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From a “happy and continuous” trip to a “discrete journey”
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Magneto transport in nanoscopic devices
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The experimental setup and the conventional model

Semiconductor
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gate current, Ig [pA] @ B=0 mT

Experimental results

Magneto modulated gate tunneling current
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source current, I8 [HA]@B=0 mT

Experimental results

Magneto modulated channel current
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Modeling & simulation
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gate current, Ig [pA] @ B=0 mT

Model versus experiment
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sourcs current, ls [uA]@B=0mT

Al [uA] @ Vg=0.45V

Model versus experiment
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channel current, Id [mA]
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*A Silicon Wave Field Effect Transistor WaveFET patent FIS820120227 in process
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Tunneling probability P

Potential profile

Charge stored in the quantum well
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Source

Gate-to-drain magneto modulated tunneling current
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Ip/lv

Peak-to-valley current ratio Ip/Iv

65 — I A RameSh,.., and Rl Lo, _
"High 5.2 peak-to-valley current ratio in Si/SiGe resonant interband turnel diodes
grown by chemical vapor deposition”
I in Applied Physics Letters 100, 092104, 2012
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SPICE Macro model

r,.=negative resistance \
Cp=depletion capacitance l
Cqo=quantum well-barrier capacitance

r.=external series resistance P’T D
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Oscillator circuit

oot

R=15 Q, C=1.8 fF, L=50 pH



Vout [V]
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SPICE simulation




Comments

Distortions of the Vout comes from the quantum well-barrier capacitance system,
which is a function of the charge redistribution that in turns is a function of the Vd and
Vs voltage.

The maximum frequency of oscillation f can be, in a simple approach, calculated
according to the following model. In our particular case, fis close to 0.9 THz, but it can
go higher depending on the bias conditions, and the development of a more adequate

macro model.
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Self-emitted magnetic field
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channel current, Id [nA]

Forward- and back-scattering Quasi-full backscattering
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The Non-Equilibrium Green’s Function

Sch rOdinger eq.: Electric and Magnetic
Fields
(ihV+e5\)2
H= —+U
2m

= Current in terms of
transmission:

Left contact Right contact
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The NEGF formalism can be used to analyze the wave nature of
the carrier transport in a large variety of nano-scaled electron
devices
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Conclusions

e Nanoscopic semiconductor devices should be considered as a full thermo-electro-
magnetic device for modeling purposes.

e The wave nature should also be strongly considered when modeling nanoscopic
devices.

e The magnetic components should not be neglected anymore when analyzing
“transport or transfer” device properties.
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NFET under accumulation condition
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Thoracic Muscles and Lungs
(Respiratory Activity)
Magnetic Potential evoked by the thoracic cage
Magnetic flux
density

B MEMS

1my=25uT

MEMS Intercostal muscle
Electromyogram
Sensor EMG

Open Thorax
(Ventilated Rat)

Antivibratory Table

Inspiratory
EMG

10 mv
B MEMS 25 mv
L 625 nT
"'.I 10's
1
Inspiratory ELECTRICAL
EMG POTENTIAL
B MAGNETIC
MENS POTENTIAL

Electrical Potential evoked by the thoracic cage
Magnetic Field

Experimental setup of an open-thoracic cage and anesthetized and ventilated rat
Ribs Cage
A

Signal conditioning and noise cancellation
system

Sine wave

A 4

converter

(1kHz)

MEMS

Sensor :D_’
dsPIC 1

Demodulator —% LPF
Instrument

amplifier
current

Buffer Adder
amplifier
-~

inverting

Large-

Sine wave

converter

(f)

4-20 mA output <—

Voltage-to-current

converter

PIC

It increases minimum detectable B
field from 1 uT down to 50 nT
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Open thorax of the rat reports from 2,000 to 10,000 stronger MCG than the typical 50 pT

human chest or 10 pT for rats.
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Magnelic Sensor Amplilude (V)

ECG ampliude {au)

A 90nm nFET at 45° with respect to the normal to the open thorax
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