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Era of Internet of Things (IoT)

Smart Healthcare Smart Pet Care

Smart Factory

Smart Farming

Smart Environment
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Era of Tiny IoT Platforms

In the next 10 years,
1) Tiny + 2) Sensory + 3) Intelligent + 4) Wireless

IoT platforms will enrich our daily lives!
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Example 1: Bio-Signal Sensing

Heart Rate
Temp

PCB of Oura Ring 2

1) Tiny + 2) Sensory + 3) Intelligent + 4) Wireless
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Example 1: Bio-Signal Sensing
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Example 2: Audio Sensing

Earbuds
Smart Home

Vocal Studies of Animals

Marmoset

Songbird

1) Tiny + 2) Sensory + 3) Intelligent + 4) Wireless
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Ultimate Research Goal

1) Tiny + 2) Sensory + 3) Intelligent + 4) Wireless
features to enrich our daily lives

Democratizing the IoT platform with
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under Limited Energy Sources and Limited Silicon Area
We need Highly Integrated System-on-Chip (SoC)

Ultimate Research Goal

1) Tiny + 2) Sensory + 3) Intelligent + 4) Wireless
features to enrich our daily lives

Democratizing the IoT platform with

10/87



Outline

• Visions of IoT Sensors 

• Biomedical Sensor

• Neuromorphic Sensor

• Outlook

11/87



Current (I)

BioZ

Voltage (V)

BioZ = VSense
IInject

ISSCC’19
JSSC’20

VLSI’20
JSSC’22

HPF

Current
Generator

DPIA
Bias

Buffer

PGAESSCIRC’17

Ohm’s Law
V = IR   or   R = V/I

Biomedical Sensor IC
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Bioimpedance (BioZ) Sensing

Current (I)

BioZ

Voltage (V)

BioZ = VSense
IInject

Very Tiny Amplitude
<100mΩRMS Resolution1

1H. Ha, SSC-L 2018

Miniaturization

Even Finer Resolution
is Needed!
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Bioimpedance (BioZ) Sensing

Current (I)

BioZ

Voltage (V)

BioZ = VSense
IInject

H. P. Schwan, EMBC 1994

fLow
fHigh
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Bioimpedance (BioZ) Sensing

Current (I)

BioZ

Voltage (V)

BioZ = VSense
IInject

Voltage Amplifier Needs:

Low Noise (<100nV/√Hz)

Wide Bandwidth (>100kHz)

Low Power (<10μW)

Injector Amplifier

VSense
BioZ IN OUT VOUT

V-I Conv.Sinewave
IInject

Current Injector Needs:

Pure Sinewave
(Total Harmonic Distortion (THD) < 1%)

Low Power (<10μW)

Low Area (Smaller is Better)
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Bioimpedance (BioZ) Sensing

Current (I)
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Voltage Readout Amplifier

1

1
RIN ROUTIIN IOUT VOUTVIN

Input Stage Output Stage
1 : m

Amplifier

VIN
BioZ IN OUT VOUT

Amplifier Gain

Av = m
ROUT

RIN

N. V. Helleputte, ISSCC 2012
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1

1
RIN ROUTIIN IOUT VOUTVIN

Input Stage Output Stage
1 : m

Amplifier

VIN
BioZ IN OUT VOUT

Voltage Readout Amplifier

Input Stage Determines
Noise & BW

Performance!

N. V. Helleputte, ISSCC 2012
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VBFI

VBFO

1

1
RIN ROUTIIN IOUT VOUTVIN

Input Stage Output Stage
1 : m

Amplifier

VIN
BioZ IN OUT VOUT

RIN ROUTIIN IOUT VOUTVIN

Input Stage Output Stage
1 : m1

1

Voltage Buffer

Buffer Stage

VBFI

VBFO

Source Follower

(similar to)

Flipped Voltage Follower (FVF)

N. V. Helleputte, ISSCC 2012

IN

OUT
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VBFI

VBFO

RIN ROUTIIN IOUT VOUTVIN

Input Stage Output Stage
1 : m1

1

Voltage Buffer: Low-Noise Design

Input Transistor is the Main Signal Driver
è The Main Noise Contributor!
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VBFI

VBFO

RIN ROUTIIN IOUT VOUTVIN

Input Stage Output Stage
1 : m1

1

Voltage Buffer: Low-Noise Design

50 nV/√Hz

261 nV/√Hz

MIN

MIN Device
W/L  = 1μ/1μ
W/L  = 100μ/1μ

50nA

1μA

𝑉!" 𝑓 =
8
3
𝑘𝑇
g#

+
𝐾

𝐶$%𝑊𝐿
1
𝑓
	 [V"/Hz]

Thermal Flicker
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VBFI

VBFO

1

1
RIN ROUTIIN IOUT VOUTVIN

Input Stage Output Stage
1 : m

Voltage Buffer: Feedback Stability

FVF Feedback Loop

Phase Margin = -5.28º
è Unstable!

1μA

Parasitic
Caps…

50nA
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VBFI

VBFO

CC

Voltage Buffer: Feedback Stability

1μA

Naïve Approach:
Dominant Pole 
Compensation

Dominant

Phase Margin = 47º
è This is okay, but …

Baseline

1

1
RIN ROUTIIN IOUT VOUTVIN

Input Stage Output Stage
1 : m

CC = 15pF

50nA
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VBFI

VBFO

CC

Voltage Buffer: Bandwidth Problem

1μA

Naïve Approach:
Dominant Pole 
Compensation

f3dB = 31kHz
f3dB = 1.14MHz

L Poor BW!

Dominant
Baseline

1

1
RIN ROUTIIN IOUT VOUTVIN

Input Stage Output Stage
1 : m

50nA
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RIN ROUTIIN IOUT VOUTVIN

Input Stage Output Stage
1 : m1

1

Voltage Buffer

Design Dilemma:

Low Noise (<100nV/√Hz)

Low Power (<10μW)

Stability (PM > 50º)

Bandwidth (>100kHz)
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RIN ROUTIIN IOUT VOUTVIN

Input Stage Output Stage
1 : m1

1

Voltage Buffer: Lead Compensation (LC)1

1K. Kim, ISSCC 2019 + JSSC 2020

VBFO

VBFI

CLC

Phase Lead
(fast path)

Phase Lag
(slow path)

1μA

50nA
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RIN ROUTIIN IOUT VOUTVIN

Input Stage Output Stage
1 : m1

1

Voltage Buffer: Lead Compensation (LC)1

1K. Kim, ISSCC 2019 + JSSC 2020

Dominant
Baseline

Lead
Phase
Lead

Phase Margin = 51º
è Stable!J

CLC = 150fFVBFO

VBFI

CLC

Phase Lead
(fast path)

Phase Lag
(slow path)

1μA

50nA
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RIN ROUTIIN IOUT VOUTVIN

Input Stage Output Stage
1 : m1

1

Voltage Buffer: Lead Compensation (LC)1

1K. Kim, ISSCC 2019 + JSSC 2020

f3dB = 31kHz
f3dB = 1.14MHz

f3dB = 694kHz

Dominant
Baseline

Lead

22x

Bandwidth improvement
w/o Noise increase!

VBFO

VBFI

CLC

Phase Lead
(fast path)

Phase Lag
(slow path)

1μA

50nA
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Power-BW-Efficient Amplifier1

1K. Kim, ISSCC 2019 + JSSC 2020
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Adoption in Other Works

Q. Pan, ISSCC 2022 (Fudan Univ.)

T. Zhang, ISSCC 2021 (A*STAR)

Lead Compensated buffer design
has been Widely Adopted!

S.-I. Cheon, ISSCC 2024 (KAIST)
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Open-Sourced Amplifier Design1

1K. Kim, ISCAS 2023

Open-Sourced
Schematic Parameters

(TSMC 65nm)
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Bioimpedance (BioZ) Sensing

Current (I)

BioZ

Voltage (V)

BioZ = VSense
IInject

IInject
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Sinewave Generation

BioZ
V-I Conv.Sinewave

VSINE

module ThermoLUT ();
...
assign LUT[0] = 64'b0...000;
assign LUT[1] = 64'b0...001;
assign LUT[2] = 64'b0...011;
...

64'b

VSINE

1S. Hong, ISSCC 2014 2M. Kim, ISSCC 2017

Analog RC-OSC1 Digital LUT
+ Analog DAC2
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VSINE

module ThermoLUT ();
...
assign LUT[0] = 64'b0...000;
assign LUT[1] = 64'b0...001;
assign LUT[2] = 64'b0...011;
...

64'b

VSINE

Sinewave Generation

BioZ
V-I Conv.Sinewave

1S. Hong, ISSCC 2014 2M. Kim, ISSCC 2017

Analog RC-OSC1 Digital LUT
+ Analog DAC2

>100μWL
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VSINE

module ThermoLUT ();
...
assign LUT[0] = 64'b0...000;
assign LUT[1] = 64'b0...001;
assign LUT[2] = 64'b0...011;
...

64'b

VSINE

64'b

module ThermoLUT ();
...
assign LUT[0] = 64'b0...000;
assign LUT[1] = 64'b0...001;
assign LUT[2] = 64'b0...011;
...

VSINE

Sinewave Generation

BioZ
V-I Conv.Sinewave

2M. Kim, ISSCC 2017

Digital LUT
+ Analog DAC2

6'b Thermo. Synthesized LUT

0 1 2 3 … 6362

9'b Thermo? Synthesized LUT

0 1 2 3 … … … 511510

For Low-THD

Massive Wires!

Limited THDL
Huge AreaL
Layout Quality
Dependency

L
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Digital ΔΣ1 Sinewave Generation

BioZ
V-I Conv.Sinewave

1K. Kim, VLSI 2020 + JSSC 2022 *Dynamic Element Matching (DEM)

VΔΣ

module BinLUT ();
...
assign LUT[0] = 9'b0...101;
assign LUT[1] = 9'b0...001;
assign LUT[2] = 9'b0...100;
...

9'b 3'b

ΔΣ

Barrel Shift
DEM*

VSINE

Digital LUT + Digital ΔΣ + Analog DAC + Analog LPF

Low THDJ
Compact AreaJ
Layout Quality
Independent (DEM)

J
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Digital ΔΣ1 Sinewave Generation

BioZ
V-I Conv.Sinewave

1K. Kim, VLSI 2020 + JSSC 2022 *Dynamic Element Matching (DEM)

Digital LUT + Digital ΔΣ + Analog DAC + Analog LPF

Low THDJ
Compact AreaJ
Layout Quality
Independent (DEM)

J
Low PowerJ

VΔΣ

module BinLUT ();
...
assign LUT[0] = 9'b0...101;
assign LUT[1] = 9'b0...001;
assign LUT[2] = 9'b0...100;
...

9'b 3'b

ΔΣ

Barrel Shift
DEM*

VSINE

0.5V
(Near-Threshold)
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Comparison Graph

7.5x

8.
9x

6.
3x

1K. Kim, VLSI 2020 + JSSC 2022

The First Sub-10μW, Sub-0.1% THD
Sinusoidal Current Generator for BioZ Sensor ICs
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Open-Sourced Sinewave Generator1,2

1K. Kim, VLSI 2020 + JSSC 2022 2K. Kim, Ph.D. Dissertation

MATLAB (Software) Verilog (Hardware)
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Adoption in Other Work

1J. Park, TCAS-II 2023

The design is Replicated & Improved
by Oregon State University
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In-Vivo BioZ Measurement

ISSCC’19
JSSC’20

VLSI’20
JSSC’22
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Biomedical Sensor IC

Score
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Neuromorphic Sensor IC
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Conventional FEx
Neuromorphic FEx

Option 1
ADC

ADC

FFT+Digital Filter

Analog BPF Rectifier Spike Gen.

DNN

Counter

SNN

DNN

Option 3
(Async.)

Option 2

Neuromorphic Audio Processing Architecture

K. Kim, CAS Magazine 2023
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Neuromorphic Audio Processing Architecture

Base

Apex

6kHz Input

2kHz Input

Cochlea

Kolb and Willshaw, 2001 Hiroshi Wada, Tohoku University

Conventional FEx
Neuromorphic FEx

Option 1
ADC

ADC

FFT+Digital Filter

Analog BPF Rectifier Spike Gen.

DNN

Counter

SNN

DNN

Option 3
(Async.)

Option 2
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Neuromorphic Audio Processing Architecture

Cochlea

Conventional FEx
Neuromorphic FEx

Option 1
ADC

ADC

FFT+Digital Filter

Analog BPF Rectifier Spike Gen.

DNN

Counter

SNN

DNN

Option 3
(Async.)

Option 2

K. Kim, CAS Magazine 2023
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Neuromorphic Audio Processing Architecture

K. Kim, CAS Magazine 2023

Conventional FEx
Neuromorphic FEx

Option 1
ADC

ADC

FFT+Digital Filter

Analog BPF Rectifier Spike Gen.

DNN

Counter

SNN

DNN

Option 3
(Async.)

Option 2
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Conventional FEx
Neuromorphic FEx

Option 1
ADC

ADC

FFT+Digital Filter

Analog BPF Rectifier Spike Gen.

DNN

Counter

SNN

DNN

Option 3
(Async.)

Option 2
Conventional FEx

Neuromorphic FEx

Option 1
ADC

ADC

FFT+Digital Filter

Analog BPF Rectifier Spike Gen.

DNN

Counter

SNN

DNN

Option 3
(Async.)

Option 2

Why Neuromorphic Approach? – 1. ADC

1C. Lo, ISSCC 2021 2S. Mondal, ISSCC 2021

16b, 20kHz, Audio ADC
116μW, 100.6dB SNDR1

139μW, 100.9dB SNDR2

è Huge Power
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Why Neuromorphic Approach? – 1. ADC

1C. Lo, ISSCC 2021 2S. Mondal, ISSCC 2021

16b, 20kHz, Audio ADC
116μW, 100.6dB SNDR1

139μW, 100.9dB SNDR2

è Huge Power

B. Murmann, ADC Performance Survey

20kHz BW

Bette
r

Here
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B. Murmann, ADC Performance Survey

20kHz BW

Bette
r

Here
Why Neuromorphic Approach? – 1. ADC

1C. Lo, ISSCC 2021 2S. Mondal, ISSCC 2021

16b, 20kHz, Audio ADC
116μW, 100.6dB SNDR1

139μW, 100.9dB SNDR2

è Huge Power

System Bottleneck for
Always-On TinyML 

Devices!
(<1 Year Solely by ADC Power)

Coin
Battery

Airtag
Galaxy

SmartTag

51/87



Conventional FEx
Neuromorphic FEx

Option 1
ADC

ADC

FFT+Digital Filter

Analog BPF Rectifier Spike Gen.

DNN

Counter

SNN

DNN

Option 3
(Async.)

Option 2

Why Neuromorphic Approach? – 1. ADC

1C. Lo, ISSCC 2021 2S. Mondal, ISSCC 2021

16b, 20kHz, Audio ADC
116μW, 100.6dB SNDR1

139μW, 100.9dB SNDR2

è Huge Power

System Bottleneck for
Always-On TinyML 

Devices!
(<1 Year Solely by ADC Power)

Bypassing ADC is a Breakthrough
Towards Ultra-Low-Power Operation
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Why Neuromorphic Approach? – 2. Analog vs Digital

Conventional FEx
Neuromorphic FEx

Option 1
ADC

ADC

FFT+Digital Filter

Analog BPF Rectifier Spike Gen.

DNN

Counter

SNN

DNN

Option 3
(Async.)

Option 2

Option 1

Option 2, Option 3

Analog Signal Processing is
More Efficient up to ~8-Bit Precision1,2

1R. Sarpeshkar, Neural Computation 1998 2B. Murmann, TVLSI 2021
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Conventional FEx
Neuromorphic FEx

Option 1
ADC

ADC

FFT+Digital Filter

Analog BPF Rectifier Spike Gen.

DNN

Counter

SNN

DNN

Option 3
(Async.)

Option 2

Why Neuromorphic Approach? – 3. Neural Network

In-Memory Computing
EADC+EDAC ~ 58%1-70%2 !

1A. Biswas, ISSCC 2018 2J.-O. Seo, ISSCC 2022

Fully Asynchronous
(or Fully Analog)
è No ADC & DAC

Spike-Based Interfaces can be
Seamlessly Integrated with Asynchronous SNNs
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Analog FEx (Voltage Domain)

K. Kim, CAS Magazine 2023

Analog BPF Rectifier Spike Gen. Counter DNN

Neuromorphic FEx

M1

IB

VIN C1

C2M2

VLPF

VBPF

VIN gm1 C1

C2

VBPF

VLPF

gm2

VIN VLPFsC1
1-gm1 sC2

1-gm2

VBPF

gmC
Equivalent

Small-Signal

Source-Follower-Based
2nd-Order BPF
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Analog FEx (Voltage Domain)

1M. Yang ISSCC 2018 2D. Wang, ISSCC 2021 3K. Kim, CAS Magazine 2023

Source-Follower BPF

350nm / 3.3V
16nm / 0.8V

Supply Scaling

180nm/65nm
in Prior Works1,2

Signal Swing (Headroom)
è Reduced SNR

DC Gain (gmrO)
è Nonlinearity/Gain Error
è Large L (Area/Power)
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Analog FEx (Voltage Domain)

1M. Yang ISSCC 2018 2D. Wang, ISSCC 2021 3K. Kim, CAS Magazine 2023

Source-Follower BPF

350nm / 3.3V
16nm / 0.8V

Supply Scaling

180nm/65nm
in Prior Works1,2

Can Analog FEx Benefit
from Technology Scaling?
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Analog FEx (Time Domain)

Average Frequency ∝ tON

B. Drost, ISSCC 2012 A. Elshazly, ISSCC 2012

ΦIN

fLow
or

fHigh
OSC

tON

Switch OFF

Switch ON
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fOSC

fREF

ΔΦOUT

ΦIN

tON

Switch ON/OFF

Always OFF

OSC

OSC

ΔΦOUT

fOSC

fREF

Analog FEx (Time Domain)

B. Drost, ISSCC 2012 A. Elshazly, ISSCC 2012

Accumulates tON over Time
è Time Domain Accumulator!
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Analog FEx (Time Domain)

B. Drost, ISSCC 2012 A. Elshazly, ISSCC 2012

fOSC

fREF

ΔΦOUT

ΦIN

tON

Switch ON/OFF

Always OFF

OSC

OSC

ΔΦOUT

fOSC

fREF

OSC is an Ideal
Time-to-Phase Integrator

Accumulates tON over Time

è Time Domain Accumulator!

|HOSC(s)|

Frequency

KOSC

KOSC =
ΔfOSC
ΔV

KOSC
sHOSC(s) =

ΔΦ
ΔV =
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|HOSC(s)|

Frequency

KOSC

KOSC =
ΔfOSC
ΔV

KOSC
sHOSC(s) =

ΔΦ
ΔV =

Analog FEx (Time Domain)

B. Drost, ISSCC 2012 A. Elshazly, ISSCC 2012

Free from Signal Swing Loss
Infinite DC Gain

Uses Digital Cells

fOSC

fREF

ΔΦOUT

ΦIN

tON

Switch ON/OFF

Always OFF

OSC

OSC

ΔΦOUT

fOSC

fREF

Accumulates tON over Time

è Time Domain Accumulator!
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Time Domain 2nd-Order BPF w/ Inherent Rectification

PFD

D
QR

D

R Q

1

1

D
QR

D

R Q

1

1

INP

15

INN

15

OSC1P

PFD

OSC1N

OSC2P

OSC2N

"Recfified"

BPFP

BPFN

K. Kim, ISSCC 2022 + JSSC 2022

62/87



Time Domain 2nd-Order BPF w/ Inherent Rectification

PFD

D
QR

D

R Q

1

1

D
QR

D

R Q

1

1

INP

15

INN

15

OSC1P

PFD

OSC1N

OSC2P

OSC2N

"Recfified"

BPFP

BPFN

Pseudo-Differential Circuit
(2 Integrator + 2 Feedback è 2nd-Order Circuit)

K. Kim, ISSCC 2022 + JSSC 2022
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Time Domain 2nd-Order BPF w/ Inherent Rectification

K. Kim, ISSCC 2022 + JSSC 2022 *HWR/FWR: Half/Full-Wave Rectifier

PFD

D
QR

D

R Q

1

1

D
QR

D

R Q

1

1

INP

15

INN

15

OSC1P

PFD

OSC1N

OSC2P

OSC2N

"Recfified"

BPFP

BPFN
"Ternary Quantizer"

UP+DNUP-DN

Conventional FWR
This Work

Δ𝝓IN Δ𝝓IN

Δ𝝓OUT

Positive HWR
(= ReLU)

UP

Δ𝝓IN

Negative HWR

DN

Δ𝝓IN

𝝓OUT

All-Digital DesignJ
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Time Domain1 vs Voltage Domain2 Rectifiers

1K. Kim, ISSCC 2022  2M. Yang, ISSCC 2018

2 D-FF + 1 NAND

𝝓INP UP

DN

D
QR

D

R Q

PFD

Time-Domain FWR

𝝓INN

3 OTAs + 2 IBIAS + 3 VREF + 8 Resistors + 6 Capacitors

IPIN

VREFP

VREFM

VREFNIFWR

IN

IP

VINP
VINN

Voltage-Domain FWR
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Time Domain Neuromorphic FEx

Analog BPF Rectifier Spike Gen. Counter DNN

(Built-In)
How about These Blocks?
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Integrate-Fire (IF) Neuron (Voltage Domain)

1C. Mead, 1989
Fi

rin
g 

Ra
te

 (H
z)

Input Current (nA)

10k

5k

2.5k

7.5k

0
543210

VREF

PFMIIN
fFire

CMEM

IF Neuron1 Has Been Widely Adopted in
Building Blocks of Analog Neuromorphic Circuits
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Integrate-Fire (IF) Neuron (Voltage Domain)

1C. Mead, 1989 2A. A. Abidi, JSSC 1983
Fi

rin
g 

Ra
te

 (H
z)

Input Current (nA)

10k

5k

2.5k

7.5k

0
543210

VREF

PFMIIN
fFire

CMEM

VREF

OSC

fOSC

CMEM

IREF

IF Neuron1 Can be Interpreted as
a Current-Controlled Relaxation Oscillator2

IAF Neuron1 Relaxation Oscillator2
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Integrate-Fire (IF) Neuron (Voltage Domain)

C. Mead, 1989

Voltage Domain Integral (VMEM)
Headroom Static Comparator
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Regarding Technology Scaling?
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Integrate-Fire (IF) Neuron (Voltage Domain)

M. Yang, ISSCC 2018 D. Wang, ISSCC 2021
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With Spike Counter?

D
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Q D
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Q
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RST
DOUT

Current-Controlled
Oscillator (CCO)

Ripple Counter
(Frequency Quantizer)
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Integrate-Fire (IF) Neuron (Voltage Domain)
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è CCO-Based ΔΣ Modulator !

M. Straayer, JSSC 2008 J. Kim, TCAS-I 2010
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Phase Domain IAF Neuron (ΦOSC)

Integrate-Fire (IF) Neuron (Time/Phase Domain)

IN

Ring
OSC

VB

VOSC

V or 𝝓

t

VOSC

𝝓OSC

TOSC

2π

π

2ππ

X-Axis: Phase (Φ)

Y-Axis: Voltage (V)

Oscillator

K. Kim, ISSCC 2022 + JSSC 2022
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Phase Domain IAF Neuron (ΦOSC)

Integrate-Fire (IF) Neuron (Time/Phase Domain)

Technology Scalable
No Static Comparator (Inherent 2π Threshold)

IN

Ring
OSC

VB

VOSC

V or 𝝓

t

VOSC

𝝓OSC

TOSC

2π

π

K. Kim, ISSCC 2022 + JSSC 2022
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PWM
Spike

16

Bias Gen

Analog Front-End (AFE) Digital Back-End (DBE)

12 Classes

...

"Yes"

Mic

"Yes"
FLL-VTC OSC-IF

CH15

CH1
CH0

Rec-BPF
FLL-Bias

x16
FLL-Bias

Decimation
Filter

GRU-FC Argmax

SPI

Ctrl

CLK Gen Config Reg

1 - z -1

FVLog

FVNorm

LUT

log(x+1)

Norm
x-

FVRaw FVCal

Neuromorphic Keyword Spotting Chip

Ring-Oscillator-Based
Time Domain Feature Extractor GRU-FC RNN Classifier

The First Chip and The Only Chip that integrates
Time Domain Analog FEx + Digital Classifier all on-chip, even to date

(Technology Scalable)

K. Kim, ISSCC 2022 + JSSC 2022

To Filter Out ΔΣ Q-Noise
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Audio Response of FEx

K. Kim, ISSCC 2022 + JSSC 2022

“Ye” “s”

Low Freq High Freq

GSCD
Keyword

GSCD: Google Speech Command Dataset

100Hz

10kHz
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IEEE Highlights (Sep. ~ Oct. 2023)

Accuracy
= 86.03%

Please Find Design Secrets in JSSC 2022 Paper!

(IEEEXplore Main Page)

Here

Here
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Hardware-Aware Algorithm Optimization

Accuracy
= 86.03%

S. Zhou, AICAS 2023

Analog BPF Rectifier Spike Gen. Counter DNN

Neuromorphic FEx

fCLK

What If We Use
a Dynamic Comparator
To Rectify The Signal?
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Hardware-Algorithm Co-Optimization

S. Zhou, AICAS 2023

GRU-FC

Analog Circuits are Python-Modeled,
Included into RNN Training Loop

Under PyTorch Framework
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Hardware-Algorithm Co-Optimization

S. Zhou, AICAS 2023

31.2x Less Rectifier Power than
State-of-the-Art

Negligible Accuracy Loss

Without Increase of Network Size

Hardware-Aware Training
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AICAS 2023 Best Poster Award

Accuracy
= 86.03%
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Outline

• Visions of IoT Sensors 

• Biomedical Sensor

• Neuromorphic Sensor

• Outlook
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Summary

• Tiny, Sensory, Intelligent, Wireless IoT Platforms 

• Bioimpedance Sensor

• Neuromorphic Sensor

• Outlook
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Summary
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• Time Domain Processing Toward Technology-Scalable Analog Circuits
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Summary

• Tiny, Sensory, Intelligent, Wireless IoT Platforms 
• Will Enrich Our Daily Lives in the Next 10 Years

• Neuromorphic Sensor
• Time Domain Processing Toward Technology-Scalable Analog Circuits
• New Opportunities with Hardware-Aware Algorithms

• Outlook
• Multiple Cross-Domain / Interdisciplinary Research Opportunities
• Wireless TRx, Device-Circuit, Circuit Theory, Vocal Studies, …

• Bioimpedance Sensor
• Low Power Innovations in Both Voltage Readout / Current Generator
• Open-Sourced Circuit Designs!
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Thank you!
kwantaekim.github.io

Taekwang Jang Tobi Delbruck Shih-Chii Liu
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