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ABSTRACT

This project presents the new model of 5-contaetsvertical-Hall device. In spite of the study of Hall effect from
Hall electrical field that acts upon the-€urrent between the contacts, the deyiation current from the middle contact by
Hall voltage is also studied. The déviation-current passes through-the bulk resistanee between the contacts induce the
voltage. It is around 20 - 30 percent-of)total dutput voltage. From this model, the 5-centacts vertical Hall would be
considered for designing for high sensitivity and low power device. Fromthe study, the N-type semiconductor at the
lower concentration 10 cm” gives the-higher deviation current than the higher concentration 10" cm”™. The percent

of voltage from deviation eurrent is-about 2030/ %% and 30 *40% in the case-of doping eoncentration 10" and 10"

-3 ;
cm ', respectively.
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WATAUMUILULATT LA Jx = q(nu, +pu,) E, (2.19)
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3157
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e 1, fio WiTima$mInszida (scattering parameter)
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2.3.1) Physical magnetoresistance effect
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2.3.2) Geometrical magnetoresistance effect
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P = Ve o A o v - [ ' - a o =
auwlwiaefidmils uasliflaudulaviedsiaviddaqinuidideatu nsdvedidnaseuiiiung m,
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Tasvauwnhasfiamils vildidouss F nsevidedidnaseuy wasvihlididnasauianisieaeuiiegnidasy
Tesdinnuise a nIdilamnudivesddnasouaunsonilagat

F dv
= ma = m—
dt
wansutosnnaudliii € Anseviredidnasaufe
i =
F = —qeg= mam .
v O v dv - & _— . oy
fatiuazledn m— = —qevsennmiavesBlanasouine
~qet
wt) = 2.4
P= (2.46)

PNAUNTH 2.46 ugnaiafTagului & A eialviussfastinsevingas S nns dunaosiian ANULEIUDY
a 2 o XNJ P A o= LB I Y, - & a
BldnasoulauTUNUEA WieiRadaasadntutiues ETeLsayUdlnTs (2.46) LAMIDINANIINAS
< = a o ¢ ‘Al A 2 a s a d - = ' a oo a
LAADUNYDIBLANAS DU %qLUuwﬁmwmnuamuiwﬁwmiam‘mmLanm'mm,ﬁaauwamqaass Tnelaifidefa
ulaquiuneaterhiaun ol taduignisinanuiiva sy lud sesaudats Wz lneauuasy
v v o &4 o a o - o = o
umma’lu‘lavzxmuw‘%’amsmmm UsENaumgasmounIsLanyiadmmauainiie dadudeiauinenis
LﬂﬁOUWTJENEJLaﬂGﬁE]U mm'l,wumwuﬂu'smwaLanmaunuLLawmaagmaaﬂnmmuuﬂ'mstmﬂmum
INNIsTUAULe msmaauwaqatanmsau'lua'mmt,mmnnwm'am'mlmﬁu"lﬂimaaarmunmﬂaaw
vosdidnasaulugeyginaa 'Lum'swamzmNawLﬂmmnmwunus:mwmanmsaunuuawa tmvuali 7,
ABaNRdEIEI M ITURUlBLAAZAS) (Mean time between colliion) FINUNETYAV0INSIARDUT
Faagvlidansvuruniiends sedituiad 1AuAT WRNMITUAWTIIUVINAY 1/ 7. aTavIefide Suau
ATwoINsTUNUlY 1 Uiy 1/ 7 AT weea i ASENI-“ATuDveInsTuR” anneufiasinnisyuiy
ala & = = = [ 5 o g =t o 2 o v
i}zLﬂunmwatanmsauummmqqqﬂ AD Umax MUUBIANATOUTIYNTITNAIUEIN t = 7. wazayléi
—_ Q'E'TC

= s (2.47)
m

Umax

ar v oa = L, B ] 1 i a X o & 4
waimsyuiudidnaseussiinnuiianandugudviui devindunisindouiifierduiusnafmil Tnomnugs
- COT T S~ S Y - - ' -
WLIUMNFUILMIIN TS A UIA1Iuianal 7, Aiafivndudigegamnaunisi (2.47) ans
= Y) P ' ' 1Y <
Wasuulasmuiitunm ¢ 1ag Sseglutisnsunisuiu (0 < ¢ < 7)) oremldanaunsii (2.47) uaz
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MNauNH 2.48 Lﬁaw1naﬂ'rwﬂa'amﬂ'ﬂﬂUmaﬁ‘uL:;mLaﬁsixw’jwaﬂwsmuﬁuwaqwmsﬁ’uazmau’lunﬁn
avesuddluusiarads wio p oz, Faz, Wunanadesswinimsuiureswmefuasaeslusdnansveauis
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e 1/7; ada uaedls 7, Wunauadeszuinnsvuturesvivefuuaniia uay 7; Junaede
‘svwmmﬁwnmummnmmnuavmaum-swa 3gldinly 1 Sund mvumwunwmwwvnvuawa 1/7
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unnm 3

TUsunsy Sentaurus TCAD Wagn1591a09MuU

'lm.ﬁvaw1‘ua~1uwﬁ|.smznfmﬁam%‘aaﬁaﬁﬁﬂﬁtylumsﬂ"ﬂaaauwmiﬁmw warmMsansuuiilaly
1i3dondsi] Wsunsu Sentaurus TCAD (Technology CAD) Aelusunsunihitldnesiameslunissrassnis
i Lﬁaﬁ’mm'i}gumau"umum‘5a%’ww?aﬁ'wmﬁaqﬂﬂsﬂiﬁﬁlmﬁaaﬁumﬂiuiaﬁmqﬁ"lum‘sﬁaﬁ'sﬁﬂﬁﬁﬁqﬂ
sodlumiadetuiindddlusunsumeiaemwu-Fcabifietisanilsouasalunssufiunmaaoy
WeWmunazysuugmavesuunilasdaunuyilulassail dondinay naBAfiN1TEDNLUUAN i BLRY
Unngmisalunniilaidaunuiidulassaiisgeadinas ifunasesnuiuiioaynsuAianufuniusiuuy
lasvadueeadinan wagnaseonuuulassaiavubmilaeliuumuegiidonsudimdsudonseveeadinam
sudamsiinunislitesiddmmisaivagudsingrsaitonilasdammlide s duinadouadia
ude
3.1 umin TCAD

M3TaeImM it TCAD- gatinpldiuegnninedegiawizfusifugeamnssueiinousin
wmei(semiconductors” Industry) b tpasiAtlEsiBRaifiL Mt TuN 15 Aun IS o vt ewautuRaY
vunmsaieiigfesddhindrgunsolelineuinines (Semiconductor device) 14 TCAD dwisums
Answinadafifanisnsrvdey, HAs o, ANt Tageluturauu LA EE uasfaausaiinsaes
WaNENUTB NS ANIAT IR UL TUN AT TIes 5 lEnene 108 TEAD wandlsidudhuusyneu
sna Miesdesudgunsdiudulseai o amildnddeenesnsiacaualuiin, nazudalnit, msdanmey
uwazmadssvureswmaiedaanavasduiuwingn Toe TCAD Usgnetmediundnagey 2 daulunisiaes
mMsvhauldun nsdaesnisvieiingrdestudunounssvtiisas s (process simulation) uagn1591aea

mahuiiieesivigunsalasiving (device simulation) Fazldndnisnuasdensieg dely

3.1.1 NIIABMVUNTZUIUNTATIN (process simulation)

'Lum‘sﬁ'\aamnum:amun'ﬁa%’\qmznauﬁ’:ﬂ%’uﬂauﬁ'\a'] VWU etching,  deposition,  ion
3 . ¥ 4 3 < ° a & a
implantation, thermal annealing and oxidation Ba.dun1ssnassuvuiieguuniugruvesaunismiaidnd lu

duvaIn1sTIasuUNIFUIUN T NITg ULUNUgIUTY 1Ty FaRau nudureInIsiasLuuIzgn
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d (mesh) w5on3n(grid) wasgnunuiiaae finite-element structure Weltlunsdmnussly dsludiuns
FavmvunsTUINMIaLandluguil 3.1

=008

Poly
Gate

 Gat ¢

W Channel

|

< o v
E‘UVI 3.1 UaMATIIR0 WUV ITUIUM T

o ° a < A oo . . .
3.1.2 MIM@ABNUUUDITNI VBRI UNTNATNINHIUT (device simutation)

TumsdapautumsunTalin TCAD Gaamnsnin Sapshirigmatdins i inag voIngUnIal
wilnaudanos 1 Al iAnLasatuminantaibudl Siednsaletiazgnia nuagn
unuishe finite-element struefure s"a‘auﬁiaﬂumaqé‘hqﬂnsniaxﬁqmauu“ﬁmaﬁmmaq*?ii"mr'i‘uaq Wy wiln
V833dq (material type), Panutnduszaonansifia (doping | concentration) Al LUNSELd (current
density), aulw (eleetric field), oM3INASAnUasMS 3338 Il (generatioh/and recombination rates)

wazAuanRaug Yeudasluppuddiiaeg ma gy INTIwandlusui 3.2

=i ° ) s o v
?J“ 2 Llaﬂ\iﬂ'\'iqqaaﬂuUUﬂ'}QUﬂ'sﬂﬁﬂﬂﬂ'\sqqﬁa\iﬂqi“'\ﬁ’luﬂ'!ﬂ TCAD
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lunisiassuvuiigunsdisiinaudrineiininiinsgnaiatusasimunioulevevien Wy
wsedulwAmIonseualwindusiy nMsdnasauuiigunsally TCAD  sxuAlgmiaunisdraqununed
Weadearfunisdiaeuuy 1y aunsthees (Poisson  equation), aunsanusieiosvamivs (carrier

continuity equation) Ka¥aNN1IBUG EIINNITUAANAITINATT wavonszualwiildvsgnuanioanunlu
UM 3.3

Drain Current (&/um)

¥ L] ' il T Ll i

¢ 0 i
Drain Voitage (V)

= @ s ° ) ¢ =& w_ o
U 3.3 uansnmau TRmilwhisesnshasamtunisinuseseunsaiansfiin

3.2 TUsunsuns9naewuy TCAD

Tusunsunsasauuy TCAD asildudsensvegey 9t 7 audsl

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

Sentaurus Workbench iiulusunsudiundniisausuadiusnaglulusunsunisdiasauuy TCAD 16

w a ' o v [29] ° a P
Vitheiudu nmsdrassuvunszuiunsadta(Sentaurus Process) n13dna8uUiIgUnsel (Sentaurus
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Device)” LLauLﬂiaaua'[unmLﬂ'iw(lnspect) \Uusiu Tpelusunsy Sentaurus Workbench aunsalngly
mmuﬂuavLﬂaauLuJaommsmmaimaf]m:mmmmﬂmwammasmnLLa-“'nmn'n'lun'ﬁmaaaﬂ'ﬁmﬂu
lae TCAD ludauvas Sentaurus Workbench wansdisgudi 3.4

| swaeinx vx-2005.10

El'o].d. Ear ;:m !ltw s;mam IWPMW,, vqnun mon *“:7 . " i ) teip
D@ RO @ x5 @ ool v s e~ @A B-e-n 4@-\«_'*
| | Projechs I~J Project | Scheduer |

3 /remoteuserst Muded | |
—d Exampie_Lib1ary

Harrorse Distorh
wd Pever

|

|

i

|

|

I
&) GeBngShined
I

|

«
\

¥
d S0 4
3
TechTemplates a
CMOS
5
| & _J SiGeHDT 1]
F’-—_] oals T
8
3
P24 any mose cor s USRI N, > o

U0 24 danalusinsinasdaesttiaudt i Sentaurus Workbench

3.2.2 Sentaurus Process

Sentaurus| Process [Hulususudlidvsusiansmamiarumifeadesiofuseuuuaunisatne wy
etching, deposition, liorimplantation) thermal annealing and oxidation 4t Sentaurus Process a:ld
ﬁ'}ﬁ"a'l.um'ifhaamuumsﬁnmﬁawﬂssnaulﬂﬁwﬁwe‘lfwmq ([ nsdanuaglauazdumiagiuses,
nszuINTOBndndy (oxidation) vEensEaLMS UG (implantation)” LUudu Tmug‘dﬁ 3.5 uany
NITUINTITIABMUUNIDIN T VY

0.2 1
Boton

01
- [Re S
BIEaV?
021 SAENY
46Ea 17
28E017
04 [Ke' T3k

o4

. o5

d 1] <a .‘I
UM 3.5 wansdiuvansduwarumdulu Sentaurus Process
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3.2.3 Sentaurus Structure Editor

Sentaurus Structure Editor \udauveniseenuuugusissngunsaansiadilasansofiazyia
mﬁﬂaaauuugth'ws.Lawu'mmmﬁmﬂnmiﬁgq 2 73 war 3 71 Tasdumounsnvesmssassmsvieniily
JUuUY 2 @R was 3 3 sawvinisasiegusvesiigunsal iy ﬁLwﬁamquaﬂﬂ(rectangles), JUmemany
(polygons), ghunai(cuboids), Unsenszuan(cylinders), Unsanau(spheres) wazgus1ag [Wusu %'egﬂi"m
waglassadnitfimududouissingussigmant famthaludiues sentaurus Structure Editor™”
wamaluguil 3.6 )

- Rl - Hapoly
(asTre Ha a1y

7
4
]

(v) 3 4@
gﬂﬁ 3.6 wanmtnenlusunssludiuaad Sentaurus Structure Editor

27



'L‘lJﬂ'J‘LIﬂ”I‘iﬂWﬂBGLLUUVI\‘] 2 i@ uag 3 4R Lﬁ'lﬂ’]ﬂ.l'ﬁﬂ‘ﬂ'ﬂ“ﬂ’]‘lﬂﬂﬂﬁﬁ"ﬂﬂ&lﬂlﬂﬁﬂﬂﬂUﬁl’]E’JUﬂ‘SmL‘WB
maumanmmmn'numnsuLLau,a"LL'smu=a"znmfmafﬁ,ﬂwaamnmmummﬁmaummuaﬂwmauma‘lwﬁ'm

Mgunsaifauantlugud 3.7 mmuwmama’twﬁwgnmwumzuamauammwmuﬂmauﬁ’ﬁuﬁwﬁuﬁaﬁﬁaﬁ

A 37 Gasemtdndalaiwessgunsaflunissnas sy

Dnifuludauees-Sentauris Stucture. \Editer IR UNAR I YN DY DR T ST U 2T S e
dusnaqiiaiietiun cfiamﬂﬁgmmﬁumsumn%'ﬂ(grid) Wirusaumsalebinunsallgiipeusmmasilélunis
fb"laaumi'ﬁvawa'm*winﬁazuﬁ{'}tw'mwﬂtﬁmmam%ﬁmﬁuamau‘ﬁ'faww"mﬁ'maaﬁvqﬂﬂﬁzﬁ U7 3.8 uan
nsaeavuigUnseiminn s egUs WingUnsRiLaEa s s eas duda

LA LN BRI B T i

¥
05 025 % 025 05

o
‘L]Yl 3.8 LLE‘IFNﬂ’ﬁ'i]"lﬂﬂdW]Bﬂﬂ'iﬂi‘%ﬁ\i’i]"lﬂﬂ’l‘iu.ﬂdﬂ‘iﬂ
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vnaqmnm'in'muﬂn'ima'ﬁmafmﬂwLflum‘mmquﬂﬂiﬂmm‘maumm ﬁamnuun%uw’la"lua’m‘nm
m‘imwuﬂﬂmauUﬂmMaﬂamN“'man‘uaqn‘umamaamuumaﬂﬂim %a‘lumuumaa’tumumaq
Sentaurus Device %mzﬂa’lmamam

3.2.4 Sentaurus Device

Sentaurus Device Aionsdrapuuunuantinaidndsnig idunmuansivialni (electricat), Ay
Sou(thermal) wiauasoptical) lushaunsaliwdineusamed Falunmandfsmsmdriasussneuseluna
meREndeinaqannuneiisianansadias ihlddudaeynsal ifineudameinIonmuaudfisegiifsivesiu
anm3eulvlunisdassuuy  Sertaurds Device Jagnlalumsusmduigunsaluazitennudlalung
ﬁwmmaqﬁmﬂn‘sahﬁalﬁqﬂmz:zima'l,ﬁ@mauﬂ’ﬁsmﬂﬁwmlﬁiﬁﬁqﬂ aludiu Sentaurus  Device v
Usznausmsdiumdssigduinung w
3.2.4.1 File
3.2.4.2 Electrode
3.2.4.3 Physics
3.2.4.4 Plot
3.2.4.5 Solve

3.24.1 File
ludau file azidumsiwunlwdsumn wagoing Aliluaissrassnisingiu iy
File {
* Input Files

Grid = "nmos_msh.tdr"

* Qutput Files
Current = "n1_des.plt"
Plot = "n1_des.tdr"

ludauves Input Files suBulndléimdasinasa¥ Sentaurus Structure Editor w3oudn 1oy
Wiesigunsaifitzdsznauluderuauar Saniililunisatadgunsal, Anadudussnauansde,
anwugMsAy, fuvdsvamthduialniii RATTWINTTINITWUINIA(erid)  widowalmesh) eldlunis

AW warludlu Output Files Mguszneulumedeyarieqiisiesnisudaann Sentaurus Device Aiiunts
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wiaud Falwdeiwamdrilfivsusznaufelumani@ndiagilinnnisiuanuds 1wy d curent &

wlsznauludedeyaiiierdasiunszudlniiy, wseilwi usu dlwd  des log isilddmiumsavaoy
- n‘ an 4’ = (=) J L ﬁ‘
Jollananniiiedu Felwdbuna tendnn saquanedluguil 3.9

Input:
MWodels, Paramater, Sweeps

command parareter
_vescmd rmm

curent
Input epep— <RSPt Quiput;
Device Shucture  [97d &doping)

Vs, Field
Anshedy distibutions
| A JJ o
JoGesed:

Qutput;
Runfime messapes

= @ e v P
JUN B.9 wdsIWaBuwmkazte A #lu Sentadrus Device

3.2.4.2 Electrode

] o a (4] v e LY @ -
Tuduves Electrode Wumsidiupdaulvrauivs (boundary) condition) Tsifumindudaluni &

] v e ar q‘ o lca;sl' 3/ » a 4 L ar Y | 3
Ltmaswmauwﬂﬂﬁmgnmwuﬂag‘wuﬁlwaaaamﬂaamwaumauuawgnmwusﬂ’ﬂu Sentaurus  Structure

Editor Tughuwes Electrodensia@lsoiivsimmipamidtitRvesmindudalni @y WSIOY, NIzia, winduda
Iihuuudenn, wavnmuanURBUT LY

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

3.2.4.3 Physics

Tuduves Physics axLﬂumuﬁlmﬂaww?ﬁnéeﬁaf]ﬁ’l%’lum'iﬁwaaamsﬁﬂemsgnﬁﬂmﬂixmﬂ‘mu
' Y a4 o I aa € o o ar 1 . .
@il Faiegnvaaluman1afand wiu lueafiferfuan nadasuaanive (carrier mobility model), N5

\Wawazn1ssudilvdveanave (band-gap  namowing  model), nslessludiiiosninnisauimpact
ionization modet) 1 Uy Fesaelunamafandidy

Physics {
Mobility( DopingDep HighFieldSat )
}

= 2 < ) P L <
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3.2.4.5 Solve
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Solve {
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Coupled{ Poisson Electron Holé }
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The Effect of Deviation Current to 5-Contacts
Vertical Hall Device

Toempong Phetchakul,  Sawatdipong Poonsawat
Department of Electronics, Faculty of Engineering,
King Monghkut's Institute of Technology Ladkrabang
Bangkok, Thailand
tempong.ph@kmit.ac.th, s8601 172@kmitlac.th

Absract— This paper presents the new mmded of S-contacts
vertical Hall device, Despite of the induced force Prom. ks
electric fleld act upon the current along the contacts for Inducwd
Kall voitage, there are yome deviation curreats Doomt the middke
centact that contribute the Hull voltage: The deviation current
puss thraugh the bulk resstance cuuses e valtage drag between,
the voltage comtacts. From this study for mstype substrate, the
deviation curremt crested voltage about 20-38 peroenitof the feba)
Hall voltage that moun it i e impertae micdvanksn o
verticul Hall device. This study used 30 simubution by Sentaurus
'IT,'J\D!

Keywends—3-contacts vertival Hall devies Serpmprvs TCAD,
carrier defleciion

I INTRORUCTION

The S-comtacty wertical Hall device (SC-VHDY is waally
uxed for detect an insplane compoaiignt vl magbetic ficld based
on Hall Effect and devised by R.S. Bapovie [1]: The poketial
applications range of SCVHD i large They ave widely used
in the Melds of automotive and contactless chent sensors, X
Hall device appsars 10 _be the mog popular | integrand
structures for sensor applications,

In the past, it Bas been anslysed and’ sivulated 2D03D
vertical Hall in a various ways [2-61 Analysis and sintubation
of SC-VHD regularly neglected, about ‘the carfier_defledtion
which gencrated unbakunge ctiment to form devistion cuvemt,
Voltage ol this cffect may affectto,ontput device, Howewer,
the explatation about thiseilect i in mesitioncd.ap W dak.

This paper concentrates ona similation of Hall-device-to
analytical study the effect from deviationcunent of this device
by using Sentavrus TCAD,

L STRUCTURE AND SIMULATIONQF S2CONTACYS OF
VERTICAL HALL DEVICE

A Structure

The S-comtacts vertical Hall device basically consists of n-
doped silicon with five e+ clectrodes at the surface fomming a
square structure, The three electiodes (placed at both side and
middle) serve as curent input and current owput contacts are
calbed current contacts (CC), whereas the signal ehectrodes we

978-1-4673-9749-0/16/531.00 ©2016 IEEE

Amporn Poyai
Thai Microetectronics Center,
Nationul Electronics and Computer Technology Center,
Chachoengsao, Thailand

caffed senve comtacts (SC) which place between  them,
Structure.and dimension of SC-VHD is shown in Fig. 1.
Normetycde vice s fabricated in CMOS well which is into p-
substrate; therefore iUl simulated at thickness Spm because it
is/normal thickness ofp-well, Concentration of n-well is 10!
otV aid Reekectrodes are fabricated by iimplantation of
phosphoris Sx 10" cm* for fomilng ohimic contacts.,

2%

Fig. | The contigumtion of 3-contacts vertical Hall device

&8, Niewlanon

I & comyvemtbenal uses, the device is biased constant curment
thrwcontact CCT whereas contacts €C2 amd OC are prounded.
Aftet applicd a magnetic Tield in direction of parallel o the
device surface can'be penerated Hall clectric ekl (Ky) under
both-vense caitrcts (ST SE2) in a z-axis (Fig. 2). This electric
Tield cun be’exphained by Hall elfect. Quipit vollage (V) of
Hall voltage (V) can convequently be measured by mieasuring
the voltage betteen both senses contacts express as:

v .=V _ -V =V a)

g W w2 "

where Vaey s Vies are voltage of sense comact SC1 and 5C2.
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For amalysis of magnetic ficld offects in 3C-VHD by
Sentaurus TCAD, the transport equation governing the ow of
clectrons and holes in the interior of te device wmust be st up
and solved. To this ewd, the commonty used drift-diffision-
bused wodel of the camier current densitics and must be
augmented by magnetic fehd-depondent tonms that acocum for
the action of the trawspon cquations goverming the flow of
electrons and holes in the interior of the device, the Lorentz
force on the motion of the carriers |7)

Joep i +p L s -
R Y (73 15 )

LBxg, B (uig,)

where

@=norp.

fﬂ = cartier cumvent density,

£, = current wctor withowt mobility.
Je = the Hall mobility,

8 = the ngnetic induction vecior

8 = the magnitude of thiy veetor,

14 & kY o SC T2 [
) AL s

Fig. 2. The Hall effect in ad-comacty vortical Ball device

The device is biased, by cofistant ¢urent 0.3 mA thru
contaet CCT and a magnetic eld is appliedalong vsaxis and
varied in the range of 0 to 04 T which are conditmmy for 3-D
simulation of  5C-VHD, Aferwirds, oulpat” vohage and
deviation current are plotied versus magnetie licld,

Il SIMULATION RESULTS AND DisCURSION

The device model for this simulation is.showh in Fig.3
which is relaked to dimensions in Fig. | andthe concentrion
doping as mention before, This structure is devigied w5 won=
conventional structure which has 5 contacts, 3 current comaets
and 2 volage comtacts by do net consider wny mapping Crom
conventional planar stracture. The potential distribution of the
device under applied bias 0.3 mA and magnetic field intensity
(@) in v direction 04 T is shown in Fig. 4. It shows e oquip-
potential line that can be measure in the tenn of Hall volage
output. Figure 5 shows the plot of cuput voliage (Vo) of
Hall voltage as defined in (1) ® the magnetic field in v and -
direction between 004 T. The output shows lineady

dependence both in v and -v direction with the value of current
related sensitivity (5:) is 842 VITA, The output voltages occur
from the induced Hall clectde field i saxis. As shown in
Fig.2, the voltage at SC/ is positive (for electron carrier case)
and SC2 is negative when the magnetic field in v direction is
applied. U cawses by the induced Hall clectric fidd from
cunem cross magnetic ficld wector. That was exphined by this
model for 5 contacts vertical Hall device mechanism,

B4 Powomial dixwibasion of 3-comacts verteeal Hall device For
B 3mA and B=004T

0
1094
%
1=
F
10 ¢
) - . N
03 03 0.1 0.1 03 03

BT

Fig, 3. Cupat voliage rexponse of 3-comtacts vortical Hall device 1o
magnetic fickd,



Fig. 6. Corrent domity diswibutions of $ contacts vertical Ball deviee for
Tov =05mA amd B 4T

The curmemt fiyvy and feosr are measured during_applied
magnetic ficld for investigation of the deviation-eirrem, The
current density disteibution in the samercondition is shown in
Fig, 6. It shows the equip-current e that can caloulan the
deviation cumrent 41 The deviation current is given by

ME L. ‘; L )

where Joes and Foys e trrent akcomact CO2and ©C3 whtich
can he weitten as:

(L

i .z-’-'f-,uz; r"}%»y t4)

where fev is ol biased cument at eontaet €7, Jee; van be
writken as

[{2!

i - i

=, &)

Fig. 7 shows the plot of deviation cutrent versies miagnetic
field. I is finearly dependencel It means that magnetic fichd

induced force aflect to some curentunder the iddle contict
«Cl.

As device has some more alfect Tiowm carvier de flection
which leads W equation (1 ) thaticavbe ewriten

l/.m e v\u .LV“-_ = Un » vdr (6‘

-~

where Vg is generated vohage rom deviation curvent.

Table | summarizcs the simulation rexponses, Vipe ad
deviation cwrent, 4L amd gemerated voltage, Vi from
deviation current which are calcubed frow (3) amd (6},
tespectively. The percemage of Vi caloulated from (6) is
shown in table 1. It shows that the voluge from the cument
deviation has a significamt of cupwt volage, The percentages
are in the range between 17.62 10 35.24 %,

0.8

04t

A (A

08 . . - A
0% 0.3 01 ol 03 03

B

FR 7 Doviamon cwnomt of §-conkacs vortical Hall deviee 1o mapnotic ol

TABLL L Results of Simulation, Outpat Voltage (Vapah
Deviation_cotrent(4f), Gencrated Volage from Deviation
Current (Vg aned The-Percentages of Generated Voltage from
Devaation Cument (% V)

By Vo ey .LN}M! _-V.u e V; vy
W 0 Ly v | o
o 2.4 ol ok w7 | asx
.10 10 ) o | e
018 B30 0.0 3 1H )
a2 e e o O R N T
0% & .50 040 296 4
LI 1260 LS L) 296 2349
0.1 W 0.3 aml | 2
00 1w e Wil | ey
oy € cor, ser/  ee2

Fig. 3. The avechawism of carrier detloction,

The deviation cuemt caused by  carrier  deflection
wmechanism b shown in Fig.8. The figure shows the carier
electron of n type substrate Bow from €C3 and OC2 10 CC/,
The conventronal cuirent i in the opposite direction of electron
cwrent. When applicd magnetic field in v direction 8., the
deflection curvent from the indeced lorce £ in v direction
cawse the carrver in the middbe under CCT deflect some currents



in v divection. The current foos iy greake Ban foo. The
deviation 4F is now negative value, This causes the curvent foes
increased by 47 wnd the cument feoy deoreased by <JF The
deviation curremt pass through bulk resistance B between
current contacts CCY and CCJ creates more extra voliages drop
A voltage comtact SC2, In the same way, deviation curemt - 2F
pass through curment contacts CCT amd OC2 crete less extra
voltages drop at the vohage contact SC/. The part of cutpwt
voltage from deviation current can be written as

Vyu=(4DR - (-2hR @
V= 2d4DR. (8)

So the Hall voltage in S-contacts vertical Hall device inchudes
the cutput voltage from this effect.

IV,  CONCLUSION

The deviation curvent from induedd Torce fromopagnetic
fiecld of S-contacts vertieal Hall device way stidied. I fsand
that there was the deviation ctirent duving applied magwetic
field. In spite of the output voltage induced by Hall ©lectere
field, there were some velwwes from The deviation current
including in the total outpil voltage. The (pércentage of this
effect by caleukation is hetween 201030 poreéint,
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