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Brain and Central Nervous Systems Disorders
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. Ahemer cong) * Neural prosthetics
+ Dystonia (DBS) v Mind-Driven Rehab.

» Lesch-Nyhan (DBS)
» Bradykinesia (DBS)
» Depression (VNS)

« Tumors (CNS)

« Spinal-cord injuries
» Paralysis
 Cardiovascular (Stroke
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* efc..

The Toll of Selected Brain/Nervous System
Disorders is higher than $500BY/Y.
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Neurosignaling Basic Principle /

100B Cells
100T Links

Kandel et al, Principles of Neural Science, McGraw-Hill Medical, 2000.
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4 Motivation
< Neuroengineering
4 Wearable Brain-Machine Interfaces
< NIRS/EEG intended for epileptic seizure localization
4 Implantable Brain-Machine Interfaces
< Neurorecording: Massively parallel Networks
< Neurostimulation: Vision, Epilepsy
< Wireless Brain Sensor Networks
< Neurotransmitters : LoC-Based Biosensors
¢ Harvesting Energy & Data Exchange
< Electromagnetic Power Transfer
< High-Speed Data Transmission

4 Resources/Summary

Brain-Machine
Interface
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Functional neuroimaging of brain activities
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Professor Mohamad Sawan is leading the development of the first

portable wireless device capable of non-invasive whole-cortex monitoring

with high sensitivity; a prototype is now being tested in clinical Settings
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Integrated APD for Real-Time Brain Imaging /
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Epileptic Seizure : Analysis /
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Polystim Neurotechnologies
Epilepsy Seizure On Set Detector : Main Building blocks/
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Salam et af A Novel Low-Power Implantable Epileptic Seizure-Onset Detector’, To appear in IEEE ThioCAS, 2011
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Algorithm and ASIC Validation e
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Asynchronous Detector Topology
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Typical example from patient: Seizure detection output showing the non-related activities are ignored and the epileptic
seizures are detected by the proposed ASD.
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Asynchronous Detector Topology (Cont’d) /

/ MEASURED FEATURES OF THE FABRICATED ASYNCHRONOUS
SEIZURE DETECTOR

Reference Total Sensitivity Detection

Block Parameter Value pPC* delay (s)
Filteri d Midband gain 60 dB
;i:rs'gg:" Low-pass cutoff frequency 59 Hz (2] 50 uyW 100% 13.5
g g High-pass cutoff frequency <1 Hz
: : Highest threshold voltage 1.1V
Seizure detection g g 7.07 uW
stage Lowest threshold voltage 100 mV (9] (Simulation) 100% 9.7
Threshold incremental step 1SmV
Supply voltage 1.2V
ASD ; 8.5
Power consumption 9 uW [10] N/A 95% (Simulation)
COMPARISON OF LATEST LOW-POWER SEIZURE DETECTORS [13] N/A 94% N/A
Synchronous Asynchronous
Parameter li::?e;(; Micro- ::;f(; This work [15] 120:EuW 9% 8.2
4] chip [2] 1 (ASD)

[24) 2.43 mW

Power 67.6mW  S0uW 472 mW 9 pW N/A N/A
consumption

Casel- TDETa(S) 21 15 16 17.5 [25] N/A 66% 59
Case2- Tper?(s) 7 6 9 10
iz 2 1256. 2 1963. 29
126 i) 360 b33 . This work 9 uW 100% 13.7
“Tprr is the average detection delay
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Feedback Control System : Detection and Treatment

e

P15 Biosensors and prostheses for neuro-recording and neuro-stimulation



Polystim Neurotechnologies UFSC, Florianopolis, August 14, 2014

Constant Current Stimulation : Various Devices -

The discrete prototypes of electrical stimulator
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Typical Implantable System Overview /
/

Down link
Implantable Device

..................................................................

e " !
5 —» Rectifier > LDO Reg1+—— VDD1
) Switching power amplifier |I| ! -9 < : :
8 (AP) —> |I| i O 4 Switched 1] i
‘t A : -8 Load | [Shunt Capacitor | |LDO Reg2 ! VDD2
2 T ¢ 5 ||| | €| |Shift ||regulator DC/DC .
- 5 ||| o Key VN LDO RegnH- \/DDn
SJJ Modulator| | [ De- - S |l © (LSK) T :
D modulator N O] | & y
g 15 |
o
3| 1€ 2%
: i nalog | <
Local Processing = ||| | Q Encoder U Front. | €| 2 ‘9
frequency - Power supply Q - X'y |Ends || L@ C
management v’ 1O « <20
generator x ||| . (1.n) |«
- PAcalibration LL = ASKIPSK /= O
. ]!"dtUCt'Ved"nk coupling ||| | O > Demodulator || Controller/ Stimulator Bd
actor and resonance ! i
Power : fEri?eu:sr:\(l;g gg::iabration _> |I| e e _ ............................. :
source . Start-up Protection Clock Generator
processing Il | circuit Circuit Circuit

P17 Biosensors and prostheses for neuro-recording and neuro-stimulation



Polystim Neurotechnologies UFSC, Florianopolis, August 14, 2014

Neurorecording Biopotentials/Spikes
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Neurorecording Biopotentials: Power Managment /
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Analog Biopotential Detector: Circuit Implementation _~
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Statistical SP : Adaptive Spike Detection e
/ Adaptive Spike Detection Threshold Based on Robust Statistics Theory
% The definition of the discrete- Pttt | _ .
time TEO is given by: x(m)! () Hamming : ST iﬂ:e+no1se
2 LI TEO Y Window of !z(n'
wlx(n)]=x"(n)—x(n+1)x(n—1) ! Longins 1| Noise only
[
% A spike is present if y[x(n)] > T | t--————mmmmmmom—— L
T
T=u+ po; M & o are statistical moments | Robust
< Determination of uy of wx(n)] Estimation
L-1
My =E{l//s[x(n)]}=E{g)W(k)l/f[X(n—k)]}
= SwE{y [x(n—k)]} fy, =2.24(r (0)=r.(2))
k=0

X/

% Determination of o of g [x(n)]

2 2 2 2
o =var{y,[x(n)]}=E{w’[x(n)]}~E*{y [x(n)]} O~ 4.8r, (0)+ 0.7r  (1)+ 4.4r.(2)

=E{y’[x(n)]}-u, + 0.6r:(3)- 9.3, (0)r,(2)

- ]2rxx(])’/;cx(3)
where r,,(m) is the autocorrelation of x(n) at lag m

r..(m)=0.25[var{x+x, }-var{x-x }] On{x}=A[abs{x.-x,} i<jij=12,..N],
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Intracortical Neurostimulation : Recover Vision e
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Polystim Neurotechnologies
Visual Microstimulator/Monitor Architecture
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Visual Microstimulator/Monitor Architecture
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Ethier & Sawan, Exponential Current Pulse Generation for Efficient Very High-Impedance Multisite Stimulation”, TBIOCAS, 2013.
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Electrodes-tissues connection : Micromachining e

e
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Visual Microstimulator/Monitor Architecture /

e The external image processing
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Biosensor for Neurotransmitters Detection /
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Capacitive Sensor for Lab-on-Chip Applications e
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Capacitive Sensor for Lab-on-Chip Applications /
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Lab-on- Ch|p based Dewces Measurements

' -.l ...a*

=
=1
g
™
o
(/]
o
=
(&
/i)
Tek J Trig’d M Pos: 0,000s MATH
L 4

Operation

- g ] 6
" VOUt... -VOUt_ SOUI’C&S g 4 5 4*/1 I
o 2 4 t l
1,60 div g) :/ ' ' 3 l 3 l -r-—
ot | e Ay A _ M W A 10 30 50 70
J(I)ll.,J bl bl b bl el o Organic Solutions Ethanol% in Water

1.00v E = Ethanol W = Water
. ( (I)j / [ ’ ’ | M = Methanol A= Acetone
D = Dichlorimethane

P.30 Biosensors and prostheses for neuro-recording and neuro-stimulation



Polystim Neurotechnologies UFSC, Florianopolis, August 14, 2014
Lab-on-Chip based Devices Measurements (Cont’d) /

Comparison
[1] [2] [3] This work
CMOS Technology 0.18um 0.18um 0.18um 0.35um
Sensitivity (mV/fF) 250 200 42 350
Dynamic range NA 10fF NA 10fF
Supply voltage (V) +1.8 +1.8 +1.8 +3.3
Output voltage Single Differential Single Differential
0.7@10kHz 3x103 @1kHz NA 0.3@1kHz

Power consumption (WW)

[1] Ghafar-Zadeh and Sawan, "A hybrid microfluidic/CMOS capacitive sensor dedicated to lab-on-chip
applications," IEEE TBioCAS, 2007.

[2] Prakash and Abshire, "A Fully Differential Rail-to-Rail CMOS Capacitance Sensor With Floating-
Gate Trimming for Mismatch Compensation," IEEE TCAS-/, 2009

[3] Evans and York, "Microelectronic capacitance transducer for particle detection," IEEE Sensors 2004.
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Urinary Incontinence and Blockade Control /

~ ¥
Skin | @ ML=
En ;

Bipolar cuff
~ 4« electrode
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Dual-
RF emitter stimulato
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"4
Lo TN
J - [4 . ” K
"
*
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\
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K .
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-

- Bladder functions restoration

Neural
signal

. This work
Accomplished work Implanted bladder sensor
, Front—énd processing Back-end processing A
 Analog signal conditioning | [ Custom DSP (CDSP)
. : Spike Bladder
> | Spike Spike
% ADC Dectector-’ Classifier-’ e || vl
Integrator| | Processor
Power Control PN Wireless ‘
supply Unit Interface
y [
External base station
Control Wireless T
User and > Unit A Interface '
Bladder c t _
Volume ¢ ompuier T <—_ Accomplished
Interfaces Power
work
supply
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Polystim Neurotechnologies
Inductive Powering : Choice of Carrier Frequency

-

s

Limits: Coil self-resonance frequency, and
EM energy absorption in tissue (skin,
bone, fat, body fluid).

Power loss increases with frequency

For 1IMHz < f_. < 20MHz, average density
of electromagnetic power absorption in
tissue increases as f?

Carrier Frequency f,~ Penetration depth D
IEEE standard for safety with respect to
RF exposure.

Frequency (MHz) §1 §4 512 10

Maximum Power DenS|ty 200

wiom?) 125 7.6 2

c1
‘ M
* %
R1
Vs L
L1 L2 —

The received power depends on the
inductive link configuration & distance.

R2
|—> Vrec v

Voltage
Regulator
: c3 LOAD

linear regulator

rectifier

inductive link
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POWER ABSORPTION DENSITY PER mW/cm2 INCIDENT ON A MUSCLE SPHERE

S

o—l

3

3

256 cm. RADIUS

pMAX mwW/cm3

canstont
P EslC L

Pavg. mMW/cm?2

K =1-exp(-2

« d is tissue thickness.

d/D)

e D is tig

ssue skin

depth.

10O
FREQ (MHz)

e n

10000
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Inductive Powering : Power efficiency e
‘01 M | Viee RVOItTgte Vic ) n . — Lt
; o * * egulator TI Zr k R C rectif I/rect + 2le.ode
= reg -
T rect
inductive link rect_ifier linear regulator 1 N
~IvRC,
Y 3 _ 2 e
% " T Mew T 1
Rlclgoad T 2 k CZ(Vrect T 2Vdiode) VDC
Prima,y _Secondary Rectified Regulated 1 2172
Z,a-s,?gf nt m_ducled voltage (half ~ Vvoltage Sk
g signa rectifier) supply = 1
2
]/'.2 ]/‘2 RlBoad T Ek (I/rect +2 dlod ) V
K = implant” reader

3 /
’\/ zmplant reader (\/‘x +7" ader V= k Cl .CZ R2 V = kRz

rect RC szC s R k2RVS
1 l+ 272 1+ 2

« 0 <K< 1; dimensionless; Typical values are 0.01-0.1
« Assume: coils are parallel and center-aligned with only air between them
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Inductive Powering : Modeling e

v Model of the inductive link front-end.

« R, = parasitic resistance; C, = tuning capacitance; and R, = system load.
« L, and L, represent a weakly coupled transformer.

LI L
T el N Ty L
: : T VD E ﬂVz ki,
Lr L. : |
RREN o BRES o
L ] I .
n=k|=2 i ——1/ V, = ]wksz(—l/): JwkyJL L, i
1 L n
1% Wk L L i
VL — 2 VL = L 21 = Akll
L R
1+(R]+]WL)(—+]WC) \/ng 1 12+(1—w2L2C1+R—1)2
Example R, L g
L1 L2 | C1 R1 RL f

oo S R R v 12704k
43.5 uH 3.7 uH 330pF : 1 1k 4MHZ L I
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Inductive Powering : Calibration, Up link (LSK) /
yd C1 Skin

» | Rectifier | ————»

Data _ 3
Modulator | | PA | ‘ 3 Y
4.Vdd 3 L2 Shunt
S regulator
_ L1 N —C2 |
Switching 3 N
Battery —— Reguiator 3 . RL
4 § | Load
v 1 3 Shift a—‘ —
ASK Demodulator / = 3 Key Encoder |« 1
3 (LSK) =
DAC/Decoder = Power regulation at k=0.07
——» ASK/PSK Demodulator
3 Switch Off \ y
— RL Req =R,/2 Switch On —
Re, = Ry/8

= . f] % =12 and 22 W/O and W Feedback, respectively

! I Stopped . Soppea

! 1 1 F
! 1

! 1 1 l
1 | | |
1 | I
! /_" B B |

= 1

LSK Modulation

T

20

- cA ;.,.AA
d' |m(‘| ( ‘5[ :II

4—»4—]—>4—Lq><l||>4—>

. i
e KDREE L JEOND/SESs 1 10 5 g 'q PleadmV)gzs

—
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RF Inductive Powering : Conditioning Circuitries e

/ _ T Voo Vine o—g—e * Vine © ? VéN V(;)UT
M
1 % vV Input Output
- <R, ) G OUT Sampli Sampling
Vac G = | ?:]rful::g Circuit
HE v < v
. T Ve Vin. o4 Vin. © —TL —é—
Gates cross & Full-cross coupled Active Rectifier Typical Topology
D,
Bootstrapping Circuit -
Vin © 10 0 Vou . Vi
= Operation: D,
= Normal Mode: Vear
= Establish initial Vo, via D;: I Ry Ci
Vour=Vin =[Vru1l- e G :
= Charging reservoir via D, :
Vear=Vour =1 Vrhal - —
= Bootstrap Mode: V,p to pMOS.
Vour=Vin-(IVru1 = 1Vrn2l)

< Effective VTH of circuit is reduced !
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Inductive link : Rectifiers /

S |

Vine Vi~
Out
A
In_1 FP—_L In_2
—q —
=
L o /
. . . \'"J A 50 500
= Dynamic Bulk Biasing car T
100
New Full-Wave Reculier 100
\ < 80
: 75 >
= E
Z 2 60
5 2 |
é’ 50 Full-Wave Bridge Rectifier E 40 |
= : : :
5 g - —— Measurements
S 25 e 20 Post-Layout Simulations —-
Full-Wave Gate Cross-Coupled Rectifier . ]| S — :
0 - T T T T
0 l 2 3 B 5 0.0 0.5 1.0 1.5 2.0 2.5
Input Amplitude (V) Input Amplitude (V)
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Inductive link : HV Rectifier, DC/DC Converter, Regulatoy

-

Criter Step-Up P =N
1 t#1 DCDC. B0V IC2 Voltage Reference
Rectifi Shunt x3 > wide'input range
el Regulator » 3.3V Sadiifart multiple outputs
Ees = 9 /: Voltage- s Y L
doubler ; Series Regulator
Lﬁ& Cf'le' . 10V :\'f »  adjustable to o> St;g-;g)g " | «» VDD
1 Recti 12V, 10V, or 5V
2 ectifier2 | |
L Rectifier Shunt Step-down i Bridge Co
ARO[ 3% D(?!:BD ol i “» OOK Demodulator » Data
= I : . &
~-» Manchester Decoder » Clock
@ ) \ 2
20
IC1 - it
Reference
L C > VPP L Hvévoo '
| HV Bridge | . | HV Series || _| Step-down | P6 i}]—"id’S P2 EF” P4 (jj-d f%
Rectifier | || Regulator [|T7| bcmoc |7 vEs § R4 i — ‘
1 1 \g =/ = o> y “M12
up to 50V ILs, Ma:}'E l CiEM7 q;ll—r jﬂ‘*[:

Cﬁlter

!

|[E
£ [T} Reference iESGEE

Co

modulator §
9 .
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Mslj —l--|_EM5
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M4
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Inductive link : High-voltage series regulator /

Ic1 pr =
© IC1 Voltage Reference
HV Power & Data Recovery ~» wide input range
Inductor 5 to 12V regulator multiple outputs
TOsts | Clock M __| VPP | Brndge | | v
Y Y v Rectifier
12 TR ) 1c3 Series Regulator
Control HY | ‘—4» adjustable from |
HV DC/DC e [ 177 Stimutation | 20V S5Vto 12V
S 1-2
Slop-DoM.\ > E tages Voltage
3.3V | Limiter - OOK Demodulator |
regulator & LDO I IC3 : S &
oscillator | || regulator | | Stim':'dy : 1‘ * = Manchester Decoder |-
;‘—/ 1.2v ation | :
o — Stages 3-4 - =4
Coner
VPP :
[Tok Frevu ] et ,
@ ar—— » ic2 v 3
|l Ring Oscillator
300 kHz L J
Clock_HV o
Y ocls' < Step-Down DC/DC (] sl
Frequency Divider »  adjustable to P 77 [ e
W . 2ustadie o 1:3,1:2, or 2:3 et -
18,16, 140r1:2 1 // 1/3 ratio
v ¥ sl
- : : S
Non-overlap clock Szes(:’elgt;rlzt; e
. agjus e T
Generator & Driver 1.8V to 3.3V ] : N u
! 4] !T.;[ gjggx E::f} 1?,:1! t M10.0ms A Ch3 / 9.00V
i+~ [0.00000s |
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Inductive power and data links : Higher performance /

/ . Multiple Camers .
Extemal Unit Toductiva I ink Implant (Intemal Unit) § Data (Usen)

Mixer

Q *Modulation V Q sw

Data > = Vew(User) I

— Vout
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: : S |t -
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2 Sk 3 Cos (Wit
(Downlink) (Downlink) g0 | Cosld Lo_Q VAL Matching
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/Y [} ower A [ J Output Stage

S 5 \
q = o |1 3 Power
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Y| A S E . Circuitry o
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Sensors
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D
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Inductive Data Links : Integrated BPSK/QPSK e

Data out I E‘G L I
————{LPF > ] Dt Dout Ly, i E#
] | branch | mis | M3 M9 M5

|

Input Data Clk : T
|
|

Signal ! in Ul
VCO = LPF |le— i
| >§ E—> lase [
. —] I
Q branch Re_(I:eiver ;):):> : }HJ—T
' LPF COl T %
I
I
I
I

BPSK Costas-loop T Differentiavlssbomparator

y

VCO LPFHChopper

BPSK | | QPSK

CMOS CMOS
—> (X)>|LPF 0.18um 0.18um
Input Signal Sinwitrq2y | | A g 225 OutA 13.56 13.56
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— j ? VCO|< LPF <—?i )
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Neurotechnologies Lab & Research Center -

/o Founded in 1994 : ~98 Masters & 27 PhD’s completed degrees

¢ Currently supervised personal P@.LJ'L u ol |

* 8 Master and 15 Ph.D. Candidates .
Neurotechnologies

* 1 Postdoc Fellow & 1 Research associate )
* One Technician Polystim.ca

¢ Collaborators from several Applied Sciences & Medical Institutes
o Support ($): NSERC, CIHR, FRQNT, CRC & CFI, and CMC usystems
¢ Partners: Victhom, Clarovita, Telemedic, DALSA, Kyvox, Hardent,

/. ~60 Professors (5 |IEEE Fellows) @ IESMlQ
¢ ~400 Grad students iegmpemem vsthions
+ 10 Universities are supporting the Center ‘ﬁ”é“;”rﬁ';‘ad“oo‘;fg
.

ReSMiQ Innovation Day (RID), Scholarships, etc....

BB UNIVERSIT! Université R A A W UNIVERSITEDE  “Hvissirtev astesc ross uvitass = .
g LAVAL 8 waweee  UQAM H §ifERERooke LIETTHE £S5 @ McGill

en Outaouais
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Invitation to ISCAS 2016 in Montreal e
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e
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Summary e

BMBI for Neurosensing and Treatment

Wearable Multi-Modal Clinical Imaging

Massively-parallel Intracortical Recording

Multi-channel Intracortical Neurostimulation

LoC-Based Neurotransmitter Detection

Inductive-links Calibration to Maximize Efficiency
Integration-on-Chip of RF Front-end to Recover Needed Energy.

d

NANNNNN

Design Challenges are Multidimensional

O System-on-Chip, Data Compression, ..

[0 Harvesting & Scavenging Energy : ~ 25 m\W

O Microwatts Wireless : WuRX

O Fast Data Transmission : ~ 50 Mb/s

O Tests: Collaborations, Bioprotocoles

O Systems Must be Safe, not to Generate Undesired Actions.
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