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ABSTRACT

This thesis presents a new design of a Non-Split Drain MAGFET using Sentaurus
TCAD program to simulate the electrical characteristics of the device under a magnetic
field. The structure of Non-Split Drain MAGFET was studied which this design gives
maximum- sensitivity close to ideal in the same shape. The device operate in low
voltage current mode. The device used in the study has a split-drain MAGFET structure,
which is designed with no gap between the drains, so there is no gap loss. It has two
separate contacts in the same drain to extract the current difference caused by the
magnetic field, thus giving the best geometry factor. The relative sensitivities of each
gap between all different drains were 3, 2, 1 and 0 ym with a width to length ratio L/W
=1, 0.6 and 0.2 at a bias current of 0.25. It was found that at zero gap or Non-Split
Drain structure MAGFET has the highest sensitivity. The sensitivity of this structure was
studied according to the ratio of L/W = 1, 0.6 and 0.2, i.e. 0.0595, 0.0479 and 0.0231 T
!, respectively. It was proved that the gap between the drains is not necessary for the
MAGFET structure. This new approach to MAGFET design achieves the highest
sensitivity, no gap loss and independent of the fabrication technology. The device is
suitable for use as a modern magnetic detection device. In addition, the horizontal
magnetic field response perpendicular to the current of the fabricated normal MOSFET
device was studied in comparison with the simulation. This shows the application of
the normal MOSFET device which can be used to detect a horizontal magnetic field in
both magnitude and direction based on current-mode Hall Effect. The device is biased
to normal operation, active mode and additional forward biasing of the substrate at

the body terminals by adjusting the resistances connected to the drain and body.
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B Magnetic field Wh/m?
d Hall thickness um
e Electron charge = 1.602x10™" C
E, Hall field V/em
E Electric field V/cm
|fL Lorentz force V.Wb/m.s
G Geometry Factor -
Iy Diode current A
J, Electron density Acm?
J, Hole density Acm?
3, Current density Alcm?
L, I Length of hall pm
n Density of electron cm?
p Density of hole cm’?
q Magnitude of electronic charge = 1.602x10* C
r, Scattering parameter -
R, Hall constant 1/C.cm?
S, Absolute sensitivity V/T
s, Relative sensitivity T!
Vv, Velocity cm/s
v, Hall voltage \%
W, w Width of hall pm
" Hall mobility cm?/V-s
y7m Hall mobility (Consider collusion of lactic) cm?/V-s
U, Electron mobility cm?/V-s
i, Hole mobility cm?/V-s
0, Hall angle rad

Resistivity Q-cm

Conductivity (Q—-cm)™
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swpzSunluinerinusazud afuunsing 9 audsusaselud
unil 1 unii
nadanndunl ANrIIgRasIngUIT AR auufgIu NquanIaLLIANTes
Uity Tauluetesnuide vanduneuvensfinu wazuslewifianinagldsuain
Adei
unil 2 ngufiiieadas
nafanannisiiuresgunsalusaine Usingnisaidadalusuniudn gy
Usingnisaizead Usingnisainisidesuuresnssua Unngmsalunilaidauwnud naln
nsieauunivinusagunsniteamnlaseaiiednag :uts Non-Split Drain MAGFET Wag
msUszandldnuesgunsalnsiaduauiuwiivan
unil 3 NTEUUMIAILAZN1TTIABILUY
Juuniinanisnszuiunsaisgunsalusain indesdlefililunisdtassuuudimiy

uAfel wegndnfiunounisiassuuugunsainufeneandonvedlunansitdndiio
Dot waginissiaosnuudelusunsy TCAD 91nia3esiions 4 Tasviin1ssiasauuy
wnAILUULEnT ATULAY iuendunsy
unil 4 wan1IMARBILATALATIZYHA

Nan1sMAaBaiakarIlATIZE MOSFET wuuihly wan1sdrassuuusielusunsa TCAD

Han13inauanTRLazHanoUaUBILmAnaUnTalueaANIATFINNAS 19T URALN15T 1809



LUUNMIRBUALENDAILLIIMAN LRI MU TAsas g Unsal kunwlmLUULERT R TULAY

winlauuylsiuendansu oduesdsnalnnszuauuusiassing 1 wazkuamieniseenuuulid

mhlumnulhmsneuaussiia

unil 5 agUnan1TIdY
nandsmaasuiilinnmsinauaifuaznanouaussivangunsaiioannunigiu

NAS9VULAZNITINADILUUNTINLS

1.7 Yszlondifianadnazldsu
yheudlanalnnsinuiuguesuniauuuient s suLaz kU liuen
Funsu iogiilugamdlaluin s fuauuudivinlulassaeilndideeiu 1ile
Foulvnslassaiefiinasgrsunndonisllunsnouaussdeauiuuimin Tngauia

dnlafildagiinlugnisesnuuveunsainsiaduwiviniifvszansanddusely



unn 2
NauNNgIvas

2.1 nann1svineuvaaunsaluasine
wodaLwn (MOSFET: Metal-Oxide-Semiconductor Field-Effeft Transistor) t 3 u
nIudaweinl lassaiemenimiiugiulszneusedulang (Metal: M) Gusenlas (Oxide

v o

0) wazduansng $un (Semiconductor S) kagldauuluilrlun1svinlasinisunnszwalwdin

weaalagnAnAuYY Asawsnlae J. E. Lilienfeld TugaeUssunasd a.e. 1930 50031 80 U
1ud udneaadans 1unacusgResidednnin 30 U aunseiaUszund .. 1960
Kahng wag Atalla [4-5] inid8ve9 Meiduiuaa (Bell Laboratory) lauiausuazadnued
wiaftanusaldanulfaivduneUfioh wee ndminduiiinideswausnAnduuasiaue
wallakaznszuiun1sassneanlunsjua mlvimalulagueaniiniswauiagis
sndh neliAngramnssulilasdidnnseding uazthun Gemsuiinisgnamnssusingg 7

[y

d1Afoe19N

911n5U7 2.1 dunaledt seamisilassaiamenmitananasiuseninswesatuingy
Uinagesanas nullanaudinenimniioutu lasvesa Aegasudunioundadiia
(Source) vosnnziilni esipdouillussdnsunis deiine sy winedalatonienis
\ndeuiivesnuziiliii Ty NMOS TBidnnseudunmethlnd faduusesumsesaayiian
Touniaussiuanasy vlvsiannsou iwdeufiinvigesalian sy waznszuaaylvasinan
wsulugwamesa (nszuadfianieasatudiy funisindeudivesdinaseu) Tu PMOS filga
Dunmgiliiia sedunssuseedaasiidiuinniy wsssuanasy vhlileanasuiiaina
Ya5alUrATu wavnsuavrivaanngesaludeunasu (nseuadfaniadeanuiunnsg
\ndeudivedlea) lunisAnyinuauifvesuoaaazinisdounasiiglnainnieuen fu
input Tidne (Ve wasiignu output (V) Fapsu Immﬂ%’sﬁ%%mﬂu@méﬁa%a Ve=0
navInnIsABuLasAIALAadng idamunm Ve sihlfanansoaiuauniailn-Un de
inseud I 1a sananslunsmdnwazauUinzia-usinu1een (output--V characteristics)
fauanalunsan gth'?i 2.2 wanslfiiudn wn Ve #1011 Vth nsudamesazldiinszua
annerainaidendt 9298 (cut-off) wiela (OFF) e Vs 9091 Vg, NIYUA Ip S99i5y
Tnansilnihlugiu ON Siannsauvseanlgifuaestisie 9adlnslon (triode) Aognafia
MsLUasuLUaInssua In il Vs Wasuly wazdedus (saturation) finszud In fiAnaedt wil

Vps azlagulunnng USunaueanseaninanuueamnasdustiuahsany Ve, Voo way

Y



NMOS

Gate (G)  prain (D)

T 0 sunanlue
>

Body (B) Source (S)

(Si0,)

U 2.1 Tassadrsmenimetnadsvesseaiaviia n (n-channel MOSFET %38 NMOS)

1 Y A a Y @ [ =
A1 Vi, LLﬁ%G]’]LLUiVI’Nﬂ’]EJﬂ']W@UG] ﬁumuaaW\Immmmwgau‘iwmumaumi NTCLARTU [p U

1Y

AR

=De

lp =K[2(Ves =Var)Vos =V s | (2.1)

5%
= I [y

F9A1 K A AN sEmesivuegiuaunine (W) uazend (L) vesuediis

i W
K==uC. |— (2.2)
2/’ln OX{ L)

dlo un fio Apurdesvedidnaseu (electron mobility) Fiiulunwiiua uaz Cox oA
aruglaiinveseanlas (oxide capacitance) Saliuauaududaung vdaniiuoaduiiluih
ynvmsia Ves isnntuludess naswaasinnsdud vdsnf Vs guiumi Ves— Vi
wilsnnsurnievesduussly 3 2.2 gudus anusedndfisasenisdunsyuasinu

goslwiaziianaaf fia Vos (sat) = Ves — Vi deaumsangulsilu

Iy = K (Vs —Vip )’ (2.3)

2.1.1 WSINUTIALIY

WSIAUTALTY (threshold voltage, Vin) AelSIAUYeITlaneNnyinlARIv0I@5NIFULSH

a o

wWagwdgannzunduluudy wsanu Ve iunssiuiinliveamaisuiinszug lassads

)=

weawnlugauARNaauLLpugIy a1sfdieln p wazgnlukeaasiiuszauiIniiiuyses

9 9

auluansiedint Ao Qn = Qs| Iny Qn AeUsyylosawnioun uas Q. AoUszqdudiUszqau



F |
Yo Vs — Vi . Vos=Vas— VW
+— Triade -—- Zaturgtion Region ———
Hegion 1
4= 9 : voeo Ve d
Vag= '|.r"i-+ 3
vgg= 1h+2
veg=1+1

I T N
5 B 7 B \ g
vis (W) Vg = Vi (Gut Off)

JUN 2.2 nsmluananuaudisedie

TuansiadninysznaumeUszans Qs 9 ntesauaulutunsasnIne( 0 < x<W) wazlsey

maoudlutvulua Ao Q. 9ndlanaseuludurndulaugUszana 10 nm 1At

QS :Qd +Qn =_(Qm (24)

auulninandlangazweit luluarsnertiaswal m e nwaundssulasas @uuladn

Tuansnsdhfsmunis x T nuualaaineastuves B Anunisiueg

dv d(E_1dE
5(X)=—E——&{_—qj—q ix (2.5)

Ing Ei 9199nknuA98 Ec %50 Ev NLA 18189990586 Ei, Ecuar Ev wuuiu faguil 2.3(n)

a

wandbiiunauuliialuansfsiaiiatunuulivgadu 3nausiusuveuveIuiian

WIDINME (x = W) dArgedn & IRann (X =0) neuflasiiindusgrsdundudu &lu
AUIUANNNYVOUNTE UseruduiusAvawmliihfsauns &(x)=—dv/ dx  5U7 2.3@)uans
ussruimuvusineg lulassasne ussundeuliundilave V azanaseudusenlen (Vo) uag

NANENSNIFIUN ¢go RO

V =V, +ds (2.6)

TUNNMENNRULUULTY ¢, =2 91NEUNTT TuTE?l V, @u15an1mualaann & azaiiy

MUV d  FRFNNTT



V, =&d 5[ [0l (2.7)

o e Ay Co Aoan neaudanuyiuNvestusanted Usey Qs Uszuulaintinain

lopauauianun Qs = Qo+ Qn = Qq 1331 Qn N3¥INFITURYNTUUIIY 04 RINUWNNT

Y
auns dnsugeansieithsulasudndanienniuiuuduiadu

V, = —g—d + 20, (2.8)

(6}

o C, =&, /0,20 Auadldanaunis g (inv.) = 2¢¢ 2 Nauay g, = —qN,w
q -

N
oy w Analdliuieiunsdisesse n* - p Wesnlunsalivsalasanmveeglutu p

W = /2:% (2.9)
A

~ o g | a o 2 o o ) o A Iy
LN@LLSQWUSUQQGUFJIaﬁg V. v Vi N’J‘Mu’maﬂa’liﬂ\‘immﬁ]zﬂa’lﬁlLﬂuﬁjumﬂmwﬂLmﬂ‘dmﬁl

PIVUA INFUNTT A9

UsgiaRoud Mnuseduuestilanegnusuiiugin Ve iantes favdwald ¢ iiiududniey
anuudazAududiuresdidnaseuludunndy n eziivvuduegiunmdennn n uwusiu

WUULNINUULTNAAY d AYaNAIT

NafD Qn, Qs UAT Vo 8L LTUOE195IAEY WARIIINISUUILSIFY Vi Tnseenles (Vo) uay
ansheian (g Tuauns ndsnfiarsfafaiudidanngnniuuuuiduudinsiatulaedy
ponledlisunssfuaiy v, ~v-v, lunuiimun useiunsenansiading g, unuagld
WasuuUasan 2¢ M%aﬁzazmwémwmmmmziaim?{smlmaamﬂmqqqmﬁa Wi 108 Wi

Ao AUNINEeERYBIUTIMUABAN L

" =\/255fs(|nV-) :2\/%”: (2.11)
aN aN,



Qy =—aN, W, =-2,/e,qN , f-

10

(2.12)

Ael wsIRUTAsILIUAURIaNns 2.8 Tolanunedlugaumidatulansiazaisnedii

fitaf Uiy (94, =ad;)

_ - — a L . | 0.7
E a0l oo f— g O
= L 3 4{0.6
e g
5 30+ 40.5 g
g Jo4 E
Z 20} -
3 403
§ 0.2 B
o 10} 1
% 10.1
o !
L] d -, y /3 L . O e e W, 0.0
(== — Re1
2.5nm 0 250 nm 2.5nm 0 250 nm —x (nm)
(n) ()

Y

2.1.2 NaYINVUIAUDELNA

U7 2.3 (n) aunlilii @) was@) dndlui gx)

fidnidenarvaulaiauawuifntunisgavuiamiudaweslivatesuwuy wiisn1si

lasumsnededannignms n1stevunluanuead (ideal scaling) MUVANNITUDLAULIITA

[

N

SUM 2.4 Fafindnni1931  Iasnwawulndnlvesinlun

Y

9

A9ANNY (constant electric fields)

AIBNITEOVLIANIINIBAN L330U nTztalunions fu asas o win aemlufe v2 win)

wagyinsiiuszaunIslaunUSastl o wih

J"’

da L/
Lg ¢ id ,% /A I‘M/r
— .
T ‘.‘_)L /L
/%]
Lch K:N

a

JUT 2.4 uanunmdnvInavesuean (41e) new wag (¥31) nawinisgevuna
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nsuanesansaiilulszendldluiasiaunnunenatevila windeulduinian e
1995VYYAMS UYL ULEDA LAY MITHRUSLYIUAINDE WIIIN158RIUNLATIASNS

weaaiiatiuanuslunisussuanadyyiraazdwalrueanavinaula @y 9

=

UsevSnmanndsu urazdtynmanginuuidiwansznuiiloanvuinueanas vinlduea

wialdanansavhauldegrauduusyansan lngaunsawdsesnidulaymuanlesadl

L4 v

Ugymnndsfe dndudesadawvaudunaliunsnn Wslidunnaiuisaniugunig

(%
a o

Wiunnawesgeshviinled dwuiuaziinusingnistesinluilidu (short-channel effects :

¥
S o

SCE) maanusingmistudeilaziinliauuluinandunsu dwanssnusetiged iitwng
= Y & v A 20 v @ = A a Y a1 a X 1
donsaruay wansliliudsgui 2.5 dlmautenseua 1 1lidud lngaslaniiutuegig

Follouile Va, LWNTUY

25)(_10"
! Early Velpcity Vi = 2 5V
! Saturatio
2.+ 3
Wed. Vee = 2.0V
<J_R
2 L Lin
Al Vas = 1.5V
|
05+ Vgs = 1.0V
0
0 0.5 1 1.5 2 25

Vos (V)
gﬂﬁ 2.5 Usmgmsﬁmﬂﬂﬂﬁwﬁgu

Saymitaesiie anfigniunldifudaing (gate electrode) anmArigumuazios
anasFenq mneanuitanmazfesgnidUlustiuiigudesqaudidy winsldulusedt
guiullianansadild esaingnirdalasTndrinaninazans (solubility limits) wazlae
nsuniBuvesansidovu (dopant outdiffusion) 91ndaunm uauauute gusuua e
L%Uﬂ@%ﬂ@ﬂ?ﬂmﬁﬂﬁU%’JmWﬁﬁﬂ o+ lesnntuseudusznouvesanefiarunsaunsnim

Si0, lhagasanga
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2.2 #énN15vineuYadaunsalaeas (Hall Device)

2.2.1 Ysngnisalianludaniuin (Galvanomagnetic effect)

[
Y a

U31nn15037a L ULUNUANNIMUALAN NN TN IIADLTUIN TEVIAONINE NN
d' et v A d' o A ! <3 =
wapuilufINa uazkssaasudnfousaninsgyiiuayn1aniivsegluauiuudvdniuings

Li’]ﬁ’m’l’ial,mmlﬁﬁﬂauﬂ’li
F =eE +e[vxB] (2.13)

Tng ¢ Aovszquoseynia @wiudidnnsou e =—q dmitlea e=q 39 g ABUUIATDS
UszqBianasew), E feaunlni, v fermnudivesnve was B Aevuinvesaunuuiivén
euusnvesierUssadarlddredausmaliiiadn (electrostatic force) uavimouiiaes
wduussaaiud UensieniSenmenivassitdwedifiuard s swimanaudis
1um13ﬁmawdauuﬁm5maqLmamsus&ﬁaﬁasL%’wajaumsaasJL?{auﬁuaqwms 19198
UszanmuadeUsgneulusgauniigiuinssgnmeindeuiiegsanianesutdunauiain
aurulnfiivdensdudug LarALLEBIIIT LA s Sy a TuLa sLinfuAd
wangauamis faduisfianmsownuiiannuds (V) sesayaiaurazdiadeasaes
Aeuledgvomveimun tazserlifinnsannisedeuiiiseuden (thermal motion)

YDINIVLNDAMUAZAINADNITILATIZIAHANTENUV DAL U WIINAN AR DN

2.2.2 Usingmsalgeas (Hall effect)

Usngnisalseadiluusingnisaiviisndneglunguvesusingmsnifadinlukuniusin

¥

Fagnaunulay 13niu sead (Fdwin Hal) Tud a.a. 1879 [44, 45] gUnsain1snnasives

Y
[ v

gonaanAutuaglduHui1e13% I unNes (long gold leaf) Tudagduaglindnnisves
goaauumalulavasasniilaednisimuieonuilugunsalsing 9 wnune [46, 47]
- 4 . 2 o o o T T 1
f91sansafeunvesrreluwisasfwntukaze1 UN 2.6 A1 “e13” Tund
NUBANINANNYNIVBAY | TAILINAT1A1UNI19 W TULRUEISN9A1EIA9NE1L57

anunsoaztasdndnwavewa i ideuliunuduansisiiila Wesnusnudnanlagdiu
Ingaziiszoznanduisdmalimianansenuitosauaziasle ts1azliunuasndun
aanangnimualssimiluaisieiniivie 0 uag p sgnasuiy Wnewsaglifanaiiia

NINVEV UYL ULN LA NIFI U ILA AL IRANDAIILG18FABNISES UY
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JUN 2.6 Usingnisaigeanluusuansnintivia p tag n

Tugu? 2.6 E, feauulniiniguen, B Aeawiuudinin, v, Asaauiiiacsiiou

YOINIE, F Asussinan, J Asanunuindunssud, war £, aurnlwdisead wss

aa

1 < v LY v 1 =% o o o % [y
LA NISNANNINL NU?Z‘Q@‘ULL@%'U’JﬂvL‘UEN“U’e]‘U‘U’NU‘L!‘U’eNLLNUﬁ'ﬁﬂQGl’JU’]VI’]IWLLi\T@UIWﬁW

808dUTING 3¥MINUTLNVBUVBIHUAITAW N
ngUauyanlrauinlniisuwuannusuluguiendu X (E, = E,,0,0) uay
auusdanifuALed Asunsiaosud luaunis F = eE + e[v x B]asiifisunauusn

Y

Wiy Befamantsameliin usanalwihasyilinnendvseyazaseidauluaiuuruly

AAN1INATITIWAY (AU X Way —X d1iusuarsnedadiede p waz N auaiau) lag

ANULIABYER LU AN

Vdp T /upEe Vdn 3 :un Ee (214)
B9, udz g, Fedanmadesedlaauadldnnsoun ey dIuANLILLLNTELAIEN
Taene

J,=qu,pE, J,=0qu,nE, (2.15)

F9 p way N uwuanuvuwlulealagdidnaseuluasnsnthela p uay N audeu
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2.2.3 d@udlningeas (Hall electric field)
d' a 1 I3 Y 1 1 dl’ o o d” d'd 1
Wellauuwdiwandasuwsuasisiilubwiiny y aoulinivenivssqluwiuans
AfthaggnNsEyinmesaaIsuEdesdIl W NsEuyAANS VeI eI aiNn Y
weuaEnsRasLAaaL MLl T AnAnseyiden velulkuansedivde n

way p azdu
F,=elv, xB|] F =¢€[v;,xB] (2.16)

wsaAnTuiun ey lulHuansiainivaowlaasinamanediu Wewin e=q uag

e = —q dmsulsalagdlannsou FItUIINNTTINANNITIINaboveaz i

F, =qu,[E.xB] F,=qu,[E, xB] (2.17)

[
= 2

lnguseminduiunvigluwivansninihnaessiinszegluuny 2 Feanunsadeusglugy

GU‘IHWU’ENLLG]IGBLLU’JLWUL%U
F,=(0,0,q¢,E,B,) F,=(0,0,quE,B,) (2.18)

LS9 N WML I UN19YBUATUUUVDILHUATISNIAET A9UUANULTUTUIBININENVBU
ANUUUUD I UAITNIAUNDL LS AL TY TUU USRI UVUIDIN AL NUDUA 1AL Y
v dy o Y 1
anas Mspiauannaveslszgavansuniuuayiliiauuliinusingseninwey
AuuukagaIuas auruliindsinguufeun 2.6 senseisenveinidunfoun

1 = [ 1 < d'> o v a d' 1 a d'
WAL TGN Fmaainawliinasuannveludeiiansanyseaiuiuiivey

PN a1 d' [y 1 [
"U‘lﬂqu@]LL?QVH\ﬂW‘N'W%@JﬂWN']ﬂW@VW5allﬂaﬂ‘ULL§\‘W|']\‘]LL@JL‘W'ﬁﬂ
elv, x B]+eE, =0 (2.19)
) & A A | 24 o o & = a ) =t
ﬁﬁﬁ"ﬂqﬂu‘wqﬁg‘ﬂLﬂaQ‘LJVIELULLNUﬂWiﬂQC‘nquNaaQQgLﬂaQUWGLULLU'JGUU']UﬂULLﬂu X %99
= v a o a 1 = A v a
L‘ViiJ'f]Uﬂ‘UllLLiQWWQIWﬁWﬂWSu@ﬂﬂiSWWLWEN@EJ'NL@IEJ'J ﬁu’]ﬂJ‘lWﬁqwmﬂﬂqﬂﬂUWﬂVHQﬂ@QﬂigLLa

(E,,) Beenmaduussmadmdnazisanin “aunlniigead”

E,, =—-|v, xB] (2.20)
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PNAUNT vy, = 1, E, Uaw vy, = 1, E, 151agldannliihgeadidu
E., =—#,[ExB]  Ey =u[ExB] (2.21)
mnideguluguvesvuinlukdazuIwny

E,=00-xEB,) E,=(00 1EB) (2.22)

al

sratiuluneiuansnesuintnszialuiilazinisfnnIuY o @ ULLULIEN dIUniLEn

YaawsadiurlduiazsuludlUIaduveusuniavassiagie (M1 “A1seunsewaliin’ vse

“pressing electricity” \unurfangnldlneiesniu goad)

2.2.4 ussiulningeas (Hall voltage)
wansznuiaansadudesldedstaauvesaunulifiesadinonisusinguseiului
Tuwnfanfuiirresnssuaseainsouresiiuasiing usadulidiietuiasGoni
wsstulwihooad mndengnaesn M uay N fiveunssduduvesusiuansisiath neld
Heulvilgaiideselissunudngliihivitudle B =0 dfuussdulviihseadausonild

1N

N
Vy, = [E,dz (2.23)
M

wazdnsundugrsneivda 0 uag p azls (undisazuansanizauinlagaziay

WP5e9UNTaUlIwAE W MU18D9AININAINSYBIHUANS N9AA1N)

Vip = #,E.BW |V, = 1,E,B,wW (2.24)

nsas1sauyininseadnazusasulninsaadnelideulunisneassivanslusun 2.6

¥
o [ a

Y
Inevalufinaziseninsingnisalaeas luusingnsalseaadilnudnyasnugundgAydn

o

agandlstiunfe yugead

2.2.5 yuseagd (Hall angle)
WatlauuuidndnrunkuansAasuifog1e auulnihdnsniAnlulauansnditi

aanad E =E, + E, aglildeglunwinnudgaduauinlniaisuen E, lunsdlund

O Y a

nszualuliuasnemiiiazaninnaianesuauulninnsuen yilrrnuruwdunseua

Y
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ogluunuifisarufvauulniihasuendslusuil 2.6 ilosarnaunilwihdnslulafidans
FIUAVRLILAUVDIAMUAUUUNTELE (Luaknuvasaudlninneuan) ﬁﬂﬁ?uﬂi’]ﬂ{]ﬂ’]iiﬁ
goasluLHuATAIIT8 19z kanINIUN1S BB o sl SnsAduTus Suauulnii
ANBUDNRATAIUNUIRUUNIZUALUUR AT TR 9E74 guﬁ'lﬁﬂmﬂmilﬁm 6,

a L Sy N v
b3YNIT " HUTDAR GU']ﬂg"LJ‘Vl 2.6 aﬂmiﬂmgmaaﬁlmmﬂ

(2.25)

1NAUNITTIAULT1@10150TnYNg0ad lanuANdNT s e siAn1sauu i avue
wonanddienassyyueeadiduyiilewuuvesmaiunuinidunsswa J Aduiusiu

aunuliihans E snugui 2.6 (Hewminanuvuisiunssuaiazawiulwihagueniifianig

al (% ¥ |EH|
Wenfiu) dreaunts E,, =—u,[ExB], Ey, =, [ExBluazannis tang, = £ 157
e
anunsaszyLugeadueMNuashlsaesilady
tan@,, = x,B, tanb,, =-—u,B, (2.26)

ANYDINEDAAIT DY UANINUUWIANLAYANINATDIVDIUTEININLLTITHY LATDINUIETDS

YuFRaRITARnAdRITUNTRIUIEYRIUTEN gl uuaT SN

o a Qc . .
2.2.6 duuszaAnsgana (Hall coefficient)
Inaunis J, =0u,pE,, J,=qunE, uazaun1s E, =-u,[ExB],
E. =4, [E X B] 13181U50TEUANNANTUTTEINAN UL LUNTskakazauulnngaad
Ju
1 &
E,, =——[IxB]  E,, =—[IxB] (2.27)
ap an
NLNUAINWETUsaUN VT LAz AL unsEaluuR ua1 AR eT T
p(p) wazwsin n(n) Ine J AeAunuiniunszwa, E, auwliinisuen, E,, auwlii

goad, E awwliidns, uaz 6, Aoyugead
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o
y I

0
Hp EH

E
(P) (n)

= I3 1 1 ﬂ! U o
E“LJ‘VI 2.7 urunmnwesvosauuiiuaranuiuwtunsyualuuuansnetg

NNAUNT E, :_i[JxB], = 1

= = [3 xB] ashsaideulnaidu
ap an

E, =-R,[JxB] (2.28)

F R, Aomuusiiiuninduussanseead aunisivuududeasusinnisvnasivessead

a a L% v

fuuszAnsoeadilusudsmedan (material parameter) NioSUnednvarAUIdLLaY

< %

WIBWNEYesUTINgNIslERad luTanants vilevesdulsyansgeadfe VmATT * (lad
wasseneNuUinaal) Frunasaziandiugiuuuiingiaiauntuiduy QmT (leviuuns

owmaan) viseiguviiiy m*T * @nuiAnuassomaan)

ANstfisuannis g, =_$[J xB]; E,, =q—1n[J «B] way E, =-R, [JxB]

ansndLUsyansgeadvasruaIsiaiulivianssasviiady
R, =—— (2.29)

LASBINUIYVBIFUUTLANT TR EDAARDINULATOINUNEVDININETI9UN LALIUIAVDY
FUUs2aN599ad wUsHNNUAUAINULTUTUVBININLET19un d1nSunisuiluldasanu

wssnulnihgeadarunsaldeuleglusuvesiiudsdulssdnseeadlalagoduaunns
N
VY
V, = IEHdz wagauns E, =-R, [J X B] Tondu
M
RH

VH :TIBJ‘ (230)
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P9 t AoAuvuIvesualsieiil, | Aenszuandeulviudgunsalidmualay | = Jwt,
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WAy B Aeauiuwiwaninsaindussuiuiivesgunsal (unilisnasldfanIemungves

wsaulndi) aunisiuuukansliiuingusnsvesdiiaunsalseadazdinanausadulnil

19N Iaggunsalnfianuuisaglanaveussiulniinngandngunsalnfinnumuiuing

2.2.7 inngmszﬁmuﬁ"mwunima (Current deflection effect)
finnsanusngnisalseadiiintuluuiuansieinidu uluanstiaiidessdmsy
nsneaesiaziienirduiiveilovuiamufienisnszuaifosnitvunaufianisus e
nszvirenIny f?f’;ashwaqLLNuaWiﬁqﬁaﬁwguﬂmmmiugﬂﬁ 2.8 loeldszuuiiinuay

v L3 =)

L LY a £9 A & 1 24 v o [ % ] 1
3y ﬂHﬂAL‘MiJE)‘LlﬂUEUV] 2.6 meanuNtduiuasneeuidue | <<w VI’]I‘MEUTNGU@QLLNUETH

'
o o ¥

Assrdneduweisnusznuiussninetalaidy Tuwiuansiesniidenaniusingnisel

goanIinlugUluuBAsENIIINGNMTINTS B RULYRINTTILA
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i
i
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S

I
o
B
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2|\ & X
t

ANSH

7

o

JUT 2.8 urwansiesnhduilssazsevinstaliihdosninssessninaveuinluauiy

(insulating boundaries, ib)
2.3 gunsalnsraduauuwimanlasaiisuadiie

2.3.1 MOS Hall Plate
gunsalnsiduawuwimanuuuteggeadmantignasswuievinnisfinuluda
Y s ¢ n v a v & I3 o
aTRduauuuiman gunsalillddesmaiunseualiinnveseauiailugeadinanidainy
U910 weawnazgnasniuulidnuinnlug Ausisuazgnineanuilaetifiiavey

SENINVDIUBAUNTZILE NANDUAUDIRDAUIUMIMAN VRS UMY AT UANILTUATUNULLIAEA
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< L > n-sub

JUN 2.9 Inssasvesgunsnineageadinan

lasasnsvesnoageasnan wanslanezun 2.9 anjuasiiuinlugunsalueaaniaiy
19719 kAT AINNENT FOINAUAUNTELARD W UAY L AINAIAU USLINYRE Uay §IUTBResD

I a 1

s Asfivawiiusnglugudl 2.9 42 SC; uag SC, foguinmramisidunssualdinm &
svervInUSuEERe ¥ Sadesazsuindudainrussuseadesni nssualdinm i
IPYLNNINUSUTDERAD Vv TdezimhildusinAuswuseadoonsn
nannsviuretgunsal fie ldvrdnn1sinauvesseadinan lnggaadinanaziinnis
gl Andeeiaiunseualdinnagnsesu Ve Aflauinniansesdudasy Vo
(threshold voltage) vauzfiusesiu V. tdosnin V; gunsalazlivihau wazlifigeadinan
Antu sdavetooadiwan sxduansieiidsiaderfureansy nssiaaslnariusead
wanlfstareainsuiildunislusa Vo Litelsrusainnyiney fsanunsavinauldieg1u
us wazglildui Wellauuudmanlunnweainfuiiuiny Yeaseadimanazyinay
mﬁauqﬂmaﬁaaaéﬂnﬁim%% Lmﬁuaaaéawﬁﬂgsﬁuizw’m%’jﬁ SC; way SC, haviiAnng
auwivanazdsaliausutidauananeiy mmmnLLﬁuUiza}ﬁSdawmﬁumzm Q=
C.(VeVy) 33 C,, ﬁammmﬁﬂw%ﬁiaﬁuﬁﬁmm %qﬁwﬁLﬁaLﬂ%&ULﬁaUﬁ’uqﬂmaiaaaéﬁﬁa
ANUTUILUUYTE] gpt Twifeans viiaft Tnedl p Aemuvuuiulea waz ¢ Aoarumun

(3 ! L% d'dyd
Yp9g0adlnay ALSIRugoadlunilAe

Viy = GloBract/ Qe (2.31)
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B 1y PRUNAMBINNTALAVINESILUTUERRR |, PENTzualudd G AoALNAMDINIATVIALIN

Felunvgeuaifiandu 1 8 AerAnuruiilduauwiman Jadianuly S vesgunsalfie
S = Grogy/Qepy = Gro/(Vs-Vy) (2.32)

ety Tassadraueamafioonuuuusnaiuiiinnogramunzeay dunsafioztanlddu
gunsainsfuauLwimAnuUUsead Yeemaiunszuargiliiiduseadinaniiung uay
ROUAUDIRDAUINWILMENTULUIRIRILUY 2nRanITNaaes nsluSanedvilimnzay
anansalinanavauesiin wualtnisvheulugidlidus arliususoadinnitlugaenis
yhaudu gunsainlediisnnsadieiline FeldiEnsadimeamnuuusssuni Tnglid

nszvIuMItAwsodla Lazgunsalamnsarausiudvisasyuladuegad

2.3.2 Split Drain MAGFET
wunwn (MAGFET) Wulassadrsvaseann ffidamsunensaniy D; Way D, AalLang

Tusun 2.10 gunsalagyhaumiiauteannUnd Tngndnn1sviauisuINNIIe L sInunYn

WNNWATTIVOARDLNAIDIUNTTLAAIT LilaTaUINBULMANLUIAY (B2) vinl9LARISe Lorentz

1Y 1%
v v Y o

nesanndutunnduyibifarnuliaunaluluunnssua Al = I/, 58NINTATUNIADS
UsganSamussgunsalduiusivsunsnsuiadia lagarruhiduinsyuagivaininy

Y

LANFNVBINTELARDAINLNUILUUYDIAUNLNREN [15]

Bz
D1 D2

n+

Y n+ n+

JUT 2.10 weamnuuuiasuiendau (Split Drain MAGFET)
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JUT 2.11 HATWEYRINTTASUUUTIR0S MAGFET LUUIATULeNE Y

NFUN 2.11 wihduranseaansnstwesa wasnihduianuuuiudosnsuaes

v

dunweusefaldunszLa NMidunantanauuLiivan @unseiadssvulumamsusugie

FAUUNTZLAVDUATUA UL FUANTUAIY N15UIAIRINU N FUNNSUAAIANUFUNUS L A
GEARED]

1 Alg

(2.33)
I, BL

JUT 2.12 uamsnisvinnuvesaunsallulvunnseua waslvuawsesiu Wasanaunsal Split-

drain fianudidgraeinalugunsal lngsun) wargu() LSaiUMINNAY V,+AV

TAYLANIAINUFUNUSAIAUNITAIUA

| 1 L
AID ZTH:E:uchWGHIDB (234)
Inaunslvalledaunss
1 L

Ao = f - GuloB (2.35)
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Ioy Al Ioa*Alp ANY
IR Qs
w
L
w /
*‘—;—P [——P

o T
s

(n) gunsalseadivhawlulvuenszua  (v) gunsalseaamianululyuausediu

SUN 2.12 wanansvinnuvesgunsalsead Tulnuanszua uagluausasu

w/l = LW Gs3uin 212 vaneiia msiadeuiivesmivgluuvauua uar G, Aod1una

WESBNTVIAN L3MUANENTuSANlITegUNsal Split-drain WARIRIANNIATUA

1 L
SI ZE,UCh WGH (236)

\iegunsal Split-drain ¥n9uUBNYIRTIEY N1seevausIRaauINwimian liaunse
LAANNADBNUNLADE19TALIN 91NNITNAABILAATIATAUIN NTRavaNaIRaaUINwLANnT

Wasuwlawnndn Welnuanisvinuvesgunsalivdeuann linear Wu saturation

Aaula (Sensitivity)
Al mngds dnsrdruvesdygaievinvisenisnoudussvesgunsalinsdenis
WiguwUawweadunm visemngnin sanunsassuaul (Sensitivity) anulinisneuaues

= =

soauukldnlulnusnsssulaniuanns anulinisnevausssaaulLLlvdn Aarusn

Y [y 1 =3 1 a 1 I3 & [y
ANNAINTTVRIFINTIATUARILLNLAN @ saldsuawnLdmanlulluuseaulndn

L@IRNAIENSTLALANG LALNTUaeLA Ay

Sy = ATy (VIT) (2.37)
AB

v

lunsdinsnludagunsalmenssualniaagyilisiaiunsassyanulinduiusiv

nszuanludd (current-related sensitivity) lan1uaunis
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5,, =2V (VIAT) (2.38)
' 1(4B)

[

lunsaliludagunsalaiousanulniliaed israiuisaszyaiulinisnevaussse

9

'
v v

auuLdnAduNusAuLsIfwdu

W= (vAT) (2.39)
"~V (48B)

mninnnuhinisneuansivesgunInisoadlulmnnseuas19195eyAulIng

novausIRRdL NN YasUTINgNIainTI B UNTBINEuay

Al
S =t AIT) (2.40)
Al AB (

pnvseylugUussiuliilliavinnsissumulusentanssuangnuuseanduaeads

(D; Wag D) KaYIANARIIUBILSIAUMAAIINAUBANAINTLLE

S, = (VIT) (2.41)

£ 4

sravuaulINIsRavaURwRaLINIIANYa LA LanduRusS funsewaluda

ansaseulanuauns

DNCAY ) (AJAT) (2.42)

wazaulinsnevaueRauULiaNIdNRLSAULS LA 0 sEylinINaNNTS

s, =—2L_ (avT) (2.43)
" "V (4B)

el Spilt-drain MAGFET 3ufugunsalnsiaduauiuudianyszinvvisiiunauls
a1unsaadelamentnsgiunalulag CMOS Tursassiunlindsauen delagdu gninly
Uszandldlunarsgaiu sndiegranuideaululowuees svdiludszandldnisnsiadu

< 1 < d' = o 1
LAEAIIAADULUALULKRANLAYD ‘lﬁi’e]ﬂi%ﬂﬂ@ﬂ”ﬂﬂﬂ’ﬁﬁi’mﬁaUﬂ’]i‘lﬂE‘NEJ'W
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2.3.3 Non-Split Drain MAGFET

Tnssadugunsaiuoaminuuuliuondansuvieidoniy Non-Split Drain MAGFET fegu
fi 2.13 gneenuuulilifisseginsduasureslassaiuunaiiiinanisnovaussdo
aunuwimanildusngnisainisdsauuvesnseua nevhlumseaniuutesinesening D,
way D, Wiahaaihflagshldiiielildaanuligean S98nstasiuegiumeluladdugs
A1m5UNTEUIUNTTASIS uAlATIES19 Non-Split Drain MAGFET ageanuuuliliiegesing
¥ D, wag D, u,m'é’qmﬁwﬁﬂé’uﬁmwﬂLﬁu%’jﬂw%ﬁm%’ui’mﬂszLLaLmMmﬁmemﬁ’u
nseenuuulniiazlifiteriswesiansuwas dldamulgaaauand-lndanefinga

Inglifinsgeydeaintdeding

v
v A

sATedAnulATIEds Non-Split Drain MAGFET @sdnuaiznisesnuuuldueninsuil
Taaailigeanaugauai vhawlulninnszualdndsauussfulniiiei gunsaidildly
ns@nwillassaing Split-Drain MAGFET Migneenuuulilsifivesineszwinuasu Falaifing
aydsingesing laedireuunauenidu 2 eeuumelufmnsuienfufiouansnnuunndig
YaanszuaAnnauivin nisssudisuaildinsvedasvesinssenitansud
wanaefuiionue Sananimaaed linadndiweviteszndnunsulidaudndudiviu
Tassassuunive Faduiglmilunisesnuuunaniis Aflusgansandindy ldanuanula
a9an Liinmsgydsnndasihauaritutumeluladnsads wangdwsumsdszndld

[ 6 Y 1 @ o 1
QWULiJ‘L!QiJﬂiiUG]S'HQU waitanadelug

SUN 2.13 lassasavesgunsalueaauuuliuendinsuy
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NSZUIUNISASLAZNI5INADILUY

Wonvesunil agnanifenszuiunisasiegunsaluean saudaesesionldlunis
J1avsuuunginssuneiniitvasgunsal Non-Split Drain MAGFET lngia3eadiie Sentaurus
TCAD Fafulusunsudilddmsunisidenasiaungunsainissuansiaiiinfignldlaeussm

(% [

Futlusutegnay GlobalFoundries, Qualcomm, Microsemi, ON Semiconductor W

N

¥ o o

AU @NSUNUITE RS LN IINNSINaRL UL Pansse LA azanA 18U AL TELIY
o] { U NV A

av a_ o o = a % P va ¢ a A a X
98 @ﬂVl\WnLﬂi@\illﬂUQN%@@IU@WUWﬁWNWiOIsﬁ?Lﬂiqgﬂwq@ﬂiiquﬂbl,wmqwLﬂﬂ"U‘Nﬂqfﬂu

gunsalleludedn FsmstaaTaliannsavinle
3.1 N32UIUNISESNgUNTRlNaHNN

3.1.1 N-MOSFET
N-MOSFET gna§1stulagnsgtaunis GMOS 1n3g1u 0.8 tm urunwmiindnes
gunsaluandluzuil 3.2 gusendusin p Allenududu 4x10% cm® Drain waz Source e
N [Foseveanesatasarsnyiifinnuidudu 102 cn® 9uin Gate A¥19°20 um LaTEM
1.2 um AI1UMUIYR4 Gate aanledfe 17 nm 3U7 3.3 aana1s Mask gunsaives N-
MOSFETuansgunuuniininuaglnlpdlnsnsilyuussiiuuuresgunsal  IANUUANGAI9IIN

JUT 3.1 Aeviihdudavesdn B lusgndsusiatn D uanaslugudl 3.1 egaslsinud D uaz B

Y

= o

agludufiediy uagdy G uay S agdnaunils Fuiiganed1miunisidaunsiadu

AUNLLLAAN

U7 3.1 Tassadraialuves N-MOSFET



Sidewall Oxide
Spacer

160 n

I 350 nm

Poly-S

SiO,

026 QL
um
. 4

n+ /]n_‘ 1e170r63-8i
LDD

1e20 cm-3
n + 0.35 um

3

U

U7 3.2 nWsA19799 N-MOSFET

=
]

3.3 AMEng Mask gunsalved N-MOSFET
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3.2 TCAD Device Model

Technology Computer-Aided Design %38 Technology CAD (TCAD) gndnaglu
Electronic Design Automation (EDA) #39814t38n71 Electronic Computer-Aided Design
(ECAD) Faidunguaoniaidmuniseeniuuszuudidnnsedng 19y 2995528, LNUPCB
wiadletignliluniseaniuunasiiaseiuarsfeiatianun WosnduarsAsiani
asfelmifidnyszneuilwozann vilviaTesile EDA Jududsdndudmivgnamnssy
dannsedind

TCAD unguaenaiiesnuuuaiiieldlunisdiasenssuiunisairsgunsalansis
ftinaziigunssiansisiiues Tngnssiassuuunszuiunisaiisezeglusiuvuves
Process TCAD Tusaugiinisdrassuuunislinugunsalansissniazegluguuuumes Device
TCAD fnasiioagUsznavludmenissaesuuunszurumsaddlusdasduney (Fu n15ds
HeUsq, N1TWNTA15L39) Lagn13dnasawuunginssunislniivesgunsallagondeluing
fugrumsitang

n1sd1aesuuUsig TCAD gnianldesnaunsuanslugnamnssuansisiaih 1losnn
walulafmeduasisinhiianududounnuasdaldselunssumnsdaurasdunoud
as fetudiedimssiutlanasdestutofianainlunsyvaunisnansasanisiiaszsiuas
senuwuuRAndaetlngde Sefieuld TCAD Wieandldsnsuaziinanuindedelunszuiunis
HARLAYBRNLUY

Sentaurus 1uyaAFesile TCAD ded1avenszuiunsainanaznisvinuvesgunsal
ansnaani Insgaesesileavianvas Sentaurus TCAD antnsautseanifungy 3 naundng
nau Process simulation iungudmiuasnssuiumsaiausiastuneulneiedodont
aaﬁaﬁuﬁa Sentaurus Process Wa¢ Sentaurus Topography ﬂﬁju Structure editing WD
naudmiuldiulnsiadrsvesiigunsallnedatunounsyviunisassasiiniosilofo
Sentaurus Structure editor ng¥ Device and interconnect simulation tJungud1usy
$rasanginssunislniiiiadulugunsailagldlamanafidndsneg Seiiadesiiofe
Sentaurus Device, Raphael, Sentaurus Interconnect IﬂEJ"qmLﬂéaﬂﬁaﬁgﬂwumﬂ%ﬁw\hu

N1 Frame work $9Usenaublyumie Sentaurus Workbench, Sentaurus Visual ha e

Sentaurus PCM Studio

3.3 N1599NwUURUNIallATIHIINMOSFETHIN T
3.3.1 N1599nuUU layout vasaunsal
Tun1s09nUUY layout ¥3gUnTal JumoULINILITLAINNITOBNLUY layout 117

gunsal &g layout azas1alagld Lisament Layout Editor Miagluin3asile Sentaurus
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gﬂﬁ 3.4 layout maqqﬂﬂiiﬁaaaéﬁgﬂa%ﬂﬁw Ligament Layout Editor

Structure Editor n138eniuy layout 1Jun1591a89n0156519890818 UUN3zaNAURUY (Mask)
dmiunszuiunsinlndlnng il (photolithography) v8ea1nidng Ligament Layout Editor
ué Susuisnisazimunusnufiezsasuudy 3 17 Ui 3.4 vsndadldmuaunn
veadagUnsnl FeazifundnaiunugiusesesdiigUnsal ndsaindvun layer kazin
Tnssadrsusausiay layer asuu layout ALlusulasasunaun1soanuuy layout A1m3U
gunsal (layout ﬁlﬁmﬂmsaaﬂLLUU%Qﬂﬁﬂﬂiﬁﬂuﬁau pattern U84 Ligament Flow Editor
Fsazasugluiitedely)

3.3.2 AsiMuAsIAUnsEUILAITEsIsgUnsal

dlovinnnseenuuy layout @595 8u580UEIRBL 15198 HIRMUATUABUATTEENS
gUnsaflagld Ligament Flow Editor @sludrufisiannsndenldnszuiumseineg usinun
process flow fioad1sgunsaituun lnsddunszurunisiiléainegunsniseaduuinsly
Lisament Flow 9zdiseazidonasnng ssioluil

Environment udiuiinvuatevesgunsal, AMRUAUTINGIR0MUU 3 TATR0InTY

&

Yuliannmualy Ligament Layout (SIM3D), muuaiasesiefaglddiaoauuy (s1amualn
3189901 Sentaurus Structure Editor (SDE)), LazfaaunsanInunAIuRUIveLNUIuTeY

I¢Bnene (Fvunlviun 200 Tulasiams) fagui 3.5



— 1 )
Arguments I

=

Mame | Type | alug \ Lnit |
) title Strirg Magnetic Sensar
) save Boolean true
promefree) gricd Boolean true
- LT Boolean false
pomefr) checkd Boolean false
(o) aalptical Boolean false
o) simnulator Sirnulator sde
+) mask Mask
) regian String SIM3D
) coordinate_shift Boolean true
) output String n@node@
e String @nade@
[ o Sice front
() graphics Boolan true
pomefor) dgpith Distance 200 ur
) user_gricl Gidl default
) gricd_refinement GridRef
) tsupremd_delta_vertical Distance 0.5 urn
) tsugremd_delta_horizontal Distance 0.5 urn
(o) tsuremnd _rmin_vertical Distance 0.1 urn
o) ttpremd_min_harizontal Distance 0.1 ur
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U1 3.5 du Environment @ wsuimuasmiiusuasiasesilenldlunisiugulasasng

Substrate [uduiliimuaauantfvesianiildifugiusesediatu viinvesiag
(material), @15138 (dopant), ANUINTU (concentration), @A1nAUNULINAT (resistivity)
LAZIEUNUNEN (orientation) FaisTldiangiusenduddneu (slicon) ignideseveaniasa
(phosphorus) tilesindugiuvessiia nlnsgiusesazgnimualvsiaauidady 1x101
A¥ADNABANUIANLYURLINT (Aazidguntasmunsmaaes) fMesznurRan (100) (esan

imuagiusedlusUiuuanudutunswastudiuvesan e umulnidslddndudes

AVUALINTIZA U TSR ANNANRUS WY UAT) AagUN 3.6

Y

b i substrate

Arguments I
Hamne [ e | e | it [N

String Silieon
Striig phasphorys
Concentration 1el3 fem3
Fesistivity 0 ohm-cm
Hurber 100

o o)ty Time default

U7 3.6 du Substrate NldinunnuantRvesTanldlugiuses
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|
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{cefine Hj Ex=jE ) |
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nsszyUszianvesnisiiotfunisifearsvie n laglddenisiiedu “DPiMP2”
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b inzert
|{3dedr:deﬁne-gaussian-prnﬁle _\‘
VP IMP2Y rActive Concentration MDaopant )
V"Peak Post” 1]
1V"Peakb/al" iabs MDope )
Vyaluest Depthl” 1e15
V' Deptht” A

VEFA" 1V Factort” 0.8)

1{3dedr:deﬁne-gaussian-prnﬁle

VDPIMPTY réctive Concentration PDopant )
VFeakFPosy” 1]

1VPeakial” vabs PDope)

Uhaluest Depthl” 1e15

1 Depthl |

VEFA VFactort” 0.8

JU71 3.9 d3u Insert Mlgszysdiuun1sieans

Pattern \udiunsinusainatgvesinmnlunsruvann1siilnainns ilae o9
ama189n layout Aildeanuuulilu Lisament Layout Editor neugiu Tngasi3uann layout
A layer 709 IMP2 FadluusnadiaginmsiFoasasly ludidaunsafmunussianaes
WENAU3e layout (M398 polarity)inaglmdunuu light field 3o dark field Tun1sasns
ananea layout isneonuuusnaziinisadistutnethuasdouin anduniouaas e
dhenluatoenauiiniluainany mdsauduneuiaziinainatsiuuudutiienlnas)
UBNINLBIAILN3AUARINNMLA (thickness) Tasduiineludwazs (side) fiazsiins

aseanangleaie fegun 3.10

o A1

pattern
Arguments

Hanie Tipe \alug Unit
o) et Strig IMF2
polarity Folarity clark_fieled
foeofoe) thickness Distance 2 u
o) gicle Sitde frort
) g Type default

SUN 3.10 du Pattern dwsumunuauiniaggniaeans
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Insert \Jun s lgumdslidailsszgninedigaisiiosdia n anuidudu 5x10%

avpauognUIAN AN atluduusugiusesngnasiinaignuduneuneuntii (81989
AUNsUTENIATENISIR DP.IMP2) detuusnanituliuasunrauegaziidudutudeiu

D

nseansiiugiuses duvsnantuliuagnineenissgniienuiiisdenis aegy

3.11

b EP inzert

|{3depe:implant VDPIME2Y S |I

JUN 3.11 @ Insert AlgseunisseilaUseq

Anneal \unseusiumenudou nasaslifinisueatiafioumnd 900°C wiu

'
a o [ a

30 Wl AANAUUTIEINTA 1 atm Welvlastasim@niignyinaendeniseeileUsegiinnis

Y

v v

UmPuanlvl flagun 3.12

......... L anneal
Arguments ]
Marng J Type | “Walug | Uit |_S
) time Tirne an rhir
+) ternperature Tarmperature 00 degC
<) pressure Fressure 1 atm
+J ritrogen Gas i] |fmiin
) hyrogen Gas i} ity
) oxygen Gas 1] I¥rriiry
=3 bl Gas il [¥riiry
Jnza Gas i lirnir
{-+-) steam_temperature Temperature 1] degC
Gaz o kS
Gas 0 i
Sicle both
Thpe default

1Y

SUN 3.12 du Anneal dwiunszurunisieuilandedailadsyq

Etch Wun1sintunnenlanas (Resist) NogULHIIUTOWIMUABEN (trip) LBV

ANNALDINNURITENTEUIUNMITUABLY AagUN 3.13

Argurnents I

Unit =

Mame | Type \ Walue
pfeee) material String resist
woneefere) thickness Distance clefault

EtchType strip
Nurmber 1}
String clefault
i Sicle hoth
L) type Type default

JUN 3.13 du Etch dmduimuanisiadudiehuasnouasisulans
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Deposit \Jun1sas1stulanglnensyuiunis deposition FaLsnavasdnetulany

v I

avalifiounun 1 lulaswns weasinisweudenaliihlviduaunsal dsgui 3.14

Y

Marne | Tvpe | Walug | Unit ||j
String alurnirurm
Distance 1 um
String chefault
Concentration fem3
Sidle both

DepositionType isotropic
Trpe chefault

5UN 3.14 @ Deposit Niddmsunsaistulany

Pattern vJunasasisatnateniu layer finyldasredulay (1) Tneld porality
UszLam light field Faguil 3.15

v w patters
Arguments ]
Mame | Type | Walug Unit ||j
String M1
Folarity light_Tieled
Distance 2 urm
Sicle front
Type clefault

'
=

U 3.15 du Pattern dmsunisasevalulin

a

Etch \Junsiadulavieauainans (Pattern) iUsznaaliludunounount dsgy
3.16

Marne | Tipe | “Walug | Unit |j
String aurninum
Distance 1 urn
EtchType anisotropic
Mumber o]
String clefault
Sicle bath
Type clefault

5U7 3.16 g Etch Aldfiadulany
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Etch dugavnadunsintuiieliuasiiiieaniasiundsgun 3.17

Hame | Troe | \Value | Unit |S
o) Pl Striny tesist
() thickiess Distanice lefault
{w) etch_type EtchTine strip
{=) cveredch Kurnber 0
{) etchstop String default
{+) site Sicke hith
........ {o) tupe Tine default

U 3.17 du Etch duanvhodmsuintutenliwasiiioennvun

wdenimuntuneuly Lisament Flow Editor wazsiidiunts (Run) auadaiioudos
wdmaitldarusinglassanmdontudalwilnufildeonuuul iR Ui 3.17 Inslassadns
AlFagdalaiusng contour vesmaFeansluuinaimldinanieady Weswinisdalaild
fruuadInTes mesh ey Jumeudaluiznazdhnisasaslasenaae (mesh) wazivun

wihdudanisliiiwsetiliih (contact) Wiiudgunsal

3.3.3 N133180uuUNgAnssunelnivesgunsal
wasantilassadiwesdigunsalizausosundn Junausaliazilunisnisinasauuy

ngAnssuMelniifAIe Sentaurus Device §3n1331883bUuuNgAnTIUNIINi1veIgUnsal

o

zapsseylumanieildndnazgnidiunlydnassnganisalaneg Ingluman1eildnddmsy

Y

gunsalgoaduwiIningnlene lunalaTeas o UNAITULAYYOII1INE 91U (energy band
structure and band gap) lutaaan 1NAgeIVOINIUE (Mobility), TULAANITNANAGUTDININE

(recombination) waglamaniauaian (galvanomagnetic)

a/ (]

3.2 N1331809NTTUIUNTTATINEWUIEAYFEIN G

Y o

N1591889N58UIUNITAT19E9UEAYa157 96217 (Semiconductor process

a v o

simulation) ABN1FA31MUUTIADAAHULUVUNTTUIUNITHAAIIIVDIAIUTERAYFa5AAMN

v

Wunsudanes lalon daiulszy Wudu Wivuieddgueinisdnasinszuiunisuan

<

& A

gunsaldidnnsedindfanisainmziunisnszaedivesaisientdlunisassaunsal Jaay
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[y

nsgglumuaududuredasiienasiuegiugunsavasgunIal NMIINABINTEUIUNITIY

a

& an A U = & v o ° A o va ¢ wa
JuisusetuneunicluiessuiazaiiuuudiasuiioilUldinsginuaudfniglii

LY

soly TuN1599NLUU955IETF P UNITONLUULSLAINDDNLUUHINTUNISITIULA7 U

¥
a

penuuUNasLd I ndutuneudes 9 LUN15DALUUNIINTINY Tun1TeanLUUALien
senuuuiuiidies wariivszneusfursasaualng duseunseenwuuluwuiuntsndney
Usznaulufeduneudes ‘ vanetuneudinssiastuUREde i lumud U wAEa Ty
10993 Bunnitaztloudnludmiunisdassnssuiunsuanfetuneunsadiauazauadis

lassadavesgunsainaraine lnvdrlngfagldgunihdanussuiusig q dmsunisdtass

o

X

aa A v A v o 1 o a ° o ° aa
WUU 2 US ‘Vii@ﬂqilﬂjWUWWuqﬁ9]LLajﬁiqﬂﬂULUUUﬁﬁquiaq‘Vﬁ‘Uﬂ']if\]']aaQLL‘U‘U 3 ll(ﬂiu’ﬂqi

Taesmuuiseanisanuuiugvigdndifesivresasiunnetaazdeswaniunaiilduiuiu

< o

o A e A & v T & a
'U'NﬂﬁﬂLN@QﬂﬂﬁmN'ﬂu’]ﬂWLaﬂll']ﬂﬂ'ﬁ%']a@\'iLLUUﬂﬁ]'&]ﬂLLUQLﬂusﬁuaqusﬁuqﬂLaﬂazLaﬁJ@ll']ﬂ

4
2a v = °

feundsdadlanaruiu uinfinnudndunszdesnisuaillnalfe siuauaswnBeliu ng
Ta0ILUUNTEUIUNISHENIARsUS UL AUl U maluladlml 9 Iiauly 1n3de3sdein
AanudlanszuIumMIndEaLazitn1sUTulTwuuIaelagnaanlilndfeiunseuiunis

HERIIIUINTER

3.2.1 1159198UUVUM 58319 MAGFET

n3aesuuugUnsel MAGFET Wunisdrasauuulunisgauai lassasiswesgunsal
avtsgnaulufednliihands eSuieldlaefiarsanain fs3ud 3.18 guasaignadisnain
ansfiadain Tnsagyimsadneialuiluunassda de goa (source) uaziasu (drain) Audl
sginansdisaesfedeninliihrieusuua (channel) Fadudumaiuresdidnasey
(FaRRednyg aslniiviodeya)uurenilniazgnunngulneauiu (oxide) Aouilazdl
Hlanzi3endrdrudaing (gate) wdauiudnsouts innagvhuihilunislunisaauaunis
dadryaadlviihsendnweanasiasy lnsodenannisgavisenanysyq Bidnasew) luudu

LY UL UR

v L4 =)

lunisdnaswuuisazludanssualiihamlinudagunsal welwgunsalvinaulu

9

1 Y

Tnuanszua Anwiallunismevaussdeaunuimanifidedagunsal Tneviinisdou
auuuddnuazliussiulninnaseudigunsal n1sdnasauuugunsal MAGFET ¢ae
Tusunsy TCAD isazutamadndumsaidu 2 dau dauusnasdunstulassadiauastmun
Tnsem91euTo mesh lifufgunsalsaeLadesiiouszian Structure Editor dausiasn
nEntulassaiiaada asinissasmginssumsliinlisugunsaideiaiesile

Device simulation F39UnaUNISIIABILUVAINNT0BS U LAAUTITaRalUl [21]
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SU7l 3.18 MAGFET

3.2.2 YUNBUNNTEFIN MAGFET
N1591989%UY NTFUIUNTATN MAGFET 1519MN@3191ATIAT191UT0Y S8YIUINTD
Fuau Teglunuingrdwusiligrusessiin P-Type As3UN 3.19 uazaT1ald Source uay

Drain f93U1 3.20 Waggul 3.21 anuaey

JUT 3.19 msaselaseasnegiuses
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SUN 3.20 M3a31eUs Source

UM 3.21 M3a319t Drain

Tnseadrsvesusuuuald silicon lunsadawazyinnsiéuda source way Drain #e
Tuseuvhliladuansvila n-Type Yoamaiuvesnseualni frvualvidnwuziJulsu
szunu amsUuuulassaisves MAGFET Taenszuaiilnassnarnluresmaiunssua 49
anmuaulngauulwihaindann fsuil 3.22 n1sa¥hs Gate agfmuad Gate Oxide lng
19 Si0, Tunslay aunAurul T, = 17 nm.



38

JU# 3.22 msase Gate

U7 3.23 shmsasadalaiih (Contact)

A15a519 Contact V89T UL YINN1TAMUANISLAURST Gate 19 SiO, , Source wag

Drain l¥asieensivila ndsintuazaseiidavilui weldlunmmeass Asgui 3.23
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U7 3.24 m3a¥s Mesh

JUT 3.24 1Wutunaugnvineveen13a5199uanu Iagaginnisasng Mesh Aquauau
Pavun F99slndnni1siWluAAUAlLAISAI LI ANUNUILLLY Mesh @1115aR1Mun
L@IEANIUAIIULALNEANVDITUITIY WINAINUA Mesh nuwduuniuluagldianlunisg

ANUIULINT VY

3.2.3 N1591209UUBAZHUUINADITINITDINUAUINLIAAN

dieldlassasnsvesiaunsaliieuiesuds Juseuseluaidunisdiasuuunisvingu

¢ o v

(Device simulation) vosuuning lnanisimvungunsaiusenauldmdasnunadnalnidin

[%
o

F1u Input FeRAedane (V.0 wazitdnu Output 3efifed sy (Vo) laedida Souce 1Ju
81984 (ground %30 Vs = 0V) fstumganisidessiorsandrfugunsaiiildinanduney
nsadrsdauseRusansfadaui (Process simulation) wierfvunnisiensasiieuiesudad
il uualuudaesi@ndsaly

nsnsSaeaLULNgAnsINN1EINA1de Device simulator @9n1531a0uuUNgANSTY
malnihvesgunsaiagfesssylunanefiandisiduiiuguazgninanldsiassngiinised
7199 laelunanisdl@nddmiununs Jnalasedas I auaunaIuLa Y9I Nna eIy
(energy band structure and band gap), lutaaan1nAaIveINI%e (mobility), Tutaanis

NALNSUYBININE (recombination) kaglaimaniausiuan (galvanomagnetic) dalunflazve
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nannalueaniia1uAg TR vaUINLNLMA NN TUAR UM AAUNUILUUNTELAlgA LAY

a ) A & v aa ¢
dianeseu duluwasululuwaldnuuasgiuluwanisidnd

lapaauuuaivian (Magnetic Field)

= Physics { MagneticField = (0.0, 0.0, 0.0) }
dmdumenginansnuanauuusimaniugunsaiansisia tagldlueanis

yudmnzLULiaiin (Galvanic transport model) Faiulumafionfuaunisanumuiniy

= o 1

NIEWANITHENT-a08L AR UMALNDUNTUAUAUILKILANTN LY Tnedsnnsevinsaaunisuuda

(transport equations) vesdianaseunazlsaiminiunislugunsaiiu Wunauiainussas

saa v & 1 = = v &
LSULNURDNINE [22-24] W'JEJL‘VW!‘L!ﬁiJﬂ'ﬁWNNWUWLLUUﬂizLLﬁQQaqmqiﬂLﬁJEﬂﬂ@LUU

ja=ﬂa§a+ﬂa%[ﬂ2|§><@a+u2|§><(ﬂ25><@a)] (3.1
1+(4,B)

dlo a=n vde p

y, A8 ANNARBIYDINYE

g, Ao nnwesnsvuailifnaninadasuesme (current vector without mobility)
£, A9 ANTNARBININEURITRAE (Hall mobility)
B #e nnmesuienthauiuwingn (magnetic induction vector)

B fie vuinvesnneasivieniaunsudivian
TnsannAsewesgeadszduiusivaninasewazasedey (drift mobility) m1uaunIs
My =T gty WO L = B9 r way r, ABMIUIENBUNIINT2LIWBI80aa (Hall scattering

factors) Tunstlvaaileddneu (bulk silicon) Alagviluagil r, =11 uagr, =-0.7

3.3 auyfgulunisdnasaiuy

(%
=]

n153raesuugunsalludnenlinusil azldinIealio Sentaurus TCAD tita@nyn

€

AuaudRnisiuateldauduauInndaaud 0 89 0.5 maan dnisnaasdlifianig
aunuimdnidluaduazuuiueuteausaslassadisgunsnl dnsusuamnadmesin
wUseng qliunyan [WuAINSUSETRINTELE WSIRU AMANAIUNIY A1 L/W Ratio tdudu
dmsulaseadisvesgunanid asfunisieuvesgunsalluluuanssuaindy dady
Amnsfimesuesiaudsinagmani duadonisneuaussvesau L iuEn lgauYAgIuYes

£
v A

AsIaRIwUULd sl



41

Channel

Substrate

U7 3.25 Tassasraueamiaiily

[

lassasueainialy lngunfudiviveavsegiusesazeglnanutivesaiane uayas

£
a A

Woutiwesanugusendinieiu udlunsdlid azeenuwuulitiinsuuaggiusesagiiau

€

a Y] | M v A Y (YY) P 1) ° Y a v | a &
L@ﬂ?ﬂULLﬁﬂzlﬂJ‘lﬂLsﬁQNWQHﬂu @QEU‘W Q128 IWEJ“U'JLﬂVWl']ﬂS‘Viu’]V]ﬁTNGU@Q‘Vl'NL@'HﬂizLLaQ']fVU'J

nilalUgaBnuimils uaztigosavzimualiedrunis Wern1sludaulssiunvansuLasd

[
Y

ved TigosarzdanszuadiinasoulUdiiunsuriudemiaaunssudldiny ethueniul
WIUALYNLUBARASUSUAIMEAHUAUNILTALNE AN [NeABINISIAINTERARSULAENTEUA

TIUTDININALABS T ULAZHATINVBINTERAATULAL NTELAFIUTD LW UNTERATDTALAND

<9

[ '
YY) =

ety efinmslianauiuwimanlunuiusuniedia v agiiauseasisudivinlinssua
idnnsouilegluresmudunssuadoavuinsuiunseuadidnnseulugiusos il
LDNAVRINTZUANTUNDLNIINTTUATIUTON uarlunsaliRe iy ANeMNAYRINTLUAIATY
wnndnszuagrusesiialiianisauuudindnluia -y uwwmnsiildamnsolassasis

weanvhlluszgnald dudugesasanduslvandmsusnueula

Channel

Substrate

JU 3.26 lassasaueainaLuulendinsy
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4

1ASIASIUDANALUULENTUATY 2xUsENaUlUMEI9a5d 1NN LATLATY 1A8TITIVB4
[y = 1 1 5 ) v I gj [ d'
WsuATgNKENIINAUlaeiisearineseninetiasy Mlvkendudlaves D, uaz D, Aegud
3.26 Wevinisludaliueannyiauaiuund dvesaazdnnsenadidnnsouludtninsuny
YOINMAUAUNTERALALNY LAETIATNATINYDINTERAATUNIABING NWENALVINAUNTEUAATULAY
ALTUNTEhATDSALAND d15UlATIAS1IT NARDNITNDUAUDIVAIAUINLILNANIZLAATY
gj ] q’.’/ [ gj d' =1 2 ] < gj = a a e‘d' ) v
WUIRIVINTY AITU LBTNTIAAIEUINWULAAN b ULUIRINIBNA 7 ALLNALIIADLTUTNYIN LA
NILLADLANATIUVIIITOSAKIUTBININLAUNTZLE LAANTS T wUANTNATUTnTe U BN
Pntls VA1 ANATINTEUAATUTIN 1 1INNTINTRUAATUTIN 2 wazlunsalifedny @
I3 & o % ' & o o va ' < a
LDIANAVBINTERAATULIN 1 UBEAIINTEUANTULIN 2 WWalviianisauuudivanluia -2
Ko g o ° v 3 v < P o
LIty ivienansadilasaasseaawuuLen 1A e 8l szendldiluduieesnsiadu
WUAANAMSULLNAILS LazkasanIsRevausIuesauILLiantuLuIfRrATuLloaNLUY
TAs202119999U AT UNIADIN RIS Baszazdataedarinlalamaulilunisnsiadu
AUULIVAN LAY
SUN 3.27 Wulassadweamauuuliventunsu avdsenaulumetagesa wnin uay

=

AU FILATIFS 9L ARIENULATIZS DA LUULENTIATU bALATIAS19 VIVDATUL

=3 Qy a [ d" o [ % o a gj
ADULNAKENLTY 2 ABUWNATUTULATULREINY L aYiINStudalrad ey uaIuUni 19
YosanzannsznadiannsouludirnsurIuteIuAunTELaldny lneNANasINveInTeLa
LASUIINTIMD ULV ANIADIDLUNINUNTELAMTURAZ AL WINAUNTELETRSALELD d195UlATIASTS
1 NafaN1INRUALDIVIAUINLULNANAZ ARl UL UIRILYNTY Aety tlaTin1sldan
AUNULNLAN TULUNAIIRNE 7 22LAALS9a8LsUgNYin linTEhadl8nno Uv0 IS Ak 1UY D
mahunseuainnisiissuuludamsuaniaandndivils inlia e dnaveanselan sy
IINABULNATIN 1 11NNIINTEUALATUINABULNATIN 2 wazlunsalifediu Aornnves
ASLWALATUIINABULNAUIN 1 UBYNINATLLALATUINAABULNALIN 2 LialrArAnIg

1 @ a 1 [ ] < a0 dl'

auuudanlufia -z uagArnaruaullunisesiaduauiniimanasiingean e

ponuuUlhilssesvnase MmNt uesursateIviniuaud

Channel

Substrate

JUN 3.27 lassaiaueamnuuuliventiingy



unil 4

NANISNARDILAZILATIZYING

Tuunilagnaidfwanisdtassuvunudnwauznisiiiiiazuanisnovauesse
AuNLLnanveIgUnIalgnaduuIfliaInn1591a8auuUie Sentaurus TCAD H9NANTS
novauBIfoauINwmAnIzgnIanilusUvesiulningeaduazAuuANA 19BN ST
wianfen1siuvetgUnsalulnuausiukazlnuanszLan e 19U Inenan1sinaeawuud
Ipaguansliuieusngnisaiiinduniglugunsaiuaziondnnvesgunsaininnululuum
& & = a A a X ! A Y ! Y @ =
g wennilagiimisfusenaiiiafudenisilasulvaimuusing q uazuansdviiuga

ANUFUNUSYaILUsNTRDN1sTIUl Ul LA 9Ee

4.1 mifnwauautRLazNanauauaIwimanaUnsaluaanunsgIu

4.1.1 MOSFET wuunaly

AYo a v A

uaaWa(MOSFET) tdun3dnfusindussdusznauiiugiuiidiagngaluagunsal

U o

-y

diannseilnd gunsalueawiniidussfusznaundnd n5un1598nLUY9955IL CMOS Tl
nsldndsnualunsialuuszenaliilugunsaldianvseting dwsulasasueamn 97
HuUgIU 4 PIFRWIU 1NV Fesauazued NsAnwdasiaenlytivetaunsalund@nily unay

sonuuulitaued eglnanulaunsu iedszanaldnsiaduauiunivin f93un 4.1

G

U7l 4.1 Tassadraialuves N-MOSFET



a4

gﬂﬁ 4.3 AmaUnIalasaras N-MOSFET 21nn1s Fabrication

N3UT 4.2 Wunmaeduuuvesiigunsal N-MOSFET 91nn13 Fabrication Lilonu
N33UIUN1Ta5LALES NN TIRdeUlnED199FAL UIDaNUI1INKWNY Silicon  1Tlalesn
nanysatlaiianain asdnluussyatluussyia (Packaging) AUyl 4.3 aunsaliilannoy

T
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4.1.2 NMINAADIUASNAANTVDINTINAEN WAL |-V
anuwausuLagnIzialinihannsin gnuandlugun 4.4 Fadu N-MOSFET Uné

NUUIgNINUNAFOUNTHBUAUDIVDIIAN

6
Ves=5V |
5 4
4 |
-
i P
EJ
'
a
= 2
14
l
0« e e &= e ey —— =
0o 1 T_Y B A8 Y o8 9 \\0 1
Vos (V)

U7 4.4 Anidnunizns1 1V 493 N-MOSFET

4.1.3 y9a5amsuludauasNanIINEUALISIVAN
1995dmsuIansnouauesinan uanslugun 4.5 unasdtenseuanenlddmiu
AuAnUSINn szl WendniGeman suegianuingn NIzRATeITLATULAZTIUTEY

3’33JﬁULﬁUﬂ§8LLﬂﬂ\‘]ﬁ ls ANALLANANNTDINTEULENIDINA T U UUIABULSIUBIRDLTULD

1 L
Rp < PD Rp < | L

= v o LY J 1 =3
E‘U‘VI 4.5 'N‘UﬂU@ﬁﬁW‘VﬁU’J@ﬂ?ﬂ']iﬁ]@‘Uﬁ‘LlENLLlIL‘Wdﬂ
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40
30 Ig=3mA

AT (uA)
)

-0.5 -04 -03 -0.2 0.1 0 0.1 02 03 04 0.5
Magnetic field (Tesla)

a J 1 <3 & a
E‘U‘Vl 4.6 Naﬂ’ﬁﬁ]’e]Uﬁ‘Ll’e)W]@LLllL‘Mﬁﬂ‘U@\‘lQUﬂi&!‘ﬁ\‘i

ManavaueeILimanuandluguil 4.6 ludamenszuansdl 1, 2 uag 3 mA Naans

AeAnuuansnsaInselaMtesul A7 (U -ph) 3nteulususunlddnislauiuudman (A

= 0) N1IPDUAUDILARAIANNFLNUSITIAUT LI NANUAUILUUYDIFUN UL LA NIAE N TS T

v 6

wANANaY A1Aubduins (A7 /2 LAB) Ae 0.0072, 0.0168 wag 0.02 T b 1,2 Az 3 mA

AUAIAUY

4.1.4 N15INABIUVULATNANTSABUAUBLInAnTULLIUaY

1ASIAS1UDENALUUUNG 88 4 17 ABLATU 1NN YO58 LATUDR LaeUnd UIvasawnay

UanIzwaNda e UL NenANEE AN TENUIINNTIUSATRIgIUTeY dmsunsussyndld

' '
T Y = =

A15793ULLLNAN 220Nt uUTATILATULAZUDABENAIULASIAY TANNILINNTINAI199D

Y

€

=3

NAUNTEREINTMTILUTIBNUINTe waztwesassirualioga1unis Inendilvasaay

Y
[ (%

nnszuadinaseuludsinasy donsludaussiuiidann wasthveifudinsuasgnluda
Tnglsfiansuansunasnszsuauaniindifsiu dalunasuvoinssuaveda

N-MOSFET gna¥1s3ulasnszuaunis CMOS 11A3g1u 0.8 pm wruammindagas
gUnsal gnuanslusufl 4.2 Substrate 1uvila p AfiAnadudu ax10'° cm Drain uay
Source o N* l3asevloameauazansuyiifienandudu 102 cm® yuinves Gate n¥s 20

UM baze13 1.2 um AINURUIUDN Gate Oxide Ao 17 nm.
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=

SUT 4.2 uanyuiasnuuuvesgunsalignainadu Failainuunnd19anngui 4.1 fe

Y

[
a Y 1

miduiavesdived legudainadansy sdrdlsiniutavonnsu uas ved ogludu
Fenffuresnn uazdwesaegBndnunils fafvmoedmiunsldnunsatuaususivan
Feulvdmiunisiraeaduruiagunsaluazanuitiduarsiedeaduiinanlineu
wiidl agndlsfiny laildanmgunsaiaieedanueuiiosainlunszuiunisadnanis
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Crystal properties Value Units
Structure Cubic
Space Group Fd3m
Atomic weight 28.0855
Lattice spacing (ay ) at 300K 0.54311 nm
Density at 300K 2.3290 g/cm’
Nearest Neighbor Distance at 300K 0.235 nm
Number of atoms in 1 cm’ 4.995 . 10%
Isotopes 28(92.23%)
29 (4.67%)
30 (3.10%)
Electron Shells 15%25?2p°35%3p?
Common lons ST 5187
Critical Pressure 1450 atm
Critical Temperature 4920 °q
Band structure properties Value Units
Dielectric Constant at 300 K HS
Effective density of states 2.8x10" cm’?
(conduction, N. T=300 K )
Effective density of states 1.04x10" cm?
(valence, N, T=300 K )
Electron affinity 133.6 kJ / mol
Energy Gap E; at 300 K 1.12 eV

(Minimum Indirect Energy Gap at 300 K)

14
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Band structure properties Value Units
Energy Gap E, at ca. 0 K 1.17 (at 0 K) eV
(Minimum Indirect Energy Gap at 0K)

Minimum Direct Energy Gap at 300 K 34 eV
Energy separation (Er) 4.2 eV
Intrinsic Debye length 24 um
Intrinsic carrier concentration 1.10% cm’
Intrinsic resistivity 3.2:10° Q-cm
Auger recombination coefficient C,, 1.1.10 cm®/'s
Auger recombination coefficient C, 310! cm® /s
Thermal properties Value Units
Melting point 1414 8§
1687 K
Boiling point 3538 K
Specific heat 0.7 J /(g x°0)
Thermal conductivity [300K] 148 W/ (m x K)
Thermal diffusivity 0.8 cm?/s
Thermal expansion, linear 2.6:10° g}
Debye temperature 640 K
Temperature dependence of band gap -2.3e-4 eV/K
Heat of:
fusion / vaporization / atomization 39.6/3833/ kJ/ mol
452
Electrical properties Value Units
Breakdown field ~ 310 V/cm
Index of refraction 3.42
Mobility electrons ~ 1400 cm? / (V x s)
Mobility holes ~ 450 cm?/ (V x s)
Diffusion coefficient electrons ~ 36 cm?/s
Diffusion coefficient holes ~ 12 cm?/s




79

Electron thermal velocity 2.310° m/s
Electronegativity 1.8 Pauling’s
Hole thermal velocity 1.65-10° m/s
Optical phonon energy 0.063 eV
Density of surface atoms (100) 6.78 10'%/cm?
(110) 9.59 10"/cm?
(111) 7.83 10"/cm?
Work function (intrinsic) 4.15 eV
lonization Energies for Various Dopants | Donors
Sb 0.039 eV
P 0.045 eV
As 0.054 eV
Acceptors
B 0.045 eV
Al 0.067 eV
Ga 0.072 eV
In 0.16 eV
Mechanical properties Value Units
Bulk modulus of elasticity 9.8-10M dyn/cm?
Density 2.329 o/cm’
Hardness 7 Mohs scale
Surface microhardness (using Knoop's 1150 kg/mm?
pyramid test)
Elastic constants Cyy = 16.60-10™" dyn/cm?
Cyp = 6.40-10M dyn/cm?
Cyq = 7.96-10% dyn/cm?
Bulk modulus of elasticity 9.8-10M dyn/cm?
Young's Modulus (E) [100] 129.5 GPa
[110] 168.0 GPa
[111] 186.5 GPa
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1. AFN Y IUNISAINUAVIUNBUNTZUIUNISES19 (Process simulation)

(define ROUNDING #f)
(sdepe:substrate "Silicon" (list "PhosphorusActiveConcentration" 1e15) 200.0 (list 0.0 0.0 50.0
40.0))
(sdepe:comment "Added process flow header")
(define I1sPType (lambda (Doping) (< Doping 0)))
(define IsNType (lambda (Doping) (not (IsPType Doping))))
(define ChooseDopant
(lambda (Doping DopantL.ist) ; DopantList: (Donor Acceptor)
(if (IsNType Doping)
(list-ref DopantL.ist 0)
(list-ref DopantList 1)
)
)
)

(define ActiveConcentration (lambda (Dopant) (string-append Dopant "ActiveConcentration

)

(define DopantL.ist (list "Phosphorus" “Boron™))

(define Xj 1)
(define NDope 5e19)
(define PDope -1€20)

(define NDopant (ChooseDopant NDope DopantL.ist))
(define PDopant (ChooseDopant PDope DopantList))
(sdedr:define-gaussian-profile

"DP.IMP2" (ActiveConcentration NDopant)

"PeakPos" 0

"PeakVal" (abs NDope)

"ValueAtDepth" 2el5

"Depth"  Xj

"Erf" "Factor" 0.8)

(sdedr:define-gaussian-profile

"DP.IMP1" (ActiveConcentration PDopant)
"PeakPos" 0

"PeakVal" (abs PDope)

"ValueAtDepth" 2el5
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"Depth"  Xj

"Erf" "Factor" 0.8)
(sdepe:pmask "mask0" "Resist™ 2.0 "dark™ (list (list 30.4 15.0 19.6 15.0 19.6 6.5 30.4 6.5))
ROUNDING "top™)
(sdepe:implant "DP.IMP1")
(sdepe:multi-etch "Resist™ 10.0 "strip™ 0 0 (gvector 0 0 -1) ROUNDING "top")
(sdepe:pmask "mask1" "Resist" 2.0 "dark" (list (list 12.5 25.0 22.5 25.0 22.5 35.0 12.5
35.0)(list 27.5 25.0 37.5 25.0 37.5 35.0 27.5 35.0)) ROUNDING "top")
(sdepe:implant "DP.IMP2" )
(sdepe:multi-etch "Resist™ 10.0 "strip™ 0 0 (gvector 0 0 -1) ROUNDING "top")
(sdepe:pmask "mask2" "Resist" 2.0 "light" (list (list 36.5 34.2 13.5 34.2 13.5 24.4 20.4 15.0
20.4 7.4 29.6 7.4 29.6 15.0 36.5 24.4)) ROUNDING "top")
(sdepe:multi-etch "Silicon” 1.0 "anisotropic” 0 0 (gvector 0 0 -1) ROUNDING "top")
(sdepe:multi-etch "Resist™ 10.0 "strip" 0 0 (gvector 0 0 -1) ROUNDING "top")
(sdepe:deposit "SiO2" 1.0 (list) "anisotropic* ROUNDING "top™)
(sdepe:pmask "mask3" "Resist" 2.0 "dark™ (list (list 36.5 34.2 13.5 34.2 13.5 24.4 20.4 15.0
20.4 7.4 29.6 7.4 29.6 15.0 36.5 24.4)) ROUNDING "top")
(sdepe:multi-etch "SiO2" 1.0 "anisotropic™ 0 0 (gvector 0 0 -1) ROUNDING "top")
(sdepe:multi-etch "Resist™ 10.0 "strip" 0 0 (gvector 0 0 -1) ROUNDING "top")
(sdepe:deposit "Aluminum® 1.0 (list ) "isotropic* ROUNDING "top")
(sdepe:pmask "mask4" "Resist" 2.0 "light" (list (list 15.68 28.213 19.28 28.213 19.28 31.813
15.68 31.813)(list 24.4 9.4 25.6 9.4 25.6 13.0 24.4 13.0)(list 30.696 28.211 34.296 28.211
34.296 31.811 30.696 31.811)) ROUNDING "top")
(sdepe:multi-etch "Aluminum™ 1.0 "anisotropic™” 0 0 (gvector 0 0 -1) ROUNDING "top™)
(sdepe:multi-etch "Resist™ 10.0 "strip" 0 0 (gvector 0 0 -1) ROUNDING "top")
(sdepe:save "n2_msh" " "DFISEBND")

’

; Title: MAGFET

(define ROUNDING #f)
(sdepe:substrate "Silicon™ (list "BoronActiveConcentration” 1el5) 200.0 (list 0.0 0.0 50.0
40.0))
(sdepe:comment "Added process flow header")
(define IsPType (lambda (Doping) (< Doping 0)))
(define IsNType (lambda (Doping) (not (IsPType Doping))))
(define ChooseDopant
(lambda (Doping DopantList) ; DopantList: (Donor Acceptor)
(if (IsNType Doping)
(list-ref DopantList 0)
(list-ref DopantL.ist 1)
)
)
)

(define ActiveConcentration (lambda (Dopant) (string-append Dopant "ActiveConcentration™

)

(define DopantL.ist (list "Phosphorus” "Boron™))

(define Xj 1)
(define NDope 5e19)
(define PDope -1e20)

(define NDopant (ChooseDopant NDope DopantL.ist))
(define PDopant (ChooseDopant PDope DopantL.ist))
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(sdedr:define-gaussian-profile

"DP.IMP2" (ActiveConcentration NDopant)
"PeakPos" 0

"PeakVal" (abs NDope)

"ValueAtDepth" 2el5

"Depth"  Xj

"Erf" "Factor" 0.8)

(sdedr:define-gaussian-profile

"DP.IMP1" (ActiveConcentration PDopant)

"PeakPos" 0

"PeakVal" (abs PDope)

"ValueAtDepth" 2e15

"Depth"  Xj

"Erf" "Factor" 0.8)
(sdepe:pmask "mask0" "Resist" 2.0 "dark" (list (list 12.525.0 22.5 25.0 22.5 35.0 12.5 35.0)(list
27.525.0 37.5 25.0 37.5 35.0 27.5 35.0)) ROUNDING "top™)
(sdepe:implant "DP.IMP1" )
(sdepe:multi-etch "Resist™" 10.0 "strip" 0 0 (gvector 0 0 -1) ROUNDING "top")
(sdepe:pmask "maskl1" "Resist" 2.0 "dark" (list (list 30.4 15.0 19.6 15.0 19.6 6.5 30.4 6.5))
ROUNDING "top")
(sdepe:implant "DP.IMP2™")
(sdepe:multi-etch "Resist" 10.0 "strip™ 0 0 (gvector 0 0 -1) ROUNDING "top")
(sdepe:pmask "mask2" "Resist" 2.0 "light™ (list (list 36.5 34.2 13.5 34.2 13.5 24.4 20.4 15.0
20.4 7.4 29.6 7.4 29.6 15.0 36.5 24.4)) ROUNDING "top")
(sdepe:multi-etch "Silicon™ 1.0 "anisotropic"” 0 0 (gvector 0 0 -1) ROUNDING "top™)
(sdepe:multi-etch "Resist" 10.0 "strip" 0 0 (gvector 0 0 -1) ROUNDING "top")
(sdepe:deposit "SiO2" 1.0 (list ) "anisotropic” ROUNDING "top")
(sdepe:pmask "mask3" "Resist" 2.0 "dark" (list (list 36.5 34.2 13.5 34.2 13.5 24.4 20.4 15.0
20.4 7.4 29.6 7.4 29.6 15.0 36.5 24.4)) ROUNDING "top")
(sdepe:multi-etch "SiO2" 1.0 "anisotropic™ 0 0 (gvector 0 0 -1) ROUNDING "top")
(sdepe:multi-etch "Resist™ 10.0 "strip” 0 0 (gvector 0 0 -1) ROUNDING "top")
(sdepe:deposit "Aluminum™ 1.0 (list ) "isotropic” ROUNDING "top")
(sdepe:pmask "mask4" "Resist" 2.0 "light" (list (list 15.68 28.213 19.28 28.213 19.28 31.813
15.68 31.813)(list 24.4 9.4 25.6 9.4 25.6 13.0 24.4 13.0)(list 30.696 28.211 34.296 28.211
34.296 31.811 30.696 31.811)) ROUNDING "top™)
(sdepe:multi-etch "Aluminum™ 1.0 "anisotropic™ 0 0 (gvector 0 0 -1) ROUNDING "top™)
(sdepe:multi-etch "Resist" 10.0 "strip” 0 0 (gvector 0 0 -1) ROUNDING "top™)
(sdepe:save "n2_msh" "" "DFISEBND")

’

2. Manglun1sn1unn1 mesh wazaaluinlrnulaseasne

(define MeshFactor 1.0)

; Utilities functions
(define wy-refine-profile-in-material (lambda (mat dx dy dz) (begin
(sdedr:define-refinement-size
(string-append "RSize.Profile." mat)
1000 1000 1000
dx dy dz)
(sdedr:define-refinement-material
(string-append "RP.Profile." mat)
(string-append "RSize.Profile." mat)
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mat)

(sdedr:define-refinement-function
(string-append "RSize.Profile." mat)
"DopingConcentration™ "MaxTransDiff" 1)

)

(define wy-define-refinement-size (lambda (name maxx maxy minx miny) (begin
(sdedr:define-refinement-size

name (* maxx MeshFactor) (* maxy MeshFactor) (* minx MeshFactor) (* miny
MeshFactor))

))

; — === Ref'nements s s s s g
(wy-refine-profile-in-material "Silicon™ 0.1 0.1 0.1)

’

: Refinement Boxes

’

(sdedr:define-refinement-window "RW.Cathodel"
"Cuboid" (position 12.5 25 198.5) (position 22.5 35 200) )
(sdedr:define-refinement-size "RS.Cathodel"
0.5 0505
0.1 01 01)
(sdedr:define-refinement-function "RS.Cathodel"
"DopingConcentration™ "MaxTransDiff" 1)
(sdedr:define-refinement-placement "RP.Cathodel" "RS.Cathodel" "RW.Cathodel" )

(sdedr:define-refinement-window "RW.Cathode2"
"Cuboid™ (position 27.5 25 198.5) (position 37.5 35 200) )
(sdedr:define-refinement-size "RS.Cathode2"
05 0.5 05
0.10.10.1)
(sdedr:define-refinement-function "RS.Cathode2"
"DopingConcentration™ "MaxTransDiff" 1)
(sdedr:define-refinement-placement "RP.Cathode2" "RS.Cathode2" "RW.Cathode2" )

(sdedr:define-refinement-window "RW.Anode"

"Cuboid" (position 19.6 6.5 198.5) (position 30.4 15 200) )
(sdedr:define-refinement-size "RS.Anode"

05 05 05

0.10.101)
(sdedr:define-refinement-function "RS.Anode"

"DopingConcentration™ "MaxTransDiff" 1)
(sdedr:define-refinement-placement "RP.Anode" "RS.Anode" "RW.Anode" )

(sdedr:define-refinement-window "RW.Etch"
"Cuboid" (position 13.5 7.4 199) (position 36.5 34.2 200) )
(sdedr:define-refinement-size "RS.Etch"
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050505

0.010.010.01)
(sdedr:define-refinement-function "RS.Etch"

"DopingConcentration™ "MaxTransDiff" 1)
(sdedr:define-refinement-placement "RP.Etch" "RS.Etch" "RW.Etch™)

; Contacts
:-- Cathodel contact:
(sdegeo:define-contact-set "Cathodel™ 4.0 (color:rgh 1.0 0.0 0.0 ) "##")
(sdegeo:set-current-contact-set "Cathodel")
(sdegeo:set-contact-boundary-faces (find-body-id (position 17.5 30 200.5)))
(sdegeo:delete-region (find-body-id (position 17.5 30 200.5)))

:-- Cathode2 contact:

(sdegeo:define-contact-set "Cathode2" 4.0 (color:rgb 1.0 0.0 0.0 ) "##")
(sdegeo:set-current-contact-set ""Cathode2")
(sdegeo:set-contact-boundary-faces (find-body-id (position 32.5 30 200.5)))
(sdegeo:delete-region (find-body-id (position 32.5 30 200.5)))

;-- Anode contact:

(sdegeo:define-contact-set "Anode™ 4.0 (color:rgh 1.0 0.0 0.0) "##" )
(sdegeo:set-current-contact-set "Anode")
(sdegeo:set-contact-boundary-faces (find-body-id (position 25 11.5 200.5)))
(sdegeo:delete-region (find-body-id (position 25 11.5 200.5)))

;-- Substrate contact:

(define dfbool (sdegeo:get-default-boolean))
(sdegeo:set-default-boolean "ABA")
(sdegeo:create-cuboid (position -50 -40 -200.0)
(position 50 40 199.9) "Metal" "SubstrateCut™)

(sdegeo:define-contact-set "substrate” 4.0 (color:rgh 1.0 0.0 0.0) "##")
(sdegeo:set-current-contact-set "substrate)
(sdegeo:set-contact-boundary-faces (find-body-id (position 1.0 1.0 0.1)))
(sdegeo:delete-region (find-body-id (position 1.0 1.0 0.1)))
(sdegeo:set-default-boolean dfbool)

=== Save structure

: Save BND file
(sdeio:save-tdr-bnd (get-body-list) "n4_bnd.tdr")

: Save CMD file
(sdedr:write-cmd-file "n4_msh.cmd")

: Build Mesh
(system:command "snmesh n4_msh")
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; Title: MAGFET

’(define MeshFactor 1.0)

: Utilities functions ==========================
(define wy-refine-profile-in-material (lambda (mat dx dy dz) (begin
(sdedr:define-refinement-size
(string-append "RSize.Profile." mat)
1000 1000 1000
dx dy dz)
(sdedr:define-refinement-material
(string-append "RP.Profile." mat)
(string-append "RSize.Profile.” mat)
mat)
(sdedr:define-refinement-function
(string-append "RSize.Profile." mat)
"DopingConcentration" "MaxTransDiff" 1)

)

(define wy-define-refinement-size (lambda (name maxx maxy minx miny) (begin
(sdedr:define-refinement-size

name (* maxx MeshFactor) (* maxy MeshFactor) (* minx MeshFactor) (* miny
MeshFactor))

)

: Refinements
(wy-refine-profile-in-material "Silicon" 0.1 0.1 0.1)

: Refinement Boxes

(sdedr:define-refinement-window "RW.Anodel"

"Cuboid" (position 12.5 25 198.5) (position 22.5 35 200) )
(sdedr:define-refinement-size "RS.Anodel"

0.5 0505

0.10.10.1)
(sdedr:define-refinement-function "RS.Anodel"

"DopingConcentration™ "MaxTransDiff" 1)
(sdedr:define-refinement-placement "RP.Anodel" "RS.Anodel" "RW.Anodel" )

(sdedr:define-refinement-window "RW.Anode2"

"Cuboid" (position 27.5 25 198.5) (position 37.5 35 200) )
(sdedr:define-refinement-size "RS.Anode2"

05 05 05

0.1 0101)
(sdedr:define-refinement-function "RS.Anode2"

"DopingConcentration™ "MaxTransDiff" 1)
(sdedr:define-refinement-placement "RP.Anode2" "RS.Anode2" "RW.Anode2" )

(sdedr:define-refinement-window "RW.Cathode"
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"Cuboid" (position 19.6 6.5 198.5) (position 30.4 15 200) )
(sdedr:define-refinement-size "RS.Cathode"

050505

0.1 01 0.1)
(sdedr:define-refinement-function "RS.Cathode"

"DopingConcentration™ "MaxTransDiff" 1)
(sdedr:define-refinement-placement "RP.Cathode" "RS.Cathode™ "RW.Cathode™ )

(sdedr:define-refinement-window "RW.Etch"

"Cuboid" (position 13.5 7.4 199) (position 36.5 34.2 200) )
(sdedr:define-refinement-size "RS.Etch™

05 05 05

0.010.010.01)
(sdedr:define-refinement-function "RS.Etch"

"DopingConcentration™ "MaxTransDiff" 1)
(sdedr:define-refinement-placement "RP.Etch" "RS.Etch" "RW.Etch™ )

; Contacts =
:-- Anodel contact:

(sdegeo:define-contact-set "Anodel” 4.0 (color:rgh 1.0 0.0 0.0 ) "##")
(sdegeo:set-current-contact-set "Anodel")
(sdegeo:set-contact-boundary-faces (find-body-id (position 17.5 30 200.5)))
(sdegeo:delete-region (find-body-id (position 17.5 30 200.5)))

;-- Anode?2 contact:

(sdegeo:define-contact-set "Anode2" 4.0 (color:rgb 1.00.0 0.0 ) "##")
(sdegeo:set-current-contact-set "Anode2")
(sdegeo:set-contact-boundary-faces (find-body-id (position 32.5 30 200.5)))
(sdegeo:delete-region (find-body-id (position 32.5 30 200.5)))

:-- Cathode contact:

(sdegeo:define-contact-set "Cathode™ 4.0 (color:rgb 1.0 0.0 0.0 ) "##" )
(sdegeo:set-current-contact-set ""Cathode")
(sdegeo:set-contact-boundary-faces (find-body-id (position 25 11.5 200.5)))
(sdegeo:delete-region (find-body-id (position 25 11.5 200.5)))

:-- substrate contact:

(define dfbool (sdegeo:get-default-boolean))
(sdegeo:set-default-boolean "ABA")
(sdegeo:create-cuboid (position -50 -40 -200.0)
(position 50 40 199.9) "Metal" "SubstrateCut")

(sdegeo:define-contact-set "substrate” 4.0 (color:rgh 1.0 0.0 0.0) "##")
(sdegeo:set-current-contact-set "'substrate™)
(sdegeo:set-contact-boundary-faces (find-body-id (position 1.0 1.0 0.1)))
(sdegeo:delete-region (find-body-id (position 1.0 1.0 0.1)))
(sdegeo:set-default-boolean dfbool)

;::::::::: Save Structure S T T T T T T T T T T
; Save BND file
(sdeio:save-tdr-bnd (get-body-list) "n4_bnd.tdr")
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: Save CMD file
(sdedr:write-cmd-file "n4_msh.cmd")

; Build Mesh
(system:command "snmesh n4_msh")

)

3. AaNaRINTINULaEAUaNg AnTsune Wi Tviiuaunsal

Electrode {
{ Name="Gate" Voltage=@Va@ }
{ Name="Drain1" Voltage=0.0 }
{ Name="Drain2" Voltage=0.0 }

}
File {
* Input Files
Grid ="Q@tdr@"

Parameter = "@parameter@"
* Qutput Files

Current ="@plot@"

Plot = "@tdrdat@"
Output  ="@log@"

}

Physics {
EffectivelntrinsicDensity( Slotboom )
Mobility (
DopingDep(Masetti)
CarrierCarrierScattering(ConwellWeisskopf)
HighFieldSaturation
)
Recombination (
TrapAssistedAuger
SRH(DopingDep)
surfaceSRH
)
MagneticField = ( 0.0, 0.0, @BField@ )
}

Physics (MaterialInterface="Oxide/Silicon") {
Recombination(surfaceSRH)

¥

Plot {
eDensity hDensity
eCurrent/Vector hCurrent/Vector
Current/Vector
ElectricField/Vector Potential SpaceCharge
# eQuasiFermi hQuasiFermi
# egradQuasiFermi hgradQuasiFermi



# Potential Doping SpaceCharge

# SRH Auger

# eMobility hMobility

# DonorConcentration AcceptorConcentration

# Doping

# eVelocity hVelocity

# ConductionBandEnergy ValanceBandEnergy BandGap
# eQuasiFermi hQuasiFermi

# SurfaceRecombination

# Polarization/Vector

¥

Math {
Iterations = 25
Notdamped = 100
RelErrControl
ErRef(Electron)=1.e10
ErRef(Hole)=1.e10

}

Solve {
# Coupled (LineSearchDamping=0.01) { Poisson }
Coupled ( Iterations=25) { Poisson }
Coupled { Poisson Electron Hole }

Set ( "Anode" mode Current )

NewCurrentFile= "MagDiode "
Quasistationary (
InitialStep=1e-6 Increment=1.5
Minstep=1e-8 MaxStep=0.3
Goal { Name = "Anade" Current = @la@ }
){ Coupled {Poisson Electron Hole}
CurrentPlot ( Time = (Range = (0.0 0.2) Intervals=10;
Range = (0.2 1.0) Intervals=20))
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; Title: Magnetodiode Split Anode

Electrode {
{ Name="Anodel" Voltage=@Va@ }
{ Name="Anode2" Voltage=@Va@ }
{ Name="Cathode" Voltage=0.0 }

}
File {
* Input Files
Grid ="@tdr@"

Parameter ="@parameter@"
* Qutput Files

Current ="@plot@"

Plot ="@tdrdat@"
Output ="@log@"

}

Physics {
EffectivelntrinsicDensity( Slotboom )
Mobility (
DopingDep(Masetti)
CarrierCarrierScattering(ConwellWeisskopf)
HighFieldSaturation
)
Recombination (
TrapAssistedAuger
SRH(DopingDep)
Avalanche(vanOverstraeten)
surfaceSRH
)
MagneticField = ( 0.0, 0.0, @BField@ )
}

Physics (Material Interface="0xide/Silicon™) {
Recombination(surfaceSRH)

¥

Plot {
eDensity hDensity
eCurrent/VVector hCurrent/VVector
Current/Vector
ElectricField/Vector Potential SpaceCharge
# eQuasiFermi hQuasiFermi
# egradQuasiFermi hgradQuasiFermi
# Potential Doping SpaceCharge
# SRH Auger
# eMobility hMobility
# DonorConcentration AcceptorConcentration
# Doping
# eVelocity hVelocity
# ConductionBandEnergy ValanceBandEnergy BandGap
# eQuasiFermi hQuasiFermi
# SurfaceRecombination




# Polarization/Vector

¥

Math {
Iterations = 25
Notdamped = 100
RelErrControl
ErRef(Electron)=1.e10
ErRef(Hole)=1.e10

¥

Solve {
# Coupled (LineSearchDamping=0.01) { Poisson }
Coupled ( Iterations=25 ) { Poisson }
Coupled { Poisson Electron Hole }

Set ( "Cathode™ mode Current )

NewCurrentFile= "MagDiode "
Quasistationary (
Initial Step=1e-6 Increment=1.5

Minstep=1e-8 MaxStep=0.3

Goal { Name = "Cathode" Current = -@Ic@ }
){ Coupled {Poisson Electron Hole}

90

CurrentPlot ( Time = (Range = (0.0 0.2) Intervals=10;
Range = (0.2 1.0) Intervals=20))
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Abstract

The non-split drain MAGFET proposed in this paper is aspossess an
ideal, highest sensitivity in the same type of device, current mode for
low power, and low voltage that can be embedded within a system for
wireless sensor networks application. It is a split-drain MAGFET that is
designed to have no gap between drains so that there is no loss from
the gap. There are (wo split contacts in one drain to represent the split
drains for current dilference that induced from due to magnetic lield. The
relative sensitivity comparison among all the gaps (3, 2, 1, and 0 pm)
with all aspect ratio of width (W)/length (L) (L/W = 1, 0.6, and 0.2) at
biased current 0.25 mA shows that the zero gap or the non-split drain
MAGFEFET structure gives the highest sensitivity. The sensitivities of the
non-split drain at the aspect ratios L/'W = 1, 0.6, and 0.2 in this study
are 0.0595, 0.0479, and 0.0231 T~ !, respectively. It is proved that the gap
is not necessary for the MAGFET. It is a new, smart way to design the
MAGFET for the highest sensitivity and gap lossless for modern sensor
applications.

Journal of Mobile Multimedia, Vol. 16_1-2, 45-64.
doi: 10.13052/jmm1550-4646.16123
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Keywords: Non-split drain, MAGFET, TCAD, magnetic sensor, Lorentz’s
force.

1 Introduction

Future trends of increasing the elliciency ol magnetic field detectors will
focus on continuously improving to a smaller size, low power consumption,
and high sensitivity, suitable for application in various environments [1].
Nowadays. there is a proposal Lo apply magnetic sensors to check the
position of the vehicle, including, developing algorithms as wireless mag-
netic sensor networks for real-time traffic flow monitoring and data pro-
cessing lor a road network [2-4]. For smart systems, the sensor can be
integrated within the processor chip which as all of them are work effi-
ciently even in low voltage and low power operation. The sensor device
should be in current mode for signal processing. The small size of them
needs requires the a high high-performance device such as a device that is
capable of the reducing the subthreshold swing in MOSFET for increas-
ing the ON state current/OFF state current ratio of for the gain of the
device.

The spilt-drain MAGFET is a kind of magnetic sensor that detects
the vertical magnetic field perpendicular to drain current [5]. It is the
MOSFET that is specially designed by the split drain into two symmetry
symmetrical parts Dy and Dy for receiving current difference from Lorentz’s
force that linearly depends on magnitude and direction of vertical mag-
netic field density [6]. The MAGFET is a low power device compatible to
with modern CMOS technology for low power and low voltage integrated
circuit [7-9].

This study introduces a new design of the MAGFET for high sensitivity.
The split-drain MAGFET generally should be designed such that the gap
between drains would be kept as a minimum value as possible as we can
for realizing high sensitivity. This activity depends directly on fabrication
technologies. The non-split drain MAGFET has no gap between split drains
but there are still split contacts into a single drain for differential output
current according to magnitude and direction of the vertical magnetic field.
This new design has no gap; so, it does not depend on fabrication technolo-
gies and hence proves that gap is not necessary. This design will give the
highest sensitivity and approach to the ideal condition with the lossless from
the gap.
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2 Hall Effect: Mode of Operation

Hall effect is the basic basis of for nonferromagnetic material for magnetic
devices. This effect is indicates that there is an induced force on a moving
charge particle ¢ in the magnetic field. Figure 1 illustrates this the Hall effect
of a semiconductor that whose carriers are hole and electron. The force that
is called the Lorentz’s force is given by

F=quvxB (1)

where F is the induced force vector, g is the particle charge, v is the drift
velocity, and B is the magnetic field density vector. Electrons and holes
flowing in a material by L, will experience a force in —y direction as indicated
in Figure 1. The electric field E;; or the Hall field is induced for balancing
the force and may be written as

F = q|Eg +v x B] @)

The Hall field gives the Hall voltage between the top and bottom sides of the
material which is

1.B.

Vi = - (3
qpd
for a p-type semiconductor or majority hole carrier material and
g LB
Vi (4
ned

for an n-type semiconductor or majority electron carrier material as shown in
Figure 1.
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Figure 1 Geometry and structure of hall effect.
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There are two modes of operation of the Hall effect for magnetic sensors
that enables classification of devices into two groups. The first group uses
the regular Hall effect structure as shown in Figure 1 in which the length L
is longer than the width W. The output is the Hall voltage which is related
to magnitude and direction of the magnetic field. The second group uses the
Lorentz’s force and the output is differential current or magnetoresistance. In
this group, since the Lorentz’s force is preferred, there is no need for the Hall
field to balance with the Lorentz’s force. The structure needs to be designed
in such a way that it is different from the voltage mode group in which the
length L is shorter than the width W. The two modes ol operation are applied
for magnetic devices such as the Hall plate. vertical Hall in voltage mode and
magneloresistance, magnelotransistor. and the MAGFET in current mode.

Voltage mode

The concept of the voliage mode Hall effect device is shown in Figure 1.
The Hall voltage will be induced by the magnetic field according to (3) and
(4) for the p-type and n-type, respectively. In this mode, the electric force
from the Hall field balances the Lorentz’s {orce so the total force is zero and
the Hall voltage appears between the top and bottom sides ol the device. The
Hall device has four terminals: two for current and two in vertical for the Hall
voltage sensing. Figure 2(a) shows the top view of the Hall plate devices. The
current paths are straight even though the Lorentz’s force actls upon the carrier
but the Hall electric field balances this force. The Hall plate is very popular
uselul for the magnetic sensor in the voltage mode for vertical field detection.
It can detect both magnitude and direction of the magnetic field. There is
another Hall device that detects the horizontal magnetic field. Figure 2(b) is
the vertical Hall plate device that detects the horizontal or parallel field. There
are 5 five contacts for three current contacts and the two Hall voltage contacts.
The main mechanism still uses the Hall effect in vertical direction.

FTI T T+ + 2T 7 |
=2 1 ¥ S
! 1 + @ [ D4 ) 4
— Fa v Teer s deear st Tew
=l
(a) (b)

Figure 2 Hall effect voltage mode of operation: (a) Hall plate device and (b) Vertical hall
device.
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Current mode

The current mode Hall device uses the Lorentz’s force for deflecting carrier
current. This mode does not want require the Hall electrical field for balanc-
ing the Lorentz’s force. The device has to be designed as a short structure.
The length L in Figure 1 is shorter than the width W for reducing the induced
Hall electrical field as much as it can. The Lorentz’s force deflects the carrier
in current as shown in Figure 3. The total force F' can be written as

F, =qE + qlv, x B]

(5)
Fn =—qE — qlv. X B].

for hole and electron, whereas v, and v, are drift velocity of hole and
electron, respectively. The hole and electron current density J,(B) and J,.(B)
in the presence of a magnetic induction B can be written as

Jy(B) = Jp(0) + ppld,(B) < B]

(6)
Jn(B) = J,(0) 4 ptuJ . (B) x B].

where i, and 1, are hole and electron mobility, respectively. .J,,(0) and J,, (0)
are the drift current densities due to the electric field E, V,. /L, when B = 0:

Jp(0) = qu,pE

()
X (U) == QanE-
where p and n are hole and electron concentration, respectively.

The orientation of vectors E and B correspond to those in Figure 1.
From the current densities vector in (7), the Hall current mode of the oper-
ational device can be applied in current deflection and magnetoresistance
path as shown in Figure 3. The deflection current paths are longer than

AN ©
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Figure 3 Current mode hall effect: (a) Magnetoresistance and (b) Current deflection.
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regular path of no magnetic field, and that also means greater effective
resistance ol the material. The magnetoresistance device has two lerminals
and resistance increases with magnetic field. This magnetoresistance eflect
is caused by design Hall plate in short structure, so it is called geometry
magnetoresistance which is shown in Figure 3(a). Another type of current
mode device is shown in Figure 3(b). This device is designed for three
terminals. The currents flow in one terminal, pass through the device, and
flow out equally to the other two terminals. The current deflection by applied
magnetic field will make a difference in terms of the output current. One
side has to design split contact symmetrically for carrying differential current
corresponding to the magnetic field density. The current mode split terminal
devices, for example, are the magnetotransistor and the MAGFET. These
devices have to be designed for receiving current region, collector for the
magnetotransistor, and drain for the MAGFET, in two split symmetrical
regions or terminals, Figure 4 shows a top view of the magnetotransisior
and MAGFET. The collector is split into two collectors as C; and Co and
the drain is split into two drains as Dy and Do as shown in Figure 4(a)
and 4(b), respectively. These devices use this design from the first time that
they were introduced. Even though they were continuously developed along
in the recent past time but the design concept is never changed. It is well
known that the MAGFET has another name that we call split drain MOSFET
because the structure is designed to split the drain into two symmetrical
regions.

B
Substrate Substrate
(a) (b)

Figure 4 Current mode hall effect devices: (a) Magnetotransistor and (b) Split-drain
MAGFET.
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The point of these current mode devices is a gap between the split regions.
It is believed that the split region is necessary for the current mode devices.
It is well known that the gap causes some loss in the differential current
output from the ideal device. These devices are recommended to keep this
gap small as possible as they ean. Unfortunaltely, the minimum gap depends
on fabrication technologies. In this study, the new design concept is proposed
and proved that a gap is not necessary for the current mode device. The gap
causes the nonuniform current distribution and current deflection in this area.
The real point is that the contact current is the most important parameter for
carrying the differential output current but do not separate the drain region.
It will make one to contemplate changing design ideas. Our proposed design
is smart, easy, and independent from any technological limitation. This design
will also apply to other current mode Hall effect devices.

3 Device Structures and TCAD

3.1 Device Structure

The device structures of the conventional MAGFET and non-split drain
MAGFET are shown in Figures 5(a) and (b), respectively. The conventional
split-drain MAGEET is the MOSFET that has two split drains with the gap (d)
between them. The non-split drain is the conventional MAGFET that has no
gap. The channel length (L) and width (W) are shown in Figure 5. The gaps
are varied at 3, 2,1, and O pm. The aspect ratios (L/W) with the minimum
distance of 1 pm are varied at (0.2, 0.6, and 1. The substrate is the n-type
silicon with the concentration of 10! ¢cm 3. The n-type concentration of
source and drain are is 10'® cm~? and SiO, as gate insulator has a thickness
of 500 A. There are two contacts in two split drains for the conventional
MAGFET and when gap is zero in Figure 5(b), there are the same two
contacts in one drain.

Figure 5 Device structure: (a) Conventional MAGFET and (b) Non-split drain MAGFET.
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3.2 TCAD

TCAD sentaurus is the a standard process and device simulation pro-
gram [10-13]. It is used as a tool for this study. There are important equations
such as Fermi-Dirac probability, incomplete ionization of dopants, drift and
diffusion current, current continuity equation, and Poisson equation. They
are solved simultaneously with few or no approximation. The model for the
magneltic effect is as follows

Jof g A s B x g FpoB x(niBx g, )] (8)

L+ (p3B)*

where o is the n- or p-type semiconductor, J . 1s the carrier current density
vector, g, is the current vector without mobility, 4% is the the Hall mobility,
B is the magnetic induction vector, and B is the magnitude of vector [14].

4 Results and Discussion

The current-voltage characteristics of devices in Figure 5 are measured to
confirm that they operate as the MOSFET. Two drains are connected together
as one drain during the measurement. The current-voltage characteristic of
the device, L/'W = 1, is shown in Figure 6. It shows good characleristics

Vo=4V
0.4
<
=03
— VG=3V
-~
-
502
g V=2V
3
=
é 01 e
2 G=
Ve=05V
0 1 2 3 4 5

Drain Voltage. Vb (V)
Figure 6 Current-voltage characteristics of MAGFET.
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with the threshold voltage. Vr, approximately 0.5 V. The saturation current
is a function with (Vg — V)2, which is according toin accordance with the
regular long channel MOSFET.

Figure 7 shows magnetic responses of all the devices. The constant cur-
rent source pulls the current down from source to ground. The biased current
is controlled by constant current source to avoid output differential current
from the magnetic field modulation. Normally 71 and [p2 are equal except
that there are some offset values from the fabrication process when there is no
magnetic lield. The total drain currents I are the sum of drain 1 and drain
2 currents, (Ip1 + Ips), which is according toas per the constant current
source. The output responses are current difference (Alp = Ip; — Ip2)

causes caused by the Lorentz’s [orce according to magnitude and direction of

the vertical magnetic field. Figures 7(a) to 7(c) show responses of the devices
aspect ratios as 0.2, 0.6, and 1, respectively. The gaps are varied at 3. 2, 1,
and 0 pm in each device. All of the characteristics (Al — B) show linearly
dependence.

Figure 7 shows the Al — B magnetic responses of the MAGFET. The
magnetic fields varied varying from —0.5 to 0.5 T are applied in a vertical
perpendicular direction to a planar device. The relation between output
differential current AJ and magnetic field density B is linear. The voltage
source Vpp at drain and Vi at gate is' 1 'V and constant current source is
0.25 mA. The relative sensitivity sensitivities (S, = AI/AB.I) of L/IW
= 0.2 with gaps at 3, 2, 1, and 0 pm are 0.0003, 0.0036, 0.0092, and
0.0231 T, respectively. The magnetic responses of the aspect ratio L/W =
0.6 are shown in Figure 7(b) in the same condition. The relative sensitivities,
S, are 0.0182, 0.0264, 0.0338, and 0.0479 T~ !, respectively. Similarly, the
magnetic responses of the aspect ratio L/W = 1 are shown in Figure 7(c)
and the relative sensitivities S, are 0.0326, 0.0389, 0.0481, and 0.0595 T ',
respectively. It is seen that the higher the sensitivity, the less the gap it is.
All of them. i.e., the zero gap or the non-split drain structure gives the highest
sensitivity. The sensitivity increases with the longer channel length L or larger
L/W. The relative sensitivities S, of all the aspect ratios at the biased current
(.25 mA are summarized in Table 1. The current density distribution of the
MOSFET of the device aspect ratio L/W = 1 at magnetic field 0.5 T in z
and -z direction is shown in Figure 8. In the case of no applied magnetic
field in the middle of Figure 8, the current density near the drain contact
is uniform and symmetric in all the gaps. The current density is crowded
near contact at both the drains and at the channel region near the drains.
When the vertical magnetic field is applied in the z direction, the Lorentz’s
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Figure 7 Differential current — magnetic field responses: (a) L/W = 0.2, (b) L/W = 0.6 and
() L/IW = 1.

force that is induced in the direction to the left-hand side caused the current
density on the left drain D; to be greater than on the right drain Ds. In
this case, the output differential current A/ is positive. It can be observed
clearly at small gaps which are 1 and 0 pm as shown in the circle as the
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Table 1 Relative sensitivity (T Hat025mA.B=05T

Gap(pm)
L/W Ratio 3 2 1 0
02 0.0003 0.0036 0.0092 0.0231
0.6 0.0182 0.0264 0.0338 0.0479
1 0.0326 0.0389 0.0481 0.0595

example in the left side of Figures 8(c) and (d). When the magnetic field
is applied in the —z direction, the Lorentz’s force that is induced in the
direction to the right side of the channel causes the current density on the
right drain Do to be greater than the left drain Di. However, in this case,
the output differential current A7 isnegative. The current density distribution
between contacts in the drain is uniform and high for non-split drain that we
can observed in the area in the circle between contacts in the right side of
Figure 8(d). In the case of split drain in Figure 8(a)—(c), the current density
distribution between both the drains is non-uniform with the lower current
density when the distance is far from out of the channel as shown in the
circle between contacts as the example on the right side of Figure 8(a),
(b), and (c¢). The non-uniform current density distribution also means that
there is discontinuity in current deflection. The current density distribution
of L/W = 0.6 and 0.2 is shown in Figures 9 and 10, respectively. They show
the results in the same manner as in the case of L/W = 1 but they hardly to
could be observed as the current difference as described in Figure 8 especially
when the channel length or the aspect ratio L/W is reduced. It results in
the longer channel length, i.e., higher sensitivity, In Figure 9, we may be
able to observe the current density difference but not so clear when the gaps
are 3 and 2 pm apart and hardly we can distinguish the current dilference
when the gaps are 1 and 0 pm apart, which is different from the case of
L/W = 1 in Figure 8. Figure 10 is the case of a shortest channel in this
study and the current density difference 1s difficult to observe in all the gap
parameters.

Figure 11 shows the current density distribution of non-split drain struc-
ture of the aspect ratios L/W 1, 0.6, and 0.2. The magnetic field is 0.5 T in
the +z direction. It can be observed as the diflerential current distribution
near the drain contact as shown in the circle of Figure 11(a). In this case,
the sensitivity is high as shown in Figure 7. The current density increases
when the aspect ratio is reduced or the channel is shorter than width as we
can see in Figures 11(b) and 11(c). The differential current near the drain is
hardly observed when the aspect ratios are reduced from 1 to 0.2 as shown
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Figure 8 Current density distribution of MAGFET, L/IW =5pum/Spm=1,Bz_ z=05T:
(a) Gap = 3 pm, (b) Gap = 2 pm, (¢) Gap = 1 pm and (d) Gap = 0 pm.
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Figure 9 Current density distribution of MAGFET, L/W =3 pm/5 pm = 0.6, Bz, z =
0.5T: (a) Gap = 3 pm, (b) Gap = 2 pm, (¢) Gap = 1 pm and (d) Gap = 0 pm.
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(d)

Figure 10 Current density distribution of MAGFET, L/W = 1 pm/5 pm = 0.2, Bz, z =
0.5T: (a) Gap = 3 pm, (b) Gap = 2 pm, (¢) Gap = | pm and (d) Gap = 0 pm.
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"

Figure 11  Current density distribution of MAGFET: (a) L/W = 1. (b) L/W = (0.6 and
(c)L/IW =0.2.

in Figure 11. The sensitivity decreases with the reduced aspect ratio L/'W
directly. The sensitivity and aspect ratio relation is according to the standard
equation of the MAGFET are [15].

(rarel

S'r A E Heh WGH (9)

where 1., 1s the channel mobility, L the is gate length, W is the gate width,
and Gy 1s the geometrical factor. Normally (77 is less than 1, and depends
on the device geometry including the gap. The zero gap will enhance the
G approach to the ideal value. From the results of Figures 7 to 11, it
can be said that the MAGEET does not need to design a gap between split
drain structures as the conventional design. The non-split drain structure
which has no gap will enhance the MAGFET approach to realize the ideal
condition.

Proposed model

From the results, a simplified model for easier understanding is proposed.
Figure 12 shows the comparison between the conventional split drain
MAGFET and the proposed model of the non-split drain MAGFET that
illustrates how the gap will make some loss. Figure 12(a) shows the case
of the conventional design with gap; the electron currents are deflected by
induced force to the left-hand side according to the magnetic field direction.
The current of I, terminal should be ensured to be greater than ;. As we
can see in Figure 12(a), some electron current paths in the middle gap that
should be deflected in Dy cannot deflect, and hence turn back to Ds. This
results in some losses and sensitivity decreases [rom the expected value and
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Figure 12 The comparison between (a) Split drain MAGFET and (b) Proposed model of
non-split drain MAGFET.

3

©

will have more effect when the gap is larger. If we observe the same condition
with no gap design in Figure 12(b), we could see that the electron current
deflection appears along the channel and continues within drain region. We
can compare and observe the consistency of this model with the results of the
current density distribution between contacts in Figure 8 and also in Figures 9
and 10. The amounts of current paths” deflection from Dy 1o D; of the new
no-gap design are greater than the conventional gap design.

By designing the MAGFET structure without gap or non-split drain
MAGFET, it helps us to obtain the highest sensitivity that is ideal o the
MAGEFET structure because there is no loss [rom the gap. Nowadays, mag-
netic sensors with high efficiency are needed for wireless magnetic sensor
nodes, which can be applied to monitor the status of a vehicle such as
monitoring the amount of space in a parking lot, detecting the presence of
a vehicle in a predetermined zone or real-time monitoring of traffic density
data [16], and many other applications.

5 Conclusion

This is the first time to that we have proposed a new non-split drain MAGFET.
It is a magnetic device that detects the vertical magnetic field similar to a
conventional MAGFET. Its structure is the split drain MAGFET that has
no gap between drains so that it has one drain with the two split contacts
within a drain. The output differential current can be carried out by split
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contacts instead of the split drains of the conventional structure. This struc-
ture enhances the MAGFET to approach the ideal condition for the highest
sensitivity of the same type of device with lossless from the gap. It is the
simplest design for the highest sensitivity device which does not depend on
any technological limitation. It can be applied to as the current mode devices
which are compatible with low power, low voltage integrated systems for
modern wireless sensor networks.
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Abstract— This paper presents the design of non-split
drain MAGFET for high sensitivity magnetic device. The
structure is split drain MAGFET that has no gap between
drains so drain is only one drain that has split contacts
within a drain. It is proved that MAGFET is not necessary
to design by split drain with gap between them. The
sensitivity is the highest for non-split drain structure. This
study compares sensitivities of the two structures with gap
between drains of 3, 2, 1 and 0 pm at 0.25 mA, aspect ratio
L/W = 1, which are 0.0326, 0.0389, 0.0481 and 0.0595 T,
respectively. The relative sensitivities (S;) of non-split
drain are also highest at other aspect ratios which are
0.0003, 0.0036, 0.0092 and 0.0231 T for L/W = 0.2 and
0.0182, 0.0264, 0.0338 and 0.0479 T' for L/'W = 0.6,
respectively. The non-split drain MAGFET is a new design
for highest sensitivity. The non-split drain design is the
smart way for high sensitivity MAGFET.

Keywords— Non-Split Drain, MAGFET, TCAD, Magnetic
Sensor, Lorenty’s Force

[. " INTRODUCTION

Spilt-drain MAGFET 1is an interesting type of magnetic
field detector [1]. The structure is a MOSFET designed by
split drain into two parts D1 and D2, The magnetic field
detection is based on the density of the magnetic field
perpendicular to the bias drain current, resulting in the
Lorentz’s force that deflects drain currents into the differential
current output [2]. Magnetic ficld density is low power device
in low voltage and low power integrated circuit [3, 4] and
compatible to standard CMOS technology.

Spilt-drain MAGFET has been applied in many areas such
as discrete device and circuit system, For example, some
researchers are applied to biosensor such as detect and
monitor single magnetic bead, drug delivery monitoring and
microarray monitoring applications |6, 9.

This research presents a new design for a highly sensitive
magnetic field detector. The design of the structure of the
MAGFET has no gap between spilt drains or called the non-
split drain MAGFET. There are still two contacts into a single
drain for differential current output according to magnetic
field density. In general, a good sensitivity is designed to
allow spilt-drain spaces to have the minimum distance as
possible as we can which is depend on technology. The new

978-1-7281-0067-8/19/$31.00 ©2019 IEEE
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design non-split drain does not depend on technology because
it has no gap and easily design for the highest sensitivity of
device for all technology.

11, DEVICE STRUCTURES AND TCAD

A. Device Structure

The device structures are shown in Fig. 1. Figure 1 (a) is
the conventional MAGFET, The structurc is MOSFET that
drain is split in two parts with the gap (d) between drains. The
aspect ratios (L/W) with the minimum distance 5 um are
varied at 0.2, 0.6 and 1. The gaps arc varied at 3, 2, 1 and 0
um. The non-split drain is the case that gap is O pm which is
shown in Fig. 1(b). Even though the gap is zero, the contacts
are split in two parts into drain region. This study compares
the conventional structure with different gap and non-split
drain structures without gap. The MAGFET is N-type with
substrate and source/drain concentration of 10'* and 10" ¢m?,
respectively. The SiO, gate oxide thickness is 500° A.

(a) Conventional MAGFET

(b) Non-split drain MAGFET
Fig. 1 Device structure.
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B. TCAD

The tool for this study is by simulation method. The
process and device Synopsys Sentaurus TCAD 1s used
throughout this work [5-8]. The standard equation such as
Fermi-Dirac probability, incomplete ionization dopants, drift
and diffusion currents, current continuity equation and Poisson
equation are available. The model for magnetic effect 1s as
follow

Jo= U BT M, .,-[‘u;ﬁ:ﬁ;;'“+ 1o B (), B 2]

r(u, B)”

where oc1s n or p type semiconductor, .)« 1s carrier current
density vector, 8 i8 current vector without mobility, u_ is the
Hall mobility, B is the magnetic induction vector and B is the
magnitude of vector.

III. EXPERIMENT, RESULTS AND DISCUSSION

The MAGFETs in Fig.1 are measured current-voltage
characteristics to confirm that they are MOSFET device. The
split drains are connected together for one drain during
measurement. Iig. 2 shows current- voltage characteristics of
devices at /W = 1. The graph shows the regular MOSFET
with the threshold voltage 0.5 volt. The saturation current is
related to (V- V7)* which is according to regular long channel
MOSFET.

The magnetic responses are further measured as shown in
Fig. 3. The split drains are biased constant by constant voltage
source Fp. There are constant current source for polling
constant current from source to ground. The totals drain
currents from drain 1 and drain 2, (/p; + Ipp), are constant
according to constant current source. Usually both drain
currents should have the same value when no magnetic field is
applied, except that there are some offset values from the
fabrication process. The magnetic response is the differential
current (Alp = Ip; - Ip2) which comes from current deflection
by Lorentz’s force according to magnetic ficld density. The
devices aspect ratios L/W = 0.2, 0.6 and 1 are shown in Fig. 3
(a), (b) and (c¢) respectively. In each aspect ratio. the gaps
between drains are 3. 2. 1 and 0 pm. All of them shows the
lincarly dependence between A7 and magnetic ficld density B.

Vg =4V

=1
+

=1
i

Drain Current, I (mA)
o bt
[ i

0 1 2 3 4 s
Drain Voltage, Fp (V)

Fig. 2 Current-Voltage Characteristics of MAGFET.
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Fig.3 Differential current - Magnetic field responses.

Fig. 3 is 4I-B magnetic responses. The voltage source Ip is
1V, Vg is 1V and constant current source is 0.25 mA. The
vertical magnetic field varied from 0 - 0.5 T are applied
perpendicular to surface of device. In Fig. 3(a), the relative
sensitivities S, = %.%()f L/W ratio = 0.2 with gap 3. 2, 1 and

0 um are 0.0003, 0.0036, 0.0092 and 0.0231 T, respectively.
Fig. 3 (b) is magnetic responses for aspeet ratio L/W = 0.6 at
the same condition as in Fig.3 (a) and 5, = 0.0182, 0.0264,
0.0338 and 0.0479 T, respectively. Similarly in Fig. 3 (¢) for
aspect ratio L/W = 1, .5, = 0.0326, 0.0389, 0.0481 and 0.0595
T, respectively. From Fig. 3, we observed that the smaller

Authorized licensed use limited to: King Mongkuts Institute of Technology Ladkrabang provided by UniNet. Downloaded on June 08,2023 at 08:11:31 UTC from |EEE Xplore. Restrictions apply.



Fig. 4 Current density distribution of MAGEFET, L/'W = Spm/Spum =1, 57, = 0.5 T,

gap gives the higher S,. The non-split drain structure or zero
gap gives the highest S, of all cases. The longer channel
length, or larger L/W, gives the higher Sr. Regardless of any
aspect ratio; the non-split drain structure gives the highest
relative sensitivity.

Fig. 4 is the current density distribution of MAGFET of
device aspect ratio L/W = 1, at magnetic field 0.5 T. They
compare each other among current distribution during applied

{a) Gap =3 nm

() Gap — 0 um or Non-splil drain
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magnetics in Z, -Z and no applied magnetic field. The zero
magnetic fields in the middle of Fig. 4, the current density is
svmimetric in all gaps. The current density is crowed at both
drains cross section areas that connected the channel. When
magnetic field is applied in Z direction. the current density on
the left drain D1 is greater than on the right drain D2. The
output differential current A/ is positive. The difference can be
observed clearly at small gap which are 1 and 0 um as shown

Authorized licensed use limited to: King Mongkuts Institute of Technology Ladkrabang provided by UniNet. Downloaded on June 08,2023 at 08:11:31 UTC from |IEEE Xplore. Restrictions apply.



(a) L'W=1
Fig. 5 Cwrrent density distribution of MAGFET

in the cirele as the ecxample in the lelt side of Fig. 4 (¢) and
(d). When the magnetic field is applied in —Z direction, the
current density on the right drain D, is greater than on the lefl
drain D,. The differential current is negative. The current
density distribution between drain contacts is uniform and
high for non-split drain but it is non-unitorm for split drain
with the lower current density when the distance far from the
channel as shown in the circle between contact as the example
on the right side of Fig. 4.

The current density distribution of aspect ratios L/W of
non-split drain structure is shown in Fig. 5. The L/W is 0.2,
0.6 and 1 and magnetic field is 0.5 T in +Z direction. The
current density in channel of L/W = 0.2 is very dense and
uniform. The current density difference in ¢channel near drain
contacls is hardly obscrved as shown in Fig, 5 (¢). It can be
obscrved with in drain region near contacts, In this case, the
sensitivity is not high as shown in Fig. 3. The current density
in channel is reduced when the £/#" is increased from 0.2 to 1
as shown in Fig. 5 (a) and (b). The current density difference
in channel near drain contacts can be observed clearly in Fig,
5 (a) so the sensitivily 1s high as shown belore in Fig. 3. The
aspect ratio L/W is according to the standard relation of
MAGFET [10] as follow

1 L >
ST . Elu-ch W Gu (2)

where g5 15 channel mobility, /. 1s gate length, I is gate width
and Gy is geometrical factor. Normally Gy is closed to but less
than 1 depend on device geometry also including the gap.
From the current density distribution in Fig. 4, the non-split
drain design cnhances (fm approached (o the ideal value. Tt
proves that, MAGFET does not need to design as conventional
split drain and easily design for high sensitivity by non-split
drain MAGFET.

IV, CONCIUSION

The non-split drain MAGFET is proposed here for the first
time. The structure is like the conventional MAGFET that no
gap between two split drains but still has split contacts in a
drain in order to bring the differential current output. The gap

By L'W =06
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(o) LW =02

belween drains 1s not necessary lor MAGFET. The most
importance is the split contacts of a drain that will enhance
MAGFET approached to ideal. This design gives the highest
sensitivity of MAGFET. It is the simplest way to smart design
for MAGFET.
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Abstract—The MOSFET used as magnetic field sensor is
pr ted. It is a convent I structure that has a source, a gate,
a drain and a substrate or body terminal which fabricated by
standard CMOS process. It detects the horizontal y-direction
magnetic field in parallel and perpendicular to currents. The
device is biased for channel current and substrate current. The
mechanism is Hall Effect in current mode. The induced Lorentz’s
force deflects currents between drain current and substrate
forward current causes output differential current. The relation
shows linearly dependence between magnetic field density and
output differential current. The relative sensitivity depends on
amount of bias currents.

Keywords—MOSFET;  substrate current; Loreniz's  force;
magnetic sensor; current mode

I.  INTRODUCTION

MOSFET that detects magnetic field so called MAGFET
usually has split drain structure. It detects magnetic vertical
field perpendicular to device surface. The mechanism is
deflection carriers of inversion layer from induced Lorentz's
foree which causes the imbalance between drain current related
to magnetic field intensity [1]. The magnetic response
characteristics usually show linearly dependence [2, 3], The
analyzed models were proposed in 2D and 3D [4, 5].

In this study, we proposed the MOSFET used as parallel
magnetic field sensor by measurement. It was the conventional
structure that had drain, gate, source and substrate. The
detected magnetic field is in parallel with device. The device
was designed and fabricated by standard CMOS process. The
biasing for drain and substrate current were applied. The
current-voltage characteristics and magnetic responses were
measured. TCAD simulation with the same dimension and
process condition of real device is also studied for mechanism
confirmation. The mechanism was proposed for result
explanation.
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II. - DEVICE STRUCTURE, FABRICATION AND SIMULATION

Ao MOSFET

The conventional MOSFET structure is shown in Fig.
1. It has four terminals, drain (D), gate (G), source (S) and
substrate (B). Normally, source and substrate are closed and
connected together for avoiding threshold shift from substrate
bias effect. For magnetic application, drain and substrate are
placed in the same side of gate for controlling the same
current direetion and source is placed in another side of pate.
The source is injected electron currents to drain by gate biased
voltage and to substrate by forward biased between source and
substrate.

B. Device Fabrication

The N-MOSFET is fabricated by standard 0.8 pm
CMOS process. The cross section diagram of device is shown
in Fig. 2. The substrate is p type with the concentration
4x10"cm™, Drain and source are N doged by phosphorus and
arsenic with the concentration 10™ em”. The gate dimensions
are 20 um wide and 1.2 pm long. The gate oxide thickness is
17 nm. Fig. 3 shows mask pattern and top view
photomicrograph of fabricated device. There is a difference
from Fig. 1 that the substrate contact is not behind drain
region as shewn in Fig.1 but it is near drain pad which is far

Fig. 1. Structure of conventional N-MOSFET structure.
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Fig. 2. Crossection diagram of N-MOSFET.

{a) Mask pattern
Fig. 3. Topview of N-MOSFET.

(b) Photomicrograph

region as shown in Fig.1 but it is near drain pad which is far
from drain. However, drain and substrate contact are in the
same side of gate and source 1s in another side. It is enough for
magnetic application.

C. TCAD Simulation

The commercial program for process simulation TCAD
sentaurus [6, 7] is used for this work. There is model for
magnetic simulation. The current density with magnetic field
density dependence model used for this study is explain as

Jo=pE +u, ch.ﬁ-lﬁﬂ'ﬁxa B (B g, |

where e isn or p,.J is carrier current density, 7, is current
vector without mobility, £ is the Hall mobility, & is the
magnetic induction vector and B is the magnitude of vector.

III.  EXPERIMENT AND RESULTS

There are three parts ol experiment. First, current-voliage
characteristics of NMOS are investigated. Second. magnetic
responses are measured. Finally, the magnetic responses are
simulated by TCAD sentaurus for mechanism study.

IEECON 2018, Krabi, Thailand
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A.  I-V Characteristic

The current-voltage characteristics from the measurement
are shown in Fig. 4. It shows the regular N-MOSFET. Then it
will be taken to test magnelic responses.
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Fig. 4. Cwrent-voltage characteristics of N-MOSFET.

B. Biasing Circuit for Magnetic Response

Rp llp Ry lims,
Is D
| G2
s

Fig. 5. Biasing circuit of N-MOSFET for magnetic measurement.

The biasing circuit for magnetic measurement is shown in
Fig.5. The constant current source is used for controlled the
amount of current to avoid the magnetic modulation effect.
The drain and substrate gurrents combine with a constant
current [ It means that the drain current increases, the
substrate current must decrease and the same on the contrary.
The differential current comes from deflection current by
Lorentz’s force.

C. " Magnetic Characteristic

The magnetic response is shown in Fig. 6. The constant
current 1s biased at 1, 2 and 3 mA. The output is the
differential  current deviated AT (I.4-Ip) from the initial
condition that no magnetic field is applied (4/=0). The
response shows the linearly relation between magnetic field
density and differential current. The relative sensitivities
(AI.AB) are 0.0072, 0.0168 and 0.02 T at 1, 2 and 3 mA,
respectively.

D. Simulation

The conditions for simulation are the same dimension and
concentration as mention before. However, it 15 not the real
device condition exactly because in the real fabrication
process, some parameters during the process are varied. The
preliminary simulation result wants to confirm the mechanism
and the relation of magnetic field and response. Fig. 7 shows
the magnetic responses of device at the current 0.5, 1, 1.5, 2,
2.5 and 3 mA. They shows the linearly relation with the
relative sensitivities are 0.0071, 0.0152 and 0.02 T at the
current 1, 2 and 3mA, respectively.
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The current density distribution is shown in Fig. 8. Fig.
3(a) 1s the case of no magnetic field. The initial condition,
drain current and substrate current are equal. When magnetic
field is applied in y direction, the substrate current [,
increases and channel drain current [ decreases as shown in
Fig. 8(b). On the other hand, when the magnetic field is
applied in —y direction, the current density of channel drain
current [ increases and substrate current [, decreases as
shown in Fig. 8(c). The total current, drain current plus
substrate current are kept constant (7x+1,.,=I;) all time.

1V, DIScUssION

From the measurement and simulation results, we introduce
model for explanation. Fig. 9 shows the proposed model for
device mechanism. Fig.9 (a) is the device when no magnetic
field is applied. The currents show in the figure is the electron
current so the conventional currents are opposite direction. It is
biased for drain current by source inject electron via channel to
drain. The substrate current is biased by electron injection from
source to substrate. Normally, the two currents should be
adjusted equally but naturally they are some difference so there
are some offset voltages between drain and body. In this study,
we measure the current difference 47 from the initial condition
of no magnetic field. The constant current source is important
for constant keepimg the amount of current. It means that the
increasing current of one side come from the anather side. The
drain and substrate current combination is constant all time.

Fig.9 (b) 1s the device when magnetic field is applied in v
direction. The magnetic ficld (B) crosses the conventional
current in -x direction and induces Lorentz’s force in -z
direction. The electron current of drain current is forced by
Larentz’s force lower to the bulk substrate. The electron drain
current deflects to substrate and substrate current is increased
by 412, At the same time, the electron drain current is reduced
by 4120 The total differentials current is AI Increasing bias
current (drain current and substrate current) and/or magnetic
field density. the amount of deflected current is increased and
differential current A7 is also increased.

Fig 9 (c) is the device when magnetic field is applied in -y
direction. The magnetic field (B) crosses the conventional
current in -x direction and induces Lorentz’s force in z
direction: The electron from substrate current is forced by
Lorentz’ s force to upper surface. The electron substrate current
deflects to the channel and drain current is increased by AL2.
At the same time, the electron substrate current is reduced by
A2, The total differential eurrent is 47, As before, increasing
bias current (drain cwrrent and substrate current) and/or
magnetic field density, the amount of deflected current is
increased and differential current A7 is also increased.

V. CONCLUSION

The application of MOSFET for magnetic field sensing is
proposed. The structure is conventional MOSFET structure
composes of drain, gate, source and substrate. The drain and
substrate are in the same side of gate for the same current
direction and source is in another side for carrier injection

IEECON 2018, Krabi, Thailand -432-
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Fig. 9. Model of N-MOSFET for horizontal magnetic detection.

source. The device is current mode of operation biased by
constant current souree for two currents, drain and substrate
currents. The drain current is the channel current of MOSFET
and substrate current is from the p-n junction between
substrate and source in forward direction. The mechanism is
nduced Lorentz’s force from horizental magnetic feld
deflects current between drain and substrate current which
causes differential current 47 related to magnetic field density
and direction. The sensitivity depends on amount of bias
current.

REFERENCES
[1] Lenz and A. Edelstein , “Magnetic Sensors and Their Application”,
IEEE Sensors Journal, vol. 6 No.3, 2006, pp.631 649,
[2] 5. M. Rezaul. "A novel 0.7 V high sensitivity complementary
differential MAGFET sensor for contactless mechatronic application”,
Sensors and Actuators, A 161, 2010, pp. 138-149.

IEECON 2018, Krabi, Thailand

[3] Z. Xisofeng, W. Diamnzhong, L. Meiwei, G. Hanyu and L. Gang,
Fabrication and characterization of the split-drain MAGFET based on
the nano-polysilicon thin film transigtor, I Semicond, Vol. 35, No.
9.2014

[4] E. Yosry, W. Fikry, A El-henawy, and M. Marzouk “Compact Model of
Dual-Drain MAGFETSs Simulation™, Tntemnational Journal of Electrical,
Computer, Encrgetic, Eledronic and Communication  Engineering
Vol:3, Not, 2009,

[5] 4 Marck, D. Doneval, M. Donoval, M. Daricek “Analysis ofMovel
MagFET Structures for Built-in Current Sensors Supported by 30
Modeling and Simulation” ASDAM 2008, The Seventh Intemnational
Conference  on  Advanced Semiconductor 315 Devices and
Miaesystems, Odober 12-16, 2008, Smolenice Castle, Slovakia.

[6] S.R. Ashwin, 8. Sregjith, U. Sajeshkumar, “TCAD Design of Tunnel
FET Structures and Extraction of Electrical Characteristics”,
International Journal of Science and Research (1JSR) ISSN {Online):
2013, pp. 2319-7064,

[7] TCAD Sentaurus Manual, sysnop sis®, version D-2016.03,

-433-



ICFST 2017

2017 2nd Intemational Conference an Frontiers of Sensors Technologies
3 T

Apn! 1416, 209 ] “ihen*hen! China
FE ?01?&4&%14 lﬁE{

Fd |
A% i i

=

123




124

2017 2nd International Conference on Frontiers of Sensors Technologies

Simulation of MOSFET as Horizontal Magnetic MOSFET (MAGFET)
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Abstract—This work proposes the regular long channel
MOSFET structure used as magnetic MOSFET (MOSFET
that can detect magnetic field) in parallel direction (y-axis).
The structure is regular MOSFET that has drain, gate, source
and substrate (hody). The mechanism of device is Hall effect in
current mode between channel MOSFET current and
substrate current in x-axis direction. The dimensions of
channel MOSFET are 20 pm wide and 20 pm long. The
channel and substrate currents are balance adjusted in the
same values at0.5, 1 and 1.5 mA. From the simulation results
by TCAD sentaurus, the relative sensitivity of device is 0.01 T
in ¥ and —y direction, respectively. It can be used as magnetic
sensor for one dimension in parallel field.

Keywords-TCAD; MAGFET; MOSFET; hall effect; pn
Junction

[, INTRODUCTION

The magnetic transistor is the special transistor that is
designed for detecting magnetic field perpendicular to bias
current of device. There are two main types as well as
transistor, bipolar transistor and field effect transistor. The
bipolar magnetic sensor is well-known as magnetotransistor
that has structure like pnp or npn transistor [1]. The field
effect transistor or MAGFET is a kind of magnetic sensor
that has split-drain MOSFET structure which also has n-type
and p-type [2]. The mechanisms that use for operation are
injection modulation and carrier deflection. MAGFET is
fabricated by standard MOS or CMOS process which is a
good advantage over magneto transistor.

MAGFET generally has dual drain or split-drain that sink
carriers injected from the source. The Lorentz's force from
magnetic field cross the current act upon the carriers in the
inversion layer causes the imbalance drain current related to
magnetic field intensity. The device can fabricated in
difference shape [3] but the most popular is rectangular
shape. It is analyzed by 2D and 3D modeling for magnetic
field detection [4, 5]. Because it is compatible to CMOS
technology, many applications can do it in the way of CMOS
integrated circwit [6]. The complementary structure is
developing for high efficiency device. The analysis and
modeling are developed in many difference conditions.

In this study, we proposed a new way of regular
MOSFET to use as magnetic MOSFET or MAGFET. The
basic four terminals are fully used as MAGFET terminals.
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The Lorentz’'s force is the main mechanism for parallel
magnetic field detection. The split drain MAGFET is tested
before we study the conventional MOSFET by sentaurus
TCAD simulation. Sentaurus TCAD 1s an elficiency tool for
microelectronic process, semiconductor devices and varies
related physical energy study [7. 8].

II.  Basic THEORY

A. Split Drain MAGFET

The split drain MAGFET is a MOSFET that drain is split
in two regions D1 and D2 as shown in Fig. 1. The device
operates as normal MOSFET device by gate-substrate
biasing and drain current flow from drain-source voltage.
The wertical magnetic field induce Loreniz’s force
perpendicular  to  inversion layer produces a current
imbalance Al ,=I -1 between the two drains. The constant
current source should be biased for keeping the constant total
drains current [ to avoid the modulation effect [rom
magnetic field. The geomeiry of device is related to the
output. The relative sensitivity 1s defined as the drain current
difference per magnetic field density per biasing current,

S=Al51B (1)

Figure 1. Structure of split drain MOSFET.

where B is magnetic field density. The characteristic A/5-B
usually shows the linear relation as shown in Fig. 2. Fig, 2 is
an example of real device but there are many other works
that gave the linearly characteristic like this [9]. Even though
the linear relation, it is in basic theory that is always
developed for get rid of some nonlinear factors in practical
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devices. It can operate both in saturation and non-saturation
mode. The application is so widely such as discrete device
and circuit system.
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Figure 2. Al charaderistic of split drain MOSFET [ 10).

B. MOSFET

MOSFET is well known the most importance basic
element in electronies. In integrated, MOSFET is the main
element for circuit design. Complementary MOS or CMOS
is famous for low power consumption in  consumer
clectronies. MOSFET has 4 basic terminals that are drain,
gate, source and substrate. Normally, if the opportunity 1s
given, the source and substrate are connected together for no
threshold voltage shift 477 from substrate bias effect or body
bias effect. The substrate bias is normally in reverse bias
because forward voltage will give the substrate current. That
is the normally way to use substrate terminal when we
always forget that MOS device has only 3 terminals, source,
gate and drain. The threshold voltage shift from substrate
bias Fgy eflect 1s

3 O'- | Ee!, 2 -
M= L = LR | GEE - 0] @)

where Qg charge density under gate between source and
drain, Cpy is oxide capacitance density, N, is acceptor
substrate concentration of NMOS, 20, is  potential
difference between p type and n type semiconductor. From
Equation (1), we define

y =Lk ®

Cox

where v 1s defined as the body effect coefficient. Equation (2)
may then be written as

AVy = y[20;, + Vg —/20;, (4)

This study will use substrate terminal as a regular device
terminal. The substrate will be biased in forward bias for
required substrate current as p-n junction current for
magnetic detection MOSFET.

C. TCAD sentaurus

TCAD sentaurus program is the well-known commercial

program for process simulation [7]. There are model for

magnetic simulation. The current density with magnetic field
density model used for this study 1s explain as
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T =i+ h m B g. + wiBx(uiBrg
wherex =n or p, JFﬂ = carrier current density, g = current

vector without mobility, #_ = the Hall mobility, B = the

magnetic induction vector and B = the magnitude of this
veclor.

III. EXPERIMENT

The experiment for simulation is divided in two parts.
The first part 1s for characteristic of device and the second
part is for magnetic response of device. The split drain
MAGFET 1s tested before for the magnetic measurement to
confirm the accuracy of the simulation model.

A. Device Structure

Figure 3.  The device structure of conventional MOSFET that use as

MAGFET.
Vg >Vy Vi Ve
pn Inl‘ Ry I
8 - D
. —— L
N+ v

| S
P-Sub

Figure 4. - Biasing circuit for N-MOSFET used as MAGFET.

The device structure is shown in Fig, 4. The structure is
simple MOSFET that has drain gate source and substrate. In
order to facilitate the detection of the magnetic field, the
drain is next to the substrate and the source 1s the opposite
side. In other words, this device is a conventional MOSFET
device that swilches drain and the source itself. All parts are
placed in line in X direction. The dimensions of gate 15 20
um long (L) and 20 pm wide (W). The drain and source
dimensions are the same 20 x 15 um®. In this study, we also
have MAGFET simulation as well as a comparison. The
structure and of split drain MAGFET is shown in Fig. 1. The
dimension 1s the same as MOSFET that sphit drain with the
gap between drain 1 pum.

B. Biasing Circuit
The N-MOSFET biasing circuit is shown in Fig. 4. The

gate is biased grater than }'7 for induced channel. The drain
source Vg is bias as usual MOSFET for drain current. The
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substrate and source is biased in forward direction for
substrate current. The resister Rp and Ry are used for
balancing the drain and substrate current. For the magnetic
response. the magnetic density is applied perpendicular to
drain and substrate current in parreli direction.

IV. RESULTS AND DISCUSSION

In this section, we will discuss the results obtained from
the experiments by simulation. It is divided into three parts.
In the first part, the properties of the MOSFET used in this
study by the MOSFET characteristics and threshold voltage
including the effect of substrate bias are discussed. The
second part is the test of magnetic model of TCAD sentaurus
by testing with the split-drain MAGFET structure. The last
part is studied the magnetic responses of MOSFET device.

A. Devive Characteristic

035

== Ves=1V K
—B—Vgs=1V
025 v
& 9= Vgs=3V

02 || —o—Vgs=4v e =0

015 || X Ves=SV
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Figure 5. [-V Charaeteristic of N-MOSFET used as MAGFET.
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Figure 6. Forward substrate bias effect of N-MOSFET used as MAGFET.

The MOSFET deviee structure that we have studied here
is shown in Fig. 3. The channel length I and width ¥ are
the same in 20 gm. The current-voltage characteristic from
simulation is shown in Fig. 5. It shows the typical n-channel
enhancement mode MOSFET. The threshold voltage and
substrate bias effect b_vﬁ — Vgplot is shown in Fig. 6. The
threshold voltage is less than 0.5 volt for zero substrate bias.
For the operation of MOSFET used as MAGFET, the
substrate and source have to bias in forward direction as
shown before in Fig. 4. The forward bias effect is shown in
Fig. 7. It plots between threshold and forward voltage
dropped in p-n junction of substrate and source.The Vi is
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reduced with the forward substrate bias. The Fry is reduced
until the forward voltage 0.6 volt and become negative
value when the forward voltage more than 0.6 volt. It shows
that the MOSFET changes from enhancement mode to
depletion mode. The forward substrate bias effect can be
explained by equation (4).

0 0z I'I.J‘, ™) 0.6 0.8 1
by

Figure 7. Vth (threshold voltage) and Vi, (forward substrate bias) plot.

B. Split Drain MAGFET

!('—l.

() No magnetic field

(h)Magnetic field in z-direction

B,&

AbsiaCumenenaty- i) [A*cm -3
A AR,
[ R

(c)Magnetic field in —z-direction
Figure 8. Simulation of current distribution when applied magnetic field
of split drain MAGFET.

The simulation of magnetic response is tested via
MAGFET structure. The structure of device 1s shown in Fig.
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1. The device is biased as regular MOSFET in enhancement
mode with the equal both drain currents. The magnetic field
which is applied perpendicular to the current or device
surface is defined as z direction. The z direction is magnetic
field from substrate to surface and —z is opposite direction.
The current density distribution on the surface is shown in
Fig.8. It shows the current deflection by Laurenzt's force.
Figure 8(a) shows the balancing drain current when no
magnetic field. Figure 8(b) and (c) are the case of applied
magnetic field in z and —z, respectively. The current density
is not symmetry and bend to the direction of Laurenzt’s
force. The result of drain current difference A7, and
magnetic field density B is shown in Fig. 9. It shows the
lincarly relation as in the real device as shown in Fig. 2. The
sensitivity is the same in both direction and depend on the
dimension of device. It proves the model that we use is
preliminary enough for magnetic study.

o

0

0

=

s AT(pA)

0
4

-40

-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5
B(D)

Figure 9. Simulation results of magnetic response of split drain MAGFET.

C. MOSFET used as MAGFET

The MOSFET used in this study has structure shown in
Fig.3. It 1s normal MOSFET that has drain, gate, source and
substrate or body. In generally, it is designed subsirate
region next to source because source is generally short with
substrate for avoiding substrate bias effect. The MOSFET is
the symmetry device that drain and source can switch
position as long as source is not short to substrate. This
position switching does not reduce any the performance
down. In Fig. 5, drain is defined as the region near substrate
and source is another side one.

The MAGFET is designed split-drain structure for two
balance currents for deviation mechanism from induced
Lorentz’s force. The two currents is need for Hall current
mode MAGFET. MOSFET that we used can give another
current excluding channel current by forward substrate
current of p-n junction. The source injects electrons pass
through n channel to drain and injects electrons pass through
bulk to substrate ohmic contact region. The two currents are
in the same amount and direction in x direction. That is the
reason that why drain is defined as the region next to
substrate.

Figure 10 is the current density distribution of MOSFET
that receives bias in Fig. 4. It shows the injected electron
currents from souwrce to drain and substrate. The two
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currents are adjusted in balance by Rp and R, for 0.5, 1 and
1.5 mA. Figure 10(a) shows the electron current density
when no magnetic field is applied. The channel current of
MOSFET and bulk substrate current from p-n junction are
the same. Figure 10 (b) and (c) shows the current density of
the case of applied magnetic field in y and -Y
direction.When the magnetic is applied in y direction, the
current density of substrate current (Isyg) is less than
channel drain current (Ip). It can be observed the vellow
shade color in bulk is less than in the case of no magnetic
field in Fig. 10(a). In the other hand, the channel drain
current is greater than substrate current when the magnetic
field is applied in —y direction. It is observed that the yellow
shade color of substrate is less than in the case of no
magnetic field in Fig, 10(a). The plot of difference current
between channel drain current and substrate current (AI=Ip-
Isye) versus magnetic field density is shown in Fig. 11. It
shows the lincarly relation along the measurement range.
The relative sensitivities from equation (1) are 0,01 T'. The
sensitivities arc constant in cach biased current. It shows the
symmetry deflection between induced channel current by
field effect and p-n junction current.

[ = Wy

Rl

(@) Nomagnetic field

= s 3

(b)Magnetic fieldin Y direction

AniiaCumeniDanity V) 1A em o2y
L e g
(e)Magnetie field in —Y" direction
Figure 10. Simulation of current density distribution when applied
magnetic field in parallelof M-MOSFET used as MAGFET.

"
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Figure 11. Simulation of magnetic response of N-MOSFET used as
MAGFET.

From the simulation results, it is explained by the
mechanism diagram shown in Fig. 12. It shows the electron
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currents from source to drain by channel and {rom source to
substrate by injection in bulk from biasing circuit. Figure
12(a) is the case of no magnetic field that two currents are
equal. Figure 12(b) is the case of applied magnetic field in y
direction. The Lorenzt’s force acts upon electrons into the
surface that causes the channel drain current is greater than
substrate current. Figure 12(c) 1s the case of applied
magnetic field in —y direction The Lorentz’s force acts
upon electrons into the bottom so the substrate current is
greater than channel drain current. The deflection between
channel current and bulk current mechanisms does freely
without any obstruction.

Ye=Vr

\ d AT LAWY W0
(bYMagnetic field in Y direction
Ve > Vi Vo Vi
Ry
s
Bk - | A\
I | | W | |
{ b |
PSub ~— T BQ

() Magnetic field in - ¥ direction
Figure 12. Mechanism of MOSFET for horizontal magnetic detection.

V.  CONCLUSION

This paper presents a concept of the MOSFET used as
MAGFET for the first time. The structure of device is
normal MOSFET that has drain, gate, source and substrate.
The substrate contact region is next to drain, all of them are
placed in line. It is biased for drain current by gate voltage
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and substrate current by forward direction between source
and substrate. Electrons are injected to drain via induced
channel and substrate via bulk. Lorentz’s force is induced to
deflect drain and substrate current depended on horizontal
magnetic field direction. The constant sensitivity of both
magnetic field direction shows that there is no difference
between deflection current mechanism from channel to bulk
and bulk to channel. The simulation results show that it can
use as horizontal MAGFET.
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