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Magnetoresistive materials

- thin film materials

- thermal stability

- noise, SNR => detectivity
Magnetoresistive sensor applications
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Magnetic sensors

Material optimization/ Sensor design and

. : .. Sensor integration
characterization microfabrication
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WHY MAGNETORESISTIVE SENSORS ARE CANDIDATES FOR MANY APPLICATIONS

Typical MR values in sensors:

AMR: 2-5%

GMR: 6~15%

Al,0; TMR: 20~40%
MgO TMR: 80~260%

Work at room temperature
Small sizes
Thin films => in plane sensitive directions
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Publications related with magnetic sensor applications Microsistemas &

Nanotecnologias

Detect small variation of
magnetic field 39%

(c)

Detect ultra-low
magnetic field 53%

Biuv
® Medical
Navigation
@ Space exploration
@ Wearable/portable devices
® Robhatics
® HCI
© Power grids

eleclronics \

13% Navigation and

transportation
16%

Biomedical
\J
Detect Earth's 45%

magnetic field 29%

“Magnetoresistive Sensor Development Roadmap (Non-Recording
Applications)”
IEEE Trans.Magn. (2019)



Integration with smart grid platforms INESC MN
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Power generation Transmission Substation Distribution Customers

i ! @

Network

analysis and processing

Smart grid optimization

Smart detection of faults
Smart monitoring



Developing path of magnetic sensing technology

Hall Sensor ——> AMR ——— GMR — TMR

Spinvalve
Hall effect AMR effect
0.2 = 0.8 mV/V/Gs 0.1~ 0.3 mV/V/Gs

TMR effect
2 7 10 mV/V/Gs

N

k ) Permalloy Bl £ Ta

80% Ni/20% Fe o
Hard Disks 1986 - 1996 > 2004 —
SENSORS  Hall AMR GMR y




Magnetic tunnel junction - TMR -

MIT, 1996
IBM, 1997
INESC, 1997
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\ Unpatterned sample CoFe,B, 25 A

TiWN, 50 A
Ru70A
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Electrons will tunnel if apply voltage between electrodes
Spin is conserved upon tunneling
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Nanotechnology 27, 045501 (2015)

Micromagnetic and Analytical Models t
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Modelling - micromagnetics

Saturation flux densities
HOMs

Initial M versor

J

JSAF

Jexch

Z -

Mincal g AL Microsistemas &
- barrier Nanotecnologias

e
spacer

—Miniﬁltr/—ﬁ_—»
) "1 Y

Uniaxial anisotropy flux density
Hk

Exchange coupling between PL and AFM

Anisotropy versor

Jexch

Néel Ferromagnetix Coupling

AntiFerromagnetic coupling trough spacer
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Infinity Sphere
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t ~: Spacer
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SAF Reference
¥ Ru

RKKY coupling ’ . : Electrode
x Pinned FM
Exchange bias ’ \
coupling \ lemg AFM
Seed/Buffer 0

= AR o cos(a)

Resistance

Linear range
AH ~ 10-100 Oe

(1-10 mTesla)

—
Q0
'

Magnetic field
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Eur. Phys. J. Appl. Phys. (2015) 72: 10601;



W~ Magnetic Energy of a semi-infinite -
L thin film (w>>h,t) e

| H E/V=-p1, H.M + K sin20 - % p_ H,.M

Theory Magnetic Recording, N.Bertram
B.D.Cullity(1972) Introduction to Magnetic Materials
1- C.Tsang, et.al, IEEE Trans.Magn., 30, 3801 (1994).

2- B.Dieny, et.al Phys.Rev.B, 43, 1297(1991).
3- D.E.Heim, et.al , IEEE Trans.Magn.., 30, 316 (1994);
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4- P.P.Freitas, et.al , Appl.Phys.Lett., 65, 493 (1994);



Macrospin Model for MR sensors
J Parallel uniaxial anisotropies -

' Sitaii o) “v Microsistemas &
Sensing layer H,, R Nanotecnologias
com— Spacer
Hext Reference FM
M.,
twghc W
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Minmum @w =n 1
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2 situations can occur:
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Macrospin Model for MR sensors
Y

Parallel uniaxial anisotropies

X Reference layer

Sensing layer

When H,, < H™/ ,— Hy — |H}, — N;M*" |
Minimum @ w ==
When H,, > H™/ | — Hy + |H,, — NyM*" |

Minimum @ @ = 0

When |H,, — H"*f ,+ Hy| < |H}, — NpyM*e" |
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Spacer
Reference FM

M

ref
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2 situations can occur:
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Macrospln Model for MR sensors

Parallel uniaxial anisotropies
Current

5

X Reference layer

A,.

Sensing FM

Sensing layer
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Sensor applications:
Sensitivity « slope

Highest sensitivity when
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Top Contact Lead

Top
Contact
Barrier «— BT Junction Pillar

JEN

A

Electrical
Current

Bottom
Contact
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Multilevel device
patterning

Film thickness:
Controlled at the atomic scale
1A = 0.1 nm

MgO target with Ar plasma

Wafer microfabrication
in a Clean Room

18




Lithography lon milling Resist strip

Photoresist
Full stack
Full stack

Substrate

Lithography lon milling Oxide sputtering Oxide lift-off
Junction definition: l ! |
from 20 pm? Bottom electrode Oxide: AL,O, 150 nm
to 150 pm?
Lithography Metal sputtering Metal lift-off

e >

Top contact:
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Al 300/ TiWN 15 nm

19




wall Acceleration Deceleration
— Sheath Region  Region
~— Screen Accelerator Decelerator — T o=

Se:: e

Plasma =

inside [= =

source

atbeam

voltage

\IB ‘—j" """"""""""
Ilon energy
>

- < > < >

lon acceleration lon deceleration



wall Acceleration Deceleration
Region  Region
+“— < roe——n) -

age Grid Ao3ass Microsistemas &
43 -10-23 -
~ Nanotecnologias
—— Lines of equal beam profile
—— Lines of equal beam power
B Deposition conditions with 66 openings grids
B Deposition conditions with 83 openings grids
1400 J l‘ I ¥ I L] I Ll ' L] ) LI I - T ' '_.
1 X TR 41600
12004+ NrirAX&INY! N\« = el
N Rasm] >~ X grzso w1400
1000+ Xt '
> A7 I'=33.0mA
~ 800+ ~|v=202v(300v) | ;
-> " {r=220ma - ~25Ww-41000 +"
| v'=1175v (1200v§ —<
+ 600 + ~ LV=202v(300v) T~ 19.437 W) >
S ——— 800
400 Ly
Y / 10.068 WL 500
/| r=1.0mA i
200+ Y =121V (183v) T 5W
/ UETNEY ——=400
0 - L 1 L 1 . 1 1 . 1 315.8W
I I

0 5 10 15 20 25 30 35 40
+
Beam Current =1 (mA)



M.“..“...

120 -
Viigs™ 5 MV ' .o.
1 AxXA = 4.1 O.um® \
P 00 4 TMR = 118% \ 1
c Renin=805 2 | ‘
oo Hottser= 15 Oe
o 804 Hgyw = 80 O "
60' I'.“....“
200 -150 -100 50 0 50 100 150
H (Oe)
350 4 *
g 300 + '
L B
~ | H (Oe) <
0250 400 -200 O 200 400
o y 10 @,
200 1.05? i
lon = ..
150 - °° 2 e
t-0.5
10 L1o

50x100 75x150 100x200 150x300 300x600
Pillar dimensions (nm)

Effect of the profile OM

SEeNSor performance

Nanotecnologias




Art
beam

70‘>

1s1saiojoyd

Japanese Journal of Applied Physics 56, 04CEQ9 (2017)

Art
beam

1sisalojoyd

https://doi.org/10.7567/JJAP.56.04CE09

.u R I T

. . R R RN R R

' 4 P
0.0 oo Oee
KA e ssnsssnnd Yo

A A e e
B X
B R e

LX) L

Microsistemas &
Nanotecnologias

: Damage-free CoFeB
: Damaged CoFeB

: Damage-free Mg

: Nonstoichiometric Mg

: Damage-free oxygen

: Nonstoichiometric oxygen

Fig. 5. (Color online) Substance distribution diagram of the patterned

MTIJs after the etching process.
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Thin film stack for TMR sensors

cap

free layer (FL)

tunnel barrier

reference layer
(RL)

Ru/Ta

pinning anti-
ferromagnetic

MnPt/Mnlr

seed layer {

Ta

] Must have bee

>  structure
(001 texture)

Must have fee
\ structure for

strong pinning.
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HRTEM image for
CoFeB/MgO/CoFeB
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lon Beam Assisted Deposition

Nordiko 3600 lon Beam Deposition Tool Microsistemas &
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lon Beam Assisted Deposition of MgO:

BACK VIEW

Assi st Neutralizer

Ar ion beam, directed to the substrate
provides extra energy to the atoms as they are deposited

=> extra energy promote the crystalization of the MgO

Assist Gun
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3 Inter-PLC Watchdog
| SERVICE Fault Reset & Serial PC Dep Hist. Log I Ast Hist. Log l Batch Pause

{3 HMI SystemWatchdog
Sub Shutter Open I

Assist Neutraliser Sub Shutter Close I
Sub Clamp Open I
Sub Clamp Close I

Assist
Gun
Trace Heater On I

[
Trace Heater Off

RF PSU Status

Target Assembly

Subs
Holder

Target Shutter

NG RFFWD Power [ 54 W Set Sub Rotation
Lo lw Set Sub Pan

Target Position l
Strike Dep Gun I
Stop Dep Gun I

Target No [4 ]

A e Stk Assist oun |
/ RF PSU Status. O Batch Recipe Name: NiO_clean —lsm" AssistiGi

/

. / Deposition Neutralizer RFFWD Power (103 |w Subs Pan Wafer Recipe Name: ~ NiO_1 Shutdown I
Target Shutter Extension | N RFREFPower [ 0 Jw Subs Clamp Wafer No: 1

Dep Trend 24hr |
Ast Trend 24hr |

Dep Trend 3omin |

Pos Grid V v Process Step Name:  NiO_1
Pos Grid Current Process Step No: 2
Neg Grid V Total Process Steps: 3
Neg Grid Current [1.1_ ] mA Timer (sec): 6

Ar Flow scem Timing step ]

Ast Trend 30min [

Operations. | Punp(NerviewI IBD Chamber | wareﬂransponl

Process Stan Fdit I Wafer Racine Fdit l Ratch Racine Fdit I Machine Set.un l



lon Beam Assisted Deposition
Effect of Assist Gun lon Energy (V™)

Surface Effects

Assist beam ions
enhance the mobility of
surface atoms, without
removing them.

Effective Deposition Rate [A/s]

Effective Deposition Rate = Deposition Rate —
Deposition Rate a Dep Gun Beam Power (I* V*)

. ] | A " S S S —————————
; Deposition Gun Parameters: | 1
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+0V/- L Lo
] +0mA +100V/-550V e HTOMA L ahhy 475y
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Assist Gun Bea

m Power - 1T x V' [W]
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Bulk Effects

Etch Rate :
0.0055 £0.0002 (A/s) / W




lon Beam Assisted Deposition
Effect of Assist Gun Beam Current (I%)

Microsistemas &

Soft Energy Transfer

Reglme ) ) 1\OO|||||||| Tl
I* >=80mA is required 1 =850V _ _3M/ i
90 A " 650V -175v N
] m 175V
80 = -300V " 100\
p— . .
<é: 70 " 450V " 175V W 100V |
;—' 60 - ® 350V = 300V 3l
= 40 - I* <= 60 mA _
(O] 1
o 30, Am_orphous MgO ]
L7 2. region
9, ] Deposition Gun Parameters: | |
< 104 = +1000V/-275V; +138mA |
] -ox m +800V/-275V; +108mA| -
01 = " +600V/-275V; +79mA|

0 50 100 150 200 250 300 350 400 450

Assist Gun V' [V]

Etch Regime
I >=70mA
Crystalline
MgO

There is a minimum Assist
Beam Current threshold
under which MgO is always
amorphous.



Assisted deposition (MgO)

X-rays difraction
500 - Deposition: +1200/-275/-50V, 170mA, 4 sccmXe
Dep.Neutr: 130mA, 3sccmAr
1 Assist Gun: 60W, +400/-100V, 30mA
450 peak @ 19.3°
400 - WIJ M

Counts

350

250 4

200

\’\A\I\, \,jw’ \,”\Jl\l\]\ AII \

300_"\j\J\,\ A \ ! ’\ I WM”\A! ’
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16 17 18 19 20 21
angle (°)
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Cross section microscopy

MgO crystalline barrier



Assisted deposition (MgO): INESC MN

Microsistemas &
Impact of the beam-sample angle Nanotecnologias
Sample AG09 | AG11 | AG12 | AG13 | AG14
epBstEdaG N0 Pan 1300 | 1100 | 1200 | 1400 | 1500
2000 T T T T T T
1750 —AGO09 |
| — AG11
beam 1200 — 1
7= 1 Deposition AG13
— gun ’51250_ — AG14
MQO 5 % (U
"9t — 1
Neutralizf 21000
(7))
C -
O
g 750 —
500 -
250 - -
0 | | |
18 19 20 21 22




MgO (0.5.nk

Accurate control of the thin film thickness -

1 A =>10xR

Microsistemas &

- impact on TMR Nanotecnologias
-impacton R
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MgO thickness (A)
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i Looking near
0.1t zero fields
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» A method to access the MgO roughness.

J. C. 8. Kools, et.al., J. Appl. Phys. 85, 4466 (1999).
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Pinned layer

Spacer =2
Free layer
Buffer

Sensing
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Atomic Force Microscopy
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200mm backend GMR / TMR technology =TT

TiIWN

Ta50A

Ru50A

CoFeB(t)
MgO 13.5A
CoFeB30 A

Ru9 A
CoFe 22 A

IrMn 200 A
Ta30A
Ru 180 A

Ta50 A
substrate

Microsistemas &
: Nanotecnologias
Nordiko

INNOVATION WITH RELIABILITY

6 targets IBD (extra module
8 targets in PVD; 2019)
Dep pressure 2 x 10~Torr
Heated substrate

Assist gun,

Base Pressure 5x10°8 Torr

) BOSCH

M ag =) Inspectron &
i eo(oa Track Trace Check Verify l FR‘Tr(‘ 'l
_ ~. °-z ‘é.-. l ;. AT A
MASMA s Allegro:
SME Instrument  SME Instrument = . — BO G E N <



Al203 Etch Uniformity @ INL :
3.4% @130deg, 5.0%@165deg

Al203 Etch Uniformity @ INESC :

7.81% @60deg, 5.17%@15deg

uniformity on Al203 thin film with different angle

600” etch @ 60deg 600” etch @ 15deg
0422 0422
INESC -

600sec 4 o 600sec

6inch area Binch area

(nm/min)

Unif. Range. /Me
an/2) 7.81%

5.17%




Target erosion

455 ~
450 -
445 June 24th
440 -

435

(V)

430
425
420 -+

4154 July 6th

410 I . I

Bias voltage vs target time
for CoFeB target
600mA, SmTorr ( 108, f107) 3.2 W/cm2

July 3rd

uly 12th

(time, proportional to target utilization)

Microsistemas &
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Magnetron configuration

Configuration 3

£ o S % RS
s A o= R o
R ot =

Microsistemas &
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Small outer | Smallinner .
Big magnet
magnets magnets
Amount 28 28 1
L, 1.05
B, (T) 1.28
Magnetization
i , +z +z -z
direction
Radius (mm) 2.5 5 10
Height (mm) 30 30 30
Distance to
magnetron 52.5 45 0
centre (mm)




Configuration 3 (no target)

Magnetic flux density at target surface (4.5 mm above magnetron):

|Z§radial|
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-100
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Magnetron Geometry (with target)

Nanotecnologias

Small magnets Big magnet

77 Amount 28 1
™~ W, 1.05
B, (T) 1.28

d Magnetization
o direction

|

T

|

Radius (mm) 5 10
L Height (mm) 30 29
\

+Z -Z

50 \
COSO Fe20 Ta rget

A= ' 5 .
SN D Radius (mm) 50

y‘\t/’x 0 Height (mm] .
507 u
- Ly 1001

(I'R. M. Bozorth, Ferromagnetism, 1993



Configuration 3 (CoFe target + b. plate)

Magnetic flux density at target surface (6 mm above magnetron):

|Z§radial|
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-300

-400

-500

No target
Or

with a non-magnetic target

T T T T

—— B vertical
—— B radial
—— B norm
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X-coordinate (mm)
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Configuration of magnet array: -

Microsistemas_ &
- to increase the magnetic field for magnetic targets Nanoteenelogias
- to use a maximum area of the target

AlSiCu




250 ] XX TMR
225
200 -
175
150 -
125 4
100-_

Number of devices [#]
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Challenges from industry:

High thermal stability
(150°C under random, strong fields)



MR and R characterization during heating -
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Optimization of the Spin-Flop:

=> flat plateau at larger fields to stabilize the reference layer

—>
Asar T

‘A— _____________________________

ex
<+ -

®
Ew
=

-1000

Figure 3.8: M(H) loop illustration of a SAF pinned layer.

[1] B. Dieny, \Improvement in the pinning related to the use of synthetic pinned layer," in
Magnetoelectronics (M. Johnson, ed.), ch. Spin Valves, pp. 105{113, Elsevier Inc., 2004
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Analytical formulation:

M) = MFMUYFMY anq (D) = MFM2)4(FM2)

1 | Asar  Asar  Aex \/ (A%AF Asar  Aex )2 4Asar Aex
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i 1 Asar | AsAF Aca AsaFr  Asar Aex \  4AsaFAex
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Resistance variation with T
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H., dependence on temperature

Malozemoff’s Model:

Jo
H,.(T) =24 () = H (T
(1) MFMtFM]( ) L)
(1—l>fy t O e
J(T) = B
0 s -2 0y,

Y@ MnPt |
|_ -
£ 40r |
B T, =312 °C |
i 20 = Experimental data .
- — — Malozemoff's model fitting
O [—— Our model fitting . . i
 (b) Mnlr |
. i nlr .
E1m- _
\«x100 - =254 C i
I 50| e Experimental data g
- — = Malozemoff's model fitting
0 Our model fitting )
0 100 200 300 400
T (°C)
Thermal 1. Interfacial coupling decrease;

stability of H,,

{

2. T, distribution, grain size;
3. Magnetization, T..

Improved Model - T, distribution :

£
{5 "
-£) T<Ty
TS Ty

Hea: (T) — ex

(Tg _ Tbcenter) 2
2 (AT})?

H. Lv et al., d Magn. Magn. Mater. 477, 68-175 (2019).
Bilayer: buffer/ AF(15)/ ConFesx(2.7)



H. dependence on temperature
Bilayer: buffer/ AF(15)/ ConFex(2.7)
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H. Model: dependency on the grain size

Ve t('lvm.,\')

Hf’.z'(Tms) X / f(‘/)(”’,

t kT > KaipV

Thermally
Disordered AF

T

Unset AF

v

H. enhanced at high temperature;
H. enhancement is correlated with T, distribution.
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Technological challenges:

- Noise
- Signal-to-noise ratio
- Minimum detectable field (detectability)



Magnetic Field (Tesla) Microsistemas &
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How to distinguish signal from noise ?
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E. Paz - S. Serrano-Guisan - R. Ferreira - P. P. Freitas — J. of Applied Physics; 115. 2014
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P.P.Freitas, R.Ferreira and S.Cardoso “Spintronic Sensors”, Proceedings of the IEEE, 104, 1894 (2016)

Spectrum Analyzer

[ JL

Low Noise Amplifier

Detectivity limit:

SNR=1
(Signal = Noise)

Microsistemas &
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Noise Spectrum of Magnetoresistive Sensors

Main noise contributions

RMS Nose Voltage (nVAMH2)

50 450 650 350 1050 1269 1450
Frequency (MHz)

a,I’R’ LAKTR | 2elR’

Sy (V2 / Hz) = MR,
Af Af Af Af
1/f noise  Thermal Shot
Noise

Noise




Only the white noise sources contribute to the
noise background

At low

frequencies

R

a,I’R’

S,(V?/Hz)=

[noise, in Volt]

o

~N

RMS Nose Voltage (nVAMHz2)

o
3

The noise level in the low-frequency . : : : = : ;
0 250 450 650 350 1050 1250 1450
range depends only on: Frequency (MHz)
Magnetoresistance, MR
linear range, AH
Area, A

No explicit dependence on
device RxA and bias current.




Field detectivity (D)

Voltage ,
(orR)

R 3

Microsistemas &

Detectivity limit: SNR=1 (Signal = Noise) Nanotecnologias

y
,H Field SV (T/\/HZ)= / = AH Y [in Tesla]

A ] ﬁ
Voltage AH

noise
\i/f
~_ thermal

S~

»
»

frequency

oy = Hooge’s constant

MR\ A f

(in 1/f regime)

Operate at high f
Increase MR
Increase A

Reduce linear range AH

S=TMR/AH A = MR area
sensor sensitivity  f = operating frequency

Reduce Hooge value
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Strategies to improve the minimum detectable field

Field modulation for high frequency c N

Sensors, 18(3), 790; (2018)
Micromachines, 7(5), 88 (2016)
IEEE Trans. Magn. 48 (11), pp- 4115 (2012)
Journal of SPIN, Vol.1 (1), pp 71-91 (2011)
J.Appl.Phys. 103, 07E924 (2008)

. Appl. Phys. Lett. 95, 023502 (2009)

U

/
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magnet|c MEMS Microsistemas &
Nanotecnologias

t
Modulate dc magnetic field at high frequency using MEMS geometry
resonators with incorporated magnetic flux guides

goal
shift the sensor operating frequency to the kHz region
where the noise can be 2 orders of magnitude lower then dc

spin valve noise spectrum

10

£l

12.2 nT/HZ'?

bt

S, (nT/Hz'/?)

|
-

T 0.064 nT/Hz'?
0.01—[ T III[ T T 1 I T TTI] T T 11[ T T

Appl. Phys. Lett. 95, 023502 (2009)

10 100 1000 10000 100000
Frequency (Hz) J.Appl.Phys. 103, 07E924 (2008)
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Strategies to improve the minimum detectable field

« )

Increase MR
Nat Mater, 2004, 3:862—867

J PhysD-Appl Phys, 2007, 40: R337
J. Physics: Cond.Matter, 19 (2007) 165221

Ann Rev Mater Res, 2009, 39: 277-296

J Appl Phys, 2007, 101: 09B501
J. Appl. Phys, 99, 084907 2006

{ /
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Strategies to improve the minimum detectable field

Increase A

R.Chaves, et.al , Appl. Phys.Lett, 91, 102504 (2017)
E. Paz et.al — J. Applied Physics; 115. 2014
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i Crossed Anisotropies Shape Anisotropy

Magnetotransport curve:
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Fig. 12. Summary of linearization strategies for MR sensors.
Journal of SPIN, Vol.1 (1), pp 71-91 (2011)

J.Appl.Phys. 103, 07A910 (2008)
Sensors and Actuators , 202, pp. 64— 68 (2013);
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Resistance [Q]
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Saving space: GMR sensors packed

Single sensor

w
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Packed sensors
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Packed arrays of sensors

Z=N
spin-valves

10.7
| Z=5 | N=440 [XYZ = 440000] |
10.6 =
MR=6.3 % i
1054 R =10kQ £
— i
bH,=02mT !
1049 5=1.7 %/mT i
S=17.2 VNIT i
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10.1 - /
_——
100  a——— .
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M,-H (mT)

AIP Advances 8(5):056644 (2018)
Scientific Reports , 11, 215 (2021)



Detectivity (T/Hz"?)

W Hall Effect [1]

HE NV centers [2] o

O
Hin Fﬁctronics [af Hall Effect [3]

10_9 M » Electronics [6]

’ ~ E Spin Electronics/ MTJ + MF§
10 : M Spin Electronics/ MTJ Array [16]

10.11 E NV centers [7]
B Magngfeiglesatic (5]

M Giant Magneto Impedance [9]

13 Bl Optical Magnetometer [10]
10 M Spin Electronics [11]

10™

Other tecnologies
107 Packed Spin Valves W Sauids 112
Ul ipin VaFI>vei +dh/éF¢ Va qull'?)[pticlal Magnetometer [3
rrays Packed Spin Valves

10-16 ‘
10° 10® 10" 10® 10®° 10* 10° 10° 10" 10° 10' 10* 10° 10 10° 10° 10’

Area (mmz)

Microsistemas &
Nanotecnologias

AIP Advances 8(5):056644 (2018)
Scientific Reports , 11, 215 (2021)

[1] E.Pazetal.,J. Appl. Phys., vol. 115,2014.
[2] tdk.com, “TDK biomagnetic sensor”, 2019
[3] S.H.Liouetal., Proc. IEEE Sensors, 2009

[1] P. Besse et al Appl. Phys. Lett. 80, 4199 (2002)

[2] P. Maletinsky et al Nature Nanotechnology 7, 320-324 (2012)

[3] F. Montaigne et al Sensors and Actuators A: Physical 81, 324-327 (2000)
[4] L. Caruso et al Neuron 95, 1283-1291 (2017)

[5] R. Jahns et al Sensors and Actuators A: Physical 183, 16-21 (2012)
[6] F. Barbieri et al Scientific Reports 6, 39330 (2016)

[7]). Barry et al PNAS 113, 14133-14138 (2016)

[8] Bartington Instruments, Mag-03 Three-axis

[9] S. Yabukami et al IMMM 290, 1318-1321 (2005)

[10] T. Sander et al Biomedical Optics Express 3, 981-990 (2012)

[11] M. Pannetier et al Science 304, 1648-1650 (2004)

[12] ). Gallop Supercond. Sci. Technol. 16, 1575 (2003)

[13] 1. Kominis et al Nature 422, 596-599 (2003)

[14] E. Paz et al., J. Appl. Phys., vol. 115,2014.

[15] tdk.com, “TDK biomagnetic sensor”, 2019

[16] S. H. Liou et al., Proc. IEEE Sensors, 2009



Microsistemas &
Nanotecnologias

Strategies to improve the minimum detectable field

Reduce linear range AH




Magnetotransport curve (Spin Valve sensor)

Spin Valve sensor with vertical tapered profile Magnetic Flux
Concentrators (MFCs)

SV835: Ta 20/ NiFe 30/ CoFe 22/ Cu 21/ CoFe 25/ Mnlr 65/ Ta 100 [A]

Sensor active area: 40 x 2 um? .
Pole dimension: 40 um .
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High yield in the fabrication process
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Sensitivity gains
~ 100 x

(~ one order of
magnitude higher than
with single layer MFCs)
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M. Silva, et.al
IEEE Trans Magn. (2019)
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detectivities of 322 pT/Hz! (for d,,., = 100 pm) were
obtained at 10 Hz



Microsistemas &
Nanotecnologias

Strategies to improve the minimum detectable field

Reduce Hooge value

J.P. Valadeiro, et al., IEEE Trans. Magn. 51, 1 (2015)

D.C. Leitao, et al., IEEE Trans. Magn. 50, 1 (2014)

LY. Chen, et al., Appl. Phys. Lett. 100, 142407 (2012)

S.H. Liao, et al., IEEE Trans. Magn. 29, 3873 (1993)

S. Cardoso, et al., Microsys. Technol. 20, 793 (2014)

R.J. Janeiro, et al., IEEE Trans. Magn. 48, 4111 (2012)

R.C. Chaves, et al., Appl. Phys. Lett. 91, 102504 (2007)

E. Paz, et al., J. Appl. Phys. 115, 17E501 (2014)

L. Jiang, et al., Phys. Rev. B 69, 054407 (2004)

E.R. Nowak, et al., Thin Solid Films 377-378, 699 (2000)
Y. Aoki, et al., ). Magn. Magn. Mater. 240, 134 (2002)

J. Schmalhorst, G. Reiss, Phys. Rev. B 68, 224437 (2003)
Y.M. Lee, J. Hayakawa, S. Ikeda, F. Matsukura, H. Ohno, Appl. Phys.
Lett. 90, 212507 (2007)

W. Zhang, Q. Hao, G. Xiao, Phys. Rev. B 84, 094446 (2011)
D.W. Guo, et al., J. Appl. Phys. 115, 17E513 (2014)
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Noise performance (1/f region) 2

Hooge

parameter

S1/f =

MgO vs AlOx barriers

U —— 10°
7Y DG e R e S B 5 O AIOx barrier
10 1 A Motorola * 3 10_41- MgO barrier:
3{ L iBM TRE 0T . ] & soft pinned sensing layer
< ¢ > Ishihara ITM (2 - -5 ] @ simple sensing layer
2~ 107k o i JAP 2003) 1 1079 P
= <F  Nowak, APL (1999) I3
S 107 F * Park JAP(2003) L J 1
~— - ® Schmalhorst, PRB (2003) ’* 3
JF / E
3 10 r INESC-MN [ .
)/ E
107k m A -7 ;
11 E_- ------------------------------------------ -§
10‘ T EPRTTT EPTrT BrrrT | - T T | l....| ....13
10° 100 107 10 10

R4 (MQ ;)

RA (Q.um?)

A.Silva, S.Cardoso, et.al.

Eur. Phys. J. Appl. Phys. (2015)
DOI: 10.1051 /epjap/2015150214

AlOx-MTJ data obtained with devices at saturation from references [119-122].

CoFeB/MgO/CoFeB-MTJ data obtained at operation point.

Microsistemas &
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Amorphous CoFeBSi, CoFeBTa
AlIP-Advances, 13, 025108 (2023);

Data marked with i from references

[119,123,124] and ii is unpublished data from INESCMN,;
* from reference [90]; + from reference [85]; & from
reference [42]; a from reference [118]; 8 from reference
[125]; & is unpublished data from INESC-MN; o from
reference [41];y from reference [83].
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Neuronal probes with MR sensors
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Cell assembly anotecnologias

ramidal cells [T T T A T
Py Estimation of the magnetic field:
1 X \ :; },l:‘ ';/
| WAL i » MagnetoEncephaloGraphy :
\ SQUID - signal distance =3 cm
i ik Field = 1 fT (Field decay : 1/(r?)
* Magnetrodes:
MR - signal distance = 10-100 pm
Field = 100 pT —anT
Estimated fields ~pT - nT
e is v, €2 FET-EU project

Magnetrodes 77
MAGNETRODES
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o Magnetic
NigoFez 2.8 nm Flux Guide
CozoFes 2.3 nm

Cu2.5nm w Spin Valve
CozoFesp3.3 nm g
Mnir 7.0 nm g
NigoFez 6.0 nm GOId pad
Ta2.0nm
Substrate (Si/SiO,)

lirection
il N

—
N ()

Detectivity (nT/Hz'?)
o

0.01

SpinValve sensor
with Flux Guide

Microsistemas &
Nanotecnologias

SEM image: sharp tip (in-vivo)

Detectivity values:

...10 ——

100 1k 10k 100k
Frequency (Hz)

3.3 nT/HzY/2 @ 10 Hz
1.9 nT/Hz/2 @ 30 Hz
310 pT/HzY? @ 1 kHz

SEM image: flat tip (in-vitro)
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When penetrating the tissues:

Silicon Cantilever Stress (MPa)

10 -100 0 100 200 300
o ] - SOI 50 um thick substrate A
) 0.8 3 R _
~~ i
Bh ; \ - '
o 0.6 400 um thick substrate - -
(@)} ’ A
c s .
O 044 5 \ ]
O | Y A e | |
: n
2 0.2 ; .:'.‘. |
E _ *J X, 700 um thick substrate
B 0.0 o _
o S
o st '
-0.2 ..o' % (B) _
-1x10° 0 1x10° 2x10° 3x10°

Silicon Cantilever Stress (dyn/cmz)

Sensor output: remains linear, non-

hysteretic and without discontinuities

Microsistemas &
Nanotecnologias

axial force along the tip longitudinal direction;

slight bending of the probe, force
perpendicular to the longest direction.

6_ T T T T T T T T T T T T T T
| Substrate: 50 um SOI E—
5 952 sensors in series
1 Vertical Increasing
4| displacement (): displacement
— O0mm
- =1.5mm
34 ...35mm
{1 = =54mm
2
MR =5.6 %
14
0— 0
T T T

T T T

-75 50 -25 00 25 50 75

Valadeiro et al IEEE Trans Mag 51 (2015) 4401104

u,-H (mT)
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Electric
signal

A
.N'w W\Iﬂ

AC modulation fo GMR & “
GMR output democulation

Magnetic
signal

Light shielding _

Blue LED fight

L.Caruso, S.Cardoso, P.P Freitas, P.Fries, M.
Lecoeur, et.al

Cat 1
B (nT)

MR sensor

ERF - magnetic

022315, BI-55, Ch31

W electrode

B (nT)

0.2 0.4 06 0.8
time (s)

042715, BI-10, Ch4

Cat 2B
B (nT)

“In vivo magnetic recording of neuronal activity”,
Neuron, 95, 1-9 (2017)

0 02 04 06 08

time (s)

042715, BI-13, Cha

0 02 04 0.6 08

time (s)

U (k)

ERP - electric C
&
£
[+3]

022315, BI-55, Cha3
02 0.4 06 0.8
time (s) F
oy
£
[+¢]
042715, BI-10, Ch1
0.2 0.4 06 0.8
time (s)
=
£
[+9]
042715, BI-13, Ch1
02 04 06 0.8
time (s)

31

In Vivo validation of MR sensor probes
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—e— magnetic 20
-e— electric

004 006 008 0.1

time (s)

004 008 008 0.1

time (s)
80
2 45
0 =
@ =
2 5
4 45
6
-80

004 006 008 01

time (s)



Detectivity (D) - minimum detectable field Microsistemas &
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flexible probe - polyimide

Si probe (single MR)

TR TR Ty

10° 10° 10° 10°* ) 10°
Sensor Area, A (um’)

——

Si probe (arrays MR)

IEEE Trans Magn. vol. 51 (11) 4401104 (2015)
J.Gaspar et.al, IEEE Trans Magn. Vol.53 (4), 5300204 (2017
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Magl

|
..

Flexible printed circuit (FPC

()]
9
(=
@)
| -
)
(@)
<2
Q
(=
2
x
L
>
O
(@]
<

Permanent magnet

Casing
TMR chip
Barcode

%

[~§
\
\\\
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Resistance (Q)

Alignment M a g I D Microsistemas &

Nanotecnologias
Disc magnet provides a limited region where B <1 mT (£170 um) = requires good accuracy from the alignment procedure
No magnet Poor alignment Good alignment
500 500 | 500 |
i —=— Before PM i —e— Before PM 1 - —e— Before PM
50— 450 = —— After PM_|- 50 TN o Aterem -
w00 \ S, = 10.7%/mT w00 La \ S, = 10.7%/mT o l \\:\\ S, = 11.2%/mT
1 \\ o i \.\' \\ S, =3.9%/mT a S, =867/
350 \ g a0 \\,\ \ 9 w0
8 §
300 \ \ 3 300 \\ \ § 300
\ o N 2
250 250 250 - S
200 200 200
-150 -100 50 0 50 100 150 -150 -100 50 0 50 100 150 150 100 50 0 50 100 150
Magnetic field (Oe) Magnetic field (Oe)

Magnetic field (Oe)

L TMR chip Magnet \‘
[ |

__— FPC

S.Abrunhosa. S.Cardoso, et.al R andagio 85
IEEE Trans. Magn. 58 (8), 4002304 (2022) Mang -wnomnuu-nu AIM“ B30 == FCT &5



Swipe reader: assembly M a g l D Microsistemas &

Nanotecnologias

100 tilt = 0 degrees
Tilt = 02 Tilt > 02 -
=
=7
et 50
TMR sensor —» - :N g
Barcode — %
x 0
2
?,, -50
Purpose: ks
* Hold reader components _100
* P.rO.l_:eCt SenSO.r Chlp 0 20000 40000. ) 60000 80000 100000
e Limit sensor tilt Position (km)
e Minimise sensor-barcode distance 1oo] height =200 um
E
= 50
-
8
x 0
Height= 0 Height >0 2 \
22
TMR sensor \ _ g —50
Barcode ——» _-_ + g
—-100
0 20000 40000 60000 80000 10000
Position (um)

S.Abrunhosa. S.Cardoso, et.al
IEEE Trans. Magn. 58 (8), 4002304 (2022)
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10 : T T T T z T T I T
z=0mm -
8 — z2=05mm |-
z=1mm 5
6 z=15mm |-
zZ=2mm 5
4 S ol

Voltage (mV)

¢
< {
<
ﬁ
1

B
«

0 5 10 15 I 20 25 30
Position (mm) Hiden codes detectable
through 2 mm of material

S.Abrunhosa. S.Cardoso, et.al
IEEE Trans. Magn. 58 (8), 4002304 (2022)
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l ?lnsmute for Systems
and Robotics i
s =P KAusT

¢

Industrial Robotics

Measurement range:
Several kN to 10 N

Main goals:

* Improve safety around
robots

* Allow human-machine
interaction

Humanoid Robotics

Measurement range:
10 N to 100 puN
Main goals:
* Improve object manipulation
capacities

* Facilitate human-machine
interaction

Surgical Robotics

Measurement range:
100 pN to 10 nN

Main goals:

* Improve object
manipulation

* Reduce operation related
damage

Microsistemas &
Nanotecnologias




all effect pressuresensors

Tactile and
texture

The Vizzy hand

1 - Hall-effect sensor 2 - Magnet
3 - Elastomer 4 - Robotic finger 5 - Air gap

Flexible Sensor

Position

FlexConector

ik

ADC

Fruit

Nanocomposite
PDMS

—» Wirebond

\ Magnetic sensor
«—>
Chip carrier

2D MR sensors mounted by flip-chip

Sensitive direction

rtificial cilia



Institute for Systems s Advanced Robotics -
TACTILE INSPIRED IN NATURE Reis E e Microsistemas &

Nanotecnologias

Magnetic cilia bending induces magnetic profile variation

MR sensor transduces variation into an electrical signal

Magnetic

cilia '\\’ o F

TMR sensor <

i

= 1
/
S en Sor Passive

P C B (attached to dendrite) g

Support PCB

Dendrite
Active
(sends neuronal impulses)

A. Alfadhel and J. Kosel, Advanced Materials, 27, 7888-7892, 2015.
P. Ribeiro, et.al. IEEE Robotics and Automation Letters, 2, 971-976, 2017.
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2D monolithic TMR sensor
In Wheatstone bridge
X bridge Y bridge
2 TMR stack depositions 2 TMR stack depositions

VC C

ny

Die dimensions: 3x3 mm?2

80 MTlJs per bridge branch
Req: 384 kQ

A e

element é

& No wafer annealing needed!

A (k) J. Phys. D: Appl. Phys. 50 (16), 165001 (2017)
J.Mag.Magn.Mat.412, 181-184 (2016) [Jj

3
L0

g
fa” Fol T -Fo

(OO0

I




2D WHEATSTONE BRIDGE -

Microsistemas &
Nanotecnologias

80 ' , : 40

—9—$gffegfon Sensor bias: 1.25V I
2 ,.‘re - 1 “Perfect” X sensor
il 120 “Perfect” Y sensor

are needed...

8

110

Bridge output voltage (mV)
X direction - Offset corrected
8 o

o
Bridge output voltage (mV)
Y direction - Offset corrected

Y direction 1-20
Sensitivity: 7.2 mV/VimT
Offset: 222 mV/V

-40 + X direction v
Sensitivity: 14.38 mV//mT
Offset: 74.4 mV/V

Offset issues

-15 -10 -5 0 5 10 15
Applied magnetic field (mT)
External electronics to

compensate for this offset

Sensitive direction  Sensitivity (mV/V/mT)  Offset voltage (mV/V) '

Minimum  Maximum _Mistmum—Maximum
X 7.7 16.1 / 74 416 \

Y 6.9 9.8 N\ 218 728 “




Advanced Robotics -
@ Queen Mary

ARQ Microsistemas &
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Institute for Systems
l ? and Robotics

Lisboa

Mechanical simulation

(FEM — with COMSOL) Magnetic moment

Magnetic moment

Magnetic field

simulation
Deformation m

simulation

4
/\ ) | — Magnetic moment vector | © Simulation
: 35F —H(x)=a+bx+5:log(x) 1
| |
! . 3k I .
1 ' _ ) Linear
€ 1 | I B | behaviour
g 2 1AY g 2F l .
2 084" ! A K3
E ! g 1.5F s L
] E 064 ] &
g = | area element / / | T 1 I g
§ 0.4 4 P ~ [_— Log : :5£
02 2 05§ behaviour | 2y
0.5 1 o3
Sensor 0 |
0 plane |
o : 0.5 - -
= 0 4z 5 xmm) 0 5000 10000 15000
) Cilia displacement (m)
Simulation: indentor iteratively
. —_— . .
e — i1 Feneiy — i d N N, i
lowered against cilia Vit =i— 14 viee =i+ 1 Estimation of m _— SN SN Y Hi(ry ) Average field over
vi = Vit Viel - direction el NiNi sensor area
Steps of 100 um ' 2
Discretized into cross-sections w1 (e my \ H (x direction) (H)(@) = az + blog(a) + ¢ ooor fitting function
i) = 12 o o P describing field

over surface



RESULTS — FRUIT SURFACE ASSESSMENT -

Microsistemas &
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Geometry A

Fruit under
test

PCB

Cilium
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Proof of concept
Fruit quality classifier

Braeburn apples
e 12 ripe fruits Sensor

* 12 senescent fruits

Cilium 4
Sabrina strawberries 1
e 12 ripe fruits
* 12 senescent fruits
Data acquisition Sensor Sensor 1 em Sensor

* Datarate: 1 kSPS

* Scan speed: 1 mm/s

* 10 consecutive scans in each area
e 2 areas per fruit

Scanned zone 3
"L L L L T == ->




FRUIT QUALITY SENSING - RESULTS I 1ff Rizwil e 5 e
CRISP| Nanotecnologias

3 features were extracted from the signal

PHYSICAL
1-1.8
FEATURE WHAT IS MEASURED CHARACTERISTIC

Senescent apple 119

Raw signal upon scanning

g2l

'
bacd
%0

'
S
T

Sensor signal with
achieved contact

&
o

I s Stiffness (E) Fruit hardness

(Average of first
100 points)

Raw signal (LSB)
£ A
s
I~

L
N
Sensor output voltage (mV)
Input referred

Std. deviation of 100 Deformation over
point moving average fruit surface

o
o

Waviness (S)

4.8F

Std. deviation of high-

P2 to00 2000 T.3o'(zo) W000 5000 6000 Roughness (R) pass filtered Fruit surface texture
Waviness A:;hnesS/ (f > 150 Hz) signal

—'; § "% 4000 20

@0 z S

=1 w0 5 & 300 15 3

-_.g'_m Jg Ezooo lo%”

E -400'.§ g’ 1000 5 ; .
Eg'w _600?2 E 0 0 g . o / Rlpe
o G s B Fruit can be classified

= Y =2 =

: gww| 28 = into two classes

£ S=\| 7o L W- : £ L 2 T

F VT o """"”:\[ﬁ?‘"*“ g Senescent
& 0 1000 2000 3000 4000 2 -4000 20

0 1000 2000 3000 4000

Time (ms) Time (ms)




FRUIT QUALITY SENSING - RESULTS

|_ | S B OA ?.:::: eholich ARQ Microsistemas e
CRISP| Nanotecnologias

W TECNICO | “ o aovances rovorcs [ NN

Stiffness (E) === Fruit hardness

45 T I I T
[ Ripe apples n=-3.82- 10° LSB = -1.80 mV
40 - |===Ripe apples - gaussian fit _ 4 _
B Rotten apples 0=1.75-10" LSB=0.82 mV
35 | |= = *Rotten apples - gaussian fit 0.8
30
" 1 =-4.15-10° LSB =-1.95 mV 0.6
g§25H  _ 41 an z
Q 0=2.26-10"LSB =1.06 mV z
320 a
Geometry A * 04
15
5 10 0.2
g 5
0 5 4.8 4.6 4.4 4.2 -4 3.8 3.6 3.4 3 g
400 pm E feature (LSB) %10°

Figure 6.4: Computed E parameter histogram from all scans of apples scanned using a geometry A ciliary
sensor.
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Gaussian classifier Ripe fruit
(i.e. Gaussian Naive Bayes) 700 * Dataset and 2c surface
a
= 600
E
E 500
Combining
R,S, E
Sensor Eruit 1 feature 2 features 3 features
(F) (E + R) (S+ F + R)
B Apple 0.83 0.92 0.96
Strawberry 0.63 0.79 0.71
D Apple .71 0.88 0.88
Strawberry 0.67 0.67 0.71
E Apple 0.58 0.71 0.7
Strawberry 0.63 0.83 0.83
Table 6.3: Accuracy vs number of features used for classification with Gaussian Naive Bayes algorithm.
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FRUIT QUALITY SENSING - RESULTS L ifi izl St = e, [

Apple Strawberry

True positive | True negative Accuracy True positive | True negative Accuracy
Naive Bayes 11/12 12/12 { 0.96 Naive Bayes 7/12 10/12 0.71
Random Forest 10/12 12/12 \ 0.92 Random Forest 8/12 11/12 0.79
m True positive | True negative Accuracy True positive | True negative Accuracy
G h=1l6mm  NaiveBayes 10/12 11/12 0.88 Natve By iz T o
8 $=320pum  Random Forest 10/12 11/12 0.88 Random Forest 10/12 10/12 0.83
True positive | True negative Accuracy True positive | True negativ Accuracy
Naive Bayes 9/12 8/12 0.71 Naive Bayes 10/12 10/12 0.83
Random Forest 9/12 11/12 0.83 Random Forest 10/12 10/12 0.83
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Final food inspection
Integrated

Food control
&

management
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Magnetic Biosensors




Magnetic Biosensors and-biomedical interfaces

Needle sensors
Flexible MR Sensors
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-
Detection of
Biomolecular Recognition

Biosensors and Bioelectronics, 210, 114302 (2022),
Lab-on-Chip 18, 2593-2603 (2018);

Trends in Biotechnology, August 2004

IEEE Magnetics Letters, 10 (1) (2019);

Anal. Bioanal. Chem. (2019) 411, pp. 1839 (2019);
ACS Nano 11 (11), pp 10659-10664 (2017)
Lab-on-Chip, 11 (13), 2255 — 2261 (2011)

Analytical Methods. 8, 119-128 (2016);

Lab-on-Chip, 2012, 12 (3), 546 — 557 (2011)
Biosensors and Bioelectronics 11, 100149, (2022)

Immobilized probe hybridization
with a complementary target DNA
Passivation layer

Substrate Magnetoresistive sensor

On-chip current lines for magnetic labels attraction
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Applied External Magnetic Field

Streptavidin-coated Magnetic
> Nanoparticles (MNPs)
~N
Biotinylated Capture yad AN
/ \
Molecule / \
(e.g. antibody) ) A \
/ \
/ \
I \ .
Target Molecule - | I — MNPs  Magnetic
(e.g. antibody, antigen, small | ' Fringe Field
organic molecules) \ /
\ /
\ /
< \ /
Recognition AN J/
Molecule N o » Gold covered magnetic
(e.g. antibody, antibody S~ - sensor

~~ — —_—
mimetic, antigen) *"



I

Highly sensitive
Multiplexing capability
Distinct sensing regions
Disposable Biochips

EEEzZAammuEm]

Streptavidin coated
Magnetic Particles

Biotinylated Target

DNA Probe

Sensor (UVO Cleaned)

Spin valve (SV)
sensors

Gold thin film
over SV

Size:
15x15x3.5 cm

—

FCT PhD ‘

PROGRAM MES oy
Microsistemas e
Nanotecnologias

B\ INTERNATIONAL IBERIAN
"®el NANOTECHNOLOGY

W LABORATORY




— Control sensor

Nanomag 250 nm

Ac anti-Salmonella

Ac anti-E. coli

= magnetic
09 ] labels

Signal (IVrms)
(o))
o
8

1

Time (s)

0 400 800 1200 1600 2000

Signal (1Vrms)

Salmonella

Signal sensor

Ac anti-Salmonella

wash

10001 Sample
800
600+
400 magnetic
labels
200"

o
1 L

Signal ~210 pvrms

0 400

800 1200 1600 2000

Time (s)
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Biosensors and Bioelectronies 210 (2022) 114302

Contents lists available at ScienceDirect

Zika and dengue viruses Microsistemas &
Nanotecnologias

Biosensors and Bioelectronics

- 4
ELSEVIER journal homepage: www.elsevier.com/locate/bios
: . z , . A. B.
Combined detection of molecular and serological signatures of viral RREEEEEEEED
% s ' '
infections: The dual assay concept i i
' '
' S, . ! )
andwich | Competitive
. ab,e, T 2 1 i . e s yede ' '
Débora C. Albuquerque ™™, Veronica C. Martins *, Elisabete Fernandes ‘, Libia Zé-Zé ™", ' A ' Ap CUPETRYS, Sk Ay
c X ' '
Maria Joao Alves“, Susana Cardoso ™" ' ssay | ssay
* IST - Instituto Superior Técnico, University of Lisbon, Lishoa, 1049-001, Portugal ' '
b INESC-MN-insriaute de Engenharia de Sistemas E Computadores — Microsistemas ¢ Nanoteenologias, Lishoa, 1000-029, Portugal ' '
€ INL, ional ? ch Lab, ry, Braga, 4715-330, Pormugal : :
¢ INSA- National Institute of Health Doutor Ricardo Jorge. Centre for Vectors and Infectious Diseases Research, Aguas de Moura, 2965-575, Portugal ' ' i
© BiolSI - Biosystems and Integrative Sciences Institute, Edificio TecLabs, Campus da FCUL, Campo Grande, Lisboa, 1749-016. Portugal : : g
' '
' '
' '
' '
' '
' '
' '
' ]
' '
' '
' '
' '
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above threshold? H
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+ Negative for Zika Virus :
Flavivirus probe ' ~
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threshold? Positive for Dengue i
YES = Virus
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NO L 1 PD above — ' H
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6
Chikungunya
[ Target West Nile Tar
: get Yellow Fever Target
5 Zika Target) I 05 05 2
" ! . 36+08% 1
H :
P - — =
Dengue 05+ 054
0,
25+£03% serotype-2 Target ! T
é 5 I g" g-LO- -06+02% S
< | I g 2 i oD 02+01%
> b2 E
< [) 0, 2,04
2111£04% 13+02% 18£03% 04£02%
-19+04% L 25+
23£02%
08+0.1% 23+02%
30 : : - T EY
14 FLAV ZiKv DENV2 CHIKV e FLAV Zkv DENV2 CHIKV
0
FLAV ZIKV FLAV DENV2 CHIKV
Probes

——=Magnetic Nanoparticle

» Successful detection of ZIKV, DENV-2 and CHIKV, with high signal
L specificity
) * No signal detection for non-specific flaviviruses. High probe specificity

Biotinylated Target ~—




_ Labels magnetization -
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Microfluidics technology

Microfluidic
Channel AN

Detection principle Sensors
\

100 pum

Detection signals

Labelled _ 5%
bacteria @0, 2@




(a) PUMPS

Vertical
Focusing

Sample

Lateral
Focusing

(b)

INTEGRATED
ACQUISITION
PLATFORM

SV CHIP
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Vertical Focusing
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Lab-on-Chip 18, 2593-2603 (2018);
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XMR sensors

— thin film control at sub nm level
- noise
- thermal stability
- detectivity
Applications
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Technological challenges:

- Compatibility with electronics => Wheatstone Bridge



REQUIRED: \WHEATSTONE BRIDGE Ftemas&

Nanotecnologias
Simplest way to measure:

Advantages:

* Bipolar output

* Noise immunity

* Easy biasing (V const)

Disadvantage:

* Requires 4 TMR sensors
* Anti-parallel sensitivities

Disadvantages:

* Current source is difficult to implement
* Prone to supply noise

* Qutput is not zero when field is zero
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Full bridge with mechanical mounting -

Microsistemas &
Nanotecnologias

1 deposition step for TMR definition

o i Ao b | The same annealing for all wafer

Dicing and flip
to mount at 180°

e Tl FLll Weatstone Bridge

BEFEHETE] zOFEEHEE




Full bridge with 2 depositions -

Microsistemas &
Nanotecnologias

2 deposition steps for TMR definition
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Device Production -

Full Wheatstone Bridge Architectures Footprint Cost Performance Microsistemas &
Nanotecnologias
Discrete Assembling O O
Single xMR
Sensor/Source Arrangement
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