14], [8], [9], [10], [11],
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[12], [13]. However, with the continual increase in VCO frequency in newer process nodes, Nyquist
VCO-based ADCs can achieve progressively better accuracy at high sample rates, thus making them
attractive for high-speed applications [16], [17]. Additionally, since a Nyquist VCO-based ADC can achieve
an extra bit of resolution by halving the sample rate [15], this feature enables easy adaption to various
communication standards and frequency bands, thus enhancing versatility. In this paper, we propose a
Nyquist VCO-based ADC with a single channel of 2 GS/s. The key innovations include: 1) a resettable ring
VCO (R-RVCO), 2) switched buffers (sw-buf), and 3) a compact fine-quantizer with phase folding, all aimed
at substantially improve SNDR and FOM.
P75 5iRE&EH: Energy-Efficient Sensor Readout Frontend for Emerging Edge Applications
wREAN: TRF, ERKF
ESEM: BERIR
#E: Emerging edge applications demand low-noise, low-power, wide-dynamic-range sensor readout
frontends. This work proposes a tracking-zoom readout design with a fast tracking technique that tracks
input signals continuously based on fine quantizer outputs. It also comprises a floating-Gm-CCO loop
filter to support current reuse with a low CCO operating voltage. The design achieves 90.2dB SNDR over
10kHz-BW with 4.91uVrms input-referred noise and 4.82uW power consumption, leading to a SNDR
Schreier FoM of 183.4dB.
P76 ;5iRiEH: A 0.5-ppm/°C Voltage Reference With Sub-Ranging On-Chip Self-Heating and
Second-Order Compensation in 65-nm CMOS
HBEAN: BXE, #HEXF
BSEMm: KRER
HE: This article presents a voltage reference with ultralow temperature coefficient (TC), which is suitable
for high-precision industrial applications. Using a shunt resistor in the current-mode bandgap reference
(BGR) achieves a complementary-nonlinear PTAT current for second-order temperature compensation
ranging from 10 °C to 85 °C. Additionally, a temperature-locked loop (TLL) is implemented to regulate
on-chip self-heating, maintaining a stable die temperature at 10 °C across the ambient range from —
40 °C to 10 °C, thereby significantly improving the overall TC. The proposed voltage references have
been designed and fabricated using a standard 65-nm CMOS technology. The proposed on-chip
self-heating BGR with second-order compensation achieves an average TC of 0.50 ppm/° C with a
standard deviation of 0.12 ppm/°C after one-point trimming from —40 o C to 85 © C. It consumes 23.3 pA
at 27 °C and occupies 0.12 mm?2.
P77 i§iR%E: A 140-dB Single-Exposure Wide-Dynamic-Range CMOS Image Sensor Combining
LOFIC and Selective Overflow Technology
wEAN: DR, REXF
BSEm: RIE
FHE: This article presents a wide dynamic range (WDR) CMOS image sensor (CIS) integrating lateral
overflow integration capacitor (LOFIC) technology and selective overflow architecture, achieving a 140 dB
dynamic range (DR) in a single exposure. The proposed pixel architecture modulates the barriers of
overflow paths to enable saturated charges overflow through two distinct pathways: effective overflow
(captured by LOFIC) and ineffective overflow (discharged via VDD). This unique selective overflow
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mechanism equivalently enhances the charge storage capacity of the LOFIC capacitor, strengthening high
light detection capabilites and thereby extending the DR. In addition, we propose a
count-range-selectable single-slope (SS) analog-to-digital converter (ADC) circuit to resolve the
dual-channel readout issue caused by inconsistent readout sequences between high-gain and low-gain
signals in LOFIC architectures. This design achieves single-channel readout while maintaining digital
correlated double sampling (DCDS) functionality. The prototype chip is fabricated using a 110-nm
backside illuminated (BSI) CIS process, featuring a5 pm X 5 pm pinned photodiode (PPD) pixel and a
14.32 fF LOFIC capacitor. Compared to conventional LOFIC architectures, the proposed selective overflow
mechanism extends the DR from 101 dB to 140 dB, with a switching point Signal-to-Noise Ratio (SNR) of
20.5 dB. By selecting appropriate overflow gate parameters, the photo-response non-uniformity (PRNU)
at the half-full-well code for the high conversion gain (HCG) output is measured at 0.50%, while the PRNU
for the low conversion gain (LCG) output is 0.89%. At an ambient temperature of 60 °C, the dark current
of the HCG signal is 181 e7/s, and that of the LCG signal is 621 e /s.
P78 i&iREH: A 16-Bit 10-GS/s DAC Achieving > 65 dBc SFDR and <-75 dBc IM3 up to the
Nyquist in 28nm CMOS
wREAN: s, FEKF
ST FFE
HEE: This paper presents an approach to mitigating both current source unit deviations and inter-symbol
interference (ISI) non-linearities in Nyquist current-steering digital-to-analog converters (DACs). This
approach enables switching-activity-controlled data-weighted-averaging (SAC-DWA) with 50%
redundant cells by exploiting the input frequency range and the time-domain randomized element
transition rate (ETR), leading to an input-independent switching activity. Utilizing SAC-DWA, a 16-bit
10-GS/s DAC is designed in 28 nm CMOS and mounted in a BGA package. In this DAC, the proposed
SAC-DWA decoder is implemented in an overflow-detection-based low-complexity state machine to
achieve ultra-high speed at 10 GS/s. Additionally, a 1-D merged array placement is adopted to reduce the
IR-drop mismatches between the segments of the most and least significant bits. Measurement results
show that this DAC achieves spurious-free dynamic range (SFDR) > 70 dBc up to 2.86 GHz and SFDR > 65
dBc with third-order intermodulation distortion (IM3) < —75 dBc over the entire Nyquist band.
P79 /5iREH: A 9.5-pJ/bit 40-Mbps Quasi-Static Body Channel Transceiver With Compact
Adaptive Equalization
wREAN: ZRE, LB@BKRF
S X

@ E : The key challenge in body-coupled communication (BCC) is achieving high-speed and
energy-efficient data transmission in dynamically varying channels, particularly addressing variations in
dominant pole frequency and channel gain caused by motion and environmental changes in the
quasi-static band. This article proposes a broadband BCC transceiver (TRX) with a compact adaptive
equalization (CAE) technique to compensate for these variations with minimal power and hardware
overhead. The CAE includes three key components: a zero/gain tunable equalizer (ZGTE) for simultaneous
gain and zero tuning, a zero-pole locking loop (ZPLL) to lock the equalizer's zero to the channel pole, and
a gain control loop (GCL) to track fluctuations in channel gain. Fabricated in a 180-nm CMOS process, the
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prototype demonstrates a 49.7X reduction in bit error rate (BER) and a 1.59X improvement in eye
opening with ZPLL and GCL enabled, as measured in a 60-cm dynamic in vivo test. The system operates at
a data rate of 40 Mbps with an energy efficiency of 9.5 pJ/bit for PAM-4 modulation.

P80 EiReEHE: A 128X 96 Multimodal Flash LiDAR SPAD Imager with Object Segmentation

Latency of 18us Based on Compute-Near-Sensor Ising Annealing Machine
wBEAN. EiF—, EBEXF
{ESEI: X/ EKK

#E . This paper presents a 128 X 96 multimodal flash LIDAR SPAD imager integrated with a
compute-near-sensor Ising-model annealing processor for dynamic object segmentation, framed as a
combinatorial optimization problem (COP). The system enables real-time updates of Hamiltonian
coefficients using a high-bandwidth output-while-write scheme, and accelerates Ising spin iterations by
exploiting multimodal SPAD information, achieving a segmentation latency of 18ps.

P81 ;5iREH: A 24-MHz Crystal Oscillator with 6.9-ps Startup Time and 2% Injection-AF

Tolerance Using Phase-Interpolator-Assisted Synchronized Injection
wEAN. 8, ERBEXF
ESEW: TFH/EEE

HE: This article presents a 24-MHz fast startup crystal oscillator with a phase-interpolator-assisted
synchronized injection technique. This technique ensures the phase consistency between the injection
source and the crystal resonance even with a 2% injection-delta-F, rendering the synchronized injection
more flexible and efficient. Additionally, a differential peak detection technique is proposed to detect the
phase error incurred by delta-F, shortening the auxiliary non-injection period to merely 4 cycles.
Fabricated in a 40-nm CMOS process, the proposed XO achieves a 6.9-us startup time and a 4.8-nJ startup
energy with 2% injection inaccuracy when tested with a 24 MHz off-chip crystal. Compared to the
traditional injection with constant frequency and phase, the startup time is reduced by 191.3 times. With a
power consumption of 63 uW, the phase noise is measured to be -137.8 dBc/Hz at 1-kHz, corresponding
to a FoM of 237 dBc/Hz.

P82 ;§iRHE: A 0.037-mm?, 65.8-nW Temperature and Capacitance Sensor With Analog

Pulse-Width-Modulation Backscatter
wBEAN. ZEa, EBX¥
ESEm: IR

E: Battery-less RFID sensor tags in the Internet of Things (IoT) expect low-cost and power-efficiency
multiparameter sensing solutions. Traditional sensor designs rely on time-multiplexed parameter
selection to prevent output coupling, which introduces extra control logic and increases cost and design
complexity. This paper presents a temperature and capacitance (T/C) sensor with analog pulse-width-
modulated (PWM) backscatter. The sensor achieves self-decoupling T/C sensing through the proposed
self-switching double sampling (SDS) interface, eliminating the demand for parameter selection. With
double sampling, a temperature-sensitive current alternately charges a reference capacitor and a sensing
capacitor, simultaneously translating T/C information into a PWM waveform. The low pulse width (LPW)
and pulse width ratio (PWR) independently represent temperature and capacitance, enabling
simultaneous and decoupled readout. Meanwhile, SDS reuses the PWM waveform as the double-
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sampling control signal without external control logic. The PWM signal is sent back by analog PWM
backscatter without the need for digitization. The SDS sensor employs a compact, ultra-low-power
dual-slope relaxation oscillator (RxO) with inherent self-switching topology for T/C-to-PWM conversion.
Fabricated in 55-nm CMOS technology, the sensor occupies 0.037 mm2 and consumes 65.8 nW at 0.8 V.
Measurement results show that the T/C sensor achieves a temperature inaccuracy of —1.22/+1.17 °C (3
0 )in —20~100 °C and a capacitance inaccuracy of —197/192 fF (30 ) in 0~35 pF.

P83 BiR%EH: A48-Day-Duration Pasting Bioelectronic Device Realizing Closed-Loop Realtime

Detection _x000b_and Precision Treatment for Type-1 Diabetes
REAN: REE, ERIMEXRF
ST KiDE
#E: Conventional management of type-1 diabetes (T1D) relies on finger-prick blood sampling or
electrochemical methods, which prevent continuous monitoring and treatment. This paper presents a
novel epidermal pasting bioelectronic device (PBD). The device integrates a 19fA-resolution
bioluminescence analog front-end (BAFE) with TDM-SAR calibration and a hybrid-mode LED driver. It
enables closed-loop realtime detection and precision treatment for T1D. The battery life reaches 48 days.
P84 &R H: A Sub-1V 14b 5.8nW/Hz BW/Power Scalable CT Sensor Interface with a
Frequency-Controlled Current Source Achieving a 225X Scalable Range
wEAN: HFEE, WIKF
ESEM. R/ ER
HZE: Precision and energy-efficient sensor interfaces have always been needed in loT applications. To
digitize weak signals (tens of mVs), such as shunt-based current and biomedical sensors, the interface
should have low noise [1]-[4]. Moreover, to accommodate different use cases, the bandwidth (BW) and
power dissipation of sensor interfaces should be highly scalable [5]-[7]. Sensor interfaces based on
discrete-time (DT) ADCs, such as SAR ADCs [8], [9] and FlA-based A%X ADCs [5]-[7] are BW/power
scalable, but they usually suffer from kT/C noise (Fig. 27.3.1 top, left). Using a continuous-time (CT) first
stage, such as an instrumentation amplifier (I1A) [1], [3], [4] (Fig. 27.3.1 top, right), or an active RC integrator
[10], [11], can suppress the sampling noise of the following stages, however, they usually consume fixed
static power, limiting their BW/power scalability. This work presents an energy-efficient CT-sensor
interface based on a Gm-C AX modulator (DSM) with a frequency-controlled current source (FCCS) and
BW/power scalability. It achieves a near-consistent SNDR of ~84dB over a 225X BW range. Compared to
the stateof-the-art BW/power scalable works [5-7], it achieves an input-referred noise density of
46nV/rtHz, and an FoM [15] of 178.2dB, showing >3.5X and 2.1dB improvements in noise and energy
efficiency, respectively.
P85 ;§iRRAHE: A 63.9-aF 17.6-bit Adaptive-Load and Configurable Zoom CDC
HEAN: EFI, tLRKFE
1BSEIm: FRPE

HE: This paper presents a Zoom capacitance-to-digital converter (CDC) for single-ended capacitive
sensors. An adaptive load scheme proposed reduces gain loss and signal attenuation in
pseudo-differential AXM. A configurable Zoom CDC introduced enhances performance at moderate
resolution. The prototype is validated using two sensors with a 43.3-pF capacitance range, achieving 1)
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63.9-aF resolution (17.6-bit ENOB) and 176.4 dB FoMs in Zoom mode, and 2) 4-us response time, 173.8
fJ/conversion-step, and power-bandwidth scalability in SAR mode.
P86 ;EiRiEH: ALinear Dynamic Voltage Scaling Technique With Adaptive Minimum Voltage
Headroom Tracking for Implantable Neurostimulation
wREA: HHE, AILTLXF
ESEN: SEZE
FHE: This letter presents a linear dynamic voltage scaling (DVS) technique using a dual-loop multistage
charge-pump maintaining the minimum voltage headroom for implantable neurostimulation. By
adopting an analog DVS with adaptive feedback divider, the stimulus current source could be always kept
operating at the boundary of the saturation region and the linear region under different stimulus currents.
Furthermore, a simple mode-switched control is introduced to improve the loop response of
charge-pump. The design has been fabricated in a 0.18- pum BCD process. The DVS technique increases
the measured stimulus efficiency up to 52.8% higher than a fixed supply voltage with a peak efficiency of
89.6% in the range of the stimulus current from 0.5 mA to 0.9 mA.
P87 BiREH: A 110uW 99.5dB-SNDR 20kHz-BW Intrinsically Linear CTDSM with Hybrid
Gm-Boosting OTA and Tri-Level FIR DACs
WEAN: VIR, ERKF
1ESEIH: LR

ZE: This paper presents a power-efficient CTDSM featuring a hybrid Gm-boosting OTA and tri-level FIR
DACs. The input integrator employs a concise two-stage feedforward OTA with the hybrid Gm-boosting
technique, reducing power consumption by 40% through independent noise/bandwidth optimization and
multiple Gm-boosting strategies. This design incorporates an input-boosted OTA that achieves a high
gain-bandwidth product (GBW) with a large output swing and a chopped inverter-stacking OTA that
minimizes IRN through current reuse.
Combined with a tri-level FIR DAC with deadband switching, the proposed CTDSM, implemented in a
180nm CMOS process, achieves a peak SNDR of 99.5 dB, a dynamic range (DR) of 104 dB, and an SFDR of
110.3 dB. Consuming only 110 pW, the prototype achieves a Schreier FOMSNDR of 182.1 dB and
maintains robustness across PVT variations without nonlinearity calibration.
P88 B#kEH: A Time-Domain Accuracy-Boosted Temperature Compensated Crystal Oscillator

wEN. FBH, FEKXF

ESEIm: RS /ABMEH

ZE: This article presents a megahertz temperature compensated crystal oscillator (TCXO) featuring a
time-domain accuracy boosting scheme to enhance the signal-to-noise and distortion ratio (SNDR) at the
oscillator core’s tuning port. The proposed TCXO employs three key techniques: a time-domain
architecture that progressively shapes and suppresses offsets in the sensed temperature and applied
compensation, an enhanced-decimation filter implementation to eliminate noise from the temperature
front end, and a low-noise, high-linearity load capacitance tuning interface to minimize phase noise (PN)
and spurs. Implemented in a 0.18-pum CMOS process, the TCXO achieves £0.6 ppm/=%1.4 ppm frequency
accuracy over —55 °C to 85 °C/ 115 °C, corresponding to a 38.6 X/ 13.2 X improvement over

uncompensated cases while maintaining competitive noise performance compared with existing
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solutions.

P89 BiREH: A 94.8-nW Battery-free Intelligent Silicon Platform for Distributed Multimodal
Sensing with Adaptive and Event-driven Computing
wBEAN: KGR, BIKF

ESEM. ZihA
#E . This poster presents an ultra-low power (ULP), battery-free intelligent silicon platform for
distributed, multimodal sensing with adaptive, event-driven computing in edge devices. The proposed
silicon platform incorporates hardware—-software co-design in the implementation. At the algorithm level,
a lightweight forward-forward (Lite-FF) algorithm is proposed to enable 1) distributed model training with
low-bitwidth operation and a small memory footprint, and 2) event-driven feature transmission. At the
circuit level, the digital compute-in-memory (CIM) architecture is employed to accelerate
multiply-and-accumulate (MAC) operations with two key features for computation energy efficiency
improvement: 1) a sparsity-adaptive input scheduler (SAIS) to skip redundant activation bit-level
computations, and 2) a sign-magnitude bit significance accumulator (SM-BSA) to reduce bitline toggling
by leveraging weight sparsity in sign magnitude format. Fabricated in 65 nm CMOS, the silicon platform
consumes 94.8 nW and 3404 nW in inference and training mode, respectively. Evaluated on a
condition-based monitoring (CbM) task, the proposed framework can achieve a classification accuracy of
90.6% with dual-modal sensing while demonstrating the ability of on-chip training. The proposed
compute engine can achieve a peak energy efficiency of 10.7 fJ/MAC at a 0.4 V supply voltage,
outperforming the state-of-the-art nanowatt-class neural network (NN) accelerators by 1.76 X.

P90 i5#REH: An 871 nW 96.2 dB SNDR Pipelined Second-Order Noise-Shaping SAR ADC
Employing Charge-Efficient CLS-Assisted Residue Amplifier
TREA: EK, HITIKF

SN E58
ZE: This article presents a two-stage pipelined noise-shaping (NS) successive-approximation-register
(SAR) analog-to-digital converter (ADC) for sub-micro-watt and high-resolution applications. However, it
asks for an accurate residue amplification to avoid severe quantization noise leakage from the frontend
stage. Therefore, a charge-efficient correlated-level-shifting (CECLS) assisted residue amplifier (RA) is
designed by inserting the level-shifting network (LSN) in a two-stage floating inverter amplifier (FIA). In
addition to the inherited low-power merit from FIA, it boosts the equivalent open-loop gain to 92 dB
while preventing bandwidth reduction and charge-sharing effects, making the amplification more
accurate and faster than prior CLS-assisted amplifiers. The prototype is fabricated using 55 nm CMOS
technology and occupies an active area of 0.26 mm2. The measurement results show a 96.2 dB
peak-SNDR and 871 nW power consumption under a 1.2 V supply voltage with a 16 kS/s sampling rate.
Compared to the recent state-of-the-art ADCs with power under 10 pW and SNDR exceeding 90 dB, this
ADC presents the best Schreier FoM of 180.8 dB.

P91 ;5iREH: A 0.16mmA2 450MHz-BW 72dB-SNDR Continuous-time Pipeline ADC with
APF+HPF and APF+FIR Hybrid Delay Alignment Techniques
wREAN: Rii7, FEXRF
BSEM: FE

193

2026%3825—27H EElERlms] =




#E: ADCs with a wide BW over 450MHz and 70dB DR are in high demand for communication
applications, where continuous-time pipeline (CTP) ADC can be a power-efficient candidate from a system
perspective [1]. However, CTP still faces two major challenges in practice: area consumption and
component value variation. For larger input and higher DR, prior CTP works [1], [2] use an LC lattice to
achieve accurate in-band delay alignment between the signal path and quantization path, suffering from
a large inductor area (0.45mm2 in [2]). Works [3], [4] use RC all-pass filter (APF) as an alternative, but it
suffers from inaccurate in-band delay alignment, leading to large input signal leakage. With an RC APF,
the magnitude of the leakage with OSR around 4 is equivalent to the quantization error of a 4-bit
quantizer, which limits the input magnitude and overall DR of CTP. The sub-ADC-DAC time-interleaving
technique is adopted in [5] to attenuate the residue magnitude, but it costs large power and area. The
other practical challenge is the process and temperature variations of passive components (R/L/C). Even
small RC/LC variation (e.g., *£10%) can cause large delay misalignment and severe leakage, resulting in
potential saturation and degraded DR. Therefore, meticulous RC/LC tuning is required in all CTP stages in
prior works [1]-[5], which is a high implementation overhead.

P92 BiREH: A 0.18-pug Bias-Instability 0.8-pg// Hz Resolution Silicon Oscillating
Accelerometers with Low-Hysteresis Temperature Extraction and On-Chip Learning-Based
Compensation
wREAN. B, LBTEAF
ESEm: B
W E: Temperature drift remains a major limitation to the long-term stability of silicon oscillating
accelerometers. Conventional compensation techniques encounter two critical challenges: (1)
hysteresis-induced errors in in-situ temperature measurements, and (2) time- and environment-
dependent variations in compensation model coefficients, which hinder complete drift cancellation. This
work introduces two key innovations to address these issues. First, a digitally programmable gain
amplifier enables real-time measurement of the MEMS resonator's quality factor, allowing low-hysteresis
temperature estimation by directly linking the resonator amplitude to its structural temperature. Second,
a recursive least squares on-chip learning algorithm adaptively updates the compensation coefficients
over time, effectively modeling temperature dependencies and suppressing longterm drift. The proposed
readout integrated circuit, fabricated in a 0.18 —um CMOS process, integrates MEMS sensing and
compensation functionalities. Experimental results demonstrate a bias instability of 0.18ug and a noise
density of 0.8—ug/v/ Hz. These results validate the framework's capability for highprecision inertial
sensing in UAVs, UUVs, and compact navigation systems operating under dynamic environmental

conditions.
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