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This lecture chapters 14.4
Magnetic Sensors

* Digital Compass

 Current sensor
Position, acceleration
Rotational velocity
Flow (Ferrofluids)
Biosensors (antibody labeled microbeads)
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(pnB_p n )/p n = (I' n M B)2

magnetoresitive effect small for silicon
ex. p,p~1.02 p, at B =1 Tesla

Hall coefficient: Ry= -r,/qn

Where r, electron diffraction coefficient
and n density of free electrons (holes).
Low dopant levels yields high Hall coefficient;
Relative coefficient of sensitivity is: Ry/t = V/IB







CC1 = current contact 1
CC2 = current contact 2
SC1 = sensor contact 1
SC2 = sensor contact 2

Relative sensitivity factor: R/t = V/IB




* Higher sensitivity
e Faster
™ « Smaller

VH=G ID B rnch/ Qch

Jmfr

Vy =-1Br,/qnt;

SI = I'nch/ Qch =

I'nch/ (VG'VT)
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Heat
IR

Position

Velocity (Rotational velocity)

Flow

Chemical Sensors
— Absorbance

— Luminescence
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This lecture chapters 13.2-5
Photodetectors
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m‘::‘: ;::'nduc!we Elecirode

R =1/(cdw)

Ac = eNy(1, T, 1L, T,)

u is the mobility for holes (p) resp. electrons (n) and
T is particle mean lifetime.
N, is the number of charge carriers generated per second:

N, =nd(1-e~2d)

ratal condact
WC
) 3

Electron-/hole pairs formed in the intrinsic region
of the reversed potential pn-junction generates the
photocurrent.
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Open circuit
Photovoltaic mode
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(a) p-ntype (SiorGaAsP)

(c) Schottky type(Ga AsRGaP)
Au hf

Short circuit
Photoconductive mode
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{d) Avalanche type (Si}
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* higher sensitivity

* faster
* smaller
* more stable

* better linearity
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* Increased optical path length. Lambert-Beers law:
A =abc (molar absorptivity, path length, concentration)

* Rugged and alignment-free operation of the devices
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Buffer Buffer

Evanescent wave sensing Free-space wave sensing

* Probes the surface of * Probes the bulk of the
the core layer solution

* Light is guided in the * Light is unguided in the
detection region detection region

15



”””HJHHHH

16



- T &y § i

e

- & & = 6
v Waveguide
V.

\
T =Air

-

Silicon | 4‘(

-

17



microfluidic
channels

-

250 pm ﬂ

Waveguide Waveguide
for collection for excitation
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Width: 24 um | Nitrogen doped Germanium doped

Buffer 10 um wet oxide 10 pm wet oxide
Core 4 um SiON, 4 um SiGe O,
Cladding 7 um SiO, 5 um BPSG




Propagation loss [dB/cm]
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0 1 2 3 4 5
Rhodamine concentration in SU-8 (umol/g)
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Stray light
rejection structu
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Fluidic
channel
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FFT amplitude

Fundamental peak (S/N=23)

Harmonics

10 15
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Frequency [Hz]

Dye laser
(Rhodamine 6G)

Laser light is
formed in a Bragg
resonator (b)

Pumped with
external 532 nm
Nd:YAG laser
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Normalized intensity [arb. units]

5

— —_—
& u-| &

ser power [arb. units]
§ .

g
&
g
i

Wavelength A [nm]

-

0 20 40 60 80 100

04
10 20 30 40 50 60

Pump pulse fluence [pJ/mm’]

Output |

25



