ANNEX 1
3 problems from the nanoelectronics course at IST-Lisbon

Probiem 1

“Dimensioning a magnetic tweezer and 2 asor to monitor DNA manslocationusingan @) The Mapmetic Tweezer. Calculate the force Fr that the lum radivs bead
M SITRCHON & ATy M MioleCUlar midor™ (smsceptibility X=0.5, for H= 2kASm) will be subject to, creaed by the feld Be
Consider Fig.1 camsad by the curment loop (I = . R=Jll. T 100p i placed on 2 oxide
e B =>  puimi mesa, [l thick. The bead attaches to a DNA strand, 2um long.
F d)

) by Mow redesign the magnetic tweezer using & thin , magnetined Col®t film, 100nm

HEAD thick { Mr=400kA/m), placed on top of the Sum thick oxide. For the field
- calculation, consider onty the mapgned exmemities & the border of the pit, and use
2 21D approach | magnet width == magned thickness). Cabculate the foroe cresied
DNA by this magmet on the bead.
He = -io/2 mp { 82-81) ; Hi= -(af2 7y Im f 1271 =22 class, whan & is the
RE | magnetic surface charpe M.m).

Sum

DMA subsimate 1 = gin 100 Hz 1) Assuming the sascepibility piven above,
J calculate the rms voltape in the magnetoresistive sensor created by ibe bead, at its

i Hwﬂtl:ea:l't'imainﬂizedbjlanhcmld:realedbjla:memwimmlm

——— O initial separation. The magmetorsistive snsor is a spin valve, with 3 maximum
MR sensor Bead MEB=10%, a resistance per square K=200hm'sq, dimensions ( &am by 2 am), with
fmm a DC bias curent of 10mA, and a linear range of + 1kA/m Calculate the spatial

(AC) sensitivity ( del Videl Z) around the initial bead position




Problem 3: a bromolecular separation lab on chup platform ( scheduled handing 1 fime: October
l6th 2012)

Fizg.]l shows a top view of a2 mucrofludic chamber used for biomeolecular separaton. The chamber
15 14 um high 10mm long and 3pm wide. Cells labeled with magnefic nanoparticles enter from
the left bottom mlet, with a honzontal velooity of 1, 5 and 10 mm'/s { fiwmd velocity ) and are
subject to the magnehe force created by a permanent magnet placed as indicated 1o the figure ( Mr
= 1100 kA'm. magnet dimensions 4xdmm?). Caleulate the cell trajectory neglecting gravity and
impulsion forces [ only the Stokes force Fae =6 T B W{Viuia -Viesas ) and the magnetic force Fy =
grad (m B} will affect the bead mohon, where E;=1 (um and pu = 0.001 Pa s). Assume that the
cell coated with magnefic nanoparticles acts as a3 macro moment with satwraton magnetizahon
Ms=37kA'm for H = 500 kA'm { magnetic susceptbility y = 0.25 for H = Hs = 500 kA'm), and
moment m=MM:Vb. Calculate the bead trajectory for a bead that enters at the bottom for different
honzontal flmd velocities of 1.5 and 10 mm/'s.

MNote: 1n practice assume that for a tme mtervals At the bead almost immediately reaches the
termunal speed miven where Fmag +F drag =0 and use this termmunal speed to calculate the mohion
withm this ime mterval. Take mmfo account both honzontal and vertical field gradients created by
the magnet on the bead For the honzontal movement take also into account the magnetic force
along x.
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Mgnetophoresis: using magnetic beads to separate biological entities

Foag =V (m.B)
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Vmag — ~ 6mnR
Fdragx
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Problem 4: A magnetoresistive based brochip for biomolecular recogmfion detection.
( to be handed in Tuesday October 30™)

In a biomeolecular recognifion chap, probes are immobihzed on a substrate, and labeled targets are amrayed
over the probes, When complementarity exists between the probe and target. the target biomolecule
becomes immobilized on the substrate, and the label can be detected by an infegrated transducer. A
magnetoresisiive blochip uses a magnetoresistive deftector to measure the fringe field coming from
magnetic labels attached to biomolecular targets, that are specifically bound to immobilized probes. In thas
problem consider that target DNA 1= labeled with mapmetic nanoparbicles { magnetite based) wath a
diameter of 100nm and a magnetic susceptibility at low frequency ( = 1 kHz) of 1. The labels are
magnetzed by a transverse AC field of 1kA'm { amphitude) at 800 Hz created by mtegrated Helmoltz cols.
The label fimge field 15 detected with a lineanized spin valve sensor with dimenzions 2pum x 80 pm, with
ME = 108, Hfﬂr = 1. 3kAMm, Bs= 1kQhm, Is=2mA. The spm valve sensor 15 passivated by a AlOx layer
400nm thick.

a) Calculate the response of the sensor to a single bead finge field, assuming the bead 15 placed over
the center of the sensor. Assume the bead center to sensor free laver separation to be 400nm.

b) Enpowing that the sensor nowse level at 800 Hz 15 500V /sqrifHz) calculate the punmoum number of
these labels that can be detected by this sensor. Assume that a frequency bandwidih of 100 Hz 1s
used for the measurement, and that the beads are located approximately near the center line of the
sensor | away from the edges).

AV(SV) = ME. Rs. L=Hs=/ 2H*T

I‘“"g” E”t'j"ﬂ Target DNA
{na:%rfc e e Hybnidizes with
: probe

=" o

Probe DMNA immobilized

On chip surface

~microspotting

—arraying (B+E) + surface funccionalization

MR sensor
Detects fringe field
From magnetic bead



ANNEX I1: The Spin Valve Sensor

Exchange
Pinned g

Spacer

/I Fre

Contact pad
Contact pad

AV =% (AR/R).1.Rsq.(W/h) <1-cos (0+6, )>

1=C.Tsang, R.E.Fontana, T.Lin, D.E.Heim, V.S.Speriosu, B.A.Gurney, and M.L.Williams, IEEE Trans.Magn., 30, 3801 (1994).

3- B.Dieny, V.S.Speriosu, S.S.Parkin, B.A.Gurney, D.R.Wilhoit, and D.Mauri, Phys.Rev.B, 43, 1297(1991).

4- D.E.Heim, R.E.Fontana, C.Tsang, V.S.Speriosu, B.A.Gurney, and M.L.Williams, IEEE Trans.Magn.., 30, 316 (1994); P.P.Freitas,
J.L.Leal, L.V.Melo, N.J.Oliveira, L.Rodrigues, and A.T.Sousa, Appl.Phys.Lett., 65, 493 (1994);

J.L.Leal, N.J.Oliveira, L.Rodrigues, A.T.Sousa, and P.P.Freitas, IEEE Trans.Magn., 30, 3031(1994).



ANNEX-II Spin Valve sensors-magnetic
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SV materials
Basic stack(94-97)  SAFTNIFeCr(37-02) Specular SAF(01-)

NOL?2

NiFe

Ru

NiFeCr NiFeCr
8%<MR<10%
s 10%<MR<15%
Hf < 10 Oe Hex > 3000 Oe 14%<MR<16(20)%

Hex > 600 Oe(Mnlr)
> 1000 Oe (MnPt)



ANNEX 3: MR DEVICE MICROFABRICATION PROCES
Current-perpendicular-to-plane (CPP) device fabrication

Top Contact Lead

Top |
Contact

Barri EI""‘% Al 5-10A + Oxid. Junction Pillar

Bottom Electrical

Contact | Current

Bottom Contact Lead




Microfabrication process

Stack
1.5 pm thick photoresist lilllllllillll

_ h | f
e e

The complete stack is Stop point is signaled
~18004 thick by the transparency of

the substrate




4) Resist Strip

Resist Striper

Microstrip 2001 (Fuji) is used
to remove the remaining
photo-resist

)

~2 hours in a hot bath
(65" C) + Ultrasounds

750pm x 50um

At this point, the shape of
what will become the bottom
contact lead is defined.




5) 2. Lithography : Junction Pillar Definition 6) Junction Pillar Etching

Stop point must be after the barrier and
before the substrate. Calibration samples
are used to monitor the etching stop point.

-

/ e

Minimum Junction Area : 1x1 pm?




6) Junction Pillar Etching

Art
beaam
| : |
¢ beam T
e N & Ar/O, -
700\ \\ NN __beam
' ! 40::._;..;_."._\‘.‘ _-_-_ -.__-___'_-.- —
End point L1
Early Etching Stage : At the level of the barrier: Final oxidation step:
Large incident angle Shallow incident angle Any material deposited in
reduces shadow effects, increases the etching in the the sidewalls of the junction
but results in heavy sidewalls of the pillar, is oxidized, becoming an

redeposition reducing the amount of insulator.

redeposited material



Critical Step #1 : lon Milling of a NanoPillar INL;":}”
Etch Stop Point Detection Ty

LAGORATORY

7/ Che
Marker

Ru

Braga
June 6th, 2012
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http://www.inl.int/index.php
http://www.inl.int/index.php

7) Insulating Oxide

Al,O, or SiO,

- m)

~1 day in a hot bath
(65" C) + Ultrasounds

Only connection to the
top electrode

Via opening can be seen
visually in an optical
microscope.




10) Top Lead Definition : Metal deposition

9) 34, Lithography : Top Lead Definition

+ Lift-off

Al (3000A) + TiWN, (150A)

Top Electrode

Reinforcement Definition

of the bottom
contacts




Up to 70,000 sensor devices in a 200mm diameter wafer




Tunnel Junctions Characterization
Automatic Measurement of Transport Properties

Automatic Measurement Setu

Cail current supply
Kepoco BOP 50
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KLA 3700

Probe Station £}




ANNEX 4: MICROFLUIDICS PROCESS

The fluidic component is made of
PDMS using a standard micro
molding technique.

A master made of photoresist was
patterned with UV lithography
to define a counter mold of PDMS

Irreversible bonding between
PDMS surface and the passivation
surface of the chip: Si02

This picture shows a perfectly
sealed system without leaks and
with laminar flow.



Alignment Water between the surfaces!
PDMS (fixed to the table)

Chip \
{fixed to the posib oner)‘\\ Adjustadle




Wire bonding or packaging Tineandancke
support

Chipsupport

=

Tipsand PDMS support

\®

Cable Socket
PCB




Microfluidic process development:

ANNEX 4 Macro moId (PMMA)

Microfluidic
PDMS
processing
Consumables
Milling machine
- PDMS mold o
Mixture 1:10 ratio Degasification step Injection into the mold

PR mold+
PMMA mold

/-e':‘f" Elastomer




Irreversible surface bonding - I
S102 - PDMS

- Irreversible bonding Plasma activation
OH OH —
E | OH— 2 E OH '_E{J_
5 - OntroHTg —— 5— 3
CH; OH-— CH3 OH —

Pre-cleaning protocols (Si02)

| Machine | Plasmaconditons | Tme | ContactAngle |

28mW/cm?, 5mm separation from 30min+2min 0. n
UVO cleaner ; Pl
the UV light ([ozone plasma) exhaustion step ;

Note: the contact angle for SiO2 not cleaned is 72.2 £ 0.20 I ———

_ H T




Other topics: 1-j) Immunocromatographic tests: also a target for MR biochips

urine containing _ _ N
hCG molecules anti-hCG antibody hcG molecule  positive test result

/y attached to b_Iue digyound to (bJue line) With
% (detector antibody)snti-hCG antibod}/ R Ibarra+
de Teresa
D.Serrate

migration
membrane substrate direction Zaragossa
control detector antibody

attached to blue die anti-hCG

capture antibodies

control capture antibody
(control blue line) ~ top view

1 ,0Fe-SE+1 I TPM |

S

) heg concentration

» control fringe

. - testfringe
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Detection zone
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Capillary migration W VT
Sample pad Reagent pad Absorbent pad

¥

Lateral Flow Membrane
|_abels the analyte of interest with

a)

Sensor 1 (ref sensor)

Particles area

Stripe

il

I

Sensor 2 (active sensor)

Magnet (500 Oe)

b)

GMR
SENSOR

l STRIPE
3' "

c)

Signal (uVrms)

1000

100

Concentration (% w/v)

magnetic nanoparticules and
captured by antibodies in the
detection zone.

)
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