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Flexible microelectrodes

Pads size/pitch designed for Harwin 2-row, 40-way vertical connector

N

25 mm

- N O o0 Oy O

Cont Cont Dist.
Feature from

act- act+

tip, ym

Metal line 13 28 3320
Sensor 14 27 3120
Electrode - 26 2920
Sensor 25 15 2720
Electrode 16 - 2520
Sensor 17 24 2320
Electrode - 23 2120
Sensor 18 22 1920
Electrode 19 - 1720
Sensor 20 21 1520

30 x 30 um? 5x 50 um?
Pt electrodes  spin valve sensors

/| |\

250 pum

J.Gaspar, J.Noh, INL
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INL"’ Flexible Grid Electrodes
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Fine-tuning the manipulation of magnetically labelled
bio-analytes by thin film micro-electromagnet traps

P.P.Freitas 1, M.Amaral 2, V.Silverio 1, M.Lopez-Martinez ,

S.Cardoso ! J.Gaspar ¢, H. Fonseca 2, M. Brito 2

1-INESC MN and IST, Lisbon , Portugal
2-INL, Braga, Portugal
3-FCUP, Porto, Portugal




HOW DOES MAGNETIC TRAPPING WORKS
F=V(m.B)

Use two B sources: B4, B,

One to create local B gradient ( coil, line) B;- large gradient

One to magnetize particles ( if possible close to saturation) B,- small gradient
VB, < VB,

F=V[m(B,).(B;+B,) ]



NEW CHALLENGES: TRAP FLUORESCENT/MAGNETICALLY LABELLED FREE PROTEINS FOR IMMUNOASSAY

Immunosuppressant assay requirements

immunosuppressant LoD in whole LoD in
blood Nanodem

0.5ng/mL 0.5pg/ mL
02pug/mL  0.2ng/mL
20 ng/ml 20 pg/ml

05ng/mL  0.5pg/mL

perfusate -
“” D50 -
l:{) L 5%/ —p | ﬁ~ s SOOI — &
microdialysis ~a SN 3 0 -_p = 080
membrane dialysate "
vascular access body interface microfluidics multiparameter optoelectronic device
- chip
-Labelling free protein _
With fluorescent/magnetic -Magnetic traps ( attract+repel)
nano-articles -Photodiodes
ot -PM magnetic separation -Microfluidics 1

* * —

http://nanodem.ifac.cnr.it/
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PROGRAMME

NAN:VGDEM



Biosensing Chip L.

PHOTODIODE

Filter + PD akra

Light p
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Magnetic trap
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MAGNETIC TRAP GEOMETRY

Mag Trap in contact with microfluidic chip
10 channels, 1 photodiode per channel

Mag Trap Chip in conatct with fluid ( inside microfluidic chamber)

1 photodiode centered over the central coil
PHOTODIODE




Calculting the magnetic force on the MNPs for circular coils
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4th generation planaized Cu coils: Cu,
Polyimide planarjzation,

N

1
R1 (Q)

R2 (Q)
R3 (Q)

R4 (Q)
2000 nm 5i0,

1000 nm AlSICu

Chip |
Chip IV
7.7
7.8
8.3
7.8
8.4
7.7
8.1
7.3

40-pum-thick plated Cu [ M2)

40-pm-thick Polyimide

Chip Il
8.3
8.8
8.7

8.5

Chip
8.4
8.3
7.1

7.1

15 nm TIW({N)/0.6 pm AISICu/15 nm TIW(N) (M1)

500 nm 50, Outer pad

Fluid input through Si via



Magnetic Trapping — 100mA

Coil Parameters:
* 1;,°¢ = 100 mA
* h=280um

| Reference signal

fu or
DDS #1 AC@ g
Agilent 332204

Bias Augxiliary Signal Recovery
Resistors Board 7265

L]

T
| é P

DDS #2 B¢ DC or Rsingle‘ R J— \\ n LOCk.-|I"|
AC ¥ Jias . j_lq_@j_ Amplifier

Agilent 33220A i

Wrew
Shared clock |‘|1 ANV> |
Probe

reference

AJ

Single sensor

Magnetic Field (uT)
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Cu cooling block - HOMOGENEQUS
LCONCENTRATOR

5 COPPER SHEETS 0.5 MM - THICK
Coolant enters from the bottom and leaves from the top

1

Cu pchannels —

for cooling

top view

2 top Cu sheet 0.5 mm-thick

fluid out
—

fluid in

top view

fluidin  fluid out

fluid in

e

fluid out

trimetric view

fluid out

D~ -]

T

o ————
——

/
l 10 mm bottom Cu sheet 0.5 mm-thick

4 top Cu sheet 0.5 mm-thick
N

e

fs \200 um channels
o
Cu pchannels  bottomview P

for cooling

Cooling power 1W at 23C

bottom Cu sheet 0.5 mm-thick

Temperature (°C)

27 -

25

24 -

23

22

LULLU\MULKLL

Heat/cool cycle
8s ON, 0.75A; 15s OFF

¥ ® T * T » 1
400 600 800 1000
t(s)

vania.silverio@tecnico.ulisboa.pt |  2016.06.30

Microsystems and
Nanotechnologies



TRAPPING EXPERIMENTS; 5 coil set up




Enlarging central coil

Green: fluorescent particles
Red: location of electromagnet tracks

4x speed up

On video:

9x repelling cycles
20x attracting
cycles

Each:

2s on, 4s off at
0.5A)

Resistance ~ 6
Ohms

Channel section:
100um*2.5mm
Channel to chip:
100um

Channel to magnet:
9mm



I=0A I=-0.5 A I=+0.5 A






PRE CLINICAL TESTS LAST 6 MONTHS Of PROJECT

Flushing perfusate

NanoDem Monitor
Cyclosporin A ng/mi

ng/mi
ng/mi
Everolimus ng/ml

Mycophenolic acid pg/ml

Tracolimus
Flushing solution is run
by gravity whenever is
necessary to clean the

venous cannula

Sirolimus

pump

m;Mkkey Mo"sc%. fluidic  /
ing cross-section
detector
data and actuator
cable
Sampling and sensing module
positioned as much as possible

close to the wrist. Its includes
interrogation optics, sampling
and reagent pumps

immunosuppressa oD in whole oD in
blood Nanodem

0.5ng/ mL 0.5pg/ mL
. 02ug/mL  02ng/mL
20 ng/ml 20 pg/ml
05ng/mL  0.5pg/mL




Magnetic Tweezer, DNA manipulation, DNA translocation

~ K -~ B FpsBioMolSwitch




Optical uScope — Vertical Switch —

Achieved:
60nm resolution
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