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Abstract

This project presents the magnetic resistor that detects the magnetic
field in current mode. The structure is the silicon (nonmagnetic material)
series resistor that split one terminal into two symmetry terminals. The
output is in the form of current difference of the two symmetry terminals
rather than changing resistance for operating directly with the low voltage
current mode circuit. The operating principle is Hall Effect that magnetic
field pass-through the current induces the force acting to current carrier. The
sensitivity is not directly dependent with the number of series resistor but
depend on the magnetic density because of the form of the current
difference output. Moreover, it can also detect the direction of magnetic
field but normally magnetic resistor cannot. From the studying, this device

can detect magnetic field in current mode of operation.
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v o
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E, = (pup—mi) B Ex/(pip + nity)

(2.10)
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Y a o a v vow o o w
frgeznaNdnsiierilniiazydndusd 1 ududuniuannisi 2.8 uag 2.9 a1ug1au

L a l{ L ﬂ, o o o Ly = s d
amlwamaaaéﬁmsumsmmmaumwﬂLtammaumsw 223
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%30 tan 6 —;—L’-—p-q-u B w,B (2.35)
"7 pq Ppq "PF '
Fauayld ° .
i pq P
%30 U,=0Ry (2.36)

= d 1 S/ -4 o LY L7 U 5
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Ry = 3—8’5R,, =1.18R, (2.37)
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ada " 4 v .U . - é . . . .. : -
lunsalinfiarsanmssuiuvesnveiueznenanside (onized impurity scattering)

=

annsamAduUseivsgeadiunstiiasannmsvuiuiureniveiussnauaiside R, wan

Iesaunsi (2.39)

3157
Ry="2R, =193R (2.39)
Hi 512 H H
uay Ly = 351% p,=193p, (2.40)

A L T L) Y w QU
Wo Ly Ao AEAMAILAGRIRgRAs lNTAININsSANNSTUiUYeIN T UBERaNa1SIdD

wag 4, fi9 A1 Mobility vedlea
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2.2 [Wuwasusimdnuuulaseadregeadinan (Hallplate sensor)

[ 4 1 -4 1Y < I~ 4 [Y) ] 2 o [
Wuwesulimanuuulassaingeadwan  Uugunsalnsaduauuutivdniionde
PY) ¢ ° o ¢ ¢ v o
wanmsusngmsalvesseadlumainny lnednunzvesgunsalseadamnsauansldfagui
:t! b7 1 a' U o ) d
2.4 Fuanelaseaseveunugaadifugasvaansiamtheindu (n-substrate)  Aiflwun
ALY w ANETINGU { LazAUMUITeLRUgeadniu ¢ Taeuseneusieda
v Y o o ' Y 1
199711 4 92fe C1, €2, S1 way S2 wWislvnszualniiiszninen C1 fu C2 wazauiuuaiwdn
n’; v a [7) (a'z <, 1 V] cJ 1 ] [7]
FRAINAUNANIINTEULAISUIINU TN UFDa U T YA IIPUNANATENTZNINGTT ST fiu S2

'Y PN [20]
Taganunsamlaanaunisi 2.41

7 1
y / 5
M»x l
Yy s2
E,
1 / /c2
&,

§1
s, V o

P

P 1 1 [ < | 3 1 <
;S‘U‘VI 2.4 LLﬁﬂ\iﬁ')UUi%ﬂ@‘UﬁN‘] Teuduwasutinanlassadauuvaoaa

Ry-G-I-Bz

) (2.41)

VH -
IﬂEJ‘V] Ry ﬂ@ﬁ&l‘ﬂiuﬂﬂﬁﬁ@ﬁa G ﬂEJW’]i']&JLGlEJﬁﬂiGﬁ‘S’N t ﬂ'e'Jﬂ’J’]JWiU’]‘U?NE]Uﬂimﬁaaa By

Ao ﬂ'a'mmmuuuau'mtmman‘lummmmm

A L =) Q( H! g L o
WasnnduuszAnsueseeadlugunsalarsisiithfiansanainngiinssuveanivishe
b= =) = e'n !
ifinnveuuarlon Jslunsdigunsalseadididnaseusnnninleasnng (> p) awnsouans
aunsusugaglanil

n
Vy = qnt GB, (2.42)

G‘ « - < .
Taeh m AD Widimesnsnssds (scattering parameter)

o v ' a YY) )
ANAUNSNA 2.41 way 2.42 wanlmiuiawisniiweslaseasne G aziimnuduiusiu
Y] o a ) . Ve x| . !
usueas laewrsdiweslaseaine G awnsoussanaldseaunsi 2.43
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G=|1-exp(- 2L Gr y|11-2.5 On (2.43)
2 w tan@, 7 w tang,

laglunseenuuugunseizeadezimualidn G =1 dsnsiimeslasaisaswinfundald
8/ L4 o ] 5 s o
deenuuulv [/w = 3 uay s/w <1 Tngdundwesiiruvesaveonuuuiissss % ves
3 v € 1 [ L4 3 1 v a o
rugMgeadiman lulligluidugesivivinuuuaunsalseadamnsaudaddivansuiinge
geadlfuresylauuiiuazuuiuey Fawtinuanuaunsalunsassduauiuwingn
< v ) a
laggunn 2.5 (n) wag 2.5(1) uanwuBwUULLEEiUAIARATINBITDadLduYe fLLIRY
a [23] d! U 1 a 5 Qs v <
wiady deamnsorsiaduanuinanluiiemisuuiiaindugunsal Tassadrede 14
gwsewilafl  uazadremenszurumsassiugiugeslulngns nszuaszlvaseninga

a o v a @

d L2 QU 1 1
ddnlnsm 1 uway 2 gL TIRUIBRAYNTNTENINTIBENINIA 3 was 4 AU

Sifnnseutszana 10° - 10" em” wasilaunundudinideaseving 5 - 10 um Tagd
sonuuURRvesWanUTEIR 200 x 200 pm d@aanAug Ul e usH (Epilayer)
annsnanadldlneldifasdaileUsyy (on  implantation) Fuwadiadviliuuiavesusy
gunsafgeadimwadiausld  seadifumweiiléamyraduaumusindnuuaisanunsa

v o [v) [l 3 o 1 L4 '3 [23]
UszgndlditenrnduaunuwimdnuuaveuldlasiSendigunislsoaduuiuey

w

~
1
h

iz

) p - Substrate

(n).

Hall contacts

n - epilayer

p - Substrate

, (). :
< s < 13 a v o
JUR 2.5 uandlassaiiuasseadiduiresiuuni (n)yuuownuuy was (B).nadauana
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Current Hall
electrodes ?i electrodes

- ~ Iz . 1 =" n*buried
p-isolation k \";\ \‘\\Vé\‘\\‘\ \\ : L.J layer

INREN A Nk N

N \.‘ i \ .
HNEZINIZEMIZINE

NS 2N N

t

! \\\\ \\\\\\J: .

V,
0 rgf

L] bup _
THEREYEN ) B

}x‘ n;epx
n* buried layer R—
TS ().
p- substrate
\ NN \\\\

‘Uﬁ 2.6 Ltﬂﬂﬂiﬂiﬁﬁi’ldﬂjaﬂﬁ@aaL‘UUL‘?I@'SLL‘U’JUEJU (R). NNJJ?J\‘IW]NU‘U uag (v). MARRUIN

¢

[
< ]

v o P! 3/ v o & P o a
lasuanadagui 2.6(n) wag 2.61) laeiilaswadnigninnldifefuiuguiozaiadudia

1 < & A a o | 4 @ o aa =
Litan IﬂEJW‘LI‘Vl‘U@GE)LaﬂI‘VliﬂE]EJﬂLLUULUU'ﬁL‘MﬁEJSJT\]Gl'iﬁ wagwIngasdvianianisanlu

Qs QI A 2/ 1 L} = v a
dnvaziube telvaunsansuaesweauimaniufiemnauuiuiivesgunsal

2.3 Usqngnqm‘iuunﬁim‘%ﬁmmuﬁ (Magnetoresistance effect)

venvnusngnsaizeadlulaseaingeadinay isrdaunsonuduusingnised
AT aa v v o ¢ PPN ¢y ed 1
wuntila3daununladnaae FeunngnisalunnillesFauaunde Usingnisainaininu
o [Y) = o s ] =3 o . | s o N g
MuMUTBNElAUagULURUaUINLILYEaN NMsiUasuslasAiuaununng 13l
o ' 4 4 o a < . o o
aungraniey 2 avaAe NMIWATURUSIINATINNTNTEBAIIGIVBIUTEIN Y viTeR
! . . 4 i d a
13871 (Physical magnetoresistance effect) Laz MItUasULUAIAIAMNATUIUALRATIN

JUsrevesingunsal wieTii3undn (Geometrical magnetoresistance effect)
2.3.1) Physical magnetoresistance effect

nnfindnuiunisauyiiminetsegiamaininszareanudiiviniy il
mwmﬂuasa‘luLUuL‘nuuum‘lunimmaUnsmmimmmwm gUszgesiinianszaeanua
waqnwummmsmmmu,azqzumu Faudaiinariliwmedseqiiussaeisudieiu Ty
nsdliwmgUssquisiusaaisudesingninsailsnnnavesaulniheeadusinme

LY (= 1 & A K -] 4 v oa =] -
Uszgursshonaliliuuiu AiliinavilvinmeUssguisiuinnisilssuuudiunmedsey
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gunsalansiafind (device simulation) Fsagldnanisneazidensig wely

3.1.1 N1591ABWUUNTLUIUNTTES1S (process simulation)

Tunsdrassuuunszurunisadrsusznaumeduneuniigg WY etching, deposition,
. . . ) . . . P o x| ] -&’
ion implantation, thermal annealing and oxidation Fulun1sdnassuuiioguuiugy

vosaunsmiland ludiuvesnsdrassuvunssurunisainseseguuudugiuses 1



26

Fanou 1MiudILYBINTTIRRILUUILYNIUE (mesh) W3an3a (grid) wavgnunuiieng finite-
element structure walglunsauiumsly Fsludriumssrassuunssuiunmsainauanaly
UM 3.1
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seilguaniinnnuane Mniueg Wy viiavesdag (material type), madutiuezaey
@15138 (doping . concentration), AMUNUALULNSEUA (current density), aulslna
(electric field), dn3INIsLAALELA1TINAI MY (generation and recombination rates) wag
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lunsdaesvuigunsaliefireudaneiiluiasgnadduuasdmuniols
vaulYn 1y ussiuliiwionssualvitndudu n1ssrasawuusgunsalu TcAD  ae
widgymaunissnsquinueiifsadostunissrassuuy 1y aunisiages (Poisson
equation), aun1sauseilewemme (carrier  continuity 'équation) LLﬁ%ﬂﬂJm'ﬁs‘u‘]

@ v -1 M v o
vasTInMsufiaunsall saveanssualuihiildazgnuansesninluguil 3.3

Drain Current (A/um)
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Drain Voltage (V)
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3.2 IUiLLﬂ%?Jﬂ’]i'ii']ﬁ@\‘lLLUU TCAD

[y

Wsunsunsdrasauuy TCAD wilduusenauees og 7 dudai]

3.2.1 Sentaurus Workbench
3.2.2 Sentaurus Process

3.2.3 Sentaurus Structure Editor
3.2.4 Sentaurus Device

3.2.5 Tecplot SV

3.2.6 inspect

3.2.1 Sentaurus Workbench

] LY A 1 ] °
Sentaurus Workbench Uulusunsudumdniiniusmdiusieqlulsunsumssiass
1 4 ¥V LY 1 o [29]
Wuu TCAD lishefueu msdrassuuunssuaunsadne (Sentaurus Process)™, ans
° o . [30, ] a v
Sravauuudagunsel (Sentaurus Device)™ uasiaasiiolunsinsest (inspect) Wudu Tng

t %4 e‘ 1 o 1
TUsunsy Sentaurus Workbench annsalvgldimuauaziasundasdamisdimesaneg



28

o v o ° ° '
AUNFoINTIaeAINamInkarTIS lun1sT1a09n1syieu Tae TCAD  Tudiuveq

Sentaurus Workbench uamﬁ'ﬁg‘dﬁ 3.4

o gStart
] TechTempiates
LMO5
] SiGeHBT

a2 Tooks

3Ui 3.4 uan lusunsanssassuuuAusely Sentaurus Workbench
3.2.2 Sentaurus Process

Sentaurus Process ulusunsunlddmsusiassnsauiiisidostutuneu
YUIUNITATN WU etching, deposition, ion implantation, thermal annealing and
oxidation @4lu Sentaurus Process s¢ldfddlunissassuuumsvhandestsenaulugae
FAdasineq Ly msimunviiatazmuwnisgiuses, nsruaLn1seandindu (oxidation) 3o

a & 4 g o o
NILUIUNMTBUNSIWMGU (implantation) 1Tudu Tnegua 3.5 wansnszuaunisdrasauuy

AIBUNTIUNTY
0.2 4
Boron
0 .
1.0E+18
§.2E417
0.2 - 6.4E+17
4.6E417
2.8E417
041 1.0E+17

04 02 0 0.2

d 1 - “I
E‘U‘ﬂ 3.5 LanIdIuY0IN1SauNa UMWY uly Sentaurus Process

0.4
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3.2.3 Sentaurus Structure Editor

Sentaurus Structure Editor {udauvasnsesnuuugustdigunsaiarsisinilag
mmsnﬁasv‘hmsaﬁwaamnugﬂs"mLLazmummaqﬁaqUnmiﬁy’q 2 §iA way 3 7R Taetumauusn
maamsaﬁ’waaqmsﬁﬁmuﬁv’ﬂugﬂuuu 2 {if wag 3 U7 151win1saineguIvesiigunsel
LU ?imﬁauqumn (rectangles), gﬂwawmé‘w (polygons), gnuaaf (cuboids), 3U
n3enszUBN (cylinders), JUnsenau (spheres) uaggusnae (usiu ?iagﬂs'mtaz‘[ﬂsaa%'wﬁ'ﬁ
[31]

AudugeuinaInguise vt Famimilugiuwes Sentaurus Structure  Editor
o
wanslugui 3.6

Seniaums Structire

Goumat step 93

(v) 3 31

o v ' s
3U# 3.6 wansvthmlusunsuludiuees Sentaurus Structure Editor
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v o a [ v & [ o/ LY} P -3 ¢ l:ll -3
wa\mnn'ﬁmwuﬂnimLasaumn%mumiaswmaﬂnimwLasa]au‘um fY1NUUNIY
L‘lﬂﬁ’lua'JU‘UENﬂ’]iﬂ']ﬂﬂﬂﬂmﬁNUm‘Vl'NwaﬂﬁWN‘]VILﬂEJ’J‘UENﬂUﬂ'TiRﬂa’eNLLUUﬁ]’JE]Uﬂ’Sm ‘U\ﬂu
muua‘“aa’lumumm Sentaurus Device ‘d\‘l%ﬂm’m\ima'lﬂ

3.2.4 Sentaurus Device

Sentaurus Device Asmsdansuuunnautiinii@ndeineg unaasdinisli
(electrical), Am3BU  (thermal) v3auas (optical) lufgunsalifinoudawes Jslu

o

Qmauﬁ'ﬁsmqmdwﬁwﬂssnaw’\"sa‘[umamﬂanésﬁaqmnmaﬁmmmsnﬁﬁ]sﬂ"lm'l‘z'iﬁuﬁ'a
qunsal Lefireudainesulenuaudisqiisrdestuaniwdoulalunissiassuuy
Sentaurus  Device Fsgnliluntsusufiusingunsaluasiiornudlaluniseuged
qUnszﬁﬁa‘lﬁqﬂnmima‘lﬁ@mauﬁﬁsmqﬁwmlﬁﬁﬁqm 3sludu Sentaurus  Device 9%
Ussneufednmdwnaguining wy

3.24.1File

3.2.4.2 Electrode

3.2.4.3 Physics

3.24.4 Plot

3.2.4.5 Solve

3.2.4.1 File

Tudau file szilunstwualviddunn uasieving Mdlun1sdassnisvie wu
File {
¥ Input Files

Grid = "nmos_msh.tdr"

¥ Output Files
Current = "n1_des.plt"
Plot = “n1_des.tdr"

Tudauwes Input  Files as1dulndildndsarnnisadre Sentaurus  Structure
Editor 1aSaud 1wy juiwesihgunsalfiasussnaulufemunauas fanildlunisadned
gunsal, Anudiuduesnesansids, Snwawnnsiy, suvisteshdudalndi wazauinves
MIUUN3a (grid) w3eiua (mesh) teldlunsdunn uasludau Output Files favusenou
udhedeyaraqilfieameudsann Sentaurus Device Ailumsiadausa ?ialWéLmﬁwmmdﬂﬁ'

aja 1 & o v H
fezusgneumelumamaidndrigildannisduanud wu Wd Current fasusznauly
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o o v

medeyainertesiunszualiil, usesiulnilh Wusu daulnd deslog  1slddmiy

v a o a 4" = fa (3 ' v o
ATRdRUTBHANANTnTY Felriddunm tdinm siauansisluguin 3.9

Input:
Models, Parameter, Sweeps

command parameter
_descmd| | desSipa

current

Input: Pl _despit Output:
Device Structure grid &doping > e \'s, Field
_mshtdr g distributions
I —

=, plot
_des. tdr
¢ I
output
_des.log

Output:

Runtime messages

= YU ca .
Jun 3.9 LLNuNﬂWaauvgmLLaszcﬁwﬁﬂu Sentaurus Device

3.2.4.2 Electrode

Tudauwea Electrode 1Wumsimusitaulaveuivn (boundary condition) 19y

L L3 d' 1 1 LY a‘ ] ld'a‘ v L7 d L LY d
windudalwia «mu,mawﬁwauwalvlﬁmgnmwuﬂagwuwmmaaﬂﬂﬁmnwawﬁwamamn

Y

° = ' > °
Amualilu Sentaurus  Structure  Editor ludauves Electrode 1@ uisaiiasiviua

wa v W 1 [y v W -1 ; wad
AuanUAvaidudaligy ussiy, nssua, whddalwiwuudend, uazAuaNURBUY

LYU

Electrode {

{ Name="source" Voltage=0.0 }

{ Name="drain" Voltage=0.0 Resistor=100}

{ Name="gate" Voltage=0.0 Barrier=-0.55}

{ Name="base" Voltage=0.0 Current=0 Barrier=-0.55}

{ Name="HEMTgate" Voltage=0.0 Schottky Barrier=0.78}
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3.2.4.3 Physics

ludhuves Physics asifudauiilumamai@ndsegililunisdrassmavihanazgn
L) [ 2‘1 4w 1 ara < t o o (%4 ‘
duusznialiludiull Faiiegreaedunanisi@ng wu luwaditierfvaninaaasves
W (carrier mobility model), M3siinuazn1sniudalmivesnivy (band-gap narrowing
model), Mslessludiliasainnisyu (impact ionization model) {Wusu Feirodralunanis
Wandwdu

Physics {
Mobility( DopingDep HighFieldSat )

}

=t . e ' 2| v oy )
%3 DopingDep ¥N8id NMTANAIUDIFATNAGBIVBINIYE LD INAULTUTUDZADUEATAD
. - = AI o % ~ 4 < d
HighFieldSat wuefis AnansiBusveswme (velocity - saturation) lieagluusiaaid
annalluihas

3.2.4.4 Plot

13
<¢ e/ o

1 1 :i' v o U 4 1 A o (-]
Tugu Plot iudiuimslddmSugnisiasunlasinsgmiintundannyinisdiaes
| | o | ° a 4 v [
Tuduves Sentaurus Device @59 Inatsnaunsafasimualudaiisndssmansiule wu
AMUNULUUNSELEYRIBEnaATauNTalaa, Andluih, auulwih, Tudas, ausiveanive
o ) o & v o ) ' av v o < )

N30 ANULILYUASLIE LJUAY mmst.ﬂaauuﬂmmaqwlﬂ%l,ﬂumsmaauuﬂammmnmi
o a . ] > - - 1 y .. S
Aliunnsludiuues Sentaurus Device iaSaudr@sgnifuliluldiensvweludiuves File 9

namiilumeudy Jeretdludanes Plot iy
Plot {

eDensity hDensity eCurrent hCurrent
Potential SpaceCharge ElectricField

eMobility hMobility eVelocity hVelocity

Doping DonorConcentration AcceptorConcentration
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3.2.4.5 Solve

Tudhuvas Solve aztfudlunisimunussiunsenseualvfunchdudalni
way aun1seHdndsineg 1wy aun1siiaees (Poisson  equation), aunisaiuseifiosveas
W (carrier continuity equations) waraun1saugisudulunmsufaunismeadinenans
wieldlunssiassmsvhan daognsves Solve 1oy

Solve {
Coupled(lterations=100){ Poisson }
Coupled{ Poisson Electron Hole }
Quasistationary(
Goal{ Name="contact name" Voltage= voltage value }

)X Coupled{ Poisson Electron Hole } }

3.2.5 Tecplot SV

duwas Tecplot SV Li‘JuT,UsLms:uﬁ’(,%ﬁm%'uLLam%’agaﬁ‘lﬁmnmsé’waaqmsv?mu
U L2 a o 6" 1 1 dv d' o v v 1
mgunsaliglinoudamesludiud 199 nioinimsugssrgndmunliudaludiu Plot Tag
d 4 [} 1 a <
Tecplot SV azdann1siasutlatdee 11y aAnunuIkliunIzuavadidnnseuvsolaa,
Fnglwi, auanlnia, Wwian, Amnusiveesnve wse anudutuaiside WJudu Jeludu

Tecplot SV Ltamﬁ’agﬂﬁ 3.10

Tscpiot

U 3.10 wansdulusunsaTecplot SV
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3.2.6 Inspect

A 4 A4 a a o Qg Yo o 1% v ° °
Inspect ﬂaLﬂ'samaanwuwuammmmuLLam‘uagaﬁlmmnmsmaaamsmmu‘lugu
V0N x-y (x-y data) LU USHIuAMUIMLUNITUNS, USunaunseualwi, usesulnin

e a v A v 1
vasfagunsaileiineudames JUal 3.11 uanmiinludiuves Inspect

< v |
3UN 3.11 uanatianludnved Inspect

v v
a o

IaglusuideduiisTldlusunsunissrasanuy TCAD  Tuduvesmssriasiuuud
a L3 va A o L4 a
qunsailumsliangiaaiauinsitiuiednyusingmsalunillndaunuivulasadne
goadmanuuUs1e 1y Ysangnasaluniladfaunuivulassaduseadinan, mseenuuy
d‘ U v 3 v
WWaByNsuAIANAIUMUTINVUlAsIaTneadinan uagniseaniuulaseaiisuuulndlag
1% a o a4 o v ¢ - : a cda s '
lihaumuegiiillouguaivasndonsevseadinan  saufansAnuwisiwesfifidiudae
o aa v ¢ o ' a da
advayuusingnsaluunillasgaununiliiiesiduinisilisuudasiuunilaidaunuing
& v a sl 2 a a o Sy 1 a
Bue lagmnsiwme it ldlunsfinwluinerinusatuil Thun vilavesgiuses, A
v = a ° vo o Y a '
Wuduezmeuasido uazgamgll laslunisdasauvuisléianiiunnsreiy 2 via 1éud
aa a ¢ v v a 4 Cwoa 14 -3
Famou uay unalduongludnanududusznouansifefiunndnafiufe 2x10°  cm”,
15 =3 16 -3 ° ' aa o ' '
2x10" cm” waz 2x10° cm” wagviin1smiAuunila3aunuiinouausiodunusivan
Tutsgaumgil 200, 250 waz 300 Aadu

3.3 m3dnaewuuntsaaasUnngnmsaiuuniilaidauauivulasairsseadinaniag
TCAD
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losauAusou LLavm'lﬁlaszmalﬂLmuaquumwuwmu,m.u,sam’unszuwmsssmalu

4

dayeyrnfi(evaporation) %wzﬁ‘uwmwéhﬁzy'lunszmumstuﬁa‘law%’u'lumswé‘mﬁeﬂisﬁvg
& W ° ' = a v v u ° v v
a13neungg Mswasusgiiiienlvinarsduleneldanusudlasssuudeanisainusu
-6 ¢ &, ° g v a & & voood = o &
Uszana 10 nes(Torr) Wunshlieendiauuazaruiumdeosiian dalladewmaniiasil
e a I Y o U u o
walvegililendinudumiugals dmunszuiunssavelugyanawanidsgui 5.5 Tag
o L 84 o ' L4 [ ° U 5 o a = a o
La'l'uaamnnwﬂmauwmvwivuuaams’lmmmﬂum waIntuiguugiinsnegiiieuss
segunslundsuuuukungn m‘lvxuwuaamuaumq‘]Lﬂaawuuwuwan NSATUANAIIY
mnveslangiuasiimndiigtunsy zudlrihdsmvaulasundsienszualuih Taonis

diaduvesnszualuiiilisnsmsindouuiy (Deposition rate) getumulusig

Aluminum

Tungsten
Charge

Filament

To pump High Current Source

< C
3UN 5.5 nsyvaumsseivelugganie (Evaporation)

Lwi?iaﬁwﬁ’fwaqswumswﬁmﬁﬁauflumsmn'lumsmuaummwuwaaﬁéufgdu
NIPUILMTATN VLS| uae ULS avlaildnszuiunsiidesannssuiunsse vinelugaygyinae
Hawviliiusessudacy (Vo) uaawlmawuuamﬂmwssmnnammmmmana‘[musvuuw.,
Tnszualwihgannegiuszana 10 wewd (Amp) mmana'lwmmaumwmauﬂgumw‘lﬂ
T.mf[avu.,wmmsaswuuaﬂnsmmsmmuwvuwamamsmmwaqaﬂnsmuuq Fanuauta

=1

yaslaned mms%uﬂmauummu

' v . P <
" AwumunY (Contact resistance) fiAsvisailunouunafinuagiianmdulovy
darauunA (Ohmic contact)
oA - e ' "o aaa K = ' wact '
" mmnnene (Reliability) wu hiviu e wnaaiidvansdug e auan@dsi

< o = v
wWaguwlantuAelaveiiongnisldauiy
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° [y} . o s
" fesannsavhmsain (Photo etching) I8 wagldananeiinudnuavasidon
" dedafnduRavestuidaeulneenles (S0 lWaliaendie Siuisrda@eniuadn
Tanganneusnien

u = 2/ 1
43ANAN wazasaaselilngde

5.8 nizuumMsaisnsaynsudanuduiusinuulassaisseadinan (Series

Magnetoresistance effect on Hall plate fabrication process)

lunssvunsadruundlndfaunuivulasadveoadivan  1519gyin1sesnuuy
Tassaiaiteliiinniseynsusmmaudumunrulasadsseadinan Tnglunisdiass
~LLU‘umsa%"NmmmmLtﬂqaamﬂuaawzumawé’nq #io 1. fumeumseanuuuInda (Mask)
el duuuudmiutuneurainisteuuuamudue way 2. FuneunszUIUNsaTIE

guasalfmensguaunsnanneg seiildnanunudrtieiu Taeseazidoaveanszuiunisadia

v
Vo a

aunsaasulelasail

5.8.1 n1seanuuuinda (Mask Design)

Tuniseenuvvadasunvudivsuldludunounisgiguuvasuuiuaudaniu
P =) ) ) o ' ) -
AszUIUNISIHTAELS NI ‘lunssmumiaswdﬂiaaﬁuwaaqnsummmmumuim‘lﬂa%u
¢ v & ¢ o 1 S
WEARULUUBETIVIA 4 uda aeraluiife

" wdn 1 nwell 3nda (Mask # 1 n-well) wansiegudt 5.6(n) Wusndaduuuuilld
dmunsatreta n-well FuanundansiFefeneanasa ,

" ande 2:n'inda (Mask # 2 n) fguil 5.6(@) Wundaduuuudmiunisadietu
ansieviaduiinrundidumnng yINNsUwsEnslemeweanada

" wdn 3: indailiages (Mask #3 Window) husndadmiuldlumadiadesiierins
Fewserutulanzuasiteliifinmnaegliluumnilasairsiildeanuuuly uans
Aluguit 5.6(n) Fmdsendiadsuds iesvhnsadrdilansannssuaunisadg
wialatedy (Metallization)

" e 4: eglifleundn (Mask # 4 Aluminum) andafunuuiiaglddmsuiadu
agiilenliivdeludruilidmiuifugadoudetuundslnitainarsuenuay
mameegiideniidoinis Faguil 5.6 (9
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(M) WdA 3 (Mask#3 Window) (1) 1dA 4 (Mask#4 Aluminum)
= ¢ v ° Y v ) o ' v
g‘U‘VI 5.6 NﬂaﬂGl‘ULL‘U‘Ua’WI’iU‘L‘Zﬂ‘uﬂ33‘U’J‘Umi?I’S’Niﬂ’i\‘iEﬁNLW@@HH?Mﬂ’]ﬂ']’]&JGﬂUVﬂUi’JM

v v o ' v v ¢
5.8.2 nﬁiasw‘[ﬂsaaiwmaaqnsummmmumuﬁ NUUIﬂN’di"I\?ﬂE]ﬂﬁLWﬁVI

o ° v P v a '

JunsunsruuMIaiuTIniiniseenuuulasias e liiinniseynsuAIAg
Fumusnvulasadegeadinan Saduneunisainsrnagazuisesnliiiu 4 Tumeundng
v v - 1 v ' 1) v da v +
AIBNuUAD 1. TumBuMTaTieus  nwell 2. JumounIsastuBuNiiaNududy (n)

) a o Y a a v U ) v U a o

3. YunsumsiUaYaaiteainainawegiitisniudalave uay 4. funsunisinyuegiiiiion
< v ° [y o ¢ v o a a <
weasitalanvdmivlilunisvengunsalivunasielwinsuenuazainategiiiieud

A8aN5 lnedunousineg dansaeduiglidseluil
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5.8.2.1 YJumdUN15aSI9UD n-well

5 a o LY < aa v d‘ a
YUABUNTLUIUNTHARLINEMSUNTAS1uunTlnsTaunuivulassasraneliia
M3synsuAAImUMUTINULLATIas goadinan fe Tursunisasiave n-well awnsa

UARITURBUNTLUIUNTHANANY Lanail

()}
p-type substrate
UV Light Mask= 1 n-well
)
e p-type substrate
(‘3) i . s U8
__p-type substrate
Phosphorus diffusion
P A
® w .
~p-typesubstrate
®) s 3 ', “ #
_p-typesubstrate

o ) '
gﬂw 5.7 LanIUNIUNITLUIUNITASI9UD n-well

1. Buduanmsthuriudanousiafiszuny 100 AmuFLYLEY 14 - 16 Toviu/@u. i
mmazenimiialunmsidadianvasuuasasuluiueenanfvinveusy
Fanou faguil 5.7(n)

2. vhmsautudansulaeenleiunszuruniseendintu (oxidation process) fagui
5.7(m)

3. Tinsvuaunisa¥reainane (Photolithography) vesndadl 1 iiedmiunisadiade n-

well FaUsznaume 3 Funsufe 1. ndsutherluasPRr) 2. ¥nisansuasmisuas UV



65

(UV Exposure) Tagriumnansyanduuuy (Mask#1 n-well) faguil 5.7(%) wag 3. vh
n13asnaInaty (Develop) dmsumsaine n-well daly

. Y ¢ &4 a | ° @ ' - v W o
4. NITUIUNIT etching  Fusanleaiieiladosdmsunisunsasiieneanasanisun

v
5.7(3) yasnuuviinsastnenlinasenn
1 <~ L A 1 < 1 L2
5. NTTUIUNTUNTATRANDANDIANAMUVUUUUDLADUAITLIDNINY 1el6 aynayu/av.
= ] o wa & w o a 3 [ o
il LUuUe n-well NianwnuauUAvoasiwnnslaeuy Agun 5.7)

) ' -~ ) v il @ o
6. MaIINNSHNSAIsIIaneanasaszlmduue n-well mgﬂw 5.7®)

5.8.2.2 Yumpunsadretuduiitinududy (n)
Funsuilifunsadrstuduitianududuy () .annsrurunsunsainiedie
weavleYaiiteldlunsadremhdudaluitdely Tnotuneusisazidunuasnszuiunsuan
#iaq annsouanslddsoluil

UV Light Mask#2nt
(D))
® - p-type substrate
~ p-type substrate
Phosphorus diffusion
'&HlHH&llH
®) =
p-type substrate
@

o v ) +
EU‘VI 5.8 LL?Iﬂ\!‘UUG]’t)Uﬂi%U'JUﬂ'ﬁﬁ%"N‘UU n
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1. ATZUIUNITINANNELDIALKNUTAADUNBUNTEUIUNITAS NANawd T UNITAS 199U
¢ da v v +
DUNNAIUTHTUY (n)
va S 4 o a, ' ° Y ' P v o v
2. nszuaunslaalnnsmwievinnsiladesdnsunisunsansideveanasanelvla
kv v @ o
amnaetu n’ Ingldnsvanivldundaans (Mask # 2 n') dwansluguil 5.8(n) waz
5.8 (9) a¥19aInane (Develop) dmsunsadietu n'rely
5 5 o a 1 L) 1 1 = [ [ o
3. NS¥UIUNTT etching  Fueenlediveilladosdmiumsunsaisiieveanasa dagun
5.8 (A) wasINTuYINNIsanaunenlwasesn
1 < L% 4 1 < J L2
4. NTLUIUNTUNTATSLIDNDANDTANAMUNUILUUDLADUAITLADINIAY 1219 Dynau/av.
[ 5 + o wva & & o a < o v v (Y] -
T, WUTU N VILAAIAMANUATDIATIINAIUIYUALDUNAMUNVURNFUN 5.8(3)

5. ndanmsunsansiderleanaiaselaiudu n’ fgui 5.84)

g’l a 1 d z a
5.8.2.3 Yungunsiladeaiiaaintilansuaralnaivagiiiiioy
JuppuneuilunsugamMeveInssvunsa N ilniaunuivulasiaineead
< a | o v & 7 v ' o ! i
wande nsWiadesieaintilangdmivlvideusdeiuunainglnininaieuenuas

a o v a a a o -
anawegiitiennaenis negazidunvaanssuaunsuanannsassuelanaluil

m

")

®

Bl Aluminum

®

= I‘; v 5 o v o 1 < o v
:);'UVI 5.9 ‘UUG\’E)UﬂiS‘U')Uﬂ"Ii?IS'N‘U'JIGM&’E‘I'M?UL‘U'ONG\EJ’Q‘Uﬂimﬂ'lﬂ'uﬂﬂLLﬂSﬂ’Jﬂﬁ’]EJWVIEJQﬂW?



67

1. nsrvaunsvhawazeraududaneundainnisadtedu n' iflaanadudu deu
nizmumsLTJmﬁmﬁ’m%’uﬁﬂtﬂ'ﬁmuLLaza%qmmmaﬁquﬁ 5.9(n)

2. nszvnunsWidEnnsmilierhnsdadesdmiuldlunisadedalansuaranans
ogiifloumuilieanuuulilngldnszantnldindaans (Mask # 3 Window) fauama
Tuguit 5.9(%) wax 5.9(r) a¥uanay (Develop) dmFumsiateuiielflumsaiins
%Iaml,asa'mawaqﬁl,ﬁuu

3. nswUIuNTs etching tusenlediioilntesdmiuldlunisadretalanzuazainans
ogiflondaguil 5.9(1) nisanduihnséaietuaseen

4. nssvrumsaiedulans Metal fonsrurunsadalawdu (Metallization) fagud
5.9()

5.8.2.4 Yumpunsasiadulany
v v = a 1 <
TunaugAvINgvaINIEUINNITaIILNATlnITauAuuulATIATNERadINANLID
‘ g o 5 L d 1 e
BUNTUAANNAUINUTINAD MTiatulangdmiuldiveusadugunsalnguenuazainany

aQililouifeints lngseaudunuenizuiumsnanaiunsaasuislasselud

""""" B B8 Aluminum

)

")

p-type substrate

®

< & v Y v o '
U 5.10 uanstumeunszuuMsindulanedmivieudegunsainieuen
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13U 5.10(n) WevimsiUadesuazyiimsasissulany aluminum Fenszuanms
weialaiedu (Metallization)
1. nszvrunsiitdainnsmidwmsunssuiunmsiatlans Tngldundad (Mask # 4
Aluminum) éﬁ’agﬂﬁ 5.10(%) waz 5.10(n) WWumsadwainaie (Develop)
2. nszvaumsiadulane ( Metal Etching) dauiilifeaniseenty cv'fqgﬂﬁ 5.10(3) 2y

° H | o«
V]'\ﬂ'liﬁﬂﬂu’]&]'ﬂ')LLaﬂa')u’VlLViaaaaﬂ

UA L 5 1 % A ] ‘o’ 1 d
Tngndaannisnseuiunsiadulane lagldindeduazyinisasnuienluasdiuiivae
° Y 1 aa o v f v ) P
sanazyvlawiudaneunilasadsnmseynsumanuiumusinuulassaieeadivan

ﬁ’auam'lugﬂﬁ 5.11

] % ‘ v v ¢
EUW 5.11 LLﬁﬂﬂiﬂiﬂai'Nﬂ']5@1{?‘31]f'nﬂ')']llm']quusquU‘[ﬂiqaiq\?8ﬂaaLwaw

5.9 nszurun1sasuaniiladdaunuinuunennszud (The fabrication process of

Split-current Magnetoresistance)

TuauiiisnagnanianssuiunisasiauuniilaIdausurinuulnilassasregeadinan
° v a o a o v = &
IﬂﬂﬁwzmmsaanLLUU‘I@U’L‘UNLwnuaquLuaug‘x}amaauaamauaaaétwawm‘lﬂsqa%was
fo 9V a ¢ v v a &4 = o9y pe | a & & o
LivihiAsauulwiseadniamutradstuisvinlinisidosvuresnmziiantuiun lag
° v a d 4o '
nssraesuuulassadnilliraunuegiifiouzudmdsudousousoadinan tannsous
&, o @ - ) ¢ o v & ° v O
penluaestunsuvany Ae 1. Tunsun1soankuuandn (Mask) teldiluwuudmsutuney
VBINTHWUUUAIVUTUNI A 2. TumBUNTEUIUNITATIIgUNsalMensTUIUNISHER
#i99)
5.9.1 n1se9nuuuNEdA (Mask Design)
Tunrseanuuvandasunuudmsuldludunsunisatsuuvasvuduariudmsu

v < v a 4 4
nszurun1sIl#GTsns i lunsurumsairslaseadreitlinaumuegiiflengudasy

v ¢ - ¢ v 7 ¢ w1 o
deusauseadmanlasasiiindafuuuvegiomn 4 nda fseluiife
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" unda 1t n-well anda (Mask # 1 n-well) wansdsgudl 5.12(n) Wuandadunuuily
dmiumsadisve n-well Tusnmsunsanside (diffusion) seveanasa

" y1da 2: n+anda (Mask # 2 n+) ”agﬂ*?i 5.12(0) Wusndaduuuudmiunsadnedu
aseriaduiimududuinng Minnssuiumsuniansideseveanssa

" ynda 3: andailades (Mask #3 Window) Wusndadnduldlunisiladeaiiorng
L%amiaﬁusau’uiawLLa::Lﬁalﬁtﬁﬂamm8a§ﬁtﬁaumﬂﬂsqa§wﬁ1é’aanLLUU‘H wana
filuguit 5.12(a) Favdsnilindeauds iasvhnisaidulansdensyuiums
a$adalawdu (Metallization)

" 11da 4 eglliileasnda (Mask # 4 Aluminum) Fandaduuvuiiezlddmiuiaty
ogiiflenliivdeludiilidmividugmdansetuunasinirainatsuenuas

a o o v ) o
A998 ULUNADINNT mgﬂw 5.12(3)

.

A

LT e

L

(M) WdA 3 (Mask#3 Window) (9) udA 4 (Mask#4 Aluminum)

=] s v v v a a d 4 v <
EUVI 5.12 NqaﬂWULL’U‘Uﬂi%U')Uﬂ"ﬁaSW\?ﬂ'ﬁI‘U'}l\iLLW?U@QNLUUUEU&LWaﬂNaaNi@Uﬁ@aaLwaw
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o a o
5.9.2 msa%’wdﬂiaa%'ﬂw’lﬁwu,muaguLﬁﬂugﬂﬁmaaué’ausauaaaétwaw

v v 9 v a a { o v
TupaunsruIuNITeRnLUUlATIaTNlT L mILegliilsngUdvdsudeusoueead
wanievhargauuningeadnisiudisveurugeadinan Jadunaunisasiannegazuia
v ) Y v ow oA & v I & <
eanlailu 4 Tunsundng Meiufie 1. Junsunisaiievs n-well 2. Jumsunisadraduidud
finudndu (n') 3. funeunmsladeaiioairainarseaiifioutuialavs uas 4. funou
v 5 a o o v v 9o U o cu U
msnaduegiiiieuieaintilavsdmiuldlumaengunsalivinlwihasuenuarainais
a o v ) ' a Yo 1 ¥
agilillonninesns Tngdumausineg annsaesuielaniseludl

5.9.2.1 YuUABUNITES19UD n-well

Jumsunszuumskinusndmsumsaainiilaisaunuinliraumusgiidensy
o 4 v a I v | &
dwdoudousaugeadinan fie TunaunsasIte n-well ansandanIlunauNITUIUNTS

naneeY lanall

Q)]
p-type substrate

UVLight Mask= 1 n-well

W W

™ p-wpesubsvaié o
o n—twesubstrate ;
Phosphorus diffusion
LT
®)

w | D |

p-type substrate

s & ‘
UM 5.13 uandumeunszuIuNITaTNGe n-well
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1. Guaunnnsthuiuddaeuriafisyunu 100 Anudumwiy 14 - 16 Tesiu/a.
manuazandviiiedunisidadalevunazesnlednneg sanainfmiwes
uuBdAaY AgUN 5.13(n)

2. ynmsairuidneulaeenlenmenszuiuniseandiadu (oxidation process) fiagy
o
1 5.13(n)

v Y . 2] o o ) v '

3. ldnszviunisadainaney (Photolithography) weundafl 1 edmSunisadieue
n-well Fausznausay 3 Tuneude 1. iadeuthenliuas 2. viimsanewashewas UV

1 @ o
(UV Exposure) lngrumanszansiuuuy (Mask#l n-well) egud 5.13(v) ua 3.
[-] 1 4 o (7] ¥ L] 1
MNseseaInang (Develop) dAmsunisaiwues n-well salu
. & d o 1 9 Y] [ [ Y] <
4. nszuums etching Fusenleniieladasdmivnsunsarsiieneanada dugud
5.13(1) vidsntuinnisarsideliuaseen
1 o/ :1 ) < i) U
5. nssuiumsunsasieneanesananunuivesnetasidewiiu lel6 aznew/
4 1 A U d! U (] I 24 d
au.wa. Wule n-well fudnsgauauivesansneinhaiiandy faguil 5.13()

. a 1 <4 L b4 1 el A
6. waswwamsunsarsidereavaianglsidue nwell duguil 5.13()

5.9.2.2 Yunaun1sasTuBuntamdudy (n)

¥ 2/
o <f

Funsuiildunisadreduuidaududy () 9rnnssuaunisunsansisenie
o Y v 1 I P a
WoaneTaneldlunisasramihdudalwsely Insdunsusisazidenveanssuiunisuan
3 Y 0 dy
AN annsauanslanasieluil
1. NILUUMTINANNELDIALHUTAABUNBUNSLUIUNITAS HAIRABd T UNITaS 19Ty
2 ada v W +.
LOuNHAMsTNU () ;
= lﬂl A Q =Y 1 o L7 ] U A
2. nszuunsiWlaa nnsawilineyinisladesdmsunisunsansileneanesaielile
& ) ") =
ananetu n' lasldnszaninldindaaes (Mask # 2 n) fauandugzuil 5.14(n) uay

5.14 (¥) a¥wanaie (Develop) dmSumsadedu n vell

b

. & j ¢ o a 1 o as 1 < LY Y]
3. NS¥UIUNTT etching tusenlanlieilngesdmsunisuniansideneanasa AeguA
5.14(p) nasnuuinmsathenlilasean
' -~ v o vy & Y )
4. AssvIUMsUNSaNsReveanesanmuutuansiIawindu 1e19 sznai/av.il. LT
e‘.’l + 4 ua o v o a & o [T [v} o
| U0 NuansuEnUAvesashsinhrladuinmudntugeisgun 5.14 (1)

5. wdnasunsasideneaneiaerldiludu n' AU 5.14()
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UVLight

p-type substrate

p-type substrate

Phosphorus diffusion

bid iy

' p-type substrate

bie

e

p-type substrate

< & )
E‘U‘VI 5.14 UAAITURBUNIZUIUNTTATNTU n+

5.9.2.3 Yunaumsilindoanasaiinlansuazadnaigagiiion

®

)

UVLight

Mask# 3 Window

8 Aluminum

= ) v ¥ v o '
JU# 5.15 uanstumaunszuiumsaintilavedmiviwensiegunsaineuen
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Juneunauisiuneugavineveanszuiunsaduuniilasdaunulagldrauniu

a a o o v ¢ - a o ) ° v qvd W
agililougudmasudonsevgeadinanie malaveaiieaintilansdmduldidousiony

LLWﬁ'QQ"]U‘lWﬁ’Hﬂﬂﬂ']EJ‘U'e)ﬂLLa%ﬁ’)ﬂﬁ’]Uﬂij’ﬁLﬁUuﬁﬁENﬂ'ﬁ 1Ay518a21BYATDINTLTUIUNTIHER

annsnasunelanamaluil

al al d‘ o a 1 L v 5
1. nsgvunisiilaamnsmiiievinnisidagosdmsuldlunisasnilansuazainany
sgiilloumuildoanuuulilaglinszantldundaany (Mask # 3 Window) fauans
o v ° ) a4 o

lugun 5.15(n) way 5.15(1) a¥wainaiy (Develop) dmiumsiUateaieldlunis
aitlavzuavainaneegiiiien

NILUIUNTT etching Yusanlenialadesdmiultlunisadthlavzuazainay

a o o | [ 5 ° v 'o’
agililoudagun 5.15(A) uasmnuwimsaaienliuasesn
o

nszvIUMIaTNYUlane Metal MenszuIumsudalalgdu (Metallization) fagun
5.15(3)

5.9.2.4 YuRduUAITETNNaYUlany

JupeugavineveInsEuuNsaunilnITaunurivulassaingeadinanlaensly

= - ¥ 3 < b 5 s v oo ' [ <
Anumulaveudvdsudausevgaadwanas nstatulansdvsuld@eusenugunsal

a & v d a a v
.ﬂ'lEJ‘UEJﬂLLﬁSﬁ')ﬂﬁ')U@QNLﬂHN‘HG\BQﬂ’W Iﬂi}iﬂﬂaa‘ﬁLE]EJC"I‘UENH?SU’JUﬂ'ﬁNaCﬁa’m'ﬁﬂaﬁ'u’lﬂ\lﬂ

fanalul

Aluminum

p-type substrate

UV Light Mask# 4 Aluminum

O I B
¥ alQl RT

®

B8 Aluminum

© P

o 1) v 4 v @ v
zﬂ'ﬂ 5.16 uﬂﬂ\ﬁlumE]Uﬂis'U'JuﬂqiﬂﬂﬁUIaﬂglwaﬂi'Nﬂ'ﬂawzllaza')ﬂa'lﬂﬂma\iﬂ'ﬁ



74

1. mnguﬁ 5.16(n) Ltammstﬂm‘dauﬁaL%amiaﬁ’uqﬂnsain'muanuasﬁ"amia%wﬁu'u
Tave Metal shenszuiunsuisialawdu (Metallization)

2. nszvumsllddnnsmidmiunssviumsindulave Tngldindad (Mask # 4
Aluminum) faguil 5.16(4) uae 5.16(n) Wunisadreannans (Develop)

3. nszurumstatulany ( Metal Etching) duiiliifsanisoantly ﬁ’qgﬂﬁ 5.16() 91Ny

ynnsaentienlkasdiunivaseen

L [ 5 v € r-i' o 'e’ 1 a‘ <
Ingndaainmsnseuiunsintulany lagldundaduazyinnisaentinenlnasdiuiiviae

° Y 1 aa 5| % v a a d 4 v
aﬂﬂﬂﬁﬂq‘lmﬂLLNH‘GﬁﬂE}UV]ﬁIﬂﬁQﬁSWQLLUUIV]JJT("IEJﬂ'ﬁl‘U'NLL‘W]anNLUEJNEUaLVTaEJllﬂE]lJ‘iﬂU

aaaémawﬁ’mam‘lugﬂﬁ 5.17
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JUN 5.17 uanslaseaianiseynsumudumusanuilasasnseadinan
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Abstract. The split-current magnetoresistor is proposed here. The structure likes the series
magnetoresistor that one end split into two symmetrical terminals, so it is the magnetoresistor with
three -terminals. It uses the Hall effect current mode-as magnetoresistor but the output is the
differential current instead of resistance. It-shows good linearity and can detect the magnetic field
direction. The sensitivity in the differential current of width 100 pm and length 200 pm at 1 mA is
2.788x10 A/T constantly while the conventional one in the differential resistance is varied with
magnetic field. It is made of silicon non magnetic material so it is compatible with the modern
low-voltage current-mode integrated circuit.

Introduction

Modem integrated circuits have been developed for low- power consumption and low supplied
voltage that causes IC has to be processed in current mode [1]. The devices that use in this work
should be operated in current signal instead of voltage signal. The sensor device converts the natural
environment energy into electrical signal, current and voltage, and will be processed further.
Magnetic sensors that use the magnetogalvanic effect are popular in magnetic devices [2-4]. The most
popular one should be Hall device that induce Hall voltage from the magnetic field to balance the
Lorentz’s force but it is the voltage mode devices. There is also the current mode Hall effect device,
magnetoresistor that use the Lorentz’s force deflect the current cause the resistance change [5]. The
structure is designed the very large aspect ratio width/length in series resistance for less imbalance
induced Hall voltage against the Lorentz’s force but the output is the resistance form that is not
suitable for current mode processing. :

This research proposes the split-current magnetore51stor that gives the differential current output.
The structure is designed for current difference output via one side symmetrical split-terminals of
resistor. The series resistor with high aspect ratio. of width per length is used for bending the current
by Lorentz’s force is the same as conventional device. Changing the output form make it better such
as the linearity and can detect the direction of magnetic field that both magnetic and non magnetic
material magnetoresistance can not do it. It is compatible to modern current-mode integrated circuits.
They are studied by Sentaurus TCAD program [6].

Structure

The structure of split-current magnetoresistor can be shown in Fig. 1. The structure is the series of
resistor connected by aluminum strip. The total width W of device is 100 pm and the total length L are
designed in two difference values 200 and 400 pm. The width between aluminum is 10 pm. The cross

~section in Fig. 1b shows that even though the resistors are series by aluminum strip but in the real

device aluminum is deep into the surface only 0.5 pm that is in accordance with the standard process.
The terminals of one side of resistor are separated symmetrically for output differential current and

. the other side in the same as normal resistor. The high aspect ratio resistor is for Hall effect current
"mode of operation that Lorentz’s force is grater than induced Hall electric force. -

_All rights reserved. No part of contents of this paper may be reproduced or transmltted in any form or by any means without the written permission of TTP,
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Figure 1 Structure of split-current magnetoresistor.

Experiment and results

The measurement circuit used in this experiment is shown in Fig. 2. The constant source forces the
resistance to control amount of injected carriers that independence of magnetic field modulation. The
current I is divided in two equal parts I; and I,. The magnetic field is applied perpendicular to the
resistance surface. The output responses are the differential current between I1 and 12 that is 11-12.

12wm

=

1y T ar—a Aluminum

w

l

<+ L

(B :

Figure 2 Measurement circuit.

Figure 3 shows the current line of bias current. Figure 3a shows the current line at no magnetic
field condition. It shows the straight line of current along the distance. The current density can be
observed by the color shade at the end of split-terminals which show the same current density. Figure
3b shows the current when applied magnetic field 3 T in —Z direction. In this case, the Lorentz’s force
is induced upon the carriers in Y-direction. Now the current line deviates in Y-direction. The current
density I, is greater than I; by observing the color shade at terminals. Figure 3¢ shows the current line
when applied magnetic field 3 T in Z-direction. The Lorentz’s force is induced upon the carriers in
—Y-direction. The current line deviates in —Y-direction. Now the current density I is less than I; by
observing the color shade at terminals. ‘

Figure 4 shows the output responses in the form of differential current (I,-1;) versus magnetic field.
Figure 4a shows the result of split-current magnetic resistor length 200 um and width 100 pm. It
shows good linearity that conventional magnetic resistance does not. When the applied magnetic field
reverses the direction, the output shows the same with the reverse direction. It means that this device
can detect the direction of the field that conventional one cannot. The sensitivities at 0.5 mA are
2.872x10°° A/T and 2.788x10° A/T at -Z and Z direction respectively and at 1 mA are 5.516 x10°
A/T and 5.34x10°° A/T. Figure 4b shows the output responses of device length 400 um and width 100
pm. The output shows the same tendency with the sensitivities at 0.5 mA are 2.112x10° A/T and
1.936x10° A/T and at 1 mA are 4x10° A/T and 3.712x10° A/T in -Z and Z direction respectively.
The sensitivity both direction are nearly the same. The high current bias increases the amount of
deflection carrier reflected in the higher sensitivity. Increasing bias current twice, sensitivity nearly
increases twice. The increase in resistance tends to decrease-the sensitivity but is not linear
dependency.
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Figure 3 Simulation results of current line of split-current magnetic resistor.
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Figure 4 Simulation results of split-current magnetic resistor, bias currents are 0.5, 1 mA.

Conclusions

The split-current magnetic resistor is proposed and studied for magnetic current-mode sensor. The
structure is two terminals series magnetic resistor that split one side in two equal terminals for
differential current output. The deflection current from Lorentz’s force is linearly depended on the
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magnetic flux density. The devices can detect both in quantity and direction of field which is so far
difference from magnetic resistance that is very nonlinearly. and cannot detect the direction. The bias
current can increase the number of carrier deflection refléctéd directly to sensitivity. This device is
fabricated with silicon that is not ferromagnetic material which operates in current mode fully. It is
suitable for modern current mode integrated circuit.
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