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imec — what we stand for
“when no one can solve your problem, we will”

(]
HFACTS HQ Leuven, Belgium l]]] e c

* °1984, non profit
* Core assets
* +4500 R&D top talents attracted
from around the globe
» >€3B leading-edge
semiconductor fab facilities as
a unique toolbox
* Entry to an ecosystem of leading
institutions & companies
* 2020 figures
* €680M revenue
* 161 patent applications

e 866 peer—revmwed qubli?ti{ons
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From
wearable monitoring

to
implantable treatment




Wearable experience of imec

Foundation for implant external units
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Introducing closed loop implant program

“Artificial organs”
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Heart disease and stroke

(Multiple) Chronic Conditions

The market and societal burden
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Obesity
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* | in 3 adults are obese
* Obesity increases the risk for other chronic diseases
WITH EACH ADDITIONAL CHRONIC CONDITION: like diabetes, heart disease, and some cancers

— average medical payments Arthritis -
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: mumec challenge to our health, World Economic Forum



(Multiple) Chronic Conditions

Current approach

Traditional Healthcare Model Healthcare 2020
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THE EVOLUTION OF MEDICAL DEVICES TOWARDS IMPLANTATION

Home care Anywhere care

Point of care

g Quality of life
'-g Hospital and
50 Lab care Mobility Implantable
.8 ‘ e Pacemakers
£ Wearable e Neurostimulators
o] e Glycose e ECG
% . Monitoring e Cochlear Implant
p Ease of use Portable * Kidney Dialysis
R Near patients o IVD e Theranostics
ofd ..
© e Point of Care * Activity
SE . Monitoring
- ° e Infusion and Patient
: * Patie , )
.:‘.a:; Benchtop Drug Delivery Monitoring Conclusion: Smart implants
= o Anesthesia Eﬁgﬁ;;ﬁ:ﬁg e Smart Pills will meet the care cycle
's e Ventilators

e Medical

Monitoring
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TODAY THERE ARE 6 KEY TARGETS OF ELECTRICAL STIMULATION

Superior
vena cava

Right atrium

Subclavian
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Retinal Implants
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IMPLANTABLE NEUROSTIMULATORS REMAIN A MAJOR APPLICATION
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BULKY PALM SIZE STIMULATION IMPLANTS...

METALLIC ENCAPSULATION

LI-ION BATTERIES ,'

LOW DATA RATE COMMUNICATION

NON-LOCALIZED STIMULATION

TO FINGERTIP SIZE LOCALIZED STIMULATION

NON-METALLIC ENCAPSULATION

IMEC'S WIRELESS POWERING AND CHARGING FOR
LONGER LIFETIME

IMEC'S SIZE OPTIMIZED HIGH DATA RATE
COMMUNICATION

LOCALIZED STIMULATION CAPABILITY



[NOTIFICATION CS_042 RECEIVED]
NERVE MODULATION
STARTED

[DATA PROCESSING]
WEARABLE

DATA PROCESSING AND STORAGE

SECURE COMMUNICATION WITH IMPLANT AND CLOUD DEVICE
WIRELESS CHARGING CAPABILITIES FOR IMPLANTS
PROGRAMABLE BY PHYSICIANS

[NERVE STIMULATION]
IMPLANTABLE

NERVE STIMULATION

WIRELESS POWERING

DATA PROCESSING

WIRELESS COMMUNICATION WITH THE WEARABLE



Semiconductor building blocks
for
implantable devices




Generic artificial implant architecture
Building blocks for artificial organs

/ Hermeticity & Biocompatibility

Closed loop
intelligence

(Wireless) Artificial
Powering & organ Sensing
Communication function™

* E.g.: blood cleansing, fluid removal, mechanical function, endocrine function, nerve stimulatory function
ITFHEALTH Is

powered by imec



Wireless powering
For deep implants
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https://www.imec-int.com/implantables
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https://www.imec-int.com/implantables

Implantable wireless communication

Zero-BOM
Wireless TRx

Small size
400MHz antenna
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Edge computation vs. communication for PNS closing loop

100-1000p)/b

Sensing
- ‘ | p)/b

Neural

NNeurs! Neural processor
(E::::\:Z:;) (semi-supervised) processor
Imm? (supervisor)
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uBrain (and even smaller cousin)
Extreme edge — on-sensor — match to ULP sensors

= Digital

= |0’s uW

B [HEE a0
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= 100 neurons

* Integrated ASC
(analog-to-spike-
convertor)

* For insertables
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= 336 neurons

l‘ frontiers
in Neuroscience

ORIGINAL RESEARCH

published: 19 May 2021

doi: 10.3389/fnins.2021.664208

= Event-driven
= Small tasks (ECG, SISO uDoppler)

1 IEEE ASSCC 2021/ S

A 28.2uW Neuromorphic Sensing System Featuring SNN-based Near-
sensor Computation and Event-Driven Body-Channel Communication
for Insertable Cardiac Monitoring

Yuming He', Federico Corradi!, Chengyao Shi'2, Ming Ding', Martijn Timmermans?,
Jan Stuift!, Pieter Harpe?, llja Ocket’, Yao-Hong Liu'

T Imec-Netherlands, Eindhoven, Netherlands

2 Eindhoven University of Technology, Eindhoven, Netherlands

3 Imec, Leuven, Belgium

Abstract

This paper presents an event-driven neuromorphic sensing system capable of
performing on-chip feature extraction and “send-on-delta” transmission for
insertable cardiac monitoring. A background offset calibration improves the SNDR
of clockless level-crossing ADCs. A fully synthesized spiking neural network
extracts full ECG PQRST features with <1ms time precision. An event-driven body
channel communication minimizes transmission energy. The prototype is fabricated
in 40nm CMOS and consumes 28.2uW system power.

uBrain: An Event-Driven and Fully

Synthesizable Architecture for
Spiking Neural Networks

Jan Stuijt*, Manolis Sifalakis, Amirreza Yousefzadeh and Federico Corradi*

Ultra-Low-Power Systems for Internet of Things (loT), Stichting Interuniversitair Micro-Elektronica Centrum (IMEC) Nederland,

Eindhoven, Netherlands

@ \

jpdat

Check for
updates.

The development of brain-inspired neuromorphic computing architectures as a paradigm
for Artificial Intelligence (Al) at the edge is a candidate solution that can meet strict energy
and cost reduction constraints in the Internet of Things (loT) application areas. Toward this

goal, we present uBrain: the first digital yet fully event-driven without clock architecture,

with co-located memory and processing capability that exploits event-based processing



Argus

Edge loT — highly reconfigurable with time-multiplexing — more complex applications

MEM
MEM
MEM
MEM
MEM
MEM
MEM

Data Memory Interconnect

I/O

interfaces
UART, sPI, ||

12C, 128, 64

SDIO, 256 neuron | . ., = Event-Driven Digital IP

- X neuron . . .
CAMIF \ LSM MLP * |nstantiable into different
— topologies (fully
uDMA RISCY Event unit- — _| I # 64 synthesizable)
APB/Peripheral Interconnect \\\\\\ Spike counters

= Scalable multi-level interconnect &
memory fabric for large SNN
= Optimized for latency x energy
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Insertable
peripheral nerve stimulator
(imec Ghent and Leuven)

Peripheral nerve stimulation
Selective stimulation

Implantable
NeuroPixel 2.0 (imec Leuven) peripheral nerve stimulator
(imec Eindhoven)

Phase | Phase 2 Phase 3
Specific fascicle Specific fibres in a fascicle Axon

Optimum technology per phase will change!
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Microsystem design

Conformal
Barriers

System
miniturization

Confoxgal barrier structure

Hermetic sealing
& bio compatible
materials

Miniature
power storage

System
integration

“mmec 2



Additional sensing for companions and implants
OptoElectronics and Biolmpedance

Heart rate

Inflammation

Pulmonary
Arterial BP

Respiration

Opto-

Perfusion :
Electronics
‘ PAT BP
Tissue Optical sPNS
CQWPO- = (planned)
sition Vascular flexibility Molecular
biomarker

sensing
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Conclusion




Conclusion

* The societal burden of chronic diseases requires a new
approach of closed loop implants

* Modern semiconductor technology enables radically different
architectures of distributed implants

|. alot of the miniaturized implantable solutions do need custom silicon

2. each of the solutions is different than the neighbor, but it has some
commonalities

3. relationship between global pandemic and more investment in health
in the next periods

4. impact of smart health in semiconductor technology

= A block-wise open approach is key to develop such
architectures and to empower start-ups
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Lihnec

embracing a better life



