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ABSTRACT

This research proposes a two-dimensional (2D) Hall sensor capable of
simultaneous parallel- and perpendicular-directional magnetic sensing. The Hall
sensor was of five-ohmic contact configuration. In the study, experiments were
carried out in five stages. In the first-stage experiment, the Ohmic contact properties
of the 2D Hall sensor were determined. In the second-stage experiment, the parallel
and perpendicular absolute sensitivities of the 2D sensor were examined. In the
third-stage experiment, considering the discrepancy between the parallel and
perpendicular absolute sensitivities, signal conditioning circuitry was incorporated into
the sensor system to compensate, and the rotational angles (0-180°) measured in the
four-stage experiment. In the final-stage experiment, the simultaneous magnetic
sensing was verified. The results revealed that the |-V curves were dominantly linear,
corresponding to Ohm’s law. In the second-stage experiment, the absolute
sensitivities of the 2D Hall sensor were characterized by applying 1 mA bias current
at induction (B) between -3,000 and 3,000 G, the width parallel spacing of 80 um and
the parallel-directional absolute sensitivity of 0.286 pV/G and the width
perpendicular spacing of 300 um and the perpendicular-directional absolute
sensitivity of 0.215 uV/G. However, the parallel and perpendicular absolute
sensitivities were low and unequal. Thus, signal conditioning circuitry was
incorporated into the system to address the discrepancy and improve the
performance. Importantly, the 2D Hall sensor exhibited a sine and cosine functions
between the measured and reference rotational angles, and simultaneous
magnetic sensing given the magnetic flux density of 3000 G, with the error
percentage of less than 1%. In essence, the proposed contactless silicon-based
2D Hall sensor possesses high potential for high-precision industrial

applications.
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farnduilesnanuavesmiiauuwinannseildlagmluiniesdionsinAauuutivind
odeiTaLs s rdmIunevauesioniniUAsunlasr i duauuwimanlunany
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wsasiulwinldanndriadungussinadia lunsaededndanvuduyuvenduusawivan e
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Anednusaduiiduneunisise Suduannisinwaudinisiauve s ingead
Aol stuuumalulodianeuinyszgndliuulassasneiinaunuudivin And w1y
nsneuduesteauuimAndefiamaiiowind Tneludessurnisfnunisrevausse
favotauuLlmdnaotnuinnufinszriituiate Tnevtinisimsizideanaiiulilunis
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unfl 3 namdensruiunsaseiade lassaamanienmuarnisidauesiaa
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ngunuguinldlunisive

2.1 Ysingnsalaaad

Fovosusngnisalignisnantdnineimanssmewifu 18a7u sead (Edwin H
Hall) f3sfunutsingnisaldlull a.a. 1879 meutfuinmisdnuey wildwerewiiaziiga
Tuwslwmdniinansgnulagnsaiunseua denmaassvesildlilang fuisavindu
NeaA1,5U WAz AN 18 AAAUULKUNTZAN Ae3UR 2.1 LananisnadeuIieliy
Usingnisaieead [1]

JUT 2.1 MsvaaeufglsnNgnsaisead

FatunavensnaaeinuinntelfEan1izaia (Steady state) HavolauuLgn
(Magnetic field) neuaniinsssinfuduanssaiivne fidauialuii Electric field) naves
Usngnsaiiwandlsifuisenudednddinnaseutuas

Josduazshmsesueiieafuusngmsniseadedsieiiatusulansadadai
Tngazoniogradunennsuansfagud 2.2 Tngvimstenszkannunasdialinszuanss
(DC power supply) ) Ifutuaslureilidauuuiminunnssyhiutuasiu devhmsia
AAuAadngfinnaseutuan gt uinddraudednd ugud anduly
auusiwdnlufissnssyhiuduasding FldRanslavesnssuaiouludananns
Deauuvasuszalidi uanadasuil 2.2 Aadiausiisdndnnaseussnindiuiisansvos
T3



Magnetic field

[

JUN 2.2 Usingmsalgeadiiindulubsudin

TunisAnwausingnisalseaddudesiiannumdrlafiugiufeadv nguives
aurnuaiman awwlilily sufsandivesian weldlunsiesey dduusnaznanis
aunilwifdnasenisindeuiivesssgnivgluasveudanou WeiAnmmssdngszming
aoshumisuutuasvesddauinnnauliindeideandndunrdlusdndosuansds
U 2.3 Tnsussiinsgririugauszgiuidunadonnanaunulniaunsasuildan
aun1s (2.1) [2]

E
I v, = uk
collisio VAR S p A | Tk
e v-;Pcollision
\ // \ . gl
\ / | 74 electron
¢ { \ /
T 5 \ (
- \(j
collision collision

JUN 2.3 navesauuliihninszviiugausegnivieneluiivansveuds

Fensingeunvesnmengliauliiiignisendy n1sesviv (Orift) 1P8ANULSIVD
a [y & a < d’jl < a 3 . . [ a
WINZLAAINNITVUNUN UL UL LI8NAINLTIUIIAALIININN (Drift Velocity) avgun 2.3
v & & a & o = & a % & a1 &
FItUANLLSINSILREY Y38 AnUSIadgvasnvizneldauu i luasveandslianduly
MUANNT (2.2)



dwsulunsdivesaunudvan esainauuwimandauduiusiuauiives
nsedeuiivesuseylagasuduilanduainusivesussanine anuduauuuilngn waz
fevnsvesauulndniinsgyiiulsey anunsamanuduiuslaanaunisy (2.3)

F =qvBsin@ (2.3)
msfnwsingnisaleead seadinnudilatiseynia 1w Bidnaseu linsindeud

neldnisnevaussseautuwilmanuazauinludi FeuseNAnanauunilivanuway
aunulniih ddanadegausyanausaesuglannauns (2.4)

F =—qE+qvBsind (2.4)
ool F Ae laiduvosuss
E A auwlwih
v Ao AuEIeIUIHy
B fe  awwwiwén
q Ao Usqlndh
0 o ailsuuusimdnnsgiiugauseg

ANUFUNUSAINE1INISENIT Leaalaud (Lorentz force) Falugunisvesasiaudian
Usggludndurimsnldduiudiunuivussuiu xy,z lneluaunissesasaudazuis
Usingnisaleanilu 2 diu fie drufivszgnavaussoauinlnill uazn1snavauswenig
LAADUTIVDIUTT oAU INUNMAN

Tunsalvoauulnin dwaliAausmisludinsgyiniugayseq anisindaunves
Usznveuaziinnszianioluiiuasiu dauwseadnihvuedivauinvessealniouay
USunaumnuvuwtueasaunu b

o [y} [l P < ~ A P! 1 < o v

dmsuludiuiiasadunisuaninisnouaussvaiusenadouiiluauuklivan vinln

= a a I v & I a Y & o R )
mimaaumLiJaEJuLLiJmLUuLLu’ﬂmmamuLUumam LLamﬂmwumgU 2.4 ¥9YUNU

AuFLUSsEINeANUS I UALILLILAN
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7
/
/
/ X N «
NoTo\X T AT
17 % X\ ‘I' /'( d \
xf X )x = B BN
(A |
69\>< X/ X X7
~
x = b4 S N N
X <

gﬂ 24 wasuaqaumLL;Jmaﬂmamﬁmaaumawmﬂsvﬂ

lunsdlvesuszyniveiindounluduaissead A0z gnIvzziiangiy
wuwtulUTuiiananiiavesdandsgun 2.5 lnetaildseasnuiiioTan1snouausinenis
= ! e & ' ! -y o v IS < o A
Waguwlasauuudwani asgnienseuduasinenmunlinveiainusiafountvly
FLUIUUNU x (v, =0 m/s v, = 0m/s) uaznavesn1sivdeunadnudedndinnduly

[y

LN X wARRBLSsEUianTInsz i ugaUsEluluILNL X AsaunT (2.5)

q

F.=qv,B (2.5)
lng# g, Ao Uszalvlin
v, flo AIILEITBIIAUTEAUUILAU ¥
B flo auuWIANLUILNY 2

1%

Ui’mgmiﬁﬁaaaéﬁLﬁ@%uﬁawauaummammmmﬁaiuuummu 2 (B) tufeile
faunuudwdnuinsgvirfuianeead dawariliiAausawivandmiefinssvirfulseq
Wasuwasnisiedeufivessrganmaduitedouiluiuiwny y wasuwadluluwuauny
x il ununtiuresUsEqUInuduTansosTaauuILNY x setuy ediszar ity
ArunisvestuansnsdivhliAsaunilaihlutuastu Sufemamussdnglulihsening
Futtansvasian

Applied
: Magnetic Field
5 B !

Carrier
Drift Velocl

! Width ‘W' !

Sense

Terminals
on side of
Transducer

v

Thickness
d'

JUN 2.5 Usngnisalgead



NNFUN 2.5 ansamauliiieead (Hall electric field) Mnauduiussening
awwlnihdvauuudvdndaaunis (2.6)

q,E, +q,yxB =0 (2.6)
laedl E, Aeauwlnigead MiAaluduans E, ssianiuaunis

E =-vxB, (2.7)

TnvaurnliiiseadNiinvuduilsiduvesniusivssaniveuasarnuduves

AUNNWILVAN d1usuTFuansnienundady w sErinatisasns anunsavndndlndnann
aseulaannsduinsaauulnianduvdeng o Wumnunie w laauaunis (2.8)

V,=-wvB, (2.8)
ey ussiulwilheead (Hall Voltage, 7, ) andiudaduiivusuiladdu s 3 fe
1. ﬂ’ﬂuL%’J%E]Qﬁ;@ﬂ’i%@ﬁﬂﬁ%v%ua’lﬂﬂ5]
2. ArwduvesauLdmEnAldTuTans
3. sypzvestenlilunisiaussuliiseadiouanitenisidadsuutas
AUUAUNULIYAN

2.2 Usingmsalgeadiulany

Auila (Sensitivity) vasiageead utladenisiviilvitenusuedsveanme
anryosdianaseussiinisindeuiiosidasy unasanndsaiuanudou (Thermal
Velocity) ffintu Sen1sindeufinuudy (Random) iuamuniduidesninaufoudug
Huedrannaedidnaseu mandeuiinuvduisilundeduamimians menusisud
13adugud dofudlelifinsindouiivesdidnnseu aviililsifnssualnariou dedidn
aunulifihfiasdulitufageosdiidulan: Bidneseuldsundsnuilvifnniseadouiive
msreviallununisvesaunliih Afldwinniininedeuisudownainndan
arufou drusarmaindeuivesnefiAnanaulnihignSendt “arunsiniwi” Tu
nsdifidulanzahlnihednefannsafiosuszanneils Tutuusnasshmssmunumany
vuuYenvedenilenmheUTnsdmiunsdveslany 1Wu nesuasaansaUszanadlsin
ovmauvaIDILAsTBiEnnTeutuasenaniivlfAnnsinavoensuadenumuuiues
UsEgnmzanainraresUTinuesnetewskasevasuwinassoduaalldan

N=£D (2.9)
M

m
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Tefi N Ao FMUIUVDINMEARNUIANLYUFRLUAT
Ni  #e Aasdiezlanilas (6.02 x10%mol ™)
M,  #o wialwana ( g.mol")
D AD ANUENIUNIZVOINBIUAT (g /em®)

TunsmAANEMILLNTEINYE @InTUTEIIMAIANE I IR INIMELARIN
nszuafieglumizousuuy$ auyliranumuutuvemmeidudiasi wagiisSinammy
Tuszuuld anudwesnmeasutsiiufuiiuiiviidavesian Seuiivindadiamin an
AuiSnedsvesvizanas feiuariinriivesvganunsaesunsldmuaunis (2.10)

\|1F7Zs (2.10)
q,VA
et 1 Ag NIz
qo  #e AUszeBianaseu (1.66 x10-1°C)
N f9 ANUVUILUUYRINZAOgNUIANLYURLUAT
A fio fufind

dlofiasantennusivesmivessieg1anuiiasinudidesninanusuas e
vnsanaNns (2.8) uay (2.10) anunsafiszfigaviiiieldluniseiuie Aramlalunis
AevaunIfonsUasuLUasiA L mdn Tuusssulnih Aduitaisut uduiufivede
NSTUALAYAUMUILULTRIN T lARNENNS (2.11)

1B

V, = (2.11)
¥ q,Nd

e d A9 AUNUIVDITUAITHIUN

Felun1eufualidenly Tanzifioasraduiiinauinudvdnioguuiugiuaes
Usngnisalgeadiiasnnusssulnigeadaziiniswsuudasiossn

2.3 Usngnisalgeadiuianansneiani

[

dusuTanaiansnanunuszinnaiuanaudanisliid aunsanvsseniduany

Uszian fe Al awuwazansnsnu ddlunsainifugunsaldidnnselindfeuldarsnadai

Jundntanansnedidild wu 3aneu (Si) wostuiieu(Ge), wnatden(Ga) Lilesanian

9 q
'
wva a =

yin e dRTAENILANA19INFIIkazaLILBENTARY NaAe Tuashaiutuasdl

)



11

nsdsundasannilifiituiugumgiiuagiasananeuoniisnnszsitlutan Tnetan
ﬂjﬁmﬁﬁ'aﬁmi@uazmammiﬁaﬁmmzamqmauﬁ’am‘;ﬁﬂﬂﬂwzﬁmim?ﬂlﬂuLuJaqaEJNLﬁu
ledn AruantAfindnifmumnzandmivinnisainaduianasieini lnsanzegng
SensusziviilumumesdmiunisnnaiansuasuulanSinumeiiandlusssumni iy
uas gauvindl lWusy saudsnsiauiinaenauduveadndusimén forfeusingnisalooad
u1Uszgnaldluausigg eg1aninavang dmvarsisdniildadradudinsiatn
aunulminaninsautssenidu 2 Uszianlng q fe arsteftheidndun3uda (ntrinsic
semiconductor) kaza1sAei1LEnnTudA (Extrinsic Semiconductor) AEAMANURAN
InlihwesYaniaesuiinfiunndraiuil Ssasisinindnniudadinuauiinielaiiiang
wavanunsouvieanidu 2 vfia fie arsfeiniedndu (N-Type) wag arshadtvdnd (P-

'
= 1

Type) lngagiin153A318 9l uL399909AIUNUIRUUYDIN M NINAADN 1IN D UALBIAE
awuudmanilumen

U51nN190i80a8 FUAATUIINHAVBILTIN18UBNNTENTUIAUTEY (Charge)
indauilneusIfinzitiiesannauuuiman tnedanuduiusivanuiivenisnioud
29930U5%7 Weulamuaunis (2.3) Inegnavedannasniiniu 1inain Cross product &
Uuaunninesiiiniuasuusiuamufiaviavesuauiuwimaniinsgyinduesadaiuileidu
Loyl

HAUDIUTING N5l BRadLanI L AUANUHUNINAITNNIUAIFUN 2.6 drusu
Usngnisalgeadiindunieluaisisdaiifignilesivesneusindu Jeavusenaulume
wivzdrulnguilseda musznousna1s el lnsazvinisiansansenludensd Ao

S aa v v d‘
wngmdusianaseuiulaa faguin 2.6
v & e i a & =Y

AT (2.3) uandliiuiawavenssuadeUszanmvelaatarBiannseuluiuans
TnefiussnawiuudmdnuinssihlufiefsainiunisindeufivesUszanneyisass luane
AR MBusInnaumwimianiaugalidunailigauszqndeundniiamenils n1snszay
fveammzIaddsuly BadunismienivhliAsaunlviiandu neauiuling
Anvuilizendt awulniheead (Hall field; g,) (4] Weovinnisduiiinsaauiulniifisdwaus
i v & 2% o o agy oy 9 ¢ = o vy
AN 9 VBIAINAINTUAISAEILETTY walaluussiulnigead Feaunsansaialaain
Huisesduansaiutuiuvesgua i mly Anlurusetuliihgeadnlavuiusuuuy
YostuasLarauLulminfinszvideunanauulnihgeaduazanuniieveiuas (W) ;
V.=eW
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z (B;)
X)) e w4 .. =
B Frufuansiadainain N-Type
Y
s e 4 . .
dwiuansnaimiaile P-Type (F,) Electron
Hole
P— —
i ot » t /
—_— F ju P _
O\"q” ,_/—""Q — -+ /}
Vi

AN
\E

N\

|

\

e
e
+

JUN 2.6 MsiinUsIngnsaleeadluasnsai

Tugun 2.6 nszuanlvaluduansuuinnu x Aieanausedng ¥, Wunavilies
wasunluludddefunsewa IuﬂiaﬁﬂizawmzLﬁuﬁLﬁﬂMiau%LﬂﬁauﬁIuMWﬂmﬁaﬁuiﬁu
IpgnveisaasfimuszgfissiuviliAafiavesanusifiossiudy Woasisauiuusivan
Tfuduanslulwl +z usswimannsziiudszansassdwmaiibiiinnisiedeuidsauuly
AefgnulubuInny y WillieaanAUseisansn et uiu ibaiausenunddasieiy
= [ dyl [y I3 d" 1 [ a‘d' a dg/ dy I3
SunwsanulWingin wsesulningead Ferunananevaswseaulninseadniaduthiluna
Wa9u191n N5t a1 sAef NI nIET19uInANTai Y fe a159funvdald ukazansna
A RaN

dmsuusingnisalgeaaniindulianunsanigalalaglinguiegieirenuansnaln
n1aiadeguin 2.6 Inswanslyiviunisludansywaliiuiuaislusuiwnu x udileu
auuuwdwanlusuiuny z suuliieead svfadulukuiuny y fensalfldansisiivia
a a é’ a 1 = o o a I3 '3 a a [y
A awuldnnduluieuin duasnaiatsdaeue aundlniissadasiialufienmseiu
T WeRansannszkaningazyi liiinanuiiamils Fusenin anudes v (v,) lne

I a 3 v v §w o [ A & Y
ANULSINSNY IRz ANRUSAUTUIRURINSELaa S UN e MUl auansnsaunis (2.12)

v, = = (2.12)
qp
dmsunmefidudidnaseuazld
J
v, =— (2.13)
qn

satuaunylnirgeadarunsoesuislumenuinseLalar aUNLLAN F NS UNINET
Wulsamuaunis (2.14)
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£, =2 (2.14)
qp
wavdwuneiiliudidnnsoudeuladu
JB
=L (2.15)
qn

AuUSuvasEuLLmANAukssauu T seadmviniusula

qg¢, =qV,B, (2.16)
Weaululaan

¢ =R JB. (2.17)

e R, fe Aduuszdndgead(Hall coefficient) BadiAvinAu 1/gp dmiulauas
v o Y a @ = d' o a
Wiy —1/gn dwsudianaseu Fsluaunis (2.17) amnsafiszdAwiunisiaauid i
goanlnogItugl sansadenlirduussavssead negramuzauiuamaudRvesdan
4 nilnalaensssonisdsunlaminuiiveslssgnne Jaazvhliianslmesiiuiy
8nfle » eNvzAmwnldeggnassdmsunvenluleamuaunis (2.18)

By =14 (2.18)

wazdmsunIvzidusianasaunuaunis (2.19)

AN (2.20)

H
qn

A a ¢ aa i ::4' ° Y} a a a
NATNNIITULABDT 7 VliJF"I']@E;JJIUiSW'J'N 1-2 IWEJ‘V] r a’mwmimﬂmiﬂizwﬂuuamwam

[y

ATz 1.18uazdmsunisnssidawuulesauludiiruszuim 1.93
wsssiulnilegead (7V,) Al Wunaunanaunlniieesd (g,) wazszazainuning

H

2993uaNs (w) Mg lumeuveensehasiulansaunis (2.21)

V,=—"— (2.21)

Tne? R, vinsintuniag m’.c™, I Tumieweuuds, B, Tuniiemaan, ¢ Tuniisiuns

waz ¥, Tunihelien
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naunis (2.21) dwsuansieianile q Aldvsueie awnsensiuaduUszdns
goadlianmsiausssuliihsead fauuudmdnuaznszuanmils durdnvammenazan
mnwmuﬁuﬁuaawmzmmmj’ﬂ@ﬁﬁamwﬁwmmzLLa Aran ANl ez At
Adowvesenad (1 = alR,|) Weldlunsdnaluaunis (2.18) fu (2.19) [9-14]

24 ﬂ’]i@lﬁ)UﬁU@\‘l‘U@\iﬁ’)’?ﬂﬁU’]&lLL&iWigﬂLL‘U‘UﬁﬁNﬁa

T luuadlassadnsiugiuvesiinauiunmandussiidouvuniisfufie wuy
WUIUDULAZBUUBUIAG FIMITAAUILLU AN AL LUULUILTNITROUAUD IR NAYD
AUNULUAN LN TV URITRILANFA1I Y

2.4.1 Wy INAUINLLIMANLUURILEY (Horizontal Type) WsauwuUULWAANUFIY

wiasdeidulassasrefiinauuudmanineilundeuiunyssgnaldluaud
Nendeatunisinaunuwivanuinian Jaiinvlialiaznevaussseaunwianiiuins il
f?famﬂﬁ’uﬁﬁml,amﬁﬂgﬂﬁ 2.7 P IPEUNULIAANLUULLIAIRN Tneviin1sanensewatud st
d‘ dslj L% 3’, d‘ :.JI o % 1 1 v L4 o‘d‘ 1 1 gj d‘
7 1 Tnlualudeansludaran 2 3nTuinn1sInAIANUANNANS8aaNnNASBNSENINGTIT 3
way 4

Zz (Bz)

x()

v 3 L Y,
1

3 4

[
@ense contac /A
4

fa, U Aspina et /|

a LYK 1 <
JUT 2.7 Frinaunuuindnuuuiuiueu
2.4.2 FdpaunuLimanuuuLung (Vertical Type)

vinauLmEN vind ey ne vaus AU nluRAfaunuudmanunseiily
ﬁﬂsumul,vhﬁ?uuamﬁagﬂﬁ 2.8 Finauulmsnuuuuy Tnevnnisinensyualugadn
7t 3 Wadluduiloansuazdensndnsedad 1 uay 5 mntutammiusisindeoadssnineds
7 2 way 4
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MagneticField

///- - |-|_
h

a LY 1 =3 &
EU'VI 2.8 MYINAUNHLLULUANLLUULUIANT

aamdnnsudininaumidmanidugunsaivilsiinevaussdenisiudsuulasiainy
duvesaunuudmdndumusssuliiiisead (Hall voltage) Seanunsaiiaziiausaduluding
iﬁmuﬁsmﬁsuLﬁai'mmm'mLsﬁmmammmmﬁﬂié{ witiesausaulniheoadileai
“UUﬂUmJ‘UENLﬁuLLNLmeaﬂV]ﬂi yyirnuiITaauinudwdnanuiladduled (Sine function)
muumimmmmmmmau’mLL;JmamvlmmmﬂmawamammammLL;Jmaﬂmaaﬂivm
AuaTpauiuuinaniduys 90 a3 m‘mﬂmﬂWimimmwmmammLLumaﬂiwmum
anlranudvesaulndnianans Jymdreduils afudes daddyvesinia
gunuulmandidemalifuauwiugrvestainanas fudutidedsailasaiweiiia
gunugmdnuuvaesdinuudlulamiinanlnothlasedem inauinusimdn Luunugs
LAELUULUITUILINUSEgnATduT A wanadgURl 2.9 Amsuvulassaiieiade
AU BN UUULLIR IR NuaE MU YUY [1-7]

+ Bl v T

JUN 2.9 NNAUUEASIAT I IREUNLUIIAN LU UKL B ULAZ KA

ynduldiilassadsvesiinauinndivdniuuiuiususazuulniuasslussuiu
A uUNgINTeY Landegun 2.10 Tassadeiinauiuwidndnuuuaesds lnendnnis
o Y I [ aa A o ! v & o
uvesiTinauNlianiuUaeddid Ao vinsTnenseualudarilansinlni C1,C2 uas
3 & o § v A = a o Y 2% o o a a =
3190 C5 unavilvivseqlaanfounluluiiaiesiunseualuansiesinuiviiad waglunsdl
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Aduasidulszgnmedranndudidnaseuiazindeuilulufirnssfudwiunszua ed
auwimanunsevinludia B, aunsataanusmadndfiintulansasenineda C1 way C2
Lazdnnsalaunuwimdnunseviiluiie B, awnsoinanusisingiiintuldnsisewined C3
Lag Ca Tpganinsoinaunuuslimdniannseildiansuuiunulunanieiiu

[ 1 ] Bz
=]
E7
&3
=X
4] r
) B

JUT 2.10 lassasevesininauuwivianiuuaodia

N
)

-

2.5 anulalunisnaudusssaauinusiian

Amullunisasedvauuudmandumsfine sid Ay ousuenUss@nsanaes
Inaunnivdnatuisaniaiauhlunsvaussseauruuivanld 2 wuude A1aula
duysal (absolute sensitivity) wag A1AMULIFUINS ( relative sensitivity) [1] AirAa1u 17

duysalvesgunsalgeadanunsamislagaunisn 2.22

(2.22)

el V7,  fe usiiugeas

B A9 UM LLAULLLAEN
C Ao Roulunsviau wiu aamall, AUl wae nssualuda

dnsuiinauiusdianaianuinianuduiusiunserawasAALNTeuEURUS
1y [y I3 Q‘ -'-NI 1 =2 1 d‘d [y v 6w
Ausssruli i dudsnuauludne Wnearpnulnianudusiusiunsewa (current-related
sensitivity) ¥a4gUnsalanunsamlalag
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= v, =SB, (2.23)

oo [ Aenszualudavesininauiuudvannuiess ST fe VA 'T™ aunsauand
aunistolae

Tunsdifigrusosdudnvsudaeg1ann amnsameuduiusszniamanuliway
duUseanslalag

S, & G (2.25)
gnt

e G, Ao wisimeslaseasng
v, P9 WNALWSIORAURININgEIUNIN

n Ao AMuuTuYasdanasaulu TRauNLLILEN
t Al AMUNUIVDINAN

ApUbindiaudsiusiunseuaunuagliduiuianvosnam A 7, = 1 dupel
Ailsdedan Awnuly S, 5v1319 50 84 500 VAT fenaligean S, ndnsfnwde S,
= 3100 VAT gedonndesiudl N, = 2x10" cm?  aghagumnuvunuiuyeslsey

winzdianlutuudaiivvesgunsniseadazliiinamszannnundussneluvesussgnive
Meguuiuiuazravesauuliinsesse

ArAU A duRLSTuksIulniaunsamlalaeaunisn 2.34

5]

= 1‘:—'; V,=SVB, (2.26)

ORI

lnefl vingves S, fe dewmadts (V7T = 1) dwiuanshsfhiidanuliviansge

9

Tneaglaaunisi 2.27

S, = i, %GH : (2.27)
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lﬂl A 1 U 1 W o 1 ¥
e Hy ADENINAIILAGDIAIZDAAYDININLEIULIN 7 Lﬁua@i’]ﬁ’JUQ’mﬂﬂ’JNLLﬁ%ﬂ’J’]MEJ’]’J

5%

VOUNANANBUUNUNT Waz G,, AN noINVUAULATIAS 190U UeDaa

Amosruhndeudiusiuussiulnine S, = 0.077" dwsuarsnsdi
Fanou, S, = 0.2 T~ dwsuunadouerswlua uay S, =3 77" dwsuduhsuorsivlug
AAuhgaumunisanasluauevegunal

2.6 ANUANNUSVaILsInUlnNIgaadnuHenTunS NN

2.6.1 WandunsInaulin

Hangunslnaudia [18] Ao Wedduveyy FallmudrAglunsinuisUanumieuuas
Usngmsalludnuaziduau lagauisaedueilandunilnafiflamensinenuduiusly
STUUNNA (xy) Vosrenaunilaniiie (Unit crcle) aslanstiluaunisi (2.28)

x*+y? =1 (2.28)

a cs = | = o W |
INNFAUNITY 2.28 ABFUNITVDINNAUNUINUIY FITAUUYDIWNANYIUNINY 1 KUY

[ a

wazdgnaudnavegfiygnnnin aunisvesnnaunimie wandbiiiudsiuniesgaiiod

9
aa v

vwnannianiedslditadu (x,y)=(cosd,sin 8) lneTusgivyuanganiianszviiv
WnY x Glagun 2.11

JUN 2.11 enuduiuslussuuiine (xy) vesnaunilmiig

aa

NFUT 2.11 agnud ala 9 vunnaundsmheazdndaluwnu x 10y cos@ uasd
A v < . " a o &
Anmbuknu y 1Wu sin@ lagaguuadu 2 nydl feil


https://th.wikipedia.org/wiki/%E0%B8%9F%E0%B8%B1%E0%B8%87%E0%B8%81%E0%B9%8C%E0%B8%8A%E0%B8%B1%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%B8%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%A3%E0%B8%B9%E0%B8%9B%E0%B8%AA%E0%B8%B2%E0%B8%A1%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%B5%E0%B9%88%E0%B8%A2%E0%B8%A1
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A a v 1d S a v = 1
nsfif 1 wnaluwny x WU cos@ sa1nsallouinnaeIgauuInaunilaviiag
dmiuunu y Ia neldaunisilsidulalend y = £(0)=cosd lnefl @ Wuanugidulés

=

WIOLUNIIAAUINANVDINNANNTINUIY

9 Y
o [

dusuilastulalet] (Cosine Function) wavhnis@eunsmluszuuiidn (xy) Tagls

uAw x wugsiinsgieglutis (-27,27) axldaunisilsidulaloidu y = cosx Fauans
Vluawnsfl 2.29 uawgud 2.12 fail

Yy =CO0S X (2.29)

Y =008 X

JUN 2.12 nsmanuduiusvasitanduled y = cos x

nsdlfl 2 Adaluunu y 1y sing azannsadeuiifnvesgauuisnaunilaniae
dwmduunu x 18 Wngldaunsileiduled y = £(0)=sind Toedi 0 Juaruenduldmie
yufigagudnansvesasnaumilavae
dmsuiladdulad (Sine Function) Wlevinis@eunsluszuuiice (y) Wneliunuy
x unugafinszieglurag (-27,27) sgldaunsilsidulodidu y=sinx Fwandlily
aunsil 230 wargUit 2.13 dail
y=sinx (2.30)

y=sinx

| |
I I I
—or _Ix _sn _bn -m\_3 -z _z2/|0 1 1 3 aN& & 1 /on
2 1 4 2 4 2 Z i 2

JUN 2.13 nymlanuduiusvesilendule y =sinx

dleunaunisileddulaley 2.43) wavaunisiledduled (2.44) unuatasluaunis
1NAUNTIMIIe (2.31) agle
sin@+cos*d=1 (2.31)
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NauN1sA 2.31 asnud e (0) dandudwaule o ldynen

dlof1515UT 2.12 wag 2.13 auiulddnfidumis cos0” 98dANniU sin90°
Fawanslimuiniaidulalediuiladdulsuiiauiianaiuey 90° lnveSureanuduiusla
MIUEUNT (2.32)

cosx =sin(x+90) (2.32)
dmTunuddell §ITelaAnwIAILNYeIATINALMNUL UNAe AnwiAvauAus 0" 89
180°

2.6.2 Usmngnsalgeaanunanitunilnadia

NavethInaninszviegaUsgluansisinifuaunsaesuislanuaunis

¥ (%
a

(2.3) TavsunanAwmesvemsiiiindulasuusiumuyuiawnwimannseyiugauszqdu
andulend Weneasiniswasuiunidlagnisuyuawinwiman seuiyingeadiegaunii
AAUGINAINBINTITNYY YIlEAAswlnaninseindugeadluyusiegnuimwsatuluii

gaasninvuduluauiaiduledsannis (2.33)

V. =k sin0 (2.33)

Toaen k, 1upaed

Fofiorsunlugy 2.14 wansmsnovausvesussiuliingeadiasuduymves
aunsimaniinszvilutaneend fufuiidumisinfefigudesn Yanseadgnandlsidny
n3291 (active area) Pidumisnuiuuudunssaususiivaniiufe @uuswimanyig
Audosmiutansead fadu useulifisoadaléTedatosiian wasilowdsumumisly
Guusausindn nsgvifuyudsann (90°) futansead navesussduliihsondifntuagls
Aeagn [15]

Angle +V

N
90° | | | gle
+90 +180
S

[y

JUN 2.14 Umsidsundasaussuliihseadleauuwivannssyiniugeadiyumieg
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Tunsalifleuneead Ul saoIdiIn1 RN TUAUINLLIAN T A UL TY
YYD UFULSILIANNINTEYIAsIT L INTe e Ige AdiT e SHeIUT 90° FegU 2.15

Angle(*)

N vl B Hall 2

Hall 1
Amnglelr)

+180

%F‘VM

w

JUN 2.15 Uuansnsidousiumisvatauuudvianiinszyiiugead

tufe Wuusaimdnnsgiluseadisuwesiusniig 90° druseadlyuigesi
aowviun 0° Feuszanaldiiiduvieusn Aussiuliineeadisuimesdfimiadulun
edtulend Maunng (2.33) wazAussfulnlihseadwumesidumiusnvesiiiaeaiuld
mudlandulalydauannis (2.34)

V,, =k, cos@ (2.34)

Tnefien k, [Wumpsfivesgeaadai 2

naunTs (2.33) uae (2.30) navesusadulnlihooadiild asdutuyuvesduus
wiwannszyiivianeead Inelirnuaennsesiuilaidunsinadia usd1nsunisinannudy
faunuivdn aunsafiezesuiglugiiuurensnaunimasldnuaunis (2.39) faduns
whaun1sndlnufifdeniainsfiveusasuliiisoadfiaruduuimanainieg e
k =k, =k azlanuaunis (2.35)

V) +,.) =k (2.35)

H1 H2

Taena k Wusiasivesssuliiseadlussuunisia
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2.7 2995veednnlagliiasduangiun

oeUwout (Operational Amplifier : INA333) ugunsaididnnsefindfignitmuian
9N nudaneslngasgnudnegluzuvedieassin (ntegrated Circuit) vidofigondun i lod
Tutlgtuestuond [10] liuanudeylunisldauun Wesnisesmileduarldgunsa
meusnseTIntiesInn MegaUsTasdlunsaiiseeULent Ae dosnsgunsalBidnnsedndd
fdnmmavesgauaransalivesusduldisliasuaynadu fudugunsaifiiedens
MuNAdaAans (Mathematical Operation) LU A1SUIN NITAY NTAN YIBNITNIS
Hudu annsovensveuwanisldauestwendivldauduiy wu 2wsilieuiivuuseiu
29955 NB LTI 299505092148 2995AwTlnd e Nﬂi&u’aL’;mLLazguqﬁﬂmmms
15veedyanaildosuuondiugunsaingn Naisumaﬁfy,zyﬂmiugﬂl,t,umwqﬁﬂu’;wi
ﬁugwuﬁﬁ@ﬁgﬂﬁﬂﬂﬂizqﬂGﬂ%’ﬂuawﬁﬂizﬂauéaumﬁﬂuizuuﬂizmamaé’fy,ggwwm6]
1y Wy vivthvesdyaialuniedunavessyuuia imiiussananado g
aunaenluszuvdeansuioudnseriaimiivsuussanindyain \Wousedy i way
AUANNITUIUNSIUTEUUAIUAN sy

2.7.1 299TVYYFYYIUHAA

NSVYIBNAFAI AD 299N UNITV 1B ANULANAIVDIF QY IUTE IV UL

404 Y9920V NAVIITONISVUIBLVUTINFY U 1auInaIuILa uananlilianwazaans
=l a v U o o A A o . & Y [ aa
MaBLNET03AUNISVENE T ULATEINDIR (Instrumentation Amplifier) 8uLluI95v8187]

Useleviwazteulyunn [12],13]

R'l
>/
L 1
R o
1 | |:|
=g a| =P
L |
al v 0 L0
 —~—y e d o o
L |

5UN 2.16 219959edy Y IUNERN
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#21300131n3UN 2.16 waglddonmunveseauuendinanitlulinssualvawdl 93
Auvd1veseeUuony wu WhnsUssendlingnsswa KCL (Kirchhoff current law) 7139 a
WEUANNIT AR

Vl _Va — V; _Vouz (2.36)
Rl RZ
30
v | Bl [ &y (2.37)
‘Rl Rl

Y M (2.38)
R, R,
VED
R
TIZ b, (2.39)
R, +R,
1§19 Va = Vo unuauns (2.38) adluannis (2.39) ayldaunis
I O e e ey (2.40)
R R DRI ENE
9138
R 1]{?24_1 R
o = | 5 |V, ==V, (2.41)
R & +1 R,

WS Vi = V2 29959818809l isafumudv10en Vo=0 Fadudnuazaudfiveg
19957930 dyy1eusau (Reject a Signal Common) fwnanudneass Feazdeadulumu
Waulusananiwaziile

(2.42)

> | =

£

R
RZ

NuReinlasilunisvenenanis@uns (2.40) gnanendu
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R R
Vow =2V, =2V, (2.43)
Rl Rl
R
Km=;4%—ﬁ) (2.44)

fAUAlA Ri = Re Wag Rs = Ra 29930150819asanasaz naneiduiau
Feueunaw Fadlusesumuieandu

—p—s (2.45)

out

2.7.2 2995veneduanguuiuuuldoaduand 3 i

995VEBUARGULA (Instrument Amplifier) %i3ai3enga931 3995 1A Tuluasasi
VMENVe U ey 1B UNALUUHAA1TIRAILINIDINATNNITVBIIIITVY U QYY1 UHAFN4
& AV Yy Yy v q' ~ ) v aX )
HugIUAANa1UT99U INTUN 2.16 WioUTuUTelians5aULv093995A VU Lagusasu
6 = v v 6 & [ Y dyd
@ NAYDI9TIETANFuRUs DUl UAIaNNS 2.44 Fsilfa

Vi = A, 7)) (246

Tnefl A fio Shsnsueneussiurenias 1493 1A Tgnusulsiuiitefidedouty
ATy usasiiuguluguil 2.16 Afe fedufiuaudgs Snsn1sveiousiiures
299599 uagiigauandRlunsdadyansunau (CMRR) gs fududsamnsandnléhamanda
1992995 IA Winalndiesiursvsnedynumaiddumgnuaiassmils

199598 duangiuuduuuldealueuld 3 A [16-19] uazdyanualre9asuanas
Ut 2.17 Taefleatuond Ar ez A2 vhmihilunssanadunngiumii vazinssdiuiiaes
fo patuout AsagyimthiilulasnaleVinnaveeas §1/muUaT Vou Uag Vour Ao
L39FU Lo vinmuaseaUkeNt Aruag Az mudIRy detuainaunis 2.44 ussduinees
A3 VI3 UIIRULDIVINAVDINAT Vour I9TANIITY

R
I/out = Ez (VoutZ - V:)utl) (247)
2

'
=]

WesnauantfveteaUwaudi Iinssuadluaniu Rsuag RedlAn
Wi (Egs = Ixg) 9fanguadlovinilinle

v

outl

Voutz = (2R3 + RG)iRG (2.48)
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W19 Vos = 0 ka0 nszuanluaniu R Janviniy

i = (2.49)

WIUANENNS 2.48 adluaunis 2.47 wag 2.46 ala

Ve =AWV, = V) (2.50)

ul (Hzij[R_] @251
Ry )\ R

HosrnussduBune Vi way V2 vensastiugnieulngmsadmedunslindumayes
patuoutFnilineas 1A dilrauiuauddunnueinsasgeunn Uszanaiiuadufiuaud
dunnvasealuaut) uaNANHENTINTVEBLIL A 19929958 samnsnUuudsalFoeng
AvAINLALBaTEMENITUSUAI04 R

laan

%N el TM e
Y D "

R.

i

v v

-
ot
:
:

, 4

\/§
:
et —

JUN 2.17 299svenedyaaduansuuaiuuldesiwend 3 67



unil 3
N1599NKkUUIATIAT19MaSN1UsEENALYUYDIIIN
AULLIMANWUUHDINR

dmSuuniinanndenisesnuuuuaznsrurunsadei Tnauuul wmdnuuuas i
fielavanunsoneuausin1ssunlasvesauiuuilminldluaedin ffiddydmiuiia
Ae n1seenuwuuliiinauinudivdnainisanovaussneaunlivanlalugesiifuasi
Tssadsitlidudou FeuiludssendliTaauuudminlaglitufuiianisldodramunzan
Wdarand1nsuiuideusznauluiie 1. n199anuuUlAsIas LAz ATEUIUNITAS 199N
aunuuslindnuuuassifuuiugiunaluladddneu 2. edutednumenisnieninvesiain
auuLdmvanuaznsmevauesludedidls 3. minasevantRvesiinau e lngay
wnsnagevantinisniivasaudfnisnevauesoauinuidndn eowanaldifud
anvauenITiukazausaluUssend lulsegurinzay wag 4.n13Usegnaldau
voshinauuudmdnlaglidusuiiemas luhdeddatiunisussgndldiTaaunmusingn
wuvaesliRdmsunisinyuuarn1sinauduvesaunuulnanlaeeauiuegn

3.1 ﬂ’l'i’e]E]ﬂLL‘U‘ULLa$ﬂ’i$U'JUﬂ’]'iﬁ%l’1\‘iﬁ’J'§ﬂﬁU”lﬁJLLSJIWI’sﬂLL‘U‘UﬁENSQJa

AseonuuUlASIEs T T IR NLLImE AT pfiaunTane UaLa IR e aUNLLIAEN LA
aoefidlngldufuiiang 9lassadnavesiinauiulmaniufosauisoneuausse
aulmdnfiunnsvinfui Tnaunuusmanlglugesiiamig fio auuudmanluwuadsann
(Perpendicular Direction) hay auinudindnluiulavuiu (Parallel Direction) 1neans
mauauawiamimﬁ'auLuJaasuaqvﬂnmLﬁﬁmmmLaimﬁﬂﬁﬁmwmﬂm%uﬁuqa LALEINTE
nouaupsteauuulmdnfisusuymduluauitadduled (Sine Function) dwiulassaiig
Fa¥aauulmanuuuimaniiugiu waz aley (Cosine Function) dmsulassadnasiaia
AUNLIMEN LUV RIS

Tunuiteiainiseenuuulaenisierantivesiifnauuuindnuuuinan fiugiud
AuNSonEUAYD IR aULLIE N ULLIR RN ke A TREUIL LA N LUULLS A5 A
novausstoauuuimanlusulIvuuEsnl i vunidsituay Tnslasadiwoiaia
auwimvingnaisduuuiugiumeluladddneufiaudmalulaslulassidnvsedng (Thai
Microelectronics Center : TMEC) d1w5unszuiunisasnsgunsaliinauiuuivnuuuaes
ﬁﬁa%w%ﬂmﬂ%@lmm%ﬁﬂauﬂjﬁmﬁ (P-Type Silicon) 5¥UIU <100> AiTAIIUWUA 625
TulAswns aua 6 97 wasiidanmanuduuyssana 5-10 Tovid-uaufiuns (Q.cm)

Felunszuiunisadraifeauiuuimanuuuasdlifituavisuaindunaunisyi Ay
avomLiy (Cleaning Process) Mgansazangisugn (H:S0sH0,) uazansazatelalasngee
30 (HF) Wievhnsidnansdumnsd (Organic Contamination) wazddneulneenles (Native
Silicon Dioxide) flaguufiufintiuiudanouson uagyinisdrsdsiiusainlessy
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(Deionized Water) sy Inglutunsudnluuiuddneuazgninieuiiveludnssuiuns
Ugntuesaiillewsioly

e

A\

Si

5UN 3.1 nmdmesnsaistueraiiillonuugiusesdanourilad

a

JUNDUN 2 IN15as 19Uz AT duuvuRMLNLHUT AR uT g nATdaaUnn$39d85197

Y

sousedudalansiilvihuuulevuiinuugusesdanauyia

lnetuaygiifioy (Aluminum :
AV faumun 1 lalasiuns daguil 3.1

PR

2 A

Si

et

5UN 3.2 Mmdnaesnsindeutinenliuasuutesgliiley

Sumaudt 3 Wudiwvesnszurunsilnalnsnstil (Photol ithography) TneBSu9INNI3T

‘Vl’m’]ima’e]‘UU’lEﬂvL’JLLﬁQ“H‘L!G]‘U’Jﬂ (Positive Photoresist : PR) Uuduas pilileun1835n13
maamwummmm (Spin Coating) LLammgﬂm 29

l 5 l I ' - Mask
A W W | W —\ =787~ PR

A
2
% AN

Si

JUN 3.3 ndnaeanisanguadlunseuiunsamsngi

wazvinnsaneuasganitliletan (Ultra Violet) Musnafasuuanshuasiigniadeutite
inndeanatsdmivindalansilwiwuulesiudananedaguil 3.3 vdsandiu
N5EUILNNIANBUAILEIINIEAADY (Develop) drufignuatesn Tunszuiunisd
anshuasiinundesguuiulanzorgiifioufeduiigninadustiuadly wansfegud 3.4 wie
Wawgdwidoinsasadudlansiilnihorglidoandnnssuiunsialans
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. 7, vy PR

Y Al
Si

Uit 3.4 nmdnaesnmsanaeuasluandioainsdalangalih

navvIuNIiR Aensvulrunisiadulany evafidounuuusia Ory Etching) fae
wanauilunszuiunsisuiiduerglidondilifiansluasuatigainniousenaumun auvie
Hangdvosiiduergdouiidosnsdmividudilavailai lnsuansuuudiaes
ﬂszmumﬁﬁm%ﬂamﬁﬂv@ﬂwmeé’fﬂ'gﬂﬁ 35

PR
% s i %4 AN
Si

JU# 3.5 andraeanisintulaveevaiiiley

NITUIUNITAONLDIANTLILES (Strip Resist) wmaaaauumﬂawuwmﬂwa vadiilguenn
‘viaqmﬂLaiaaumvmumiummaammmmummiawmivxlﬂfmaﬂuumuiawaﬂauuamm
gihn 3.6 LwamﬂmmLﬂusuaiauzmlv\lﬂmu'mmmmﬁmuauamaammmmammmm
AUNNLLANKUUADITR

%Al

Si
3UN 3.6 nmdaeanisaentie e

nasnyinisasninenlinasasaualinduauluinnisdumesse (Sintering) tievinle
seuduiasenindlaneduasisdninlusesdudaloiuiinfa dedsn1sdunesiigumngd
450 pamwaed WWunal 30 wil neldussennialulasiau Gelunssuaunisiazyilile
Furuinunszviunsaslaewaluladfaneu antduiiiduaulvanvuinanunuives
31UT0TANaUMILITNSAAlAEATISIAN (Wet Etching) litaUSuUssaudfnisnauaueasie

1 =3 yddy o [ aa % =

auuwdmanlvpvulaeritnisinanunuivesgiusesdaneulivae 325 waz 225 lulaswns
Aua1nu Felvansiadl Tetramethylammonium Hydroxide: TMAH nauiu 41Us1A1n
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a

leau dns1diu 1:1 dnsn1sinedn 1 lulasiunsdourf (um/min) Nyl 90 aaA1

U

\waLgYa LanIagUR 3.7

5UM 3.7 MIAAUVIUNIYDIFIUTRITAAUAIINTEUIUNN TR lAYEN LAY

MAINARNIUNTEUIUNITNIIARLAgASIATISsUToBuaD Fagu 3.8 uanadienn
Ui InauNLL AN LUUERARATILAYIINN a5 19TUA3

'
aad

U 3.8 Minawmwivdnuuudediinliainnsyuiunisasng
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WHNTIRUNSEUINNNTas S e UL W inauinulmanuuuassdifignussqly

Aanaleduuy Surface Mount Ceramic Packages: MEMS PAG) WuU 8 41 @93U#l 3.9 1ile
lunadeunasAnymgAnssuvesiinauuwindnuuugdedin aaenauiiluussyndldanu

U 3.9 Fdnausuimdnuuuaesdiflushfidlediuy MEMS PKG 8 91
B.2 Iﬂiﬂﬁ%’]\?ﬂqﬂﬂqﬂﬂWWﬂaﬁﬁ?%ﬂﬂuquLlliW]'gﬂLLagﬂqiﬁaUﬂuaﬁi‘Uﬁaﬂﬁa
3.2.1 139519909 InEUINULIMAN LU LR R

Tnednuagnaneninvesgunsaifinausisindnuuuassdafignasietu Tngld
F1useBaRourlal (P-Type Silicon) s¥u1u <100> fT AU 625, 325, Lway 225
lulaswmsuazdananimanudunusingu 5-10 Tesugudiwns Inevhnnsadretalanza
Inifihezafivilun (Ohmic Contact) ngwusaqﬁwmﬁw%’aﬁa C1.C2,C3,C8 way C5 deiivunn
Nuvesilangrlwiinfiunnsefuaessuinduduruinvesialansiluin C3 uaz C4 &
FUIAIFY 100 x 100 pm? drudalanzainliin C1,C2 wag C5 fvurawiniu 100 x 300
um? LLamé’quﬁ 3.10 (n) Inedifuiidmsunisaevaussmeauuvdniaosdfiviiu 300
x 600 pm? WU 3.10 (v) uansianiadnueesgUnsnifiusznoudedalavsilnit
wuuleviuiiafignainsuugusesdaneuviad
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II

[al [all [atl

P-type

(n) (@)

Ul 3.10 Finaunnusimdnuuuassiia () amtalanginliil wag (@) nmarees
gunsal

TnsitugiuesUsngnisaisoadiu wilvlutidofidsninademnullunsnovaues
youiinaumndnuuumaniessezve st lansin i ilddmsunsnevauasionis
Wasuulasiauduauuusivan Sadusulsddgiifnsesnuuudndudesiionsan
diolsiTaiteanuuuiuiinsnevaussiin dulunuddeiaiuesiinauuusimanuuy
aesiiafldaiatuisgnoonuuulifiszesvesialansilniluntsnevaussfiunnsaiiu Tns
TnguszasindnifioTinseiimanssnuresssesvinssenintalansilniwag n1sdenld
Trssad1emessvoziesewindalang il dogramunzay elilav e mandis
mimauauaaaﬂﬂqﬁﬁqm

vhimaunLwivdnuuvdediifiesnuuuiuiidnvaslnsiadamemennlsenoude
Flanvihliuuulevufianaunindagssindfidunndne iy Tnefvunssesvinasswini
2 1Ugfs €5 Aasves L = 300 lulaswns dmsuilansilndihuwouleviuia C1 uay C2 149
dnsutaarnuaedndlnitgeas (V) lunisnevaussdeauinuimanluidvunu
(Parallel Direction : B,) vaslassadrafnaunuusdmdnlununsslngfmunssgymesewing
1 C1 way C2 Aoszey S vnseenuuuliauteulvie 40, 60, uaz 80 lulaswnas du
Flanziliiwuuloviafin C3 way C4 Auuaduszes W Inevinniseenuuuliaunany
Feulude 100, 200, waz 300 lulaswes MWdwsunsianussindlnigeasd (Vi) lunis
nevauededunuihminlufiadeain (Perpendicular Direction : B,) & w1 dua¥n
am:JLLajmﬁmLUULwamﬁugm LLamé’qgﬂﬁ 3.11

Lo |

L

JUN 3.11 msdlwesvetsze W, L, uay S ldlunsesnuuuiinauwiuwivineuuaedia



32

svpzvhesznieialansilindunsfiwesdfydmsunisosnuuuliianda
paiildseauuignuly Tnsanizeddednswavessvasieszninstalavgdluifidana
Tnenseoarnullunisnevauswasiinauuulman et lunagouautiuazinnis
Anszilimswisaanullunisnevauesiimnzaufunisussgndldsulunisia
auusmdnlnelifufuiiene saulusuidedldiiaueddnvarlasadiuesiin
auILWENLUUaedliATinn1seenuuuiiianun 9 TassadrauumumunTiuensaty 3 A
Tneillassadaranungiannsnad 3.1

AN5199 3.1 WSHUBUNISINLND5UD9LASIASI9VIVUA

FIUSOI @A AN AN | AU | IASeEEe | SEEeYesEnINg | SEEENNeTENINg
wiin AUV Tk §9 Cl uazC2 |47 C3 uaz Ca
(t) (S) (W)

625 um ) 40 pm 100 pm

2 60 um 200 um

3 80 um 300 um

325 um 4 40 um 100 pum

0 5-10 Q-cm 5 60 um 200 pm

6 80 um 300 um

225 pm 7 40 pum 100 pm

8 60 m 200 pm

9 80 um 300 um

Tnerfnauuusindnuuuassdat 9 lassadazgninlunageuausamdlniuay
audAnisnevaussdonisiudsunlasauiduyesauinwiven wenansliiiuisnis
novauBIveIsazlasiaimazamnsadantuUszandldaulunisinauauunivaniag
laigufufiennaldogramnya

3.3 N1SNAFIUANUAVIRIIAEUINLULAANLUUED IR

3.3.1 nsnagauaudusasdudanuulauiia

nsnagevanvinulusesduialoviuiia Wodusuiinssuaaiuisalnaniuls
ansfievnauas bidunusosduianuurondnginseuaanunsoluaruldiiiosfiemaion nns
nagevanURmslniha i dusesduiawuuleviuiia Ingvihnisaneusesulniy -2 fia 2 volts
NuMasIeIu BK precision 1735 sudalangairliily feiivianua 4 nsdl lunsdiusnazane
LsaduRusEninstalanstlndia C1 way €2, lunsdiftdessnerudnlansiiluii C1 was
¢5, lunsdiftaudresudlansinliilnds 2 uae 5, danlunsdaniedreriutalanzi



33

al

T4 C3 way ca éfqgﬂ'vi 3.12 (n), (), (A), way (@) wARINMAISNAERUANUANI LN
adusesdusialoviuiia udrinanseualniihilnasudalaneinlwin Inglddaniines
Su Fluke 8808A Lilpagfinnsnndnuaziamzuessosduianuuleviudasyvindans fuansn
fnidaraenndenunguedlevi

(4

JUT 3.12 managevauinisiihanulusesdudaleviuia (n), (), (), way (1)
3.3.2 NMsnagavanUianUu 2 luN1Na VALY IR AFUIUWILNANLUUED IR

autAlannzvosiiafifosnisnaaeuiieauisaszyiednsnnlunisnovaussde
mnuduresauudminlsduienullunsnevauswewiin Faimuddyidmwald
mstamanudivesauunsivdnlpgludutuiiamauuaoaiflidanumneauazgnios

FaduluiatedaziinasAneinaznaaeuniiulilunisnevaus sve s ta
aulmEnLUUdeTRTildad9ty ieuandiifiudseullunismouaussldvsaesfiemia
namAeausnnevaLesrefirauLLman uLLs s nuaslulTU IR U YR dmdunng
nAdauA1AIL v TRFUILLIIMANL UL AR RENNTALUINTNRaR s A FRInS AN
YosauLLmanTInszintuTe fe Arvesauuudinaniinszyinfuiitaaunuudivanty
LRI (B2) warirwesaunuusimandinseyinfurntnaunuudmdnlutuivuny (B) uans
FasURt 3.13 (0) uae (@)



34

B; z z

. IJ _ __'J/x
G A7) T FF

p
>

(n) ()
JUM 3.13 firvesauiuudivan (n) iervesauiuwdmaniinssyiniuiiinauinudmanty

& a 1 @ a 0 v o o 1 <
LuINIRIN (B2) hae (V) ArvpsauINudaninsz AU Inau L Ldan iUl vuIY (By)

nsnegeumllunisnevausse i inaumulmanseauudmanlunufain
LaTUUIVUILAFUT 3.14 (0) uansnmsrassnisnaasumanllunisnevaussesiiin
auuwimanuuvaesiifiuas () wansgunsallun1snaaeudis Inednanszua 1 mA d1uda
fumu R, waw R, fignaeagiuta C1 uay C2 lnenseuasylvaimiloanslugein cs dau
#2 C3 wa Ca MWlunisinnismevauseaumusmanlufindsan dmsuda C1 uag C2 98
gnidlunisianisnevaueseauuwivantuiirvuiy dlovinissneaunuudvdn -3,000 8
3,000 477d 997LA38 Electromagnetic avanInsainaALsadndseadlaannia C3 - Ca
Was 49 Cl - C2 F98ms1n1siasuntataradnuansfndseadnonisiasuudasen
aunuuswdnAdemllunisnevauewesiiinauuusimdntiues duilunsneassias
aunseIATIERMsRevauBsestTnauLwlmanlunwiueuaslutad e niulE

LR 1

—
Vi b h TLETH

L ‘G j— :
C%; C; Cl/ Electramagnet

B3

V' . g
(n) ()

=

JUN 3.14 (n) mwdnaeanisnageuaiaulilunisneuaueeiIinauIULAN KU UEDS
1 (v) gunsallummegeuass



35

3.4 nMsUszgndldauvasidaauuwimanlaglivuiuiiani

3.4.1 N1SNAFDUNIDNTINTVLL5IAU LW H1T0adLUUEaD N

¥
aa o o

299301505 UU TN N IR U NN VeI T auINkmAnwuUaesdiRdued
9TV IYUVUDUANT LU UA iovinn1svenonantawsagulifisznined i dmsunis
pevaupsionIsiasunlatmnaduauiudmvdnusazuuiunuve i aldfudyyanny
LanAsiTaEuTY saudnsUSuoeriwnvasusiulniieead lunisaassdlediues
INA333 6‘5&LﬂmwwmaLLuuéuamgLuuﬁa‘hmu 6 61 WieldlunisnageumensnIsvene
gainuaziitovnnisvensusssulniseadusas frmsliunniunuiidosnis Tneviinns
USusnsrveneliiian 580 wih dwdunageuaiulilunisnevaussvesiiialunuadsann
(B2) Wag 9m319818 430 i1 dmsunegeunulilunisnevauesrasiinlululvuiu (8y)
iiolinsnevauswoigoaddesfirna A WITAY LUULHLNNSHe T RauIILL WMENLUY
aosdlatinfiuisvensuBuaRUALansagU 3.15

Instrument Amp 3 i

;
&8 Instrument Amp 3 sin
\ b / ‘ Instrument Amp
T
\ 7 & bt 32 |

L b FF

JUN 3.15 Moy inauuLianuUUaIl AN UATVEIBLUUBUARTIUA

Y
[

3.4.2 gutinsiUAguwlasanuduvesaunussiinanfivuiuyy

dleuandliiuiannsmevaussienisiudsuulaspilaususivaniinsgyiiuinia
Tagfiansanainuseiuseadienimniazanuaonndosfungujvesseaddsaz uandliiiiiy
mnuduiusve LTI uTadie Wiwniuyy 0 faunuwlmdnnsgyiiuiinlusuilsdduves
sind Faulun1InnassiaenImade U UAUBITeI InAuIMlMANLULADsERArDN S
Wasuwasufiauuuiminngyin Tnemsnyui inauiuudingnideuuasu dus 0 i
180 09m1 Tngusulafaar 10 ear areldanuduauiuuivinasil udasiinisian
wsedulnliheoadfiinduainanuduvesauuusimaniinssviilugusiieg fuainoviny
C1 - C2 wag 10w C3 - C4 nmidrasanmnaaeuLandlyiiiudsgud 3.16



36

Electromagnet

Coil 1

Rotated

Coil 2

Electromagnet
JUN 3.16 Mdnaesn1snadeuaniRnsasuwUatanuduvesauunlnan iTuiuy
3.4.3 nsnadauaMNwivgIvawiddaaunausiwinlnelivuiufianiawuuae i

3.43.1 n15nAaaUlAg U SULUASUATLNLIYDIYUNAINLTUUD
AuussilnanAININgZYi

TnonsnageuUsuasusmumisenuinruiduvesaunusidnasi 7 a1 dud o,
500, 1,000, 1,500, 2,000, 2,500, kag 3,000 LN1d ANNEIAU WINTENIAURITRIAEAL
UsuiBsuiuwmisasirinauuusivdndausyy 0 §1 180 a3 nwiaesNIVIAFEULANS
ﬁqgﬂﬁ 3.16 4ale17ayaT Vi Uashn y kag knu z Wil lusunsuAuialnge1edennn
N3 (2.35) AVdUsEAVS ki Lay ko990 @unng (2.33) way (2.34) asgnuiulidaindu
Fsnavinaedil 3.4.2

3.4.3.2 N1SNAEUAMNULIUG1 VB aULLiAnlag Ui uAANIg

TunisnagaurUwiug1va s nauuwmanlag bl uduianiailasenwuuiy
Tarin1snaasulaeriiniswSeuisuata i uvesauruwilundnfndalaainiain

[l < aa o A = @ 1 < 1 = o
AunLLvaNLUVaRIdiRA AT TnauINkIMANNIATZIUTU (FW. Bell 5170) F9¥11A13
USuyuidesserinsauuuwimaniuiiaiiyy 10, 20, 30, uaz 40 0961 WaAIRIgUil 3.17 N3
VAFBUNTITUTULUBYS (N) 10 891, (V) 20 83A7, (A) 30 B9A1 AT (4) 40 BIAT INUUYINE
av v ° a a ¢ s 2 & a | a a o P
AlaaglurinnsiUSufguiaUas i uRmINURANAINSENINASBILBNITINAINUIT YD
awwdmanunsguiuiiaunwimvanuuuaesdiinlidnauslunuided



B
\ o
[——kr2 100 o 20
B B
| " l
Bl

JUN 3.17 nMsnadoun1susuyuBesvesiiinaunuudmvinfiienuiduves
awmwiwanuInszyily (n) 10 aeen, (1) 20 89A7, (A) 30 B3FT WAL () 40 BIFN

37



undi 4
NANISYNADILAZNITIATITIANE

N1SNAFBULATNITHATIZRHANITNAABIVBIRITAAUIURLNEN WU UADINAT
Yaqusrasdndnidielnuisdnuasenizvesgunsaifldarsdunudoulaluniseonuuy
pasnauasathpuantivesiinuUssgndldnuduirinauundivanuuuaodiflaslyl
ﬁﬁuﬁ’uﬁﬁmqﬁﬁmmums‘h@q

4.1 namsnaFaUANAIURYETI InUINKIMANLUUADITR

miaaﬂLLUULLaza%ﬁqﬁai’mammLajmﬁﬂLLwamﬁauuﬁugmmﬂiuiaé‘%ﬂauﬁgﬂ
funduifieliinidaudRianizanadosiuiouluvemdn nisialagladufuiiang ns
naaovautinlniudowiuaendinnnmsasuas nsvageuanauiFlunsmevauase
auwiman SufangAnssulunisiauresifndsianudifyduegredadmiunng
Anngitetulsrgndldldesumnsan fadunisvageunagnisinagiaudive
gunsalisimudndustnadaiariilinmsinranudiesauuusimaniusyavsnimgegn

4.1.1 wan1snagavauvaanudusesdulanuulaiuiinva it aauIuLRaN kU
A294A

lpssasavesiiinauinulmaniuuaesdinngneanuuuiuiidnyasianzusznaunie
PlangilninienuaiewnTiignasuuugIuTeddaneu Tuduwsnaewini1snagey
anvAnudusesdudatuulavuiinveatlans U A I nuANS I NENUN TEUIUNTAS 1
Tnowmalulag@anau WienazdudunnudulovuliailidinanssnumAsn1snaUaL Ui In
AUNULUANLUUAD TR

1 U [} I3 1 d‘ 1 YV g.J/ o %

INNANITNAFDUANANUAUNUSTENIINSEwananglrnut ez lndwashsssulnin
d' 1 1 5’5 gj v} 1 3_’, % Ql'd 1 1
PanAsausymInatilanslu Inednseninata C1 AU C2 Nliszeriing 80 LulAsLung, 581N
97 C1 ffu C5 Nflszeriing 380 lulasiuns, 58131997 C2 U C5 Nliszesnng 300 hulasiuns
WAL Y1997 C3 Hu C4 Nisze 300 tulAsuns Inevinn1saNewsInuadwLe -2 09 2 1aa
1NUNELT18 JU BK precision 1735 uairianszuailnasdiumedaiiines u Fluke
8808A mamﬁmmmﬁmmﬂugﬂﬁ 4.1, 4.2, 4.3, Laz 4.4 aUa1au



0.008

0.004

0.002 |

0.000

Current (A)

0002 [

-0.004 -

-0.006 -®

® Y =0.003129x - 0.000026 T

-1 0

Voltage (V)

39

UM 4.1 nsvpnuduiusnsuaduussiuliiserinetalansdilii C1 du C2 veuiain
AUTWIVANLUUAD IR

0.004 : . —
..
®
»
C1,C5 o®
0.002 .o‘
L]
o?
< o*
$ 0.000
£ -
= .
O o®
L ]
.. ® Y =0.002021x + 0.000008
.0.002 F *
L ]
000402 : s
2 -1 0 1 2
Voltage (V)

UM 4.2 nslpnuduiusnssuaduussiuliihseninstalangdilui C1 Au C5 veaiain

AUNULUANLUUADITA



Current (A)

0.004

0.002

0.000

-0.002 +

-0.004 +

. ® Y =0.002500% + 0.000023

-1 0
Volage (V)

40

UM 4.3 nslanuduiusnssuatuussiuliihsenintilangdilnih C2 fu C5 vewinin

Current (A)

AUNULIANLUUADITR

0.002 |

0.001

0.000

-0.001

-0.002 +

.. ® Y =0.001404x - 0.000027

-1 0
Voltage (V)

UM 4.4 nsipnuduiusnssuadunssiuliihseninatalangdiliih C3 Au C4 veuiain

AUNULUANLUUADITA

HANTSNAABUGITUN 4.1, 4.2, 4.3, uay 4.4 Wuns iwwanapuduwussening
nszualihduussiulnimuindanududadudadudiunduveseinnuduniu lnegn
asurgau dudadulaniuannisi (4.1) dwmsudilanganlwia C1 waz C2 dwmsudnlany

1WA C1 way C5 wanemaaunisi (4.2) dusutrlansinlnidn C2 way C5 hansssaunIsn
(4.3) wazaun1si (4.4) aSuremnudunusserInatNansilnin C3 waz Ca



41

Y = 0.003129x - 0.000026 (4.1)
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Y = 0.000044x - 0.002808 (4.16)
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Abstract

This research has investigated the effect of different ohmic contact widths and spacing (distances) on the perpendicular- and
parallel-directional absolute sensitivity of silicon-based two-dimensional (2D) Hall sensors. The experimental sensors were of
two configurations. The first configuration was of 100um and 40pm in width (W) and spacmng (S). while the other
configuration was of 300um mn W and 60um in S. The sensors were fabricated on a 20-300) cm-resistivity p-tvpe silicon
substrate with five etched aluminum (Al) ohmic contacts. In the experiment, the perpendicular and parallel absolute sensitivity
of the sensors were tested by varying the magnetic flux density from -5000 to 3000 Gauss (G). The findings revealed that the
proposed sensors were capable of magnetic sensing in both perpendicular and parallel directions. Specifically, the
perpendicular absolute sensitivity of the sensor with the 300um contact width was 2.08 times higher than that with 100um
width. Meanwhile, the parallel absolute sensitivity characteristics associated with the two different contact distances (i.e. 40um
and 60um) were similar. Thus. the ohmuc contact width plays a more crueial role in the sensitivity enhancement of the Hall

S€Nsors.

Keywords: Hall effect. 2D hall. Hall structure, Width space. Sensitivity

1. Introduction

In the magnetic field measurement system. a Hall effect
sensor 1s typically deployed to sense the magnetic flux
density. The most common Hall sensor structures include the
magnetic field effect transistor (MAGFET), magneto diode,
magneto transistor and conventional Hall plate [1]. Of
particular mterest is the conventional Hall plate which 1s of
strarghtforward structure and high linear sensitivity. The
determinants of the Hall sensor sensitivity encompass its
structure, mobility and the carrier concentration [2-3].
Ideally. a Hall sensor should be capable of multi-directional
sensing with high magnetic field sepsitivity and wider
applications,

In [4]. a low-cost two-dimensional silicon-based planar
Hall effect sensor was proposed and experiments carried out.
The author documented that the absolute sensitivity of the
Hall device was subject to the width and spacing (ie.
distance) between ohmic contacts.

The aims of this research are to propose two-dimensional
(2D) silicon-based Hall sensors capable of perpendicular and
parallel magnetic sensing; and to examine the parameters
influencing the absolute sensitivity of the sensor. The
parameters under investigation consist of the width (W) and
spacing (S) between ohmic contacts (C) on the substrate.
whereby both parameters were varied and the sensor’s

*Corresponding author.

absolute sensitivity measured. The perpendicular- and
parallel-directional absolute sensitivity characteristies are
respectively correlated to the varying widths and distances
between ohmic contacts [1].

2. Devices design and experiment
2.1 Device design

The proposed 2D Hall sensors are of simple structure
fabricated using the silicon technology on a p-type silicon
wafer with a resistivity range of 20-30Q.cm. In the sensor
fabrication. aluminum (Al) was grown on the substrate using
RF-sputtering and subsequently etched for five ohmic
contacts (ie. Cl, C2. €3, C4, C5). In the experiment, the
drive currents were applied to C1 and €2, while the output
Hall voltages were measured at C1, C2 and at C3, C4 for the
parallel- and perpendicular-directional sensing. respectively.
(5 1s the ground contact. The entire sensor has an active area
of 600x300um?.

In this research. the experiments were carried out with
two different configurations of 2D Hall sensor and the sensor
sensitivity determined. In the first configuration. the spacing
(S) between C1 and C2 and the width (W) between €3 and
C4 were respectively 40pum and 100pum. Meanwhile, in the
second configuration. the spacing (S) between C1 and C2

Email address: Yongyutkaewjumras@gmail.com, manoathirot@yahoo.com, Ampom.poyaif@nectec.or.th, ktwisut@kmitlac.th*
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and the width (W) between €3 and C4 were 60pm and
300um. The schematics of both configurations are
respectively illustrated in Figures L(a)~(b).

‘ -
L )Y

2

e

(b)

Figure 1 The top view of the proposed 2D Hall sensors: (a)
1 structure, (b) 2 structure

2.2 Experiment

The perpendicular- and parallel-directional absolute
sensitivity characteristics of both configurations of 2D Hall
sensors were mvestigated. In the experiment. a lmA bias
current was applied to C1 and C2 correspondingly through
two resistors (R1. R2). In addition, the measurements of the
Hall output voltages. using a Fluke 8808 A multimeter. in the
perpendicular direction were taken at C3 and C4, while those
in the parallel direction at C1 and C2. A magnetizer (Ohsumi
Electric Manufacture) was deployed to generate the
magnetic field for testing the 2D Hall sensors, in which the
magnetic flux density was varied between -3000 and 5000
Gauss (G) [5]. Figure 2 illustrates the operating principle of
the proposed sensor and the magnetizer.

Figure 2 The operating principle of the proposed sensor and
the magnetizer

KKU ENGINEERING JOURNAL 2016:43(51)

3. Results and discussion

In this research, the perpendicular and parallel-
directional absolute sensitivity of the proposed 2D Hall
sensors were determmed by varying the magnetic flux
density between -5000 and 5000 Gauss. In the first
configuration (W = 100um, S = 40um). the perpendicular-
directional absolute sensitivity of €3 and C4 was
significantly linear, corresponding to 'Y = 0.000074x -
0.000558, with the perpendicular absolute sensitivity of
0.000074mV/G. On the other hand. the perpendicular-
directional absolute sensitivity of C1 and C2 was negligible,
as depicted in Figure 3.

In Figure 4. the parallel-directional absolute sensitivity
of C1 and C2 was significantly linear, corresponding to Y =
0.000699x + 0.005385. with the absolute sensitivity of
0.000699mV/G. Meanwhile, the parallel-directional sensing
was mnconsequential for C3 and C4.

& ——
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z
£ 2 ® Y= 0000074x- 0.000858
© ¥ =0000008x - 0.000385
-4
-8
%00 4000 2000 [ 000 4000 000

Magnetic flux density (Gauss)

Figure 3 The perpendicular-directional absolute sensitivity
of the 2D Hall sensor of the first configuration
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Figure 4 The parallel-directional absolute sensitivity of the
2D Hall sensor of the first configuration

In the second configuration (W = 300um, S = 60pum). the
perpendicular-directional absolute sensitivity of C3 and C4
was significantly linear, corresponding to Y = 0.000154x +
0.004731. with the perpendicular absolute sensitivity of
0.000154mV/G. On the other hand. the perpendicular-
directional sensing was negligible for C1 and C2. as depicted
mn Figure 5.
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Application of Multi-Dimensional Hall Sensor
tor Gauss Measurement

Yongyut Kaewjumras, Athirot Mano, and Wisut Titiroongruang

Abstract—This paper reported on a two-dimensional Hall
sensor enabling to measure the two spatial components of the
magnetic field and applied for gauss measurement application.
The device was operated through only five contacts and tested
by varying the magnetic flux density from -5000 to 5000 Gauss
(G) and using signal conditioning circuitry for amplifying and
adjusting the both similar sensitivity. After that, the output
signals were converted to digital signals by ADC for
transmitting a computer using LAB-VIEW programming and
comparison with the standard gauss meter (F.W.Bell5170). The
result of gauss measuring application comparison with the
standard gauss meter has done with a precision of 0.04-3.80%
including a calibration process.

Index Terms—Hall effect, Two-dimensional Hall sensor,
Sensitivity, Signal conditioning circuitry.

L. INTRODUCTION

Hall effect sensor in silicon (Si) are used for

applications in  current measurement. angular

measurement, and gauss measurement etc. Of
particular interest is gauss measurement technique which is
a contactless position sensing using a magnetic flux density
and a Hall effect sensor. Conventional Hall sensor serves to
measure the perpendicular-dimensional magnetic field
vector (B,). One-dimensional may not be able to get
accurate in measurement that a Hall sensor should be
capable of multi-directional sensing with magnetic field
sensitivity.  With such multi-directional sensing. the
contactless detection can be executed with high accuracy.
These  two-directional (2D) Hall sensor  detects
simultaneously two in-axis z-x magnetic field components
B, and B, [1.2]

In [3]. an application of 2-D silicon Hall device for
independent directional magnetic field measurement
technique was proposed and experiments carried out.

The author mentioned that the 2-D silicon hall device was
capable of sensing in two-dimensional and independent
directional magnetic field.

The present paper aims at making a comparison standard
gauss meter and gauss measurement from two-dimensional
Hall sensor based on a simple silicon process technology.

Kaewjumras, A. Mano, and W. Titiroongruang are with Department of
Electronic Engineering. Faculty of Engineering, King Mongkut’s Institute
of technology Ladkrabang, Bangkok 10520,
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The advantage of this two-dimensional Hall sensor is that its
be capable of sensing a magnetic field one more direction,
perpendicular-directional (B,) and parallel-directional (By).
Furthermore. signals from the device are coalesced to signal
conditioning circuitry for amplifying and adjusting similar
sensitivity, and then the output signals were converted to
digital signals by ADC for fransmitting a computer using
LAB-VIEW programming and comparison with the
standard gauss meter (F.W.Bell5170). This technique is
capable of sensing magnetic flux density with high accurate
measurement. Section II briefly the concept and the two-
dimensional Hall structure device. The experimental
examination of the absolute sensitivity and gauss
measurement technique corresponding the two-dimensional
Hall sensor are described in Section III. Results and
Discussion are presented in Section IV and a conclusion in
Section V.

II. CONCEPT AND STRUCTURE OF 2D HALL SENSOR

In [4.5] it has been concluded that ideal conventional and
vertical Hall effect sensor were combined. The two-
dimensional Hall sensor was fabricated using silicon
technology on a p-type silicon water with a resistivity range
of 20-30 Q.cm. The aluminum was grown on the substrate
using RF-sputtering and consequently etched for five ohmic
confacts (1.e.C1,C2.C3,C4.C5). In the experiment. the bias
currents were applied to C1 and C2. Meanwhile, the output
Hall voltage was measured at C1.C2 and at C3.C4 for
parallel- and perpendicular-directional sensing, respectively.
C5 1s the ground contact. The entire sensor has an active
area of 600x300pm’ as figure 1. Both the two output
signals were coalesced to signal conditioning circuitry for
amplifying signals and adjusting the similarly absolute
sensitivity and comparison with standard gauss meter
(F.W.Bell5170).

III. THE OPERATING PRINCIPLE

The magnetic field measurement includes two-
dimensional Hall sensor. signal conditioning circuitry.
analog to digital converter, and computation stage. The
diagram of measurement as depicted in Figure 2.

In the first experiment, A bias current 1 mA was applied
to Cl1 and C2 correspondingly through two resistors
(R1.R2). C5 is the ground contact. An electromagnet
(Ohsumi Electric Manufacture) was deployed to generate
the magnetic field for testing. in which the magnetic flux
density was varied between -5000 and 5000 Gauss (G). the
output signal of both perpendicular- and parallel-field

IMECS 2017
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absolute sensitivity were tested on two-dimensional Hall
sensor. The Hall output voltages, in the perpendicular
direction were taken at C3 and C4, while in the parallel
direction at C1 and C2. Figure 3 illustrates the operating
principle of the proposed sensor and the electromagnet.

After that. the both output signals were connected to
signal conditioning circuitry for amplifying and adjusting
similar absolute sensitivity, then output signals were
converted to digital signals by ADC for transmitting a
computer using LAB-VIEW programming and comparison
with standard gauss meter (F.W.Bell5170).

IV. EXPERIMENTAL RESULTS

As the results, the perpendicular- and parallel-directional
absolute sensitivity of the two-dimensional Hall sensor were
imposed by varying the magnetic flux density between -
5000 and 5000 Gauss. The perpendicular-directional
absolute sensitivity of C3 and C4 was highly linear.
corresponding to Y = 0.000146x + 0.001800. with the
perpendicular absolute sensitivity of 0.000146 mV/G.
Meanwhile, the  perpendicular-directional  absolute
sensitivity of C1 and C2 was negligible. as illustrated in
Figure 4.
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Fig.1 Top-view and cross-section of two-dimensional Hall
SEnsor.
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Fig.2 The diagram of gauss measurement.
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In Figure 5, the parallel-directional absolute sensitivity of
C1 and C2 was significantly linear. corresponding to Y =
0.000703 — 0.005600. with the absolute sensitivity of
0.000703 mV/G. On the other hand, the parallel-directional
sensing was inconsequential for C3 and C4.
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Fig.5 The parallel-directional absolute sensitivity of the
two-dimensional Hall sensor.

The output from signal conditioning circuitry was
amplified and adjusted the similar absolute sensitivity of
both directions. In addition. the perpendicular- and
parallel-directional absolute sensitivity of the proposed
two-dimensional Hall sensor was determined by varying
the magnetic flux density between -5000 and 5000 Gauss
and the absolute voltage signal was measured. In Figure
6. the perpendicular- and parallel-directional absolute
sensitivity were 0.00102 mV/G and 0.001013 mV/G.
respectively. The both of absolute sensitivity was
similarly sensing.

application comparison with a standard gauss meter. The
achieved total gauss measuring application accuracy of
the laboratory setup of the two-dimensional Hall sensor
was 0.04 — 3.80% for the comparison standard gauss
meter.
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Fig.7 The gauss measuring application comparison with

standard gauss meter (F.W.Bell5170).

The experimental results validate the utility of the gauss

measuring application comparison with standard gauss
meter were listed in Tablel.

V. CONCLUSION

This paper has proposed the ideal conventional Hall
sensor and vertical Hall sensor by a combination that the
two-dimensional Hall sensor was capable of magnetic
sensing in both perpendicular and parallel directions. We
introduced for this application the two sensitive directions
as a first step of amplifying with the signal conditioning
circuitry for both similar sensitivities. The result of gauss
measuring application comparison with the standard

8 r T gauss meter has done with a precision of 0.04-3.80%
2 including a calibration process.
af © ]
L]
e
- sl &Y 1 TABLEI
= o TECHNICAL DATA OF GAUSS MEASURING APPLICATION COMPARISON WITH
% ) 'y STANDARD GAUSS METER
=W° [ o o ] Setting magnetic flux Measured magnetic
z o density with standard flux density Error (%)
% P ° 2 1 auss meter (Gauss) (Gauss)
o 9 ® Y=0.00102x - 0002800 1 0 0 0
b 5 ] v Y=0.001013x - 0.007300 | 500 481 380
oy 1000 1036 3.60
L &8 oY L LW T ) S ) 1500 1472 186
6000 -4000 -2000 0 2000 4000 6000
Magnetic Flux Density (Gauss) 2000 1978 1.10
Fig.6 The both of absolute sensitivity of the two- e 2453 0.68
dimensional Hall sensor with signal conditioning 3000 2989 0.36
circuitry. 3500 3512 034
: ) . ) 4000 3994 0.15
The output from signal cl011d1t101}1ug_ circuitty was W00 AP 0.06
prepared for the gauss measuring application comparison
5000 4998 0.04

with standard gauss meter (F.W.Bell5170) by varying the
magnetic flux density from 0 to 5000 Gauss. The output
result was analyzed and calculated using LAB-VIEW
programing. Figure 7 illustrated the gauss measuring
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Abstract. This experimental research proposes a contactless silicon-based two-dimensional (2D)
Hall sensor capable of simultaneous parallel- and perpendicular-directional magnetic sensing, with a
360° angle measurement. The Hall sensor was of non-symmetrical five-ohmic contact configuration
(C1 — C5). In the study, experiments were carried out in three stages. In the first-stage experiment,
the current (I) and voltage (V) of the 2D Hall sensor were determined under three schemes: schemes
A (Cl&C2), B (C2&C5), and C (C3&C4). In the second-stage experiment, the parallel and
perpendicular absolute sensitivities of the 2D sensor were examined. Considering the discrepancy
between the parallel and perpendicular absolute sensitivities, signal conditioning circuitry was
mcorporated into the sensor system to compensate, and the rotational angles measured in the final-
stage experiment. The results revealed that the I-V curves were dominantly linear, corresponding to
Ohm’s law. However, the parallel and perpendicular absolute sensitivities were low and unequal.
Thus. signal conditioning circuitry was incorporated into the system to address the discrepancy and
improve the performance. Importantly, the 2D Hall sensor exhibited a mere +3° discrepancy
between the measured and reference rotational angles, given the magnetic flux density of
1000 G, with the hysteresis error of 2.8%. In essence, the proposed contactless silicon-based
2D Hall sensor possesses high potential for high-precision industrial applications.

Introduction

Magnetic field sensors based on the Hall effect in silicon are commonly used in
applications with a magnetic flux density between 1 - 10000 Gauss. Apart from the magnetic
field measurement, the Hall sensors are deployed in contactless sensor systems for switching,
current, and angle measurements. At present, contactless angle measurement based on a
magnetic sensor and magnetic flux density has gained wider acceptance due to the high
accuracy and robustness. Ideally, a contactless angle measurement system should be of low cost,
compact size, and full angle range (0 - 360¢) [1-7].

There are three main types of magnetic sensor: the magnetic field effect transistor
(MAGFET), magneto diode, and Hall plate. Of particular interest is the Hall plate due to its
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straightforward structure with high linear sensitivity. The typical Hall plate is of low-doped p-type
silicon with high Hall mobility (pm) and symmetrical with four ohmic electrical contacts, in which
one pair drive the sensor and the other pair are for sensing, thus capable of only unidirectional
magnetic sensing. Ideally, a Hall sensor should possess the multi-directional magnetic sensing
characteristic in order to improve the accuracy of contactless angle measurement.

In the angle measurement, the multi-directional (2D) sensor is rotated inside the
electromagnetic field, and the Hall voltages of the rotational angles, as a function of the sine and
cosine functions, determined. In principle, the amplitudes of the sine and cosine curves are shifted
90° [8-24].

In [7], a 3D Hall sensor was simulated under variable conditions to investigate the input
resistance, Hall voltage. and absolute sensitivity. However, no sensor prototype was fabricated. In
[8]. a 2D Hall sensor. containing eight ohmic electrical contacts, was proposed for magnetic
sensing. The sensor nevertheless suffered from excessive electrical contacts, extended response
time, and energy inefficiency. Moreover, the excessive ohmic contacts presented the fabrication and
miniaturization challenges.

In [9]. a multi-directional silicon-based CMOS Hall sensor integrated with analog and digital
signal circuitries was proposed to compensate the discrepancy between the parallel and
perpendicular absolute sensitivities and amplify the Hall voltages. In [10], the effects of various
ohmic contact widths and distances on the absolute sensitivity of 2D Hall sensor were investigated,
and the results showed that the contact widths and distances were positively correlated to the
absolute sensitivity of the sensor. Nevertheless, the 2D Hall sensor suffered from low absolute
sensitivity and large discrepancy, necessitating the implementation of signal conditioning circuitry.

In [11], experiments were carried out on a high-speed CMOS integrated magnetic angle
sensor, consisting of two 8-contact circularly-arranged arrays (1.e., mner and outer circles). The
results revealed the slow response time and substantial energy consumption of the sensor.
Moreover, the angle measurement was narrow (0-90°%). In [12]. an analog x- and y-axis magnetic
sensor could achieve a highly linear correlation between the measured and reference rotational
angles. Nonetheless. the angle measurement of the sensor was restricted (0-120°). In [13]. a multi-
directional silicon-based Hall sensor could perform parallel- and perpendicular-directional magnetic
sensing, with an angle measurement of 0-180°, still far short of the full angle measurement.

This research thus proposes a contactless silicon-based 2D Hall sensor, consisting five
ohmic electrical contacts (C1 — C5), capable of parallel and perpendicular magnetic sensing with
360° angle measurement. Experiments were carried out in three stages. In the first-stage
experiment. the current and voltage of the sensor were assessed under three schemes: schemes A
(C1&C2), B (C2&CS), and C (C3&C4). In the second-stage experiment, the parallel and
perpendicular absolute sensitivities of the 2D sensor were determined. In light of the discrepancy
between the parallel and perpendicular absolute sensitivities, signal conditioning circuitry was
incorporated into the sensor system to compensate, and the rotational angle (£) measured in the
final-stage experiment.

The organization of this research is as follows: Section 1 is the introduction. Section 2
details the sensor fabrication and experimental methods, and Section 3 discusses the experimental
results. The concluding remarks are provided m Section 4.

Sensor Fabrication and Experimental Methods

The contactless 2D Hall sensor was fabricated using silicon technology on a P-type wafer
substrate with a resistivity of 5 Q.cm and thickness of 625 pm. The wafer substrate was first
piranha-etched to remove inorganics and deposited with silicon-dioxide (S102) using dry chemical.
The first marking using positive photoresist (PR) was then carried out for five ohmic electrical
contacts (Cl, C2, C3, C4, C5), and aluminum (Al) was grown using radio frequency (RF)
sputtering. The second marking was undertaken to remove excess aluminum and expose the ohmic
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electrical contacts (C1 — C35) prior to sintering at 450 C° for 30 mins. The dimensions of C1, C2,
and C5 were 300x100 pm: and 100x100 pm for C3 and C4. The resulting 2D Hall sensor has a
sensing area of 600x300 pm? [6].

Figures 1 (a)-(b) respectively illustrate the fabrication process of the 2D Hall sensor and the
configuration of ohmic electrical contacts (Cl, C2, C3, C4, C5) on the P-type silicon wafer

substrate.
Starting *6 P-type wafer and - si

Piranha cleaning
Oxide

Growing of 1500A° Oxide
PR

Coating of photaresist for first - Al

marking
Sputtering of 6000A° aluminum

Coating PR for contacts marking

Ash resist and sintering at 450 C° for 30 mins
(a) fabrication process (b)configuration of ochmic electrical contacts

Figure 1 The proposed 2D Hall sensor: (a) fabrication process, (b) configuration of ohmic
electrical contacts

In this research, experiments were carried out in three stages. The first-stage experiment
mvestigated the current (I) and voltage (V) of the ohmic electrical contacts (C1 — C5) of the 2D Hall
sensor. The second-stage experiment assessed the parallel- (Bx) and perpendicular-directional (B;)
magnetic sensing of the sensor, and the final stage determined the angle measurement of the 2D
Hall sensor.

In the first-stage experiment, a bias volfage (Vs,ppp) Was varied between -2 fo 2 V using BK
precision 1735a power supply. In the experiment, the bias voltage was applied to the 2D sensor
according to schemes A, B, and C, as shown in Figure 2. In scheme A, the bias voltage was fed to
C1 and C2; to C2 and C5 for scheme B; and to C3 and C4 for scheme C. The current (/) and voltage
output (Foupur) were measured with a multi-meter (Fluke 8808A). The C1&C5 scheme was omitted
due to a close resemblance between the I-V curves of the C1&C5 scheme and scheme B.

‘ij Vipory (C)

&)

Figure 2 The experimental I-V of ohmic contacts: (a) scheme A. (b) scheme B, (¢) scheme C

In the second-stage experiment, a 1 mA bias current was applied through trimmers (R1. R2)
to the corresponding C1 and C2, with C5 as ground contact. The trimmers R1 and R2 were used to
manipulate the bias current for equal potential. A magnetizer (Ohsumi Electric Manufacture) was
deployed to generate the magnetic field to investizate the parallel- (Bx) and perpendicular-
directional (Bz) magnetic sensing of the 2D Hall sensor, where the magnetic flux density (B) was
varied between -5000 and 5000 G using a standard gauss meter (F.W. Bell 5170).

The Hall voltages (output) were measured using Fluke 8808A multi-meter, whereby the
parallel axis was taken at C1 and C2 and the perpendicular axis at C3 and C4. The carrier lines were
curvilinear, in which the current paths started at C1 and C2 (I¢y, ¢2) and terminated at C5 (ground
contact), penetrating to a depth of 625 um. The initial trajectory of the current was perpendicular to
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the sensor surface and shifted to parallel upon contact with magnetic field. The parallel Hall voltage
(Vi) was determined at C1 and C2. The perpendicular Hall voltage (75:) across C3 and C4 was
measured at their mid-point. The voltage drop mn the trimmers (R1, R2) was ignored. given the
negligible resistance of R1 and R2 as a result of only a few microamperes of the current passing
through the trimmers.

In this research, the 2D Hall sensor is of non-symmetrical five-ohmic contact configuration.
The Lorentz force of parallel magnetic field (FL(Bx)) 1is + q vx X By, where q is the charge particle
and v 1s the velocity. FL(Bx) deflects the parallel Hall voltage (Vu(Bx)) to the region between C1
and C2, and its proximity to either C1 or C2 is governed by the magnitude of Bx (between -5000 and
5000 G). Specifically, the current densities of C1 and C2 are inversely correlated.

The Lorentz force of perpendicular magnetic field (FrL(B:)) is + q vy X B.. F1 (B;) deflects the
perpendicular Hall voltage (Vu(B:)) to the region between C3 and C4, and the proximity to either
contact (C3 or C4) depends on the magnitude of Bz The current densities of C3 and C4 are
inversely correlated. Figure 3 illustrates the schematic of the parallel- (Bx) and perpendicular-
directional (B;) magnetic sensing of the 2D Hall sensor and the experimental magnetizer.

[ &

Figure 3 The parallel- (Bx) and perpendicular-directio alp(Bz) magnetic sensig of the 2D Hall

Sensor

In the third-stage experiment, signal conditioning circuitry (INA101) was incorporated into
the 2D Hall sensor system and the rotational angle measured. The experimental signal conditioning
circuifry possesses a low input bias current and high common mode rejection ratio (CMRR).
Specifically, the INA101 signal conditioning circuity is of low cost, with dual-supply operability.
low drift (0.25nV/°C maximum), low offset voltage (251V maximum), low nonlinearity (0.002%),
low noise (130V/(Hz)"?), and high CMRR (106 dB at 60 Hz). In practice, signal conditioning
circuifry is deployed to equalize (or compensate) the parallel and perpendicular absolute
sensitivities. The output signals were digitally converted using 12-bit analog to digital (ADC) for
subsequent angle measurement analysis by LabView program (Figure 4).

Signal
Conditicning
circuitry

Figure 4 The angle measurement of the 2D Hall sensor with signal conditioning circuifry to equalize
the parallel and perpendicular absolute sensitivities

Experimental Results and Discussion

Figure 5 illustrates the current-voltage (I-V) curves of ohmic electrical contacts (C1
— C5) of the 2D Hall sensor under schemes A (C1&C2), B (C2&C5), and C (C3&C4). The
I-V curves under schemes A. B, and C exhibited linear behavior due to non-rectifying
junction, in accordance with Ohm’s law. The ohmic contacts enable particle charges to
readily flow in both directions (forward and reverse) between two contacts.
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Under scheme A (C1&C2), the resistance was 370 Q. Meanwhile, the resistance were
430 Q and 880 Q under schemes B (C2&C5) and C (C3&C4), respectively.

c18ci g8
o e

Currant (A)

= 0003616x - D000
© ¥=000221x -0 0000
¥ #=0001077% -0 000005

Valtage(v)
Figure 5 The current-voltage (I-V) curves of ohmic electrical contacts (C1 — C5) of the
2D Hall sensor under schemes A (C1&C2), B (C2&C5), and C (C3&C4)

In the second-stage experiment, the absolute sensitivities of the 2D Hall sensor were
characterized by applying 1 mA bias current through trimmers (R1 and R2) to C1 and C2
simultaneously. The result showed the non-linearity below 0.08% at induction (B) between -
5000 and 5000 G (-5000=B=5000). In Figure 6, the parallel-directional absolute sensitivity of
C1 and C2 was dominantly linear. corresponding to v = 0.000381x + 0.039058, with the
absolute sensitivity of 0.000381 mV/G. Meanwhile, the parallel absolute sensitivity of C3
and C4 was negligible (0.000003 mV/G), approaching zero.
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Figure 6 The parallel-directional absolute sensitivities of the 2D hall sensor

In Figure 7, the perpendicular-directional absolute sensitivity of C3 and C4 was
dominantly linear, corresponding to y = 0.000086x + 0.001212, with the absolute sensitivity
of 0.000086 mV/G. Meanwhile. the perpendicular absolute sensitivity of C1 and C2 was
negligible (0.000003 mV/G).

The discrepancy between the parallel (C1&C2) and perpendicular (C3&C4) absolute
sensitivities (0.000381 vs 0.000086 mV/G) was attributable to the non-symmetrical five-ohmic
contact (C1 — C5) configuration. Thus. signal conditioning circuitry was incorporated into the
sensor system fo compensate (i.e., equalize) the absolute sensitivities.

.
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Figure 7 The perpendicular-directional absolute sensitivities of the 2D hall sensor
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In the third-stage experiment, the discrepancy between the parallel and perpendicular
absolute sensitivities of the 2D Hall sensor was compensated by incorporating signal
conditioning circuitry into the sensor system. The signal conditioning circuitry gains of the
parallel and perpendicular absolute sensitivities were 350 and 15700 times, respectively.
The post-compensation parallel and perpendicular absolute sensitivities were 1.335 and
1.351 mV/G, given B of -1800 to 1800 G, vis-a-vis the pre-compensation absolute
sensitivities of 0.000381 and 0.000086 mV/G. Figure 8 depicts the post-compensation
parallel and perpendicular absolute sensitivities in which the absolute sensitivities are
almost identical.

Hal Voltage (V)

PY 52 T S A ST S e
2000 1300 900 %00 0 %0 0o+
Magnetie ux densay (Gouss)

Figure 8 The post-compensation parallel and perpendicular absolute sensitivities of the 2D
hall sensor

Figure 9 illustrates the rotational sine (perpendicular axis) and cosine (parallel axis)
curves, given lmA bias current and 1000 G magnetic flux density (B). The parallel (Vhx)
and perpendicular (Vi) Hall voltages are a function of the rotational angle (@) at any given
B (i.e., 1000 G), where Vi, = [B|sin@ and Vuy = [B|cos 6. In the figure. given B = 1000 G,
shaft-rotating the axis (x- and z-axis) by 360° resulted in a 90° phase shift between the sine
and cosine curves, indicating the compatibility between the parallel and perpendicular
absolute sensitivities.

HallVatage (V)

. 0%
Peget®  Pogoot?
1
ALY W . i

180 20 o
Angle {Degres)

Figure 9 The rotational sine (perpendicular axis) and cosine (parallel axis) curves, given
ImA bias current and 1000 G magnetic flux density (B)

The rotational angle () is a function of arc-tangent and the ratio of perpendicular to
parallel hall voltages. ie., 6 = tan'l(VHz/\r’HX). Figure 10 illustrates the measured and
reference rotational angles (@) of the 2D Hall sensor, given the magnetic flux density (B) of
1000. The comparative results revealed a +3° discrepancy between the measured and
reference rotational angles. The low discrepancy suggests the technical and operational
viability of the 2D Hall sensor for high-precision industrial applications.
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Setting Angle (Dearee)

Figure 10 The measured and reference rotational angles (&) of the 2D Hall sensor given B =
1000

Figure 11 compares the hysteresis of the measured and reference rotational angles (&)
of the 2D Hall sensor, given B = 1000, where the increasing and decreasing modes denote
0° to 360° and 360° to 0°, respectively. In the figure, the hysteresis error was observed at
180° and onward, equivalent to a 2.8% error. In this research. the hysteresis error could be
attributed to the rotating shaft (Figure 3).

Actual Angle (Degree)

Figure 11 The hysteresis of the measured and reference rotational angles (#) of the 2D Hall
sensor given B = 1000, where the increasing and decreasing modes respectively denote 0° to
360° and 360° to 0°

Conclusion

This research proposed a contactless two-dimensional (2D) Hall sensor capable of parallel-
and perpendicular-directional magnetic sensing with a 360° angle measurement. The 2D Hall
sensor was fabricated based on silicon technology with five ohmic electrical contacts (C1 — C5). In
the study, the current (I) and voltage (V) of the sensor were assessed under three schemes: schemes
A (C1&C2), B (C2&C5), and C (C3&C4). The parallel and perpendicular absolute sensitivities of
the 2D sensor were determined and compared. Given the discrepancy between the parallel and
perpendicular absolute sensitivities. signal conditioning circuifry was incorporated into the sensor
system to compensate, and the rotational angle (¢) measured. The experimental results indicated
that the I-V curves were dominantly linear, corresponding to Ohm’s law. Nevertheless, the parallel
and perpendicular absolute sensitivities were unequal. i.e., 0.000381 vs 0.000086 mV/G. As a
result, signal conditioning circuitry was incorporated to address the discrepancy. The post-
compensation parallel and perpendicular absolute sensitivities were 1.335 and 1.351 mV/G,
given the magnetic flux density (B) of -1800 to 1800 G. Moreover, the comparison between
the measured and reference rotational angles, given B = 1000 G, revealed a +3° discrepancy,
with the hysteresis error of 2.8%. The experimental results validate the technical and
operational viability of the 2D Hall sensor for high-precision industrial applications.
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