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Year Effect Description Application

1842 Joule Magnetostriction-change in Acoustic delay line
of ferromagnet with magnetisation. magnetometers.

1846 - Change in Young's modulus with Acoustic delay line
magnetisation. magnetometers.

1847 Matteucci Torsion of a ferromagnetic rod Magnetoelastic sénsor.
changes magnetisation.

1856 Thomson Change in electrical resistance with ~ Magnetoresistive
magnetic field. SENSOrs.

1858 Wiedemann A Torsion is created by a current Torque and force:
carring ferromagnetic rod when measurement
subjected to a longitudinal field

1865 Villari Magnetization effected by tensile Magnetoelastic
or compressive strength. SEensors. “

1879 Hall Transverse voltage created across Magnetogalvanié
curreni-caxrying crystal by magnetic  sensors.

field.

1903 Skin Displacement of current to surface Position sensors.
due to eddy current. (distance, proximity)

1931 Sixtus Pulse magnetisation by large Wiegand and pulse-

Tonks Barkhausen jumps. Wire sensors. '

1962 Josephson Quantum mechanical tunnelling Position sensors ‘

effect between two superconducting

layers.

SQUID magnetometers.
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6 =tan™'(u.B,) (2.21)
R(0)=R,(1+tan’ 0) > R(B,) = R,(1+ K,,.i*.B?) (2.22)

I = J v @ 1 4 a = Y 1
aAun Kar ‘U‘Llﬂ‘Uﬂﬁi'lﬁ'J'Ll‘l!'E]\W'u'lﬂL‘W?I‘W']N114QﬂﬂﬂﬂLwaﬂuﬂ'nllﬂ’ﬂ\nnﬂﬂ’ﬂﬂ’J'IiJUT)

TavinauduuniilnFanesmunsoutia1diduaessiinfe soadimanuyuvuiy
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Fosdomuduuduviiy Tasamshaulumsassivmunuimanazuandaiuginsal
aaaﬁﬁa‘luqﬂnsafuuﬂﬁTﬂ?fnﬁmei’vz'lﬂmﬁ'unmﬁﬂi'fumaumﬁuaaaﬁuﬁi%zmﬁuusma
sudnszidulssgnneilfifamafounlasvesnnud i 314 2.10)
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2.3 uuniilnlalea (Magnetodiode)

mmumJniamsamuammmmanTﬂsaﬁﬂmamuammsﬂ‘n 211 udaaq
quasqugmwaunﬂuTm'lﬂTaﬂIﬂuuuﬂmmun ANUAIUAZANUTI (Ixwxd) 817
ANUUANANYBITATINSTINFINIME SENTdeeseures i unalio a9 N Tanouy
AU (magneto concentration effect) Tﬂuwmxgnnszﬁwﬁ'wusaamiwfﬁ1°lﬁ'n‘jmmu
Tdsvovveaginsal ANUUANAIYOITATINGTT IWAININE (recombination) i1y
mainuvesmniilalaleadndau Tasns14 si-a1-0, wax si-sio, fifuii3ond sos
(Silicon-On-Sapphire) Auaazl 2.12(n) Ayl lumsasrvsuaunsimaniinssuansd

aunsan 1a lasarumsi 2.23 [15]

AV e b )T, ()

S, =
LB~ 8KTI /

(2.23)

= aa a d o @
lagi 7 AvanwendvesFaneusiiabu, v uaz v, AesaInssudavenme, K,

Az 41, ADANMNANUAGDIAIVOININE AT 7,, AOBIGYDININE

A

37 2.11 Taseadndudavinavesni a'laloa [15]

b 4
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gangiidudidy fugiuvesmsldlassaduuniilalalenasaatia1d1ae
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TuTwarsnsudamesn 185 lusadounduiisesdeni-Bu  naroilugasinissiugai
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Hmidivues sos  uuniilalalea aurwudimanuuaaei ¥nssuaid oy ldain

[ q’/’ = 4 o o 1 aa g a dy
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1 Depletion layer
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I
!
|
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71U 2.12 TnssadwveuwniiTnlaTeaneswiia (n) SOS waz (u) CMOS [15]

|
i
|
|
i
|
i
|
|

2.4 tunillansn@mned (Magnetotransistor)

uunﬁT¢m51u°?fffma§n‘fluqﬂﬂsn‘i’m'zﬁuﬁumuaimﬁﬂﬁmﬁﬂiiﬂsm%ﬁwm
"luTw'ciﬁmmc“nfrmaﬂumsmam’x”uammuimﬁn aunsaasivaimin 18y
fiemannfslasaunsaudeldifiu 2 siia fe u,umﬂwﬂ51u°1famasww1mmaaum‘lu
KM ( vertical magnetotransistor ) a2 Wnfi TansmFamoifinmsindoliilumuen
(lateral magnetotransistor ) maﬁuﬂmmnﬁmanTﬂﬂmﬁaﬁﬁﬂmiﬂﬂﬂgmiinfaaaﬁ' 13900

o o w ° = 1 ’ :/’ 1
Liu“lfﬂiz‘lﬂ'lﬂ‘]JW1ﬂ$ﬂ11ﬁlﬂﬂﬂ31ullﬂﬂﬂ'l\ﬁzﬁ']']\iﬂi3!&ﬂﬂﬂﬁlﬁﬂm@gﬂﬂﬁ?q ﬂﬁllﬂ1Uﬂ1i

a 1 t :/' 4 ' o { l
Lﬂﬂﬂ'l'llluﬂﬂﬂﬂxﬁzﬂ'J'I\iﬂi&’u.ﬂﬂﬂmﬁﬂma;ﬂ\iﬁﬂ\i (AIC) ﬁuagﬂunmﬁﬂgmmmwmz

(carrier deflection) g NTZUAMIAAINMTNBAGIAN (modulation current injection) [1-6]

i
i
[

o a | "
2.4.1 munillannudmnefyfianszualnauuife (Vertical magnetotlransmtor)

U 2.13 uamiﬂsaﬁ%’mmnﬁTssmsmf-’?ﬂma';ﬁwmwmﬁauﬁmmﬁmﬁﬂma%’w

innﬂsomumsamwugmmm"lu‘[wms Tﬂimmﬂsxﬂaumﬂmmmmmwuﬂ npn ’d’rN

ﬁ'mﬂﬂuﬂﬁﬂﬂﬂﬁlﬁﬂiiﬂﬁuﬁzmfl'i'.]ll N“BHHQ (buried layer) ﬂﬂiﬁﬁlulﬂﬁ ﬂﬂﬂ&ﬂﬂlﬂﬂﬂ’lﬂ
I
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9 a 4 1 a ° 1 1 1 n’:
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(buried layer) N4a04

n-epuayer

P-substrate
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U 2.13 AwdavneTassadavewwnii Tans wdmaefsidanszua nauuina [1]
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1 aa d 1 3 aa 4
WvzanngnaannoNamesmudua lfavudnvesneamames nszuday
(] [ 1 q’;’ : H [ [ =1
uoniiuosaauTasudazdansy 1dsduila (buried layer) M09 vaueh Ll auuuiman

o

ﬂmhunszuﬁﬂamaﬂmas'ﬁy'mmwhﬁua:ﬂuamazﬂuqa Iy =1.,=1,/2 lavi I,
fonnsnszuaneaAReI R rea A i couinm Endarmu iddelmauuimdn
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1 ' J : !
qA0IAL = I, =1, ANUUANANITZNINNIZLANDAIAAAD SN0 1A Iavaun1si 2.24

Al. =G (LIW,).1.B (2.24)
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S =|Al./1,,B| (2.25)
unuaumsi 2.24 aaluaunisi 2.25 9218
S=G.u,(LIW,) (2.26)
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Sy= |0V 10B|,, = R: |01 10B|,., (2.27)
S=V;' |0V /0B|s. =1;' |01 /8B 5., (2.28) -
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24.20nillanmmidamesvilanszualnanaunauen(Lateral magnetotransistor)
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Al = iy DYl (2.29)
Ic 3 Ic1 + Icz
Al = Kg(yp +u,).B, .1,

(2.30)
(2.31)
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2.43 uunlAnuF@Ae 3013191 (Three terminal magnetotransistor)
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I=I+1, (2:34)
nszuadiiameiaunsouaaseglumenvesiSinanumuuniuveslen J,, feaums2.3s
I=J,W,d (2.35)
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tan6y, = p,.B, (2.36)
(AY)=Wp.p,.B, (2.37)
Al =J W, W, tan 8, | (2.38)
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Mobility, cmzj(V.s)

MARUIN
1. qauniinialveadaney
Properties of Si at 300 K
Properties Si
Atoms/cm’ 5.0x 1I022
Atomic weight 28.09
Breakdown field, V/cm ~3x l 0’
Crystal Structure Diamond
Density, g/cm3 2.32:8
Distance between neighboring atoms, nm 0.2328
Effective density of states
Valence band, cm’ 1.04x1 0\
Conduction band, cm” 2.8x10"
Effective mass, m /mo
Electron m.l=d.98
m =0.19
Holes m.lh=0. 16
m ,,=0.49
Electron affinity, V 4.05
Energy gap, eV 1.12
Index of refraction 342
Intrinsic carrier concentration, cm” 1.45x10"
Intrinsic Debye length, pm 24
Intrinsic resistivity, W-cm 23 x 10°
Lattice constant, nm 0.5431
Linear coefficient of thermal expansion, cm/(cm-K) 2.6x10°
Melting point, °C 14 1 5
Minority-carrier lifetime, s 2.5%10°
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Properties Si
Electron 1500
Holes 475
Optical phonon energy, eV 0.063
Phonon mean free path, nm 7.6 (electron)
5.5 (hole)
Poissiongs ratio 0.42
Relative permittivity 1 1.9
Specific heat, J/(g.K) 0.7
Thenna1 conductivity, W/(cm-K) 1.5
Thermal diffusivity, cm’/s 0.9
vapor pressure, Pa 1at 1659 °C
10° at 900°C
Young's modulus, g/cm 1.089x10°
2. it lvesianewlacenlad
Properties of SiO, at 300K
Properties Sio,
Density, g/crn'3 2.2
DC resistivity, pm.cm 10"-10"
Dielectric strengh, V/cm ~10
Energy gap, eV 9.
Infamed absorption band, pm 9.3
Melting point, °C ~1600
Refraction index 1.46
Relative permittivity (dielectric constant) 3.9
Structure Amorphous
Thermal expansion coefficient, K' 5x1 0o’
Thermal conductivity, W/(cm.K) 0.014
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