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ACTIVE IMPLANTABLE MEDICAL DEVICES:
from stubborn bulky titanium cans to tiny flexible smart injectables

invasiveness

Electroceuticals
Bioelectronic Medicine
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Use them in vitro and in vivo

""" Reduce their size ﬁ
‘] 1 * No external components 4

* Acute
* Power-efficient design e Chronic
+ Wireless power transfer * Medical research
and management noon » Clinical research
Energy harvesting /\— » Translational research
* Valorization
' R

3
Make them flexible \ Wil
¢ New materials
« Encapsulation
¢ Microsystem fabrication

Biocompatibility

Make them intelligent

* New stimulation modalities
ExG recording

Biosensing

Closed-loop operation
Bioinspired design
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A 16-CHANNEL UHF NEUROSTIMULATOR IC WITH
RECORD POWER EFFICIENCY
T-BioCAS’14; BioCAS'13;

2,1 mm ISCAS’13; patent app.; ICNPD’12; Springer 2016,

1,6 mm

This tiny neurostimulator IC can drive 16 stimulation channels simultaneously with an
unprecedented energy efficiency. Designed by Marijn van Dongen. Support by and in
collaboration with the SINs consortium
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OPTOGENETIC STIMULATION: p-LED NEEDLE
REALIZATION

EMBS NER'17, BME’'17, Frontiers’16
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WIRELESSLY POWERED OPTOGENETIC STIMULATION

EMBS NER'17, BME’'17, Frontiers'16
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Wireless link: transmitter box and the head-mounted
receiver
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3-D printed head-mounted module

Co-Design of a CMOS Rectifier and Small Loop
Antenna for Highly Sensitive RF Energy

Harvesters
JSSC'2014; TCAS-II'15; VLSI'13; ISCAS'12

RF ENERGY HARVESTING

— This work 2011 (RL=w. n=5)
3500 Le{2] 2008 (RL*10 ML =36
= = =Kotanil] 2003 (RL=50K2. n=3)
3000 ==@= Papotiof§] 2011 (RL=w, n=17)
= Mandall7] 2007 {RL==. n=3)

20 -5 -0

G. Papotto *11 [16]

Parameters This work T. Le '08 [12] J.Yi 07 [10] S. Mandal 07 [15]
Technology 90 nm 025 um 0.18 um 0.18 pm 90 nm
Die area 0.029 mm? 0.4 mm? 0.084 mm?* . 0.19 mm?
Antenna area 21.9cm? 30 em? na. 374 em? no antenna
Frequency 868 MHz 906 MHz 900 MHz 970 MHz 915 MHz
Rectifier stages K] 36 24 2 17
Requirement Control loop External pre-charge | Zero Vi transistor Deep n-well
Sensitivity (Ry,q0 — =) -27 dBm for IV -22.6 dBm for 2V n.a. -17.7 dBm for 0.8V -24 dBm for 1V
Measured distance 27 meter @ 1.78 W 15 meter @ 4 W 1.1 meter @ 032 W n.a. none
Max PCE 40% @ -17 dBm 30%@ @ -8 dBm 26.5% @ -11 dBm | 37%@ @ -18.7 dBm | 16.1% @ -15.83 dBm 8
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AN AUTONOMOUS WIRELESS SENSOR NODE FOR ECG
MONITORING T-BioCAS'16, T-BioCAS'14; ESSCIRC'14:

BioCAS'14; TCAS-I'13

. RFo@ 402 MHz
(MIC5-band)

This tiny chip (left) when mounted on a printed circuit board (middle) with electrodes and
antennas becomes a batteryless ECG tag allowing the readout and wireless transmission of
cardiac signals. Designed by Andre Mansano and Yongjia Li. Support by CNPq and CSC
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AN AUTONOMOUS WIRELESS SENSOR NODE FOR ECG
MONITORING

The tag can be embedded in a smart patch for prediagnostic vital sign monitoring

10
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TRANSCUTANEOUS WIRELESS COMMUNICATION

A 402 MHZ PASSIVE RECEIVER FRONT-END FOR IEEE 802.15.6 WBAN STANDARD

TCAS-12017; ESSCIRC’14; TCAS-II'15; TCAS-I'14; ISCAS’'13

17 1] This work
Source 5010y 30 0 Inductive source
Technology (nm) & 6& T80 | B
Frequency (GHz) 0220 [ 51-59 | 0402-0.403
(TP EW (M) 5 W05 B E
Voliage gain (dB) 19* 1 11.6%36.6°
Row (11 5 a7 a0 E .
NF (dE) 6.5% 4.5° 14.7¢ —
n-band 11P; (dBm) | NA__ [ 360 - .;ﬁl
Power consumption (mW) 67° 4= 093910 m 2 I
Supply voltage (V) 1.2 1 L2 2
Active area (mmT) 013 | nogde [ 07352 k=1 .
a Passive Tront-end + T stage baseband ampliber - oF
b Passive front-end. 4 3 K
¢ LO buffers + 1 stage baseband amplifier. | 1

d LO buffers
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ACTIVE ELECTRODE ARRAY FOR EPIDURAL SPINAL
CORD STlMULAT|ON Biomedical Microdevices’1l5; T-BioCAS’'15

Flexible spinal cord implant that can drive 12 electrodes in any configuration using only
3 wires and offers 25V compliance. Designed by Vasiliki Giagka. 12




Bioelectronics @ Delft 27-6-2018

AN IMPLANTABLE SPINAL CORD STIMULATOR WITH
ADAPTIVE VOLTAGE COMPLIANCE FOR FREELY
MOVING RATS EMBC'18
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CLOSED-LOOP OPTOGENETIC STIMULATION

EMBC’16; Annals of Neurology’15; BioCAS'14

* Realtime seizure detection

PCB Beaglebone Rev. a6a
Fs = 100Hz

*Rapid prototyping o 1 ] 7 W Dl N S N R
/—\ - A M _H_

° C h ea p h a rdwa re Digitization  Feature extraction  Decision making

Bilateral open:loop {470 nm)

Bllateral open-ioop {370 nm}

] L]
]
M1 € ia
E
& =
; g
™ o 0
-
500 ms
Unilteral elnsad-loos (470 | Uridateral cieked-i0ap (470 nm)
M1

ECaG M1 Freguency (Hz)




Bioelectronics @ Delft

]
TUDelft

27-6-2018

NEURAL RECORDING AMPLIFIER IC (PCT/NLZON/%gggelr;
not yet published; NWO-
1,75 mm R

1,2 mm

An additive companding neural recording amplifier IC that can read tiny neural signals on top
of the stimulus and artefact, by Cees-Jeroen Bes, in collaboration with LUMC-ENT. Support
by STW, TMSi, AB-Sys, 2BMedical and HealthTech

PROJECTS AWARDED IN 2017

» ATiNaRI: Asynchronous Time-domain Neural Recording MARIE CURI
Interfaces (EU H2020 MSCA)

* ReaSONS2Demo: Realtime Sensing of Neural Signals
Demonstrator (NWO Demonstrator Grant)

*  AFFIP: Atrial Fibrillation FingerPrinting: Spotting bio-electrical Defmonstratas

markers to predict new onset and stage of AF progression Py 1y S Hartstichting
(NWO-TTW / Hartstichting) 4 =.\6 .
(_Partnership

 Improving pressure ulcer prevention with smart mobility %,__I y

monitoring in healthcare institutions (NWO Takeoff Grant,

rhase Take-off

» POSITION II: A pilot line for the next generation of smart
catheters and implants (EU ECSEL JU) \/ECSEL Joieit Undertaking
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@ NeuroDelta

Neurodelta, a multidisciplinary consortium that provides a platform for innovative brain
stimulation and monitoring applications in animal and clinical studies
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EXPANDING THE TEAM

Virgilio Valente, Can Akgun, Samaneh Babayan,
from January 2018 from Sept. 2017 From Nov. 2017
(22 months) (12 months)

%
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MEDICAL IMPACT - PERIPHERAL NERVOUS SYSTEM

Deep-brain

stimulation
* Diabetes
* Hypertension "

Vagus nerve stimulation
+ Rheumatoid arthritis
* Inflammatory bowel disease

W

Hepatic/pancreatic

b i + Asthma
stimulation + Diabetes
: a:b::;i + Obesity
: c;flcer / Splenic nerve
stimulation
+ Chronic fatigue
« Rheumatoid
Splanchnic nerve . i::.::ls

stimulation
+ Inflammatory
bowel disease
« Irritable bowel - ’
« Irritable bladder ‘ : Pudendal nerve
+ Cancer ' Stimulation
«Incontinence
N 1
7" ]
1~ ~ )
[Reference: Kevin J. Tracey: Electronic Medicine Fights Disease -- Stisrafation of the nirvous system could replace 20
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MEDICAL IMPACT — SENSES AND CENTRAL NERVOUS
SYSTEM

* Restore hearing (cochlear
implant)

* Restore sense of balance
(vestibular implant)

 Restore sight (retinal implant)

» Restore smell and taste (olfactory
implant)

» Better understanding of the
central nervous system

e Better treatment of pain (spinal
cord implant)

» Better understanding of the brain
o Better brain-machine interfaces

21

Better treatment of brain disorders
Better treat tinnitus and auditory hallugig
Better treat addictions (a.0. alcoholism);
Better treat essential tremor, Parkinson, dy:
Better treat urge incontinence, 3
Better treat migraine, cluster headaches and other
forms of headache
Better treat psychoneuroimmunological disorders
Better treat chronic, phantom and neuropathic pain,
Better treat depression, mania
Better treat OCD spectrum disorders
Better treat PTSD and anxiety
Better treat schizophrenia
Better treat epilepsy
Treat autism,
Treat dementia, including Alzheimer’s disease
Treat Tourette’s syndrome, minimally conscious state
(MCS) after traumatic brain injury, obesity, anorexia

[Reference: C.O. Oluigbo, A.R. Recai, Addressing Neurological Disorders With Neuromodulation, IEEE Transactions on
Biomedical Engineering, Vol. 58, No. 7, July 2011]
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BIOELECTRONICS @ DELFT

-i-‘u Delft In the Section Bioelectronics we work on functional block diagrams

25

BIOELECTRONICS @ DELFT

In the Section Bioelectronics we work on functional block diagrams and circuits

26
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BIOELECTRONICS @ DELFT
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'i';U Delft In the Section Bioelectronics we work on functional block diagrams and circuits; we design
chips
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In the Section Bioelectronics we work on functional block diagrams and circuits; we design
chips, we test and characterize them;
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BIOELECTRONICS @ DELFT

'i"U Delft In the Section Bioelectronics we work on functional block diagrams and circuits; we design
chips and microsystems

BIOELECTRONICS @ DELFT

Lile L

In the Section Bioelectronics we work on functional block diagrams and circuits; we design
chips and microsystems and test these in vitro and in vivo, together with our medical partners 30
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