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Research Title: MOSFET Structure for Magnetic Sensor

ABSTRACT

This research is to make a magnetic sensor by MOS structure which is difference from the
MAGFET. This device is regular MOS structure that does not any medify which differs from
MAGFET structure that split drain in two symmetrical regions. It uses drain gate source and
substrate for detecting magnetic field. Magnetic field detection will have paraltlel direction, which
is different from general MAGFET, detect a magnetic field perpendicular orientation. The working
principle relies on the deviation between MOS current and substrate current from the induced
Lorentz’s force from magnetic field. The experiments show that the operating principle can be
used to detect the magnetic field in parallel direction. It can detect the amount and direction of
the magnetic field. The relationship between the current difference and magnetic field is good
linearity.

Keywords : MOSFET; Magnetic sensor; Lorentz’s force; Substrate current; Fabrication; TCAD
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mnazmietiAstundusisnaseu (electron inversion layen) Wutamaiunsauadeusywinved
simSunasasusiindu geaduundihenme(cariers) Winadhutawnaiunssuadhlufiasuy aunsel
domndunssuariiaiu dilnaseusslnaningealuwsuininszudlvasnnsuluveariudemadiu
nszua

Ussaniigesiandlifegui 2.2 Hueanmdemiaiunssuasiiaduuuuinddu (h-channel
depletion mode MOSFET) aunsalviiatiasiitawnufunssuariimduusingneldinmsentesiufaslaid

Source 15 Gue1t(Gy Drain il

U 2.1 yeawnviindunuudusdum

Suhrrate or
Bod iRy : 4



wswilinmfng demsdunssuafinannszuaunisainaiads Ussavaauasyssuamanandls
Feguit 2.3 war 2.4 Reveamvdafiwuuidusuduitasieanvlafivuuingdy lunsaufiveauuudu
gudund indediuswiuinmaauiieaifunduredlaatholenieusdeuiinmeaianasu Tanazlvasin
gealuinsuiaznszuaszivanngedliiasy dugunsaiiuuiniduesiidemmadunssuarinlinmiieds

lailvnsasiuiinvusiatnals

Sorew e CiatetGie o Draen

n’ t n*

P n-vivnael

l,

IS

U 2.2 ueaMndosmaiunssualiaBuLuuAnEYy

Source 1Sy Gate {Gy - Drain (B

Budy (B)
(2}

5U 2.3 upamvndafuuuiduaniuun

Sousee St G G D ¢

U 2.4 veangaamaiunssuariinfLuuivitu

= pechanned

Body (B
(by



22 qmauﬁ'ﬁn'szuauammﬁuﬂaauaﬁmw {current-voltage characteristic)

AMudURUSIT N IuaLazL iU eainuanalanegl 2.5 Tugduaninsmaudnuasues
veawnrtindulaefanssuassuiivafiansius s unTuLazYeaVos) HATLSTUINAIE (Ves) A1
wssduynAvfisufuguses (8) AifimnsnadreminassetuAugusedidniiunsnddudeniu dwmiu
aunsnssuavesamivausalisulifennis(2.1) way (2.2) Tasaunns (2.1) THlunsdiveavyvineu
Tughadady (inear wiedadlidus (nonsaturation) wavaums (2.2) Wlunsdlueavvautiedausa
(saturation) aumsnszualutisliduduanslfed

Ip = % [2(Vgs = Vr)Vps — Vis] (2.1)

wazaunsnsELadusuandlafall

Ip = 2RV, — Vo) (2.2)

Tngamwsdineisefe

lp = NSLLARTY

W = anunianm

L = @Anue7nnm

Cox = m’lwu'lLLﬁuﬁ"JLﬁuﬂ'isqﬁan

U, = MAnuadessnuedidnasou

Vs = UIaAUsEnanveod

Vps = WIIPUIENINIATUTD

Vi = uswudingy

Ypstsat) = Vs =V

Vo .
DY -

sl 25 puduRusnsuatastsuTRRdMesduLuu B umudinut



Tutsmsviendaidud nazuansuasiuagiuusiunsuTeauassIiuny Tuthensviaudui
nszuaasuIstuagiuusiunmesaielnghitutuussiussuvea

dmfuanmifnssiauasussiunduseanuuindtunanddfogy 2.6 Fweildnuuradeataiy
wuudususunsiusasuanseassiisussunmidugudasiiinssuansulwasmil Weussiunvanant
quéﬁﬁnixttawﬁﬁﬂqﬁu wazorusiunviiosningud snsvudnsuaziliinanas

dmiuRiuea gaudnvasnssuatasuswuannsamidluihusafiandu Wewsinnsliluneasvndu
femneuiBunsamin 3Uil 2.7 Funeilfianaauifnssuauasusiunesiueassdunmiudniousdunas
nszudsifevenseinutuduies audiusseniunssuanasussiuvesiinedludidhidushannsade

[Eatht
WitpCox
Ip = % [2(Vs —~ VrIVsp = Vip] (2.3)

nazaunsnIsalut9duen
Wit C
Ip = _!;EE'CE(VSG +Vr) (2.4)

TneffwssiuTaaAsudusi Volsat) a0
. Vslsuny = Vo o -4

Voss = W

Visa <0

Vi < s < Vges

1l.'r)s —1]
ju26 ATNALIRUSNIT LAl AL SIS 1 DAL URNE T

il
5 lk ;

Il

= 1G

n-subsrne

B
R, Eivy

Y 2.7 1 ianumniffeainin



2.3 W3IAUIMIY (Threshold voltage)
wsaudnsyuRaussuilmnmudinlnasgundy duTuduteamnaiunsauanaleseil

Vin = (@spmax — @sp) (%) + Ops + 205 (2.5)

Taed

Vog = wssudadudunes

Qpy = m’nwu'imjuﬂizQixwi'mm'smiaalﬁﬁuﬁmw

Qs = mm%mwuﬂ'ﬁzﬂﬁuﬁ?

T = Anuvuieanlen

£, = maedledidnssnvaseenlen

Qus = A usdngsewislansuasansiaianh

Op / /< AATRRngIIINs T undsue SBuvs ulatussiundsnuesiinniuia

dmiuusiidaSuvesfueaitisrusesuiaduausonandldfaunis

Vrp = (~|Qsparany| — Qss) (:;T;) + s — 28y _ (2.6)
¢
Taef Vrp AoAusudacy was Oy Aedrmnsuandszwitsyiundueiiidnvidudnvliaduiusedu
nauesHsuniudn
e saldrLRmusn ST LA LS umAU s luTE T Vs Sidnties Mnaumsnsud
hisushazUszanalldail

Wi £,
Ip = "‘%nL—M' (Vgs — Vr)Vps (2.7)
dlsthuwaen s1aelidegy 2.8 Fulumudinius Anssuansu i U Ve Tifn Vis Aefl gasaqael

arudundiduduasudssiiinidswuulutiedian Ve Aniesalissmnnsthnssuanaunseiuiagy
ussudadumldnnyadaunu X wiesmmlsnnszuadusilpenisldsnfigasainssuamsuaziah

VIpsar = wu;‘cox Ves — Vz) (2.8)

2 ¥
-

dlevinswaenmmduiussening T, fuwnu X TnevirluudBmAusiudacudmeisleeldrmiiele
ATIBUIN



T Very smabl V), T
[n f
+.

Slope =
a U
—_—

v, Lo —-
1hy

3 2.8 (a) Ip U Ves(P Vs Atine ) dmiuueaivuvuidusuduu
(b) JTp iU VGS finssuadsdmiuneamniuudusudiuyiidunsm A) uavuuuiinddudunsy B)

2.4 HANTENUIINNSIUNBEFINTBY (substrate bias effect)

DInMTiAREifiHIuLT gusewFeush (body) segnsinsiuiuseauarlififndifunsmd Tuases
LB ToanaEUaRe T RANGA iy Ut 2.9 uanwpanTeMaAuUnsEuaTiadu Tasunfud Vs
Aeruseusywiteveals) fugtuses (8) feluleandunilreverse bias) ualunsd wslunsdifian vss fis
Wiugud Aussiudadu VT ssidasuadasamnsadeuauduiuslid

L =it

VW% V=3 volis
T / ;_' l;r f |
4\ / DR
Ao AT =9l
s SR/
; : i
i
Y% /
! : !
! L 3
. :
| /

0 I
U6ed | = SR N
Vo tvolts) — -

[
(W I
L e
I

N . ) e . = oot 1 or 1 3
§UR 2.9 WunamsmAusdlasuluvashifidunssiuining
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Cox

AVT — _CQ;':D — JZea‘sNa [J2¢fp + VSB + Zpr (29)

e

Ve = mMsiuagulyasusnsiuiaiGu
N, = anududuasidedmiugiusesilon
e = Uszdidnasou

I3

€, = AAladidnasnansiadini -

Wugofusndn (Magnetic Sensor) udaissiugonaniimiiuyedairedunnieltluns
nsednaumuiman lnserdendnnsitusindsingnisaivatseg sy wu Ysingnisalaead(Hatl
Effect), Usaingmsalaamufiumiunimén(Magnetoresistive Effect) w3e Usingmasaluunila3gauwnuvi 1du
fu FanaeamaneTiiiuan UnngnisaiseaduasUsngnseiuundladgaununiidtihunldussionifdluiu
asAneseul swfvimdnnisyesseadunldaiugunsaivatesiimgu Adusina(keyboards), uuniile
fmas(Magnetometers), Wuwasinsyes(displacement sensors)  sanfauuniuRniGuIras (magnetic
sensors) A4 InnugLdusiu '

2.5 ninmsdsngmsalead (Hall Effect)

¥ N
'y . 'T
~ A Fo |w
- 7 J E, ‘
B £ v, AR H
\ ) QLe -
+ T __+
z e ey il B
_*_X M :
<// ! e
"

d . L= G'. ar ° =
UM 2.10 msifiausingmsalseadiuansivinhelingu

c‘n & Ly -~ of '3 - ' & w o <
madisusngmsalseadannsaedutldtaglizun 2.10 FJuwanmunsaiseadinavitumsieiniiie

d e Y P N ar h & o Vo« o
Wuntiaunite w a2 { gasmn ¢ dieseaduwanldsuaumlvii E, Tuviane s asyiliiisiiusanseviny
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Uszgnvie 3’amﬂum‘iﬁqﬁ"sﬁwﬁﬂLﬁﬁwmzzhumnﬁaﬁt.ﬁnmauﬁ'aﬁﬂsz@lw“ﬁ'lau BidnmsaussiAdauiiuy
usSWishemnsAmiliFaiondy “armiiaeini” (Onft velocity: V) Tnefifiemiansstutuausinide
firau x warnmsiaieufivodilinaseudsiiszalniiuauasvhldiRanseudlnih 1, nalufinmensedniu
mswasuiivesdiinateu wisidelinssualwiilnalufisvafetuiufrvesaualnii Weliauuuwiudn
8 lufirvni+z wasdniufienisenssua i, wUhesiiusinseiAan muIAnty Sauseinsyindenneil
3unin “us9aaLsus (Lorentz Force: F)” lwdidnssewdnnadssuulududnmesudussadimaniuma
it 4y dnmaduinavesiuseadinaviufians -y wdaUssglwihaisnssiuinadnyliowikdaide Toa
(hole) AeifaeyinlAraunulniihdudadoniy aunlwiheead &, e 1y aunvlvihseadesinliife
wsslwitnssvirdudidnasouinlididnaseugnudnlumsiin -y leuswmeisudaugafuustnnauniluii
goad awvinliaidnnseundeuiituiions +x wWudileeliinsdesvunsiedeuiivesdidnaseudn flevia
mMatauseumeuinwosiiuseadinaviufia y sswuussuseadV,) Tu Susvuseadmildanannsi
2.1 '

Vy = RylyB,/t (2.1)

& o a & o« F] ’ Iy @  w
R, Aadulssavisaoad (Hall constant) 3naunsH 2.1 asiiiuiiusedugaadasilsuniuiuanumwnas

WHUTDAALNAY

1 ' - = e o =i 2 g o &, & . o M v
ﬁ]']ﬂﬂﬂa'l']ﬂau%u’]u’]'lal.aﬂmﬁau‘ﬂﬂﬂﬂﬁgﬂLUuaUﬂzlﬂaQUﬂm?Efﬂ']']uLi?ﬂ'ﬁwﬂtﬂaﬂﬂ'}qu\iﬁ@aﬂLwaﬂLua‘Lﬂi'U

aunuidnasyhisanssauismalosuuilossinusaesud () Fusmosudnildnnaunisi 2.2

F, = —q BxBy (2.2)

Ty RN WS a
vy Az S wawiRasveseawmlufianns x

[

Sinasauszgnilisauuseusaeisud Tufirn +y Wmsdudraveudugeadvan dwfiane -y A
suifianmeuszydnelianiiageifolea Allavadnauwinihsendiu deaunilwihseadaunaiuusiasisud

sl msadauilufismadulalifinsdsauudn auwlviesadlusnsiivldonaunisi 2.3
Ey = wB, {2.3)

AEVULUNTILE Jx AiD Jx = nqu, (2.9)

<A ] L3 ) <% - b '-19 L3
n fin prusnuiuvedidnesou g fie Ustylniwedianaseu = -1.6x10 . gaswy

»
ar ar

Wuwnaunish 2.3 was 2.4 mnulwihdead B, wsuangmuannsi 2.5

i1



Ey = —JiB,/nq (2.5
qmﬁcaaa%’wﬁaaﬂmuﬂﬁw w fagld
Eyw = —JywtB,/ngt (2.6)

FalukIssusaadwela
Vy = —IxB,/nqt (2.7)

WelSuuiisuannis 2.7 fuaunsi 2.1 wlddulssansaeadR,,) 108idnasoumuauniin 2.8

Ry (electrons) = —=1/ng ' ' (2.8)

Pnaun1si 2.8 andtudtdinlssdnioead Ry  aswdsmatufusinududuesnouanside (Doping
concentration)  Asifdeesutmmueseiiisingnisaiseadluasfihesiinnndilulavs Siinnseulu
arshesinheiiaduln-type  semiconductor) gmﬁmLuuﬁ'wna%aau'mmjmﬁnuaﬂﬂugﬂﬁ 2.11(n) thlug
useuseadniianiuau leafduwmei i dneliondsdumstieini uaeisud Fuesssawmeiiu
winigulsassassiuiulsyanmeiiiuay Ssduvedoassuanieglizuit 2.12() ussusoadluansiafini

Hiaf(p-type semiconductor) dAnduuin

7
b
!
L.
:
[.
\@®
N
I,

LL LA I A I
- a-
X
(r ()
o o o ¢ o
Uit 2.11 madisaunves (n) Sidnaseu () Tea Tuseadimandaturanauiliihlufian z

_________ IS @//
- 8

——

o o a2 < - a = v - - o o
"i]']ﬂ'gﬂ'ﬂ 2.2 wqwgﬂﬂalﬁﬂm'i@Uﬁ'ia‘iﬁakualﬂai}uﬂﬂ')ﬂﬂaﬁlaﬂﬁu')uuﬂkﬂﬁﬂ"ﬂﬂLﬂﬂﬂ'\_‘i'ﬁuﬂuuaﬂwﬁ

{20-22

. =4 } ' a4 e T o
(lattice) w3pOzMONAISTD  WhasAsTuAuS v IzAzananTiurud uaraseudivhonuiitn
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aiwhanavasauuliinlufions x uazuseeisud F, luiirma y dwiududsv@nceeadluasivinhin

FresiFnTuuneuannsa 2.9
Ry (holes) = +1/pq

(2.9)

nsléunteduussansenaatualsnasiihilfiusessaeuaisiiariafinazslndustradutuaInise

wlAIINANaTIUN Lwiﬁ'm%’umsﬁqﬁ";ﬁwﬁtﬁumwﬁm5uw‘%u%mﬁa‘lﬁ%’uau’muﬁmﬁnwmzﬂswﬂﬁqaawﬁmz

= v Py ) = 3 o < o & W o
Jeavulumainuihavewsiuseadivan Weauwindhgeadaunaiuusaaisudasvinlinssualwalufimma

wiulaelsifinmadesavudn fawuiniheeadlufirne y uansmuaunif 2.10

Ey= By = B,

b4

Weflauulnihdidnaseuadouiifionnudnevd (Orift velocity)

Vx = ~Hp Ex

Wi up, Aamuedssfvesdldnasaussiinnduuin
dmiuanunuuiunszualuiama y asls
]ny ~ anlnEy

PNANATST 2,10 — 2.11 151azwui
]ny 7 —'qnp*rlezEx

dmwiulaassle
Joy = +qpll12.1325x

dmsuanuuniunssuanavinalufirmie y uanluannisi 2.15

Jy, = q(np, +pwp) Ey

FINANNTIN 2.15 WYITNUNAUINVEIAUNTTN 2.13 fiu 2.14

q(np, + pﬂp) E, = _Q(n!i%“‘pl-l%) B,E,

13
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(2.11)

(2.12)

(2.13)

(2.14)

(2.15)

(2.16)



Fatuauulwi £, aswananuannsh 2.17

Ey = (‘Pl»lﬁ _nu:zz) BzEx/@up + njty) (2.17)
Pnauuluiigeas E, = Ry).B, (2.18)
LagARITUMUILLUN ST Jx = q(np, +prp) Ex (2.19)

MnEUNIIR 2.17, 2.18 way 2.19 dulsydvioseaaduduasisdniduniuiataninnuannisi 2.20

Ry = (ppi —nud)/ q(pnp +npy)?
(2.20)

dwsuTanviiadu (n>>p) fusedvsaead Ry = —1/nq (2.21)

dwmsuTanulieR (p>>n) duusvanseead Ry = 1/pg (2.22)

U d. ar -3 tg « - b4 b4 - ‘; ar o d‘ = 2’ =
siudnluaunish 2.21 way 2.22 dussansaeaanisasaaieiunsdiluasnesitniifiumeesnanaiiias
sfinfuasyindussinTuTumtalnsn 2.8 was 2.9 sudisy dulsravbsoadduiuarsisiniduriuta

LARIREUNTST 2.23

Ry = (up — ma)/miq(pp + P (2.23)

5UN 2.3 wanapduduiussenineduyssantseadduaududussnondaisiie (Doping
concentration) Tuanshufiniidreuniinduviuide (n,) Fuvdsuwvasnansisimnihsliefluansieinh
a2 i ey o & '3 rol o B S -3 . <
sy anguisesnuadussanseoadiduguiniuinamshadindriing Winsnnludaf(mobility) #
3 u o < o v o ot ¥ 1 - o o 0 ¥
uanaeAuredidnasauiulea uasaingudl 2.12 wasalmiunlufinududuessevarsiedeyvinlv
JuuseAvtgeaaniiingetula '
Usngmsalesaddaiuitideninniamanimuniuuewine, FHATOINIKSURTAN VAT DYDY

winzlasnime
' = Jx ,
MNAUNNS Jx = pguy W0 vy = o (2.2) -

14



o e :
L1 gat0t

T

p-lype n-type

L0510

L=l
E
&

E
o

Carrier concentralion {nin) -
190 oo

L A Ay

d @l = C‘l‘ N a' @ o o Cd <n
UM 2.12 dulszdvseenduesanInaimihduviuda (n;)

wazauiulwihesad Ey =E, = J:B./pq (2.25)

o ¥ BT\

EEY A= T =l (2.26)
e el

sy 2.1 dieihnsiaussussadseninveuduinvewdugeadinaniuiirn y Fdlsszaanunine

wiiu w asla
= Vi
V, = Vu=Ew WD Ey = (2.27)

e v, Feusugead faduuswuiinnasenssuisiudnawsauyisansieii

- ' i V; P v
RUMSUNUAENNINTSNE J, = — uaz By = ;’} adlugunsn 2.26 azladn

77 “ L vyt 1
y= —— Wit wie Ry= 2= — (2.28)
wiB; 1By pq
NAUNTSA 2.28 AnuuLLLTedlaans
i IyBy .
= Py = = (2.29)
P=P0= py = gty

15



y ) t  Vwt
wazanmwinumulWiy fe p =R %—- - 2= (2.30)

ine R Asmranudunnulniweawvisans (eviu)

1 1 o B uw
WAINENNTT p = 2 =~ fatiuaslein
g

P

Ry (2.31)

MNAUNNS 2.29, 230 waz 231  wiuihnsvsassliingmisivesgeadiiliisaniaia
AmnsTimesTidfeyve i s il Asmmmuiiduresniny, anmiunulni sasanmadaes
wiglmusea

usnaniiudranaums 2.31 TnemsTardudsvinieead (R,) wasanminmmu () gamaiian

W
o
=

AngasiliannsoAnnuImManInAge (u,) LagATAMLMILLTB W IME g Tisa s Bedioyatl
fsAeninnlumsienisueuiRsugesnsiainh

Tuvueadeatu lunsdiiansissiminiiady Auswiusead (Ry) seiiAnsaduiunsdivesansfis
smihwtieRAeianfiuaut) fe Ry = —1/ng leswizuseiugoad (V) wsliamssiudunsdlueteansoile
R Aofanduauie sy metrussduremeadlisasaydvimesarsisinihiniueinunied
Wonde

smrirmnlumsnauaues (Sensitivity: S) Ae [usamdiuszninusiuseaddoniimie

AsELALazAURIIvAn Sannsavilassaunisaaluil
g R LN _CF - (2.32)

Tnefi 6 fin wisilweslasiain (geometry factor) Famlsianaunisil 2.33

Vgt

= RulxB, (2.33}

y P [ . 1 ol o = '
naunsh 2.32 awdiulddn drenublumseevaussssiiangailieseadinaniinnumnuivyss

wineiign BaluniniudieRasanaunuiwihandluwisansiinih§auravemsymnniaeives £, uas £ .
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Felalafinamaslumuunu +x Weswnunaasudvibitinnsisavuusmmedaing 8, fuwnu +x 3
Wil 8y, MAetudendt “yuaead” (Hall angle) lag
E

tang, =—2- (2.34)
H Ex
1 Jx * B.. ﬂ. i1
Taomsunuen  E, = = war J, =0-E, aduaumsi 2.34 azled
p-e
J_B B,
tan@H =_x :.zz UB.
pe J  pe
o B, B,
wie tan0, =22 = peu =y, B, (2.35)
pe pe
T o
fatuazle —— =)
pe
W30 _ H,=0-Ry, (2.36)

. €l i v & WM tro o Qs W 4t ol wer '
Tunrsiasizwanamuandatl lildmersanpaveinisvunusaanmeniukania satuantasely

andindln ANuUsEANSURITRARUNTAMRMTUINSTUAUTOIN IMSAULANTE Ry,  aNNSOLARIANNTT

u

AN USIALAe

R, = —BéI—RH =1.18R, (2.37)

C uas tanaz%pp.Bzsz.Bz Wi fy =

Fofuazld ' My =y =118, (2.38)

die 4y Ao ArdnwAUAADIRIYEIE008 (Hall mobility)

way 1, Ao manmanuRdadmssadlunsdinsanmsyuiuremsiukaniia

of o ar [ - . . N N J
Tunsdifinnsanmstuiuvommziuesapuansiie (lonized impurity scattering) @mnsanAT

dulsydvteeadlunsdiinsanmsvuiuivremmeivesaeuaisiio R, uandldfaunsi (2.39)
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3157

RH’:‘ :WRH =1'93‘RH (239)
3157
uay =" =193 (2.00)
Hu =55 He Ho

dlo 4, fi9 Ada A uedessnaadtunsdifinsanmssuiuemmeivesnenasiie

wag 4, fia A1 Mobility veslan

2.6 Wuwaswimanuuulassaiageadinan (Hallplate sensor)

Gureswindnuuulassaieosdinan Wusunsaameduaunmimdniiondevdnnisunngnisol
yassoadlunisiney lasdnumsresgunsaisoadanintandléfgud 2.13 Gwandasadreuriugenad
Wuiwesvesasnsimhiingu (n-substrate) Aivuanuniwyindy w arsewii { wasArrmuYes
wingeadwhiy t Tasussneuedaldn a dafe C1, €2,'S1 wag 52 Wielinszudlwihszwinan C1 Ay
C2 uavaunmdindndaniufiannssaasunngussiuseadduiuiussiuiinnaseusewinem S1 /v 52

Teeanunsamlaanaunisy 2.41

o 1 s e ¢ 1 2 ¢
JUR 2.13 uamdulsznoudng veadugeswimanlasiaiuuusend

Ry G1Bz
St

Vy (2.41)

lnofi R, Aodulssdvesad G Aewinimeslaseadne ¢ Aermmimnvesguniaisend B, fe A

wunwduauuwiminlufismauaia
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disvnndulszanivesseadiugunsaiasivinifinsaianwgiinssuveamivsis Bifinnieunas

Toa Fdlunsdigunselessdndidnaseunnniileaning (n > p) ausouamanmusdugeadiafoil

™GB, (2.42)
n-t

V, =
4
Taedi 1, Aim wisliwa3n1InTLL3e (scattering parameter)

MAAUMIA 2.41 uar 2.42 uassliifiuiwisiiweslasain G asilnmudunusiunssiuasad lae
fiwrsilweslasiain G anunsadseutulansaunisih 2.43

G ‘1—'exp(—£.i. O ). 1—3.3—. O (2.43)
2 wtany 7w tanf,

Tnglunisesnuuugunselgaasagimuslia G =1 Fomsfuaeslasiataesiiuniildieanuuuli
lw = 3uay s/w <1 Tngfumiwasieuigesazosnuvuiiseas % vesmmenesadwan Tullagiu
BuwesaimdnuuugUnsniseadannsoud i fuaosmiafe seadifuwefolaunfazuuiuey Faus
MUATIEHITALINTATINIFUAUIMKLMAN Imagﬂ‘/’i 2.14 (n) uay 2.14(7)  WARIYLUBIATIUUNATAY
mafinvInreseadduaunfiingu Samsaaneduauiminluiiemaiainiugunsol
Tassadefie Mgusewin®  wazaireienssuaunisaiisiugiuvedilngs nszuaarinaszninga
Bidninsn 1 wox 2 vawiiussiuseadgninsewieiadidnivee 3 waz 4 anumnwivdidnaseulssina
10" - 10" cm” wasilmnuwundudinBeaszuin s - 10 Tigy) Taefloanuuuifseawanyszanm 200 x
200 pm  aamwansdunulniivestudi (Epilayer) anunsnanaslédlagliidnrsBalausey (on
implantation) Fawaliathilfvuinvesusugunsaiseadfismminaneld  seadlfuiresfléiansaady
auumivankuRnsaUssandliifensiadvaumuimdnuuueuldlredsnihgunsalseaduuinen

Tnawamaragudl 2.15n) waz 2.15(0) Tnsilassedaiigminnlfideuiuguiazaiaduinuiogn e
vesdidninsmeanuuuniuindondata uasnizaviifiananisdaludnuasinis iielfamsaneuayss

saguuwimaniuiianismnuiviivvesgunsal

2.7 ymingnsaiuunilla3daunun (Magnetoresistance effect)

uonynisingnsalseadlulassadgeadinan widamsanuiuysingmssiuunilaigaunuila
andiae FadsingnisalunniilaiBausuvifie Usingnisalfidanusiumuvestaqiadasuuaiu

aunminin mswdsuuasriipnusumudiindiifianveawdnged 2 anvnie mawasuwasiinnn
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AMINTTABAMUSIVONTEIRME WSeRTendn (Physical magnetoresistance effect) uaz Msilaeuuvas

AArusumMuiifisengUineeswigUnsal visfiendt (Geometrical magnetoresistance effect)

|
RIR

().
o ) ¢ & - 2 @
JUR 2.14 uanalasiaineveenandulgeiiuam (naamesmuuy as (0).nAdreng

Current - I
~pgirades rlectInles

e " F e arbuned

Lpewsalston 0 . 1 Voo teyer
! o —_

T onemitler
diffusion

<l ‘ C & Y « v w
JUN 2.15 uanilasiaingeseadifuieasiuusy (n)ausanuul uazs (1), MARRYIN
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2.3.1) Physical magnetoresistance effect

niinamudunsaugitwmedssprameiinsnszneanuiivindy uiluanududdbidu
wuiddunsdlveaunsalansiissnimmeysegueiinsnssnsanuiituegiusiiaveansieiahuez
anvgdl Fetudsluaiilinveuszailussaeisudiinnetu Tunsdiiiwmeussauisiusiaaisudasivgnituss
iinnaveaunulwirseaduinmsyszauisiholiiuudy fediinavilivveussquisinians
LﬁmLuu"z”fueic}uwwzﬂizﬂuwéﬁ’?LﬁﬂmsLﬁmmum%mamﬁuguﬁ 2.16 Usﬂﬂgmsnﬁﬁﬁﬂﬂq’mmmmﬁ

WaguRUaIA e N IUNIUT U NAYBIALILMIMER

gﬂﬁ 2.16 TassainauamaUs1ngnnIeleed Physical magnetoresistance effect
2.3.2) Geometricat magnetoresistance effect

Usngnisaigeadiinnnlassaiiwesseadimaniiduusiusrilagundasiianuemunnainrunia
aumileniliAnusduseediy uisiusoadimilinhasaunatuusaeisis sdnlsfinmuiiesanuuulh
geadmaniimunanandenueesiinavhliussiussadmaniiianaazhisugatuusaaisudvili
wmsRans ey FanndesvuihhlignsEsuntaianadiuy - awvnuasauiun
wisuwasluilesmnguinesiguninivisfiFend Geometrical magnetoresistance effect Rnguit

i
e

i
1

D,
g
B,

= 2 . ) . T,
3uh 2.17 Tassadauansunngmisaives Geometrical magnetoresistance effect
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£
ar

2.17 UnngmsnlunnileiFausuviasuaniseninuinidiegeadinanivuimvennuenfidunieaouiisy

fuauniuarnanilniaunuiesianeemninniigauinuddus

'gﬂﬁ 2.18 uamanuduiussenindnd ifheeaduasanuvuiudunssudluseadinan anagna
LaRegERdINaVITTIT IR NS TAGY mmwmuﬂuﬂﬁsuanmmuﬁﬁ'amﬁunﬁvu,a (Equip-current  lines)
(unsaiiagnas) wazauwiniesadgrunuiisnedudndluda (Equip-potential  lines) (Funsdlaifiv
anes) Tuusnussidunawesseadmaniivunedunssuadinsiwalaghifimsideavuietudein
au'm'lwﬁ'laaaés’ﬁaé’amsﬂ,ﬁmnLﬁuﬁnsﬁwﬁqaaaé'Luu.u'mzaﬁm‘sLﬁmmuLﬁﬂ‘z"’fuﬁagﬂ 2.18(n) wazluviiam
drunansvsswsivsoadinanisinunnaudusndinidmssuintunidudal it auansdalifiaunatnia

goadinTuIvhbRdunssuaiiensidanuunusiaatsudtdunaninguyl 2.18(1)

Harizental EquipCurzent Line

JUR 2.18 uanudunssuauazdudndlwihlulessainesadmaniiinnnem O uasvuedu (s)

%qmiﬁﬂﬁwaﬂﬂngm‘s:ﬁunnﬁim"’sfﬁaumuﬁﬁmu']n%’uavﬁaoﬁ'\msaanuuu'ﬁﬁ'usqﬁuaaaéﬁFi'mmam‘%'al:u'
mmimnmusmuaaaaw"lﬂma‘[uwmamm-smmLuul.ummﬂu,ﬂaastamamnw Fafiifuansoglu
s-dw 219

//./ :mv~"_\\\§\ ....... .
NN\
) )

sUf 2.19 Tﬂsqamﬂmuuﬂﬁmwaumw (n) wurdnay (fan) waz (1) uuuaun'suﬂﬂmmmumuﬂuuu

goaninan
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%fm‘gﬂﬁ 2.19(n) wuufarezihnmnaenuazadluy nseanuuuiiinavitliansvesaunilwiaoad
ietnliisieiiles dwaliliannnfoussiusoadiunld dnsnuiiafuandugui 2.19() Wunseynsuen
AMUIUYNUTINTaEeadnavinednsduruERen NN (/w) Sateainndesynsuiu dwal
Lifusesuseadifinsumlgvinlivmvzianisdswvunuussaasudifleaintavesauruimanadislsiony

TanaiedildamuinumiusseynsuiuvulanaiveeadinaniivodaTovluSamseanuuuiideudi

gagnndudounazszessewinadesitvesegliouiinanssnuiuunagnsaiuun il Taunuying

waslugy 2.10

. TETOTHNUDITDITINETITIon

—ogiiilen

of £y b [y t < v
Ut 2.20 Tassadsiilsienanusmumusieaynsufuuulasaigeadivan

nguit 2.20 Tﬂﬂﬁ'ﬁiaadﬂwaqagﬁLﬁﬂuﬁizazma'swi'wagﬁLﬁauﬁmn%uﬁwv‘iﬂﬁﬁﬁmauw‘lﬂﬁ'}aaaé
Wntulusywhaderivwasagiifisnld Fwowdmafumuuniladausuiidiianas Tavauiniheeades
Winsifssuuremmeanas fefufsantgmdindiaisndwhnisesnuuulpsatineseeadmanuunli
Tnomsldaumuegildvnsuimdefensovseadinaniiotisludewainseenuuuiideuingunnifeiu

STYEUNRINE

2.8 uuniin (MAGFET)

gUnsafusainansmhiiugunsalanefummimnldlaehdudemafunszuaniody
nduslfdunsiuBuasieiah Tnomsienansaldldiavundnnssoadimnissuuasinunnsua
dMSUTOMAGFET Aoensdelishillasanudusuunedin
HALL MAGFET

Tassadngunsaleeaduuniwuanslagagy 2.21 ‘naawmﬂuns.,u.awau‘lmmm.,uﬂ'nuuwmn*; AN
wmLmuﬂ'ssa]waqwmmunsvua Qu, TAUMTU CoxlVVr) fmm Cox ﬂam'nwmuuummuﬂiuw
inveanlyd Vg ﬂaml.rsqﬂuv"i‘lumnw war VT Aerusediuingy god (S) uaziasy (0) vwhiimileunsuun
nNIEUE U n+Aiudnan@e scl waz sc2 uwmwmmu.iqmuaaaaaaﬂmmaunnam’luwmauwamwriu
uaseed AMNETITeIALAUNSELARD L AN Ae W mmeﬂauuwawmmusmuaaaaaanmaﬂw
AUV 9NYDd y mswm;mmuamﬂmzwmumq‘luaum (VD<<VG-VT) faquﬂﬁmmuanwmuﬂmaﬂﬁa '
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ﬂUE}‘Uﬂ‘SﬂJﬂaﬁﬁ T.mamss,muﬂi"%aaaama Qch wruanssualuteadiiemnssuanu ) UIUAINTTALAYIYA
E]S-I‘LULUEJE‘!’ﬁﬂ'Yiﬂ']'i?{LLﬂ‘VlLﬂ@iﬁﬂ‘ﬂﬂ@ﬂﬂﬁtﬂﬁﬂ'ﬁuuﬂ ek ‘U\'iﬂ']&l’]‘im‘llEIUL{]UFI‘J”INE'EJJWU‘S‘L@GNU

Vi = GlpBren/Qcr (2.44)
Armlwsgunsaltanddafiaunts
GTch
S[ = Ten = Grch/(VG - VT) (2.45)

U 2.21 TAseai 1 uunINvLUULIRY

Dual-Drain MAGFET
nsihvuresgunsnl MAGFET SnagwAenmsinmiluluienszwaununsldilulsussiu

TrswadweUnsallulmianseuauanslinegy 2.22 Tassafraussnsusnamsuiivenanduasdiufeo D; uas
b, avnuisiminluiisseaniunssiaesmisniusaesudnssihfuwmeiviliissssudlhiderauna
wharrusnanssiany Alg=lo:lp, sewintaasuiasdlunisiutebiBudannsodeunans
mmauwué‘lmmu

Al = Gl (L/W)BI, " (2.46)

I FeAmnssuamTuTnEAliTauwivan G AeAuvmweimigUsaga 6 asliAwwihiy 1 3lo L<<w uas
govinsswihaasuiiduaug ugy 2.23 uamuuuﬁqaawmaﬂnm“[mu.amLz’i’uﬁ’nmuasn'szua-?'iwi"nﬁ‘waq
WUAN mm’mumuuumuLLa'lu's'tJv‘i'[naumuumanuaﬂwmuwml.:.uunszua D, fiAwnnnd D, wazlugy
2.24 LARINSATENBMTBBLIENATEUABILNTBIMIUAUNTEUE mmwmuuumanmaumnmmmaaa’lna
geauarIanasmLItesmaAunsuatuduasuiass mmj_u‘l'maqqﬂnsmumuflﬂmu B
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Al :
§= |ID_B . (2.47)

dwFuvmnddien 0.05 T uazennlligeaede
Sax = 07415 n (2.48)

Felunsdifidosmaiunsziaiinin W>>L uazArssazinssniiansunaasdiauaus

_.»—-——-——_________________________________%
2 <

U 2.22 lasaasrausninvmiuun s

0

3

S AR A
RN

=

EQUIPOTENTIAL LINE

U 2.23 wuuiasusniivuanadunssiawasidudnanvionu
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uni 3

TUsunsy Sentaurus TCAD Hazn1sINaa9kuy

Tudienwewninzngmduaisdlefiddnlunissasaiuunmsieu waznssrasmuuiildly
amideadeil Wsunsu Sentaurus TCAD (Technology CAD) Aelusunsamiiitdasufnmeslunisdnasans
¥ WeRatusauruunsa il awanfgunsalfisfostumalulatvsinumstiadinilidian
sailuamAdeduiisndddiusunsunisiassuuy TCAD iotoasslddstasialunssfiumsvagey
Wewauuaryulmavesuunilnidaunuilulassaineeadinan nasafanisesnuuusaqiieiiu
Usngnraniuunilnidausuivulaseaingeadinan L‘ziumsaam.w‘uLﬁaauﬂ‘suﬁwmmﬁ’mmumuw
Taswadsendinan uaznmsesnuuulasabauuuinilnglihamusgliongudindondouseugeadiwen
suansfinvmnniiweiifiduteaiumulingnissiwnilastauuiliilefduinsidsundadia

ﬁ”uﬁhﬂ
3.1 umin TCAD

A159aBIN15YIU TCAD - gninsnldiuegnnieviilneiawizivauiugaaunssueiinouin
\mas(semiconductor  Industry)  LiieanAnlssuaziinemnialunisduaiHivulewaund uney
yurumsaiefiieIves Jeuudniiaunsalieiineudnwes (Semiconductor device) MW TCAD dmunns
AAsievinadenaen1InsITdey, as1ei, m‘sﬁnuﬁ%ﬁﬁﬁ@ﬂ'luﬁgumauwmmsa%"muazz‘:’qa'\msafiLf-mz'v?
sanszuTaInsEsuLastunsunszuunsaitaluaesTslidnde Tne TCAD wandliifudiuseney
e ﬁLﬁﬂqiﬂqﬁuﬁaqUnicﬁ wy Taseadng, amnutiudussreuaside, aumliva, aszualidy, nsiawne
nazmsifisauremvsiiemnraveseuusivgn Tne TCAD Usznaufmediundniey 2 dlunsdaes
msvhanliun mssassnimhauiifsafesiuturounssuaumsadn (process simulation) uagn13s1as

msvhnuiliodesduigunsalasieind (device simulation) FeazldindmiianeaziBsasing setd

3.1.1 MIIIABIMVUASIUIUNTTATN (process simulation)

TuntssrastiuunszuIun1TaiUTzNoUMBTUNDURINY LYY etching,  deposition,  ion
. . . . . < ° i1 Az a ¢
implantation, thermal annealing and oxidation ﬁi\'lt.flumimamuuuﬁaguuwug‘mﬂmaum‘m'N‘Wana u

AIUT0INITIBBUVUNTZVIUMTATNITDYUUUHLF LTI 19U FiAau ndudiuresmsinaeaiuuIzgn
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wa (mesh) wiann(erid) uasgnunuiisne finite-element structure Wieldlunmsfmunasiely Fludunis

FrasauuunsuITaiwandugui 3.1

L0000
» ] ._.NW
AVa Oy g TLVAT.Y
XAD i k0
L AKXy A
N ‘Ja"'*’;' )
CATarA
' =
a Oxida
- 3
1 - b i) . = Mg
A

AN

KRGS ; (R o

=i S v
E‘lel 3.1 WaRINTANAAUUNTSUIUNTAIN

o o ar ‘ & e o . . -
3.1.2 MMIAEDIUVUNTIVIIUYBAIgUNSAANSNIN U (device simulation)

Tunsirassuuuigunsallu TCAD wamnsafitsfrasuunuanimaliindig vesgunsel
wiinoudmnes 19U aaEuEvIswEssauaimanIndndudiy Fagunsaimehiiavgniua nifuazgn
wnufighe finite-element structure SeusiasiuavesngunsaiasTanautRvnashudaniitanfuey 19 vile
vasdan (material type), prududusznenaisiia (doping concentration), ATMMUNWUIUNTZUE (current
density), auulwi (electric field), dnsnsiiauasmssausalmi(generation and recombination rates)

wasAuEn TRy Fudaslunnuanifsine el asgniindnnudwandlugui 3.2

I LA AN LA LA AN AN AN vt B SN O] SN AN 1 TN 0 1E) P AN [H) C5R DH 83

Ui 3.2 uanensasuuiigdnsallagmsdinesnsiiausig TCAD
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-

’Lumsfﬁ"lamLLUUﬁaqUnmh%ﬁﬂauﬁ'ﬂLma%%”'ﬂwﬁwzgna"s"la’?!f'uLl.azr‘iwumfiau‘lwaum LU
wsesrulnFdenszudlwiinfiudu nmsdraessuuiiguasallu TCAD  sudigmaunisinaquiningd
Aordestuntssianiuy wWu aun1sihiges (Poisson  equation), aunisauseliissvssnneg (carrier
continuity equation) wazaNseLY dWINNTUiauNsmE wavpanszudliihiildazgnuanteanily
gﬂﬁ 33

Drain Current (A/um)
™~

0 0.5 1
Drain Voltage (V}

d- Loy o o e E; a’ L
Ui 3.3 uamsnmandtinlwihveinsiastuunsinniurasiigunsalasisdn

3.2 Wsunsunisdnaswuu TCAD

TUsunsunsdassiuy TCAD wsiidiuysenavdese) ag 7 daudail

3.2.1 Sentaurus Workbench
3.2.2 Sentaurus Process

3.2.3 Sentaurus Structure Editor
3.2.4 Sentaurus Device
-3.2.5 Tecplot SV

3.2.6 Inspect

3.2.1 Sentaurus Workbench

Sentaurus Workbench ihilusunsudumdndisiusaudiusagiulusunsumsitassuuu TCAD
Péhefuty mssaonuunsruiumsad(Sentaurus Process) -, Msdasauuushaunsal (Sentaurus
Device)™! wasindassialumshaseiinspect) 1Wush lnelusunsu Sentaurus Workbench awnsalwgly
ﬁ"muﬂuastﬂ%‘auuﬂaamm'ﬂﬁmaévijn‘]mnﬁﬁmﬂ'ﬁlﬁﬁaﬂﬂuazmnuazs’mlﬁilumﬁi’ﬂaaam‘s'ﬁ'mu
Tas TCAD Tudaunen Sentaurus Workbench uanagaguit 3.4
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oo - - 00s . 135 . [ -

Poeoy i
poroloew - 003 '+ Cov - i
[ S &+ - 005 125 Cow
;- Lot e L 1w - o5 128 Cov
=1 HEE I i TCov
e 1 100 - oS 125 Cgvg_tea
[T CgVa_nghl
]
]
!
i Farad uto s #=20 < ts guence teady fendond g CODE _ m - toer pruped f;ph_;nf

JUT 3.4 uanalusunsunissraenuudiumagiy Sentaurus Workbench
3.2.2 Sentaurus Process

Sentaurus Process Loulusunsuiilidmiviaesmsauiiisadestusuneusuiunisaig wu
etching, deposition, ion implantation, thermal anneating and oxidation #ilu Sentaurus Process 914
idalumsdrassiuumaieuisasdssneulufromaineg wu msfmuasliawasaiumisgiuses,
nsEUIUMTEBNFLATY (oxidation) WienszurumsBuws g (implantation) sy Tagguil 3.5 uana

ASZUIUNISIIABIUUUMTIUNS N

0.2 1
Boran
0-
W 0ES
T g2Ea17
02- "-'-;:.5 5.45‘[?
W GE417
i 28E 17
041 ﬁ 1.0E+17

04 -0 0.4
o ' ™~ ar
E‘U‘Vl 3.5 wasiduuein1sdunatuwitulu Sentaurus Process

3.2.3 Sentaurus Structure I;ditor

Sentawrus Structure Editor Wudiurssnisesnuvugusidhgunsaimsisimihlagamnsafisgi

m'i'{hamuuugﬂs"nuawmmaqﬁ"uqﬂn‘miﬁa 2 iR uay 3 1% TnetumounsnvaamsdtasInIsiualuy
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sUwuu 2 3R waw 3 07 WwRevinnsadguinvesingynsel iy Avdsuyuain(rectangles), JUvaneivaoy

(polygons), gnuaricuboids), gunsenszuan(cylinders), junssnau(spheres) uazgusnag Wusiu guss
T (Y % o [} ] - EY £ . [31}

wazlaseadrefifimududouinaingussdoqmenil Bemhanluduees Sentaurus  Structure  Editor

uandluguit 3.6

r

() 3 @ :
gﬂﬁ 3.6 uanantnalusunsuludiuwes Sentaurus Structure Editor
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lugun1siiasuuuia 2 §id way 3 87 wansefivsdmuamidndalwialiiusgunsalie
WanmafuunasiianszudauazissfuinneuenlaendniuRMNFuRadssnassnihduialwing

wgunsaifiuansluguil 3.7 JednmihdudaliiiignimunssuanadudiintunusuasiRniidudanaal s

LS S R N

d v oar ar ar o o
U 3.7 wanaiihduiddlvivesigunsallunsdiassnisviny

intuludiuves Sentaurus Structure Editor ianunsaimusanuiduiussnenanndsluvinumse
dhusnagtadistiuan desndussiunsuunalend) Witushaunsaliielngunsaliviineudnneinlilunis
Feamsiauamsefissuidymnsadiamaniiierivanaudinwiwihuesounsal  JU 3.8 uang

nmsasuusigunsaidiainnsadegusiingunsaiilasmsuienimaioum

| SLSSLALAN J LI SN N (N B L LR R |

05 -0.2%5 o 025 05
X

d o ot L ar ] £
FUW 3.8 UanIN13TaBNgUNIIMAaIIINATTULNNGA
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wdannnsimuanIsaseudfesiliunisadrsshaunselitadeauysal sevniduiezdhdludiunes
arsiusquantintefildnddaqitisadesfunissrassivudigunsal Sludruliavegludiuves
Sentaurus Device §anadessly

3.2.4 Sentaurus Device

Sentaurus Device fanmsdrasauuunmaniiniafd@ndsineg iwunuaniimalnil (electrical), Anu
Fau(thermal) wisuasloptical) ludrgunsalisireusmned Fedunnauiiseqmeaissussnevieluna
aEndsieannueansaiesiunldtudagunsel wimeudamesuienuantimegiieadesiu
anmideulrlunisdmesuuy  Sentaurus Device Sagalélunsussifiushagunsaiuazifionrandnlalunis
Wauvessgunssiiieligunsaineldauaudisepinnnldavge Ssludi Sentaurus  Device 93
Uszneusodiuddannanmining Wy
3.24.1 Fite
3.2.4.2 Electrode
3.2.4.3 Physics
3.2.4.4 Plot
3.2.4.5 Solve

3.2.4.1 File _
Tudau file andumsivualnddunn uasiondnm Mlilunsdiasinsie iy
File {
* Input Files

Grid = "nmos_msh.tdr"

* Qutput Files
Current = "nl_des.plt"
Plot = "n1_des.tds"

Tudaues Input Files azdulnditémdannisasne Sentaurus Structure Editor taSaudn iy
JUinvasgunsaifasusznevlussninauasagfililunisadreshgunedd, sruidudueznenanaide,-
Snwmsmslay, dumiwemthdudalidn wasvunvenisudenialgid) uwiswalmesh) woldluns
A wasludau Output Files Aazusznavlumedeyasing nfiffean1sm&aain Sentaurus Device fndiuns

<

wiaudh Falwdierdnmmantifiasuseneumslimanei@ndsnaqildannisinnaud wiu W Curent A
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axUsznouluseteyatineidesiunszualnily, usaiulvi Wusiu dwlnd _des.log islddmiunmagey

v o o o & o PN s ' ar =
Fofianaafiiotu Flnaduns w0wne daquansielugui 3.9

Lt

KMadels, Fararneter, Sweeps

cornmand parameter
_des ek | eFaSi par
I eigrrent

Input , _des Ot
Dewce Stugturg andNdiping  » E'ill—"h e s, Freld
LMShe B distntsstions
I, N Sunbsis

phat
_Gi2se i
7

autput
_ohas iog

Cratp Lt
Funlirmne rmessanes

FUR 3.9 unurlalvdunmuaziendwnlu Sentaurus Device
3.2.4.2 Electrode

Tuduwes Electrode Wunisfvusidoulaveuiss (boundary  condition) Tfumindudalniin 3
wiaznihdudaluinignimusey it deaesndesfiudewhdudanignimunlily Sentaurus  Structure
Editor Tudutes Electrode wiamnsaftagimunamasiiusshdudalvihiguy wseiy, aszud, widuda
InihuuuTent, uasauautRdug 1y '

Electrode {

{ Name="source" Voltage=0.0 }

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

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

{ Name="base” Voltage=0.0 Current=0 Barrier=-0.55}
{ Name="HEMTgate" Voltage=0.0 Schottky Barrier=0.78}

}.
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3.24.3 i?hysics
Tugumes Physics aududwiitueanidi@ndsngalilumsdmesmsviussgnininysenelily
duil Fednedredlumanteidnd 1u Tumailfeaduan wageavasniueg (carrier mobitity model), N3
AawarnIssIndintvesnues (band-gap  narrowing  model), nﬁ"l,aaa"l.u‘&tﬁaamﬂnﬂ‘s*ﬁu(impac‘c
ionization modet) Wudu Faedrslumameidnditu
Physics {
Mobility( DopingDep HighFieldSat )

}

&3 DopingDep 1188 N15AAMISIANTHATEITEIMINE (BsnANuiuTussARITde

HighFieldSat winefie AmsaBuivewmslvelocity saturation) Wieegluusinniiauivig

3.2.4.4 Plot

Tudau Plot udrnfistidmiugnisdsualasmeqiiistundainyiinisdiaesludiunes
Sentaurus  Device 1a%a Tnaisnansefiasfvualudaiisndesnisnsiuld wu Aruvuiwiunssuaves
Sdnnsounielea, Andluin, auwinin, TuHas, magivemmende Arududuanside WHudu Fenis
WasuwUawegitldandumaBsunamdanamssdiunsiudiuues Sentaurus  Device ia3anddiagn

vivlilulwaiendwsludauves Fite Andnliluneudiu Seiathdludiuves Plot 1ty

Plot {

eDensity hDensity eCurrent hCurrent
Potential SpaceCharge ElectricField
eMobility hMobility eVelocity hVelocity

Doping DonorConcentration AcceptorConcentration

3.2.4.5 Solve
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Tuduve Solve auudnwlunisimussusidunsonssualiiunidudalnia was anamsnn
Wandsneg 19u aunisthwes(Poisson equation), aunsalusailiosvaswvs(carrier continuity equations)
wazaunsouaidudulunisudaunsymrtinaiandiiiolglunisdrasansvinnu feediaes Solve g

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

X Coupled{ Poisson Electron Hole } }

3.2.5 Tecplot SV

a

a1 Tecplot SV ilulusunsuilddmsunansdouaniléninmsdiaensvinausgunsaiiell
Aaufrmes udIusIgssIn s gnimualiidaludiu Plot Tng Tecplot SV asuanintg
Wasuuawingg Wy muviunssuavesdidnaseundelan, g, aundwily, T, anudives

wmez vide anaduduansiie Wusiu Jalugru Tecplot SV uanastaguit 3.10

been Hegon Maned
b

fon = Tog Luto=

L i ..‘1 A:
3UTt 3.10 uansdrulusunsuTecplot SV
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3.2.6 Inspect

Inspect fiawnspsloBnaievilanlddmivtantoyailininasdraasnisviaiiuglremnsim xy (x
y data) 1u USinauarmumniiumsuns, Usinunssualnib, ussdulwiweshaunsalielinoudinines gui

3.11 ugamthmiludiuwes inspect

TR

aran

d L b
§UR 3.11 uanwinmludimge inspect

Toglusnddotuiisnlilusunsunisiaeuy TCAD  Tuduvemsiiassuuuimgunsailunis
Anrsinuaniinliiuisfnmunngmsaluniiladfauauivulasiaiussadimanuuusiieg
Unngmsatisnilesausuiuulassainegeadinam, m‘saanLmuLﬁaeqﬂiudqﬁ’rmﬁﬁuw'}uﬂuuu'l]ﬂ'sqa%'w
goadinan warmseenuuulassaiauuuinilssliamuegiifloygUivdentenssuseadinan sl
msfnwnniineSifdutsatuayuunngmsaiwnilaiamwlitivesisusneasuarunnils
TBaunwinauig Tnewisiieesiis i lumsAnuiluinerinudatiuil 16ud viaesguses, araduiy

sneuanie uasaamgll Taglunsdasuusilifagiiuanneiy 2 i Idud 3aeeu azunadous e
ludfinrmududussroumadefiunndaiude 2x10" cm® |, 2x10™ cm™ waw 2x10™ cm wazvinisme

wunilla33aumurifinovausssisumaviniuggamgil 200, 250 was 300 Wwaiu

3.3 TansahaieAnsitldlunsdrasauunaznisesnuuy
TunsAnuitetisldieiadle TCAD TuvangIngussadfe Uizmmmi.ﬁaﬁﬂmtﬁamiaanu‘tmqﬂnsfﬁ
esu Ussmsiimeailefnviiouifisufuaunsaiode Ussmsiianufiefnuiudsing Ussmsgarieidio
fawsdutenalamaihnuresgunsel Tnalaswaieiisimsiinnil 3 Tasaendndeielud
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3.3.1 laseaduuniin (MAGFET)
Tnsadunnvinfidunfnyiisgussasdifenagaumaiaussgunsaiusnuiy Tneidunssass
Unngmsalangunialaasguniife  seadinavuazueamvnidhdeiy lasnansiaeuunisuiisuiu
ramsnaaessidluunemuiluasdunisBusumugniedusaveadinmansvadiusansy Tassaieildlu

nssnaeduuuuanlifiagy 3.12 Tassasiwssnausmsdiuged d1uny wdniasuaabulsniulasgIuses

gﬂﬁ 3.12 lassainauuninuuukaniasy (split-drain MOSFET)

3.3.2 Tasesinssiacivin :

Tassadaeaminivinsnuiiiingussadinsaaoundnnismsiilassaieamminiiluly
Masraduauuusindnluwnsu Insusamvihmsinwiiasaiaduandugud 3.13 Tassashe
Usznausodauasy 1ov 9ed waegiuses neduguseshliudazegindveaiernsndousefiulfiie
Fian uilassaisueamviviimsdine vieliansefigadmsiludszandldnumsanduauuuimdn 1
senuuulidugusatazediufsaiusuialiimmenssuainnvedluduasunasguseifemadie i

o [ X = « ) " .
Uit 3.13 Tassadeuoamnnasguiililunsnynsasiaduauuuwaivgn
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3.3.3 Tnsva¥vasgunsaiuamminiiviimeaineti

gunsoiueanivimsaistuillassadiuandifegy 3.14 Tnssaassnausheinsy 1m god
warguses Tnvgunsaivinziitausesiusnsenluifomnguninisieasiifuiivewnnegii el
srusaseginasanty WilBumsfigaimaimdnnslulitugunsaindiudnuasdifimnueanseiulums
ganuuy THseqdulumuiitasuesgunsel

UM 3.14 lassainvesgunsalueanniiainedu
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o
unn 4
v Y L3 = o d A=l | 74
AsTulIuMsasuunilansusSameTuasmaluladnsuanineados

Tuunifenamtinssnunsaiuunilamsuianaiuasmelulaimsudnduiupuiiiededtu
nszuIumMskaARgUnsaiasisimh Insvsenaudne nszuIumsanefuesnled (Oxidation process), AT5ane
uas (Photolithography), nsuwsaisiie (Diffusion), N1584ilaUsya (lon implantation), msadretulans
(Metallization) way A1SEEALUVLAZMTASIINIAR (Design and Masks) %anssmummﬁmﬁﬂéﬂmﬁ%
Usznoulufenszunumsaninag uendesadtusniinis lumsedngunsaimeduansisinidusntumil
i ensudusesendenssriumsnnuuuiusaiiluinmansn souneufivvaisgunsaidusald Tuduwes
nszvIunsasunillanswimeesiiduiiontu Sndudesordenszurunmsndssnnaisdiunasiingiu
atlwanszuaumsidniielilsiaunsafiflasedmuideanuuill dmiuswandeaveanseuunis
asgunsaiegldnaniiduderiues nsswumsaiauunilavsuBanesdely [17]

. 4.1 psTUIUMISeENBlAtY (Oxidation process)
nssuauntseentasdunsyuiumsenimieu (Thermal process) ﬁﬁwﬁqﬁﬁmmﬁﬁmaaﬁw
mnmansumumsaﬁqaﬂn‘smmqmumsmmm Tneifunssuaunsvesmsadidueenlesifnvausiung
was nmavindgiseniuszuineingesniiau (Oy) mmmﬁuaanﬁwuusammaaanqxmu‘lu‘[uLana‘uaqm
(H,0) fiuganeu (S (halluansuseneu Fdaeulasonlen (SO, WARISENNTST 4.1 uay 4.2

Si+0, = Si0, (a.1)

Si+2H,0 ~» §i0, +2H, @.2)

Lfémﬁuaan%LauasL'ihv‘i'lﬂgﬁ‘%mﬁu%ﬁﬂauﬁﬁ?Lﬁﬂhﬁuﬁﬁﬂau‘lmaan‘lﬁﬁtﬁﬂﬁu Faazunmquegfifinve
weied (Wafer) agnamnwin Testuseniesnnasimiwlumstesiubilluanaveseandiaudni
ﬂgﬂ'imnu-naﬂaumumaanaa‘lﬂ‘lm aghalsfinnu mauaammunwmuwmmsnuwsmwaan‘lemwmm
'lﬂmﬂgnsmﬂwaﬂaulﬂ m‘sﬂ-n 4.1 waan‘l,'ﬁm.,um"mwmmmuuavmmmwﬂaqnumaaﬂmsuw'i'um
pandlaulanas Immuaan'leimmﬂﬂ'uumm'snLmqaan‘lmt’fluaaqmuﬂa duiivereenainfamiinfures
uHuIWeSTar U sTana: 55% wasduiAndnadiulwileddrou deimmmunussina 45% 1nfa
WnveuHunes
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Gigrd Eijim&hf&e

Slian

% B

jUR 4.1 AsgUIuMIHatuesnlanuulIveILHUIaABU

nalnveansiineanlediifinvewivddaeu Wnllesnanmsyiniitemnaaiifussniluanaues
fweandluuiuddraudilanairivuditiedu Inonssurumslunsaitatuesnlestl annsautesenisilu
2 Uszinwmeaiu fe

4.1.1 NM598NTATULUUUAS (Dry Oxidation)
nsesnfeduuuuwindunssuunmsiuiitemmasiiiussniningeendiauiiiinnuuigrcg
(high-purity) fuszmpureITaaeU AeaunsH 4.1 Tngnszurunisainasyiluanneiiiglulasiau ()
. o o ' + o oA : oo o o
uarlalasiunaelsi (HCL) Fvieidslessursdlans 1Wu Na' fiavefivdesgeenly UiiTonssyii
amniuseata 1000 Cmﬂsvmumﬁaanmmul.l.uuu.mal.,l,nmwaanlﬁﬂuﬂmmwmm']ﬂ5 UIUNTeBNS
mwuuuﬁlan usitimeanlagiiating,

4.1.2 nseendwtunuuden (Wet Oxidation)

nssurunsesndaiuuuden Wunshuiitentumanatiseniesndiufuidney eliAsdu
sonlastudisafufunsruiumssandiad UL u,ﬂ'umnﬁi’mﬁ’umqﬁn'rsaan%m%"uuumﬂan gEndiaud
Lnﬂwu'mn'[utana'naqm Fauandluaunisii 4.2 ﬂamamwnuaoq T,mana'ummmmsnuﬁﬂmmmﬂunw
telmsmaslsn (HO) mmmmwiz.,LLWimu'uwmmamﬂman‘l‘uﬁlﬂmﬂ':n'{maﬂa"t;aqm*zfaanmw Fraru
nsvunusendindunuuilendannsefnsaitueanledlémmdninszuiunseandiaukuuii nseand
wiunvudenggutuussgndldlusmmeinusneg wu nsasandasenles, nsasedu LOCOS sanled
Wudu sl 4.1 uanimadnsusenlesuunnmmul 1000 Siasex Anawnndniureansyuiumsean
Foduiaria
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d < ﬂlt' : ] at
A1 4.1 nszUIUMIEBNSRtURUANAIAY

Process Temperature Filme thickness Oxidation time
Dry oxidation 1000 °C 1000 °A ~ 2 hours
Wet oxidation 1000 °C 1000 °A ~ 10 hours

4.1.3 nsadretusenlediuun (LOCOS Oxidation)

nsa¥senluamsiinienisadudi LOCOS (Local oxidation of siticon) tumsadndussnles
awruinadiuniiisonts Sgmihidusslenilunisuen (solate) dauithiseimsindendeiueenain
fu FBmstuinnsaietueenlediitvedaaeulifiaammunsyinm 200 - 500 Sasen Mnunagu
Husenluiihefuredlulass (Niride) Bnduniluandiormsfadululasdesnassiumisidemsudn
wisaniuashmsugnesnlesiunimenssuunseonfindunsainaiudenia Taeduiiidululass
Unegquegaendiauashismsonsgsihnidilugadaneuls yausidauitureungsinnsinu ety
sewineendiauividraulfiiuitneulaoenledtun duanslugud 4.2 Taermmunveseenluiifin
Fusgiusranas 3000 - 5000 Sasen uavtusanlurasdinnwesiaiivinarey Judunmmehifi

“Bird’s Beak”

3Nticeadpd o/

odcedrip Riyres brzie

AJ . b2 5 ‘ ﬂ; o o
JUR 4.2 msaintueenledawzisinnssuiuntseeniindu

4.2 nszurumslAalsnsiA (Photolithography Process)

aszurunmsiWifdlsnsmtiBunszuursinsdonuy (Patteming) 91naNdR (mask) wse LsflAa
(reticle) nmseeniut ludnhethuadiedevsguuinveiunmes Saflemaudenauufinvowusiug
wes axviliAnmnmedng muitidasnuuuly dwmiuaszuou msllddlsns miGuusngnldly
gaamnssuRAumsHanukuesBinnselind deangmhludssgndlilugnamnssunsndansuianes
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WazlR99559% (ntegrated circuit) dmdunssurunmsvigalsnsmidaidunseuiumsndndiddyes
wnsiegaaTnIsuNsian IC Tasasvimihfitunsaiainmeseg awuwiuamad reuyinsin
(etching), M38iElaUszy (jon implantation) ¥TomMsuwsaside (Diffusion) ieviidudasineg dely

Tnsnszurumsiigalsnswiusznauietuneusnaq feselull Aedusumnmsvharuasenniin
YpauEuanes (Wafer clean) fiafdndwdanuasusg senanimin sennfiumsieieuiionth
(Preparation) Werdnrmuiueenly wdamniussimsadouthealiuas (Photoresist coating) uazyh
n1sav (soft bake) sl huasdiefuuruantesiéfddu wdmmbnndunssuunsaneuas
(Development) Fafiunisthenuvanindaluduheluasiindousguuusunes wazdureugaineavyi
nseusnseunils wdmniusrdwsludiiunsuremisin wienszurunisBailessasiely fagudt 4.3 W
lrazunsunananszuIun1slaalsnsiwi -

Wie Jen
'
Sifaepgadion

v
ARaxirg

!

Y

loningat

o vas v =l
U 4.3 InezunsuuananssurunmsiWlaaling i

4.2.1 aruazenRmin (Wafer clean)

AoufarBudunssuunsTHiaalsnsm# wazaszurumsidasug Swlufiessosdimahanuasen
Avesunmedideie Waddndwlanuaeuseg wu aswluluiifauvdensuluasaasineg Tnevily
wharldnszuauaamaailunsidndaan Yasumeiieanly Smimnfivhanuasenadisansiiuda
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sontussihludnseihiiamuigndgaideninii fle (DI, deionized) Weyihmsdsansiadiiilivi
anuazowmimiieenly uastunougavhohlvatulyiuis dauanduguh 4.4

W, i ) WL _/

Chemical clean DI wafer rinse Spin.dry

JUT 4.4 uasstumpunIsuINMIYATNE AR vewsLeS

4.2.2 nswseulantt (Surface preparation)

Tagundudnirebnanzgminnlinu visgriedeuvuiivesTasuinsig vanseiin
wEuduAigeInsh W tusenled Tudaaey %Uﬂ%qﬁl.ﬁﬂu gy Sdunsiwdasfiawihvosusundn
Aouflawvhnrsedeuiebuasuufinassheiindu 1siiEnsiedouiafineiu TeoRnTanilifunniigar
Ao Susanaulnoenled Fsmawdnimihvesiudasouleeenled FldlaeSianmemdaaai wie
Tuanavanivegluiusenledeenty seRvestusenlusiiamuannssatumsgedulethudenutuan
ameldd msiidneutuvitldlasniseu Saends Pre bake w3e dehydration bake figamafi 372 200-
250 C W30 uii mendimseu fmmheenmnialiuuaundi 1§97l %uwaaaanlﬁﬁﬂz@,ﬂ%uﬂdﬂu%u
whiugn swdusonianseull fufudiseviaiaudimsiidunsiaioy

DehddionBde Rimer vapor acdirg

o o A (Y] -4
§UR 4.5 nsvuaumsielenianihnawedeuihgilua



vhenlhuawiud uenanil dewhnmmedeuhenluas ennldasimsiiSendt Hexamethyl-disitazane
(HMDS, (CH5):SINHSI(CH5)s) davu ioouloszive Wotglinansodafnfuihaluaddabeiu msw
ansiaseialinanavenheanaindufiovessented fuanduzui 4.5 Taevhluudilueiesatues u
fivhasasduasans HMDS udaily vievmplivks enthidssinmsiedeutheluassialy

4.2.3 mawdeuthenliuas (Photoresist Coating)

nsiadouieluaniuiuseumsiedoufiitdimenheluasifdhuuueariunves Tng
thenluasesiithefuassuuuie wuu Positive Lasuuy Negative Failgnnsldfunnsinaty Tuvmsdt
sz aadeutheluasiasifetumaneTs udusammnzanveimsthividou Sermagls
Fereluil

4.2.3.1 thelauds (Photoresist)

thetluanduasindunifiiinuanifinuaiie amsandsuwlaedussnaulaseammanailis
dieldfunasmnnsvu gniunuszgndldlusunisaineaeasinasiifnnseling wseldlugramnssu IC
dwudeuuumnindefioanuuuBlufusiuames .

Proigess .
Shetree
Makreide | |44 Lyl :
e 4 W/ light
Shirde Bqrare
‘Negiive 1
. P :
& e .
Ritive - Dedqnet

o s = W - =Y
JUT 4.6 uansnmaniivnauasiiuansnsiurennetlumasisiln

Tnethabuasemnssowlseentdiluaenisuanmunuanialunisrevausisiona fio 1.Negative
photoresist Wignhnasiiail vdmnnssuumsaouauazni develop wi ssldmsanaassiuiuiu
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fuuv TuReduithignuawzgninesn wdsluew: imdignuasintu uas 2.Positive photoresist Dy
therhuasiindamnmsneuamazms develop wén %v‘lmmam‘aLm‘ummnunvmaﬂmm'mutmu ffudle
dnlisunasazgnineen Turasfiduiilildfuuansnandony duanduzui 6.6 Finaeifiuansaiy
venhenluawiaesin Tﬂaqmawns‘mmqé}"luwﬁﬁauﬁ'mma‘ﬂuﬁilﬁ}ﬂ'uazﬁau‘l‘ifﬁ'lm‘l'auawﬁﬂ Positive
iflsanniimwanduaganitviin Negative

4.2.3.2 Fomsafeu (Coating)
msirdauiehuasauiiundnvsausiuaime’ alituidnsulaeanlen vietuTagdu q agiif
fuvutiu annsanszvilivarsiBmedu SududenumunsauvioUssinnvssnuild dwemagulddall

® yyyatluas (Spinner coating)

Lﬂu"sﬁﬁﬁaﬂﬁmnﬁaﬂ dmsumsndeuineluasesuusiurdnuuuinas Samsedeuhelinas
elpryy m*"l.-tiaﬂﬂ‘smmsaﬂ'n sl viseatuia (Spindle) Tﬂauuvswuuwmmsnﬂsum’mri'ﬂﬂma
HOIADSATILTITAVE WHUKENLONINAIULUYIUMYY LLauW11WBﬂﬂﬂ1ﬂﬂ1EJ'S-;‘U‘U?IEUﬂnﬂWFI ety
uaaz QNNENGIUILINFSINANYBIUNUNEN fhavTinniinewing dlowiundngavau (spin) feenniizeu
* 57 3000-6000 rpm/min THaaMUsEanm 10-30 5unil u'lmhl,taw.,ﬂmmmm lvinszweanlulaeseu
WeduuruNduunadousguufinveausungn fuanatuguil 4.7 Tmamwmuwaaﬂauma’humﬁi&mmagw
Ussana 1000~ 2000 deasen mmnm’mmsaummulﬂ ﬂ%mmmmﬂauhuawummn ‘I.umm fith
AYISITOUG pmmuvestuduarhivinfy Tneudnaeusesustirdnasmninnndauiug wisannd
wasuthenhuasiimveukusdndovienud suludesdinsasnitduiivinameuukusen welil¥dwmiulu
nstureiadeuieuiundn fluguil 4.8 Tastumsunssuaunssneg wanifesinssedasyTujuazens
W -

Ay muumammﬂ'luwaqavmrsmumsﬂwﬂuﬂ“ 1uLeEuALeRI 138 Clean room Fedluarandluama
Tutesi] m.mnﬂ'wﬂu'lwmmmanuasmmuuauwammm.mﬂm Inelgszuunseaduusedvinmgs (HEPA

Fitter)
’.' ’ PE diapuenaer

.
PR dispenser mshe
NN PR Jow back

‘\

" Wafer
o Waler - -
%17, " Chuck
& L%
? i é o Chuck :i_ ﬁ" - Spindie
é ?‘ - Spindle
# ; 7 To \ucuum pump
To vacuum pump .

To vactum pump

d‘ - g 1 e )
Uit 4.7 nardsuingnluaieiBnisaliues
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{ﬂ
Rl
Subwent »

. Waler ) -Wafer
i -
' - =
™ Chuck % -

To vacuum pump

Chuck

RASSSN
SN

Spindle

To vacuum pump

3UR 4.8 msaeniduivevvetudandannmaadeuthenluasnenisaluues

= yyuase (Spray coating)

Fsmaedeuihohuaswuvawsd thebuawsgnda siewusonuiliduasess udmnadimey
Bantheerundn wasBmiermuduwiuiduu afefumsvindansddddne wazazmnuimLiu
ianzauUUssan SsmseuasaTamumesiduTivildenn Unfeslfluuduneudsliiddy wu 19
indeuanslauaudetlesty Fusenled Fuduvesisunin

= wuliignnis (Roller coating)
msiageuienladeRuuldgnnds ssileul fluduneuvasnisimenuiundndaneumiuin
(Chip) Tasususdnasgniadieusnambenlaue v 2 fudetesturiuazess wiodsansnduiivsfintu
Joszvmsduendn foides (sawing) vidouanawes Unidatastihonbuasiinuan

4.2.4 n1358yY (Prebake or Soft back)

mMevdinsadeutherhuands sssuiwsiundnusuisliturenieluasiain nouasily
4 ¥ & ' q v o vl ' @ o o
dunaussly msauluduil Bundn Prebake u3e Soft bake #ildgamgiiogiszunn 90-100 C dmiu

therluawiinay wasdnfmhetluasiavine$eamgdiidninaniesfefissana 8090 “cdmiu
nseuiidammuiuly visl¥gamaiifigaiuly snavhliRamnudsnefututhetbuadd 1wy el
UARsead - mufeu wisenavililnmily mseuiivaneTeiianunsansyiild 1y Mmeuuuuwinudou
(Convection Oven) dslugousziiWaauseinlefoumnunmnmmiou wisdamas (heater Tuanritusiu
rEmhwsiurEniou mesvaunseildduamaruiunion Milasudiudnavgniiulilundesmadn
sy S miardeuseitiiudnesldiummussusniasovusmdilusnlu Bnstenavil
fawieestinhenluaslisunmuieurou femduaimguasnsufuuasestilbilinmtuiiogimlu

: vk v ’ ol ° ve e P e w a
- sonmnnsusningdeudads warhivnnsismhllddwivnuilinnuasdonge dmivlumenisnia

47



sessululsenugeamnssufiousuusundniovudu Tneiefeusguuaenu Jegnanosmosdduruse
Fnmipusesiduciundnirousdlifunmmutoursumnsianoulinaauifiganduiidunsaliiad
Fuvenietiuas fnfunruioufidunngusesiuninddaeu wdtulugtuhetlum Fuiliaansold
auuesnuldladliintigw 33lWaudeudull Gandt “Bottom up heating” venaniienaldisns
wuuusudeu (Hot Plate) Inshusudaneulunsuuusiuiou visenslindulilasiiliiAsruiouf
annsavinléiguniv

4.2.5 msuiuundasasnisaneunds (Alignment and Exposure)
Juppunsvsuindrnasmsanetaniutunsuniamuddiyedrmnnnenzuiu msiiiaalsnsmi
Fanszuaumitasimihitumssewuunnndavdolsida Tudmivesuduawafmuildesnuul’

4.2.5.1 maFuunda

Fnnsmeuasunsyaniilsnds TastnfiavgnonduialContact) aslluuudu  wleifiedey
thenlauas lunsdifiunssaninlfindatiuusn vieundedil aunsohldlaglisfedinsufudeunnda (Mask
alignment) siliiioann Ssliléiinmsasredunisdnlavenisassn vuwhunuiadias ddluzuit 4.9 udlu
nsdiusiuaesiu WWimnsaiidnmenmssanthaud msavaidulmisely Sudufinedoained
aglushumia vidauiniigndes [stiislaseihwenwsrummiilfesnuuuld

Ligtsime

ol ' ar o ' <
JUT 4.9 uamsnszuaumstewuumnndatudiiiveasiuiimes

sihunslEnseantldndndeusinda 2 wiuduly Aeumsaneussduivasdaaiimsuiusumi
andn Weliuuumameyunszanunda Feufuuvvanameiiioguuusiy ineiesugniasdereu el
annsadntuvaseentudnsuiwnisfignsies vilililaseadusenarssadulumuiildeenuuuly edrdlst
5 ilswminmmammerennssadunmdnnn feiulumsuiudeudchwdusiesdigunseitos Fadonh
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“Frisudeunda” Foendnnsien Rautiunwesazgnazinlifuniudeu (X-Y-Z table) &4
mmiaﬂ%’u’[.ﬁﬁau‘luumuau (X) wndean (Y) wazuwigs (2) 1 muam’lmﬂm 4.10 msUFuidouinilg
Faeva I X, Y, Z uanmnuaammsa‘uwmuuuuwan‘l&ﬂmasa‘u Iﬂﬂl‘ﬁ‘lﬁ‘[ﬂwmasmmmavmﬂﬂaq au
ml,muwmn‘svﬂn‘[wimmaﬂ%uﬂnam’i,waammuaLquL'JLwasLanuaa wagmemslindasganssml m‘[m
mm‘snmmmmumwmmmawﬁiwngmwuwunmamauuuiﬂimmaﬂ wienfuihmsuuideuguiidaui
L'JLwa'ﬂ'maLmu X, Y uazyu O aunﬁummwmmmwﬂﬂng‘ummuwMa‘mavuuiwimmaﬂ%aunum'sa
munuwmmm mﬂuummiu'sulwmLmuwamwmaauawu’lmmuLmu Z suwuuaiin funszaninlauds
‘Lun'amwmwmﬂmammmlwmwamuaaLnﬁﬂ,ﬂ msUsudounmifirannsoldlnedannnainaieves
29955 laeas uilaemlunmainanevenassuasinnaidnunn

Light source é

f Alignment lase:
Reticlestage  — . _ o en r

¥ Reticle

Interferometer laser 2l .
—.— Projection lens

Interferometer

Wafer - 7] mimor set

Wafer stage
| gﬂﬁ 4.10 wamanssuauMsUiumndaiasmynisuawnesyuvaiviies (Stepper)
iesnndunsentumsisdanminmensaslundatuusiildnsiumieds sadulumeufim

Welinmsuiudawiltdieiu 3dinslénmanans FeoonuuuiudielFdmiumsusudoundalaame

uasiendt “eSsaanauiudou” mmwsLf!umww]ia'lunamamaau (square in box), Mauwludmiey
WiodmBaulunnum Wy aAmeeaguLHuREnTD4 “wSpamnaududou” ugudna wasnwanaans
VUNTZININEA Lﬁu‘sﬂnamﬁmaau VDt m-st-swaum"ls”meumsﬂ'smaaw.muuan vuwviulwogly
FumieRlanm amam‘lﬂﬁauauwaﬂ metunwngdesiviiou 'Lumuwuqumwammwamws-s'muuu,nu
uan uasvunssanWlsundn asagmamwmwgﬂmamm_!_i.,mi pvnnnsusudeusumisiianas
Inwadewenassuiarhigndswasifanadensld dufutureuvssmsuiudeudadudesdiioumn
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4.2.5.2 mMsansuds (Exposure)

dlevhnsusudeunmsswitnsraninifundn uasuduesiduiiSauioaud funeudeluiae
nrsaneuas dunszantiisndn ehlidnuiisemaeil idursahotluas Tnsundhenbuadflily
werialWIFalenT W dwdunssuiumsadinnssnn wdfienalreuasiiieruenagu A luti 300-500 un
Tuims Feife uasiirweusiududing uastifuiues fuhiluwiofiing madelWlaalsn@ids
annsaliuadiniedd imnsuasimdasdimuemedunnnii 500 nm aerlivifRzefuthenloes us
Snfuidumeguazfediuaduiosiifunaviy widsiudauasdldiulaeily Wnnnenteusen
(Mercury lamp) %;waamﬁas’lﬁtﬁuaLﬂﬂm%'nﬁﬁmﬁmﬁnga FiaruenIAduTT 365, 405 uas 436 WIULAT
Faandlumsad 4.2 Tnemluinseadidanane

AN 4.2 wansruwinaiinasuvewmaaIiiauay (Exposure Light Source) ainmnae

Wavelength Application feature size
Type Name :
(nm) (pm)
G-line - 436 0.5
Mercury lamp | H-line 405 0.4
I-line 365 0.35 to 0.25
Xef 351
XeCl 308
Excimer laser
KrF (DUV) 248 0.25 to 0.13
ArF 193 0.15 10 0.07
Fluorine laser | F2 157 0.10 and smaller

FuIAUSTIR 0:50 pm Wax 0.35 pm v&ltwaealavsontiln G - line uas | -line flanuenedeushiu
436 nm war 365 nm wFY dnsurnalasaseiug annsogldainmnd 6.2
venaniitdsnsathnaudddng (X - Ray) nioddunnseu (Electron beam) uldunuuadlde ¥inli
s mmearsesTaiiinnadnnng 16 anedaiignFendt “Bnusdalonsmil” (x-Ray
Photolithhography) ke Electron-beam Lithography snudnav athslshmbeluadieidasdowandi
NnssINM e §iiind nasdBidnaseuiindiruganiuasnuuuiily

v ¥

4.2.6 masdnuielaum (Development)

sumouilfiunisltirendraidn (Devetoper) azana wisdahenluas funisaoudaud §1
Whnhenluwaslinau douithignuasasghasassan uidnsshiwbuawiiauan dufignuasgnavany
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vonly msdaheluasiiindunsdthetluamiinay asl#iinsiugnife thusuamesadlumpuuuat
wos (spinnen) adefumsidavthethuas Insvarfiuduarefidmmu tedasgniswuadluuuuiy
Imaﬁﬂm"humﬁnnavmaﬁﬂvanuiamﬁmn's maaarﬂ.ﬂsamq nndudausuaestiavemdeasasay
fuq udaliuishefielulrmay lunsdvenheluaninun awmlmﬂiqavmmaq wHuwTeuiy lng
adluhondn wisenaldimsianuthendn sdeiuiimsérnheluasiioay

4.3 nszUUNTAA (Etching)

mafiavamsianda (Etching) Whunszuiunislunisidnanseenaninuiiwesusuies wy ms
fasusonlunfitnvsaiuamed, msimbethuasdlutunsuresnisdeiidmhoilonas Wudy Tne
nszuuNIfnemIEARmumaaneiilFeanuuuly visensesinmeiameiindeueguuiinveausurine il
nssuruNsinansauveenifiuaessnanauisuiomaiinussnisia Ao mstauuudlan (Wet etch)
WaE M3AARUULTRS (Ory etch) Ssamnsaeiunglddadelud

4.3.1 msiauuuiden (Wet Etch)

ﬂ’liﬁ'ﬂLLUULT]EJHL%H?J%‘H’I'Sﬁﬂﬂ'l‘5171;Lﬂﬁ’r)'ua’maﬂil"rﬂLLDi‘lJL’JLﬂ@%ﬁ‘)ﬂﬁ’liﬁ“ﬁ’]ﬂﬂ’mﬂﬁ TngnsyuIumss
fonldAulassadeidsualnging 3 pm tuld & ‘ddﬂﬂ‘i’lﬂ'ﬁﬂﬁ’i}v‘ﬂuaEIﬂUﬂElMﬂﬂJLLﬂuﬂ’ﬂiJL‘UJJ‘Uu‘UBQ
aazaneiild shodatuy lumshineanlesaslinsalalasgein (HF) muau‘[umauﬂaaa‘lm (NH,F) waveg
mamuquﬂgn'sml,ﬂﬁ'l.w,nﬂau'nama Iman‘ssﬂ.aimﬂQasnmmﬂgn‘smﬂwaﬂaulﬂaaﬂlw Tandnsusit
Wy H,SiF, futh Hzoaumsﬂﬁﬁ?muamﬂﬁﬁaaunﬁﬁ 4.3 dwiutefivenssuiumsianuuillenfe dam
m‘sﬁ’mﬁqq, shavszuda uadaidedaliannsefnlasiadeiifvuadng 6 uasiidawiZeanistadnd il
Futtoaiu fwanddugudt 4.11(n)

SiQ, +6HF — H,SiF, +2H,0 ( 4.3)

4.3.2 nsiakuuus (Dry Etch) .

msfauuuwingensswrumsinlaglinataun (Plasma Etch) Wuismsinlnenslilesauvswfia
(lonized gas) WiafiBendy “wanaun” iluvhaneWussiaiivesansiiedevegfitnvewsiuamies Tnsayma
loseuremmaneradiunuiiuasiinieveginduansimivimansenty msfmwuuuedannsedn
awangldrutauasidnnihmsfauuuilenuin Famnsanfvouiiiamesnnadnvisiinnuandengs
uaglaifitlmideamsiadndniulatutiontu fdusuil 4.1100) widedevesmsiouuude Aalddninisia
wuudlen uasiinnsliwdinuiideutnegs dumalvindnsusinlilnauweniuuunsnn
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Shirde
Wi Hch

(n) ()
d as 2 <y
U 4.11 Wiguieumaanmsinmenssuiumsaeauy (R) mswuudon (Wet etch)
waz (1) MsAnuuuwe (Dry etch)

4.4 MmIunsanstds (Diffusion)

msuwwsvessns [sngmsainmeildndfansasedeuiinnuSuaifianududuglufuTnuis
audududih nssuumstiaansodatuldmniivnane Wy msuwstesaataiilueinie, msuwsvenihvie
st lluvesudeagnalsl dusiu

dAwiuwaiintsamadiuarsaemeisnisunsans (Diffusion) Li’Ju’S%'m'sLﬁ‘aaflﬁf\tgnﬁmqﬁ'\ﬂuadw
nisrsdmivnunsiugunsaiansiaimh e nilvisiazain heseniseavanldnu manseild
MeELAIANITENEY (Furnace) hlu wazannsaunsamsidendouduldainasnafiddyiedviiussada
AsEUINNSEWIENSIIedwsaueenidiluass ssiavmusfinvesmsunsansidede msunsansideviied
LAz msunsasiaviingy TneudannivinsundansFodeusosudai axvinlildasdensasnaiidu
douiln Fauanslugui 4.12

ot |

b ar = L4 . : 1 <
E‘UVI 4,12 LLﬁﬂQﬁﬂUNST}'BQﬁﬂ?t‘ﬂﬂﬂﬂ%’lﬂﬂiﬁuquﬂ’ﬁuw‘iﬂ'l'il.’il'i]

4.4.1 arsunsarsilovilan

sfiaansaaniglunsundanadevie (ptype) luruahddwssRvgarsiwinhdnou lHund
unaidies (Gallium), sxgfiiley (Auminium), Tuseu (Boron) wayBuidien (indium) Fslumeuiaede dufl
musuiuetibefiavdendenswillfiluamidessrafiaidu Lildamnsoldlivansd sethady wbild
smunaduuduasderiafifosnnunadsuansofisunsiutunediroulneenledli viefide una
eniidndnssandnmauniiudusentedligaiues linmslitusenludtiosiuinvedaaoulfliléua
usnniudnadenldomladumsdediuegiunpauiimdidndsun fe athaty sxmeuvedluseuss
vilhiAntealifniesmenvesdudion iesmnsziumdinuifuvedduseverit 0.01 eV vusiivedudoey
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fisusiu 0.16 eV duezgldlsuiiodeds awmaiuiiteiuesniuuldd ilinanaduauilwiildie
nesasneg Aindrani Juiilusoudungiitiemisnlfifuasiesisfiuinin lnslusoudia
dusrandeeanmaunsagivszinm 10 ™ m’/s figamad 1150 K Wlimusamuaunsunslaazan

watiamsuwsasidelaalilusouanvannsndild 3 wuufe sxmeuvedluseuausaduaTiziinta
nasUseneu 3 visluanuzvswudeislusoulaseenles (8,0, wicluanuzvewnaiie Tuseulnslus
1 (88r,) warlusausvesinedie Tuseulasaaslss (B8C) Fslidanduasusznavelalefinm Uiisend
Antuiiinvesdareusnduliidossnindusevlaseenleduasdaeey vildAsmsuaniuetezsonluseu
2801190 B,O, MI093aRBY Toanunsadeuiuaunsmanildsdine

Si0, +4B - 38i+2B,0, @)

ynmaluseuszunsidiltudevewdnidneu uilunumahugramnssudsyivganshiniield
ansUsznou Tuseululasd (BN) liusudiinvedluseu iasandfimmuazsnlunsunsinniign o
arussnavluseululasdiifuvesudsssvildegiudnvasduuiuue adousdundnddaeutouinisuns
winlusaululasdasgniinbiagluanmiinsaaldonly Aessgmitliviwidienfvesndiau figamad 900 c
Sunan 30 wii delviusnafvesnsiluseululasdnataduluseulnseenled (8,0, eraududonims

[+]

Activate antiuFahudurindaaousnidndy suwshiluseululasaiiuddeihnsunsigumgilism 1100 C
(luanzvesialulana)

4.4.2 msuwsarndaviiadu

safiaansaanlfiduasdesiindu (n-type) Wiun Woaradd (Phosphorus), wara(Antimony)
uazeswy (Arsenic) msastiensigisstiiifuansiferildlaglisaia Suirannsd awdoriin p
namiAte sl luwasdidudu Methaty wanatazansuy Sadiadudseivinsunsaninld
Humsidaviin n lunsunsiteadradui (bured layen) nedaiunsunsadausnlurussiensssu dm
nrsuwsauq Tnewalufienldsng Weansialuansdosindu ismndfinissavimsuniveaneanadage
nimauavarswy fuudelilucugramnsnnierninsenda Aoamrsaunslidlutramdudu
nsunsWearaaansansiilr 3 Shvaisduieaiuiie weanesa enihanlFninarsussneu 3 ulia 1y
Tugouzvesuddlaun oaneiamudionled (P,05) visluaaurvsuvanfie voanesaeandnanisd (POCI)
visluamusinedia foneafty (PHy) Faliufeiy wasenasadeldufiteduinduiifedanousndy
Ufsussuitmeanesamufionles (P,0,) uaxddreu iviansuendvesoanaiaasnan P,0; i
resdaney Fudoumivaumemanidldsed

5Si0, + 4P — 5Si+ 2P0,  @s)
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Tnespoaresassunsthudnluhuiiondndaneu Selullgiulisald PO, Wududwdnvewnsiie
[} o
Woaweialnevimsunsfigamaiisn 1200 C Tugrnawmudesmsluansvesilulasiay

4.5 ns8aalsey (on implantation)

nsdeilaseadudnvieiBtunszuunsiieansidedmiumsuangunsalivnesituansissini dedu
Jagiugmhultlugeamnisunisndmeasyu (10 sunivane Tnemsifemsieisnsdeilasey fo
At deansiiiaunmiininsideasieiinsuns sty anndudureanside (concentration)
wazAwENesTaEAa (Junction depth) sgliansamunurunalditeismauns eswnnarmdutusas
AwdnvassessesrduiuiivAmagiitunailflumeuns vasiinsideasieiinsilnssgannsed
azaruRuATRAsIagulagdasy Tnsmudivesasideanusarauaulidsuhinamnuduvesnsaua
lon beam wazafild durranudnvassesreannsamuauldeandinuvestonsu (on energy) dmsu
AszwuMsBilassgansndemsidaudiiusgiivszuna 10" 81 107 sznew/au.sn. madeansing
FensBeilaszauandliveguit 4.13

/R H O

drioncighf ' Dpiegin
S-ahdrde

o @ = [ =
un4.13 u.amﬂnwmz"umm'iLﬂaﬁlﬂa'mnismumsaaﬁw'sz@

4.5.1 mstlszgansiiaviian (P-type)

Tunmsideasiieseiimsteilsyg sfigminlfendueuudisiufuildlunssuaunsuns ud
asgnviliegluguvadlaasy famnsagnisdlédaausidulings (highvoltage) Windauilluathiidesnis
szidoans lunsileansienssuiunsdedhszagmitlussandldluammisinueiieg wu msaia nwell
wia p-well Tumsnssuumsnaasudamsfuuy CMOS Wusy _

TesmihiunlddmivasFonind Tiud Tuseu Boron, 8) anilvgjavarlugives BF, Swegnyinld
wansradaifiulossuvedtuseu (8% sgluguvemaraun uavazgniswnedndlnihilsesu 10 kv Jeduld
Tesauresiuseundouiidnluimdnuedfrounsiiumidiidensaiaduansuind Swrudnvessesss
warpaduiuresadeild asaunsomuaidwdnuvedlessuiasnarveinsiainlsg

4.5.2 nsBeilassgarnilaviiaiu (N-type)
_ Tunsideanseiindu nszuaumssineg Aldisnvussusetutunsdeasvied uismiinntie
Wilsulude 1aun wearesa (Phosphorus, P), ensiaiia (Arsenic, As) wSe wans (Antimony, Sb) iiusiu
dmiunmmhluussgnaldenfifidnvasrudefufuindranudriegu
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dmiunszuiunmslumsansifoniaedisnlananuifio nssuaumsiwsiasmsdaillssy aunso
Wisuisunaandilusiusiieg Tadslumsntasialuil

a15nfl 4.3 WisuiiisuRuaniBluiiusneg sewinssuiunsunsasladumstiiia)sey

n1suns (Diffusion) m‘sﬁﬁhﬂizﬁg {lon iImptantation)
- High temperature, hard mask - Low temperature, photoresist mask
- Isotropic dopant profile - Anisotropic dopant profile
- Cannot independently control the | - Can independently control the
dopant dopant
concentration and junction depth concentration and junction depth
ol ==t - Both batch and single-wafer
processes

4.6 n15as19tulane (Metallization)

nsad1etilanswde mswdalaiwiu (Metallization) \utursursansaiisiuredansiieviuling
g iwihdmivdensergunsadiniuialianeuenidn ndlansigmildaziinansslisserdu
\iu evgiitilan (Aluminum), lyvwiilea (Titanium) neawn (Cupper), wislansransswing sxgliliondy
vigauma (Al-Cu) sy iazenmasidenlilnddanau (Polysilicon) videasusznaurasdtineufusiniuetis
Tymuilendaled (Tisi2) Atamdnlwitieondingdaney Tesmadenlflanedniunsindutlans
uwéusdananiBuaraumnyaudenuiiilule

dmiulavediteumiulddudalui e evgidlon (A) Faiulansidaflumailwiildifuas
fimmgn Segnibanlifustraunsnamedwiuinduiilwihvesqunsaimesnuansiieing fuanddugui

414

-

Dopsrtregany ™ S-ahire

d 1 I‘; o al i L o 3
UM 4.14 mydetulavedwmiudenshuigunsaifutalwiaeuen
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nszuauntitedevesaiiiivulaeviiesafifleunaneulefeainuiou uawililosumeluineag
vufimiiweswudeninseuiunisseveluayameaevaporation) Savziunumddnlunssuiuns
wialawdulunsndndassiugasiaiaiheie mawdsussgidedlinaadulemelinnudiusilag
ssuupsnmsanuiussang 10° Torr Wumsiieanfiautazeamitumieiosiign deiladamdilsdina
Wssglilioutinmsmumiugala awsmsumumﬁ.,ma'luasgmmﬂu,amm'sﬂﬂ 4.15 Tneduangnyinly
samuaumﬂmaam‘umvmuuuasmﬁlmmmmum wmmnuuammnuﬂwavaumam:ﬁumEJLLW‘i'lﬂLﬂaawu
wukdn Flwidussaiifionuqedouuudunn msrsuauemmunvedanziyaziimwdiniusiy
nszualnfhdsmuaulneunasinensvadlnih Tnemsiiiuty

P &
JU# 4.15 nssvunsssiglugnannis (Evaporation)

yaansyudlWiwivansinisindauusiy (Deposition rate) Qﬁvumuluﬁ'w uRGsdfvesssuLMInantiAe
dumsenlunsmuguammuresitdudtunseuaunisai Vsl was ULSH wlildnseuaunsitiiosnn
nssUumsssvElugganmAb sl usiuTaE (v) seamagiuasinlihussugnanau
iidietelasszuuiaelinssudlnigmnn segiivszua 10 Amp %‘aawﬁa‘lﬁ;ﬁﬂa"umﬂﬂviaﬁﬂﬁﬂ'ﬁ“m"m“lﬁ Tng
Tawzwmmsas'wuuaﬂn'szuemmmmiw:mamamwmuﬂumaﬂnsmuuq Fennianifvedlansiinrasasd
ARG

T giauduvu (Contact resistance) fifnsvdatlunsuunaimuasiianmiulevuiianouuns
{Ohmic contact)
" ayunindedie (Reliability) 1y IJJVI’IUQF}‘SEJ'WI’NLﬂuﬂUﬂ’ﬁElU'] s pruantFRalinEouwuasy
Aalansilorgnisldannnu
" Fasenansaviimsana (Photo etching) 18 wazldatnashauta Lazauden
v oot e w o & o € . . ) s T o wrad
" GasbaRnniuthvestudtneulnesnied (Sioddliasnde suitreadeuifuaialavsainaeuenlan
" jis1Angn wavarusoadelalaedne
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4.17 Tassadaeanniia¥iiy
isvhmsaeandsnszrunsaigudlilasdidnnseinduissanalne Taadiunssuiumsaig
Fueawmeluladdulimsou lngldWanndunssuumsahunsspuniadstuissmalng gunsaliiasals
autumsuAsIgUELIaNandlaiegUi 4.16 Mnguilun i uuuressunsal Tnsassiuanans
sgfiflousnuuueunsy 1w ved wasuehduaasy edsansvinmsianuaniBlfhuussgiduazson
5U4.17 uamsgunsaiuoammiiusgiadmieuiisgiluinanautimalriuasnanevaussauusivgn

ol

T

Fl-e&h Yipl FAR 54 t— YL S

' 2 o 2 2+
U 4.16 amdeveeduunrataUnsaiuparinfiainauaiauds

U 4.17 gunselfivssyiadanTeuldam
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unhn 5
NSNAADILAZHANITNAADY

W

_ Tuunilsznaniinmeseuasnanimeneionmn lnensinmediiniinmeaaewonduassdiu

win druusnAenisirassuuusne TCAD Aldlugnamnsnitulasdidnmselinduasdndiumieiansin
ananTRINgUNsEiTia 19ty msdrasuuuiifednumanniiugu WenaseunaziFsuifivufunanis
naaesadafiothlugnalnmsvinuvesgunsal dumsingunsaisiirenstududnmsdiehluufoadu
gunsaivieidinnuaesadedulumuasigruimansiuliadisls wazmsdisasuuuibiumsdaglunis
genwuudessiu viaifuuwinsesnuuugunsaldmiumamsisduaunivdn

5.1msAnulAseaIsudEnAaN YA MUY

'l:umi‘wﬂaaa‘iﬂum'a'ﬁnmﬂmauﬁ’ﬁnaamwmmsgmiﬂamiﬁhamLmuuﬁaLﬂumwmaanqﬁuamﬁﬁ
veaimiiawy uasdunsveaeulnnafldtunmsaeswunlunanisaiy lnswisvowedvnd
yanmsinwReinswEs L aamnyainaly mmsmmm‘lﬁﬁ’agﬂﬁ 5.1 MntugUlaseadnlseneuisduves
(5) drunn(G) dnunsu(D) uazdugusowieduanmignBeniued(@) Tnuunfudiduveauasusiasse
Winefuuazazedindiy wilulassasniisasliveauazusagauastwounmisiiiifenauiaszmisly
msl¥anuluntsnsraduaunawsivgn wiednalsiauniseenuuumiiibifinala gfumsvinureasay

U 5.1 lassadnuaawniildlunsfinm

rawsInTsiaswuulpsaeaiuansldfigUd 5.2 U7 5.2 dunsminaaninsuuasazuseiures
uaaLHn 'mngﬂLtﬁm'{,ﬁtﬁun'ﬁﬁ'mwamaawlw'lu'&'mn‘s::ualﬁﬁuﬁa(non—saturation region) LAYINNTEUA
st (saturation region) Frmsvhedlidusinseransy 1o 3wuUTmuASIRasURUYDE Vos Way
UIIFAANAUYDA Vs dnwasnimasiiniaudu drumsvneniutidui nssamsuIrtufuLswuAnAY
goawituaglituiuussdmasuiused dnvaresinsMesiuuTu Sannranmssiaetuuiunstiugu
Tunaeawiviaanseldmildodugnipwmmdnvmsveneammily
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<
03 —a— Vgs=1V /-””
0.25 —8— Vgs=2V

22 —6—Vgs=3V /e,’-—/——e——“‘
£ —o— Vgs=4V
[IxH)

—X%—Vps=5V

ui]

Vrls (V)

U 5.2 nymipaaniRnszuanasussdureaduneanilininnsdasuuy

52 musqnumusaa (substrate bias voltage) wuﬂaml,mmumwu (Threshold voltage)

Luaa'{nnuaatwwwmmsﬂnmumaumsﬂsvaﬂﬂﬂumsmmwammmmaﬂmuﬂfnumtﬂumvmaa
WAusaiuszmingwseiureaiiasinaderussiulnGusslisdoumias Avy Tnsunfudausedu
grussainauBumsbiusafunduiianiesisesalukes (reverse bias) axfinavilsirnuseduinGugud
aums  winsussendldruasaduauuaimdniuadilisnesdovihiRanssuaiugusesiiGonia
nszuaduamsniiRaslimussugusodtuiiamlutesluiunivineiiniluses (forward bias) Feasd
eyl wdnduanawmnuauns  sesiislumsnusdugiusesinssuaduansiiined
ussdudnduuandafogy 5.3 Taedussuiiveaiinndugud Ausuiasuasuansriidduuaniliia
ASEUAATURTISIAUTNL Ry UAYNSTULASUAASVHILF I R ANdadummassaansausnssua
WillAwunyay Wadeai Naﬂaqms{haamwuﬁwLmﬁu%m‘%uﬁ'uFiﬂLL%ﬁﬁ'umusamﬁm‘lﬁﬁ’ﬁﬂﬁ 5.4 3Uf
5.4 Humswasnsewinenfiasaresinsiansy Y NUSWLAN Ve T A R
w.flmﬁmﬁnms:s'xu'l.umsmﬂ'mﬂmwmﬁu dususuTntmnisannsrensmsniaeenssua
WsUGALA X fiF Ves Ariildfaruseiudacu asdanarigunsalitsdillassadraduduueain fr
usmumﬂﬁmuumlﬂummn Uit 5.5 Lﬂum'swaammu:saﬂwummn’umusmumu'sammmaq avmm’m
FAussumusesliduiutuusitaent 0.6 i sussiuiaGuiidnanasiesy widedidnduuin usiien
wssuguseunnnd 0.6 hav sussiuiaduesiiruduauiliearmivhouuudusudunimeandy
Wumsauuuuinddulmm sinnrmasdanadividirusiugusedimunnnirudasionssuaduas
milvadunglinnanssuaunsuieusussiuiacy mslfrueamnasaduaumindnioanmsli
\AnFnseuaduamsmity
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Yo > V1

|D| lt]} sub ]{sub
G
] [

N+

" P-Sub

U 5.3 2vsmsluusaeamvdmiunsasisduanuuimvin

<
—
i<
Lt
e
th

Ve (V)

0 0.2 0.4 0.6 0.8 1

Vis (V)
5U 5.5 AUsiulinisuiiAusaiugIusesaneg

5.3 MsAnEunNy (MAGFET) Aran1sidnaaduuy

TumeuiiiswhmsAnuusnmnialulaeillaseadedagud 5.6 mngulasesaaininesiidnuas
adoadfuneamvusazuansanseidaunsurauunvariigasdiutenfussnanesTeiiliunnom
Trssadiheiifidedenimoamnuuunanasu (split drain MOSFET) HENSADUANBEULLILUENLER
‘lﬂmsﬂw 56 Tﬂamna'mw-nﬂamm’mumnmwaqnsuLtamsumam Alp WL aduAvaNILvERTn
n's'lwﬂzuauunmsﬂauaumamuunman'luiﬂ 5.7 L'flumﬂﬂﬂmﬁuumﬁ\lmmnaﬂnsmw
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-
g h
- ¢
’ N
e R
n* ¢

PSub__ L

U 5.6 lassadnauamniuuneniasy (split drain MOSFET)

31] 5.7 NaRaUauRauLLlMANTe LU LY

TumssrasamuuifieAnyilasaaunnswinsdasauuiasaidlugy 5.5 lnenamshassuuuildgn
uanslilugy 5.8 Mnuaiildasuandiiivinddnvnzuasmmdniusindenaiunedldongunsaledeugy
5.7 Inoraneuausansmiiiusodaiududutummduauauivgn asddildsuansreiumse
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Simulation of MOSFET as Horizontal Magnetic MOSFET (MAGFET)
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Abstract—This work proposes the regular long channel
MOSFET structure used a5 magnetic MOSFET (MOSFET
that can detect mingnetic feld) in parallel direction (y-axis).
The structure is regular MOSFET that has drain, gate, soarce
and substrate (hody). The mechanism of device is Hall effect in
corrent mode  between chanmel MOSFET  currest  and
substrate current in x-axis direction. The dimensions of
channel MOSFET are 20 pm wide and 20 pm long. The
chaoncl and substrate correnis are balance adjusied in the

me values 2t0.5, 1 and 1.5 mA. From the simulation resulis

y TCAD sentzurus, the relative sensitivity of device is 0.01 T
in ¥ and —y direction, respectively. It can be used as magnetic
semsor for one dimension in paraile] ficld.

Keywords-TCAD; MAGFET: MOSFET: kall effect: pn
Junction

I.  INTRODUCTION

The magnelic 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
wransistor, bipolar transistor and field effcct transisior. The
bipolar magnetic sensor is well-known as magnetotransistor
that has steucture like pnp or npn transistor [1]. The field
effect transistor or MAGFET is a kind of magnetic'sensor
that has split-drain MOSFET strucrure whick 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 magnelo transistor.

MAGFET generally has dual drain or split-drain that sink
carriess injected from the source, The Lorentz’s force from
magnetic field cross the current act npon the carriers in the
inversion layer causes the imbalance drain current refated 10
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 circuit [6]. The complementary struciure 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 rcgular
MOSFET to use as magnetic MOSFET or MAGFET. The
basic four terminals are fidly used as MAGFET warminals,

978-1-5000-4858-8/17/531.00 ©2017 IEEE -

Amporn Poyai
Thai Microeicetronies Center,
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e-mail: Ampom . poyai‘@inectec.or.th

The Lorentz's force is the main mechanism for paraliel
magnetic ficld detcction. The split drain MAGFET is tested
before we siudy the conventional MOSFET by sentaurus
TCAD simulation, Sentaurus TCAD is an efliciency tool for
microclecironic process. semiconductor devices and varies
related physical energy study |7, #].

A. Split Drain MAGFET

The split drain MAGFET is a MOSFET that drain is split
in two regions DI and D? as shown in Fig. 1. The device
operales as normal MOSFET device by pate-substrate
biasing and drain cwmrent flow from drain-sonrce voltage,
The venical magnetic fiedd induce Lorentz’s force
perpendicular  to  inversion  layer produces a  current
imbalance Afp=Ip;-Ip; between the tvo drains. The constant
curent source should be biased for keeping the constant total
drains current Jp, to avoid the modulation effect from
magnelic field. The geometry of device is related to the
outpul. The refative sensitivity is defined as the drain current
difference per magnetic ficld density per biasing current,

BASIC THEORY

S=4ly/inB )

N oo

Pigure 1, Svructure of split drain MOSFET.

where B is magnetic field density. The characteristic Af-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 lincar relation, it is in basic theory that is always
developed for get rid of some nonlinear factors in practical



devices. It can eperate both in saturation and non-saturation
mode. The application is so widely such as discrete deviee
and circuit system.

By (T}

Figure 2 Al-B charactenistic of splu drain MOSFET | 10].

B, MOSFET

MOSFET is well known the most importance basic
element in electronics. In integrated. MOSRFET is the main
element for circuil design. Complementary MOS or CMOS
is famous for low power consumption in cunsumer
cleetronics. MOSFET has 4 basic werminals that are drain,
gate, source and substratey Normally. if the opportunity is
given, the source and substrate are conmceted together for no
threshold voltage shift 4Vy 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 1o 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 ¥y effect is

O' 2eccNa
avp= -2 = TR GEIYD 5 @

where Q5 charge density under gate between source and
drain, oy is uxide capacitance density. A, is acceptor
substrate concentration of NMOS, 2¢,, is potential
difference between p type and n type semiconductor. From
Equation (1), we define

_ e,

Cox 3

where y is defined as the bady effect cocfficient. Equation (2}
may then be written as

A= y{‘/ZQn, + Vg -,,‘Zﬂ_rp 4)

This study will usc substrate terminal as a regular device
terminal. The substrate will be biased in forward bias for
required substrate current a3 pn junction cument for
magnetic detection MOSFET.

C. TCAD sentaurus
TCAD sentaurus program is the well-known commercial
program for process simulation {7]}. There are model for

magnelic simulation. The current density with magnetic field
density model used for this study is explain as

70

dy g it e B g, + B B 1)
4 (uBY
wherea = n or p.j" = carmier cument density. g, = current
vector without mobifity, g = the 1lall mobility. & = the
magnetic induction vecior and B = the mapnitede of this
veelor.
v [II. EXPERIMENT
The experiment Tor simulation is divided in two parts.
The first part i3 for characteristic of device and the second
part is for magnetic response of device. The split drain
MAGFET is tested before for the mapnetic measurement 1o
confirm the accuracy of the simulation model.

A Device Structure

N

PSUB erd oo el | "
Figure 3. The device structure of conventional MOSFET that use as
MAGFET
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Figure4, Biasing circuit for N-MGOSFET used as MAGFET,

‘The device structure is shown in Fig. 4. The strueture is
simple MOSFET that has drain gate source and substrate. 1n
order 1o facilitale the detection of the magnetic ficld, the
drain is next to the substrate and the source is the epposite
side. In otha words, this device is a conventional MOSFET
device that switches drain and the source itself. All parts are
placed in line in X direction. The dimensions of gate is 20
pum Jong (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 is the same as MOSFET that split drain with the
gap between drain 1 pm.

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

gate is biased grater than ¥ for induced channel. The drain
source Vps is bias as usual MOSFET for drain curmrent. The




substrate and source is biased in forward direction for
substrate current, The resister Ry 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.

V. RESULTS AND DHSCUSSION

En this section. we will discuss the results obumined from
the experiments by simulstion. 1t is divided into three pans.
in the first part. the properties of the MOSFET used in this
study by the MOSFET characteristics and threshold vollage
including the effect ol subswate bias are discussed, The
second part is the test of magnetic model of TCAD sentavrus
by testing with the split-drain MAGFET structure. The fast
part is studicd the magnetic responses of MOSFET device.

A Pevive Characteristic

n3s
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Figure 5 1V Charsciersstic of N-MOSFET used as MAGFET
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Figuee 6. Forward substrate bias clfect of N-MOSFET used 2s MAGFET.

- The MOSFET device structure that we have studied here
is shown in Fig. 3. The channel length £ and width # are
the same in 20 par. The current-voltage characteristic from
simulation is shown in Fig. 5. It shows the typical nchannel
enhancement mode MOSFET. The threshold voltage and
substrate bias effect b}'JIT-; — V;plot 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 Fry is

F1]

reduced with the fonvard substrate bias. The Vo is reduced
unti} the forward voltage 0.6 volt and become ncgative
value when the forward voliage more than 0.6 volt. Tt shows
that the MOSFET changes from enhancernent mode to
depiction mode. The forward substrate bias effect can be
explained by equation (4).

H
= —t—a——o__
0

AN AT

o oy 0.8 ]

0.4‘.1' ‘\.]0.0
Figure 7 Vih fthroshold vohage) and V.. tforwazd substrate biash plot

B. Split Drain MAGFET

H
H
%
:

i agneuc fickd m z-direction

U]

{c)Magnetic field in —z-direction

of current di when applied magnetic ficld
of split drain MAGFET.

Figure 8

the simulalion of mageetic response is tested via
MAGFET structure. The structure of device is shown in Fig.



1. The device is biased as regutar MOSFET in enhancement
moede with the equal both drain corrents, The magnetic field
which is applied perpendicular to the carrent or device
surface is defined as z direction, The 2 direclion i3 magnetic
ficld from substrate to serfoce and —2 is opposite direction.
The curment 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 (<) are the case of applied
magnetic field in z and -z, respectively. The current density
is not svmmetry and bend to the direction of Laurenzt’s
lorce. The result of drain cument difference Af; and
mapnetic licld density B is shown in Fig. 9. 1 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, 1t proves the model that we use is
preliminary enough for magnetic sindy.

40
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Figure @ Simulation resulis of magnetic response of split drain MAGFET

. MOSFET used as MAGFET

The MOSFET used in this study has structure shown in
Fig.3. It is normal MOSFET that has drain, gate. source and
substrate or body. In generally. it is designed substrate
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 delined as the region near substrate
and source is angther side one,.

The MAGFET is designed split-drain structure for two
balance currents for deviation mechanism from induced
Lorentz’s furce. The two currents is need for Hatl current
mode MAGFET. MOSFET that we used can give anather
current exciuding channel cuwrrent by forward substrate
current of p-n junction. The source injects electrons pass
through n channel to drain and injects etectrons pass through
butk to subsirate chmic contact region. The two currents arc
in the same amount and direction in x direction. That is the
reason that why drain js defined as the region next to
stbstrate,

Figure 10 is the current density distribution of MOSFET
that receives bias in Fig. 4. It shows the injected electron
currents from source to drain and substrate. The ™wo

currents are adjusted in halunce by Rpand Ry, for 0.5 1 and
1.5 mA. Figure 104a) shows the clectron cumrent density
when no magactic fickd is applied. The channel current ol
MQSFET and bulk subsitate curmrent from p-n junclion arc
the same. Figure 10 £b) amd () 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 subswrate current (Ispg) is less than
channgl drain eurrent {Ip). It can be observed the yellow
shade color in butk 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 subsirate current when the magnetic
field is applied in —y dircetion. ft is observed that the yellow
shade color of substrate is tess than in the case of no
magnetic field in Fig. 10{a). The plot of difference current
between channel drain current and substrate current (Al=]-
Isp)y versus magnetic field density is-shown in Fig. 11. It
shows the lincarly relation zlong the measurement range.
The refutive sensitivitics from equation (1) are 0.01 T, The
sensitivilics are constant in cach biased current. I showys the
syminetry detlection between induced channel cument by
fictd effect and p-n junction current.

a

{2) No magnetic tield

{c)Magnelic Nicld in —Y direction
Figure ED. Simutation of cument densey disinbution when applied
magnetic field m paraflciof N-MOSFET used as MAGFET,

OfSmA
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Figure 11. Simulalion of magn 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



currents from source 1o drmin by chanaet and from source 1o,

substrate by injection in bulk from biasing circuit. Figure
12{a} is the case of no magnetic ficld that wo currents arc
equat. Figure 12(bj is the case of applied magnetic field iny
direction. The Lorenzt’s force acts upon clectrons o the
surface that causes the channel drain current is preater than
substrate current. Figure 12{e) is the case of apphed
magnetic field in —y direction. The Lorentz’s force acts
upen electrons into the bottom so the substrate current is
greater than chanrel drain current. The deflection between
channel current and bulk curremt mechanisms does freely
without any obstruction.

‘o> ¥y

{2) No magneus liehd

V> Vi Yo Yas
c Io /’ Ry L f R
v v

SR aAacAanall = D B

(b)Magnetic ficld i ¥ dircction

Ve ¥y Yo Veur

{c) Magnetic field in =¥ direction
Figure 12. Mechanism of MOSFET for horizontal magnetic detection.

V. CoNCLUSION

This puper 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.
Thiz substrate contact region is next to drain, atl of them are
placed in line. It is biased for drain current by gate voltage

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 horzontal
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 te channcl, The simulation results show that it can
usc as horizontal MAGFET.
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Abstract—The MOSFET used a5 magnetic field sensor is
presented. It is a conventional structure that has a souree, a gate,
a drain and a substrate or body terminal fabricated by standard
CMOS process. It detects the horizontal y-direction magnetic
field in parallel and perpendicular to currents. The device is
piased for channel current and substrate current. The
mechanism s Hall effect in current mode, The induced ELoreatz's
force deflects currents between drain current and substrate
forward current cause output diffcrential current. The relation
show lincarly dependence between magnetic ficld density: and
output differential current. The relative sensitivity is depending
an amaeunt of bias currents.

Keywords—MOSFET; substrate current; Lorent2’s  force:
magnetic sensor; current mode

I INTRODUCTION

MOSFET that detect magnetic field so called MAGFET
usually has split drain structure. It detects magnetic vertical
field perpendicular to deviee surface. The mechanism is
deflection carriers of inversion layer from induced Lorentz’s
torce which cause the imbalance between drain current related
10 magnetic field inmtensity [1]. The magnetic response
characteristics usually show linearly dependence [2, 3]. The
analyzed models were proposed in 2D and 3D [4, 3]. Recently,
the introduction of MOSFET 1o detect magnetic field was
proposed by simuilation [6]. Lt was the conventional structure
that has drain, gate, source and substrate. The detected
magnetic field is in parallel with device.

I this study, we proposed the MOSFET used as paraliel
magnetic field sensor by measurement. The device was
designed and fabricated by standard CMOS process. The
biasing for drain and substrate current were applied. The
current-vollage characteristics and magnetic responses were
measured, TCAD simulation with the same dimenston and
process  condition of real device is also swudied for
confirmation, The mechanism was proposed for result
explanation.

1. DEVICE STRLCTURE. FABRICATION AND SIMULATION

A MOSFET

The conventional MOSFET structure is shown in Fig. 1. It
has four terminais. drain (D). gate {(G). source ($) and substrate

NNX-N-NXNK-XNER-XUNN SN 0 C20NN IEFE

Toempong.phi@kmitLac.th

PSub

Fig. 1. Structure of convennonai MOSFET struciure.

(B). Normally. source and substrate are closed and connecled
together for avoiding threshold shift from substrate bias effect.
For magnetic application, drain and substrate are placedin the
same side of gate for controlling the same current direction
and source is placedin ancther side of gate.The source is
injected electron current to drain by gate biased voltage and to
substrate by forward biased between source and substrate.

8. Device Fabrication ;

The N-MOSFET is fabricated by standard 0.8.um CMOS
process. The substrate is p type with the concentration
4x10"cm’. Drain and source are N doped by phosphorus and
arsenic with the concentration 107" cm™. The gate dimensions
are 20 pm wide and £.2 pm long. The gate oxide thickness is
17 nm. Fig. 2 shows mask panern and top view
photornicrograph of [abricated device. There is a difference
from Fig. | that (he substrate contact is not behind drain region
as shown in Fig.] but it is near drain pad which is far from
drain. However, drain and substrate contact are in the same
side of zate and source is in another side. It is enough for
magnetic application.

{a) Mask paitern tht Phatemicrograph

Fiz 2 Fop view of N-MOSFET



C. TCAD Simulation

The commercial program for process simulation TCAD
sentaurus]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

e At

wherea isw# or p,J_ is carrier current density, 3, is current
veetor without mobility, g is the Hall mobility, Bis the
magnetic induction vector and B is the magnitude of vector.

L.

There are three pans of experiment. First, current-voltage
charactenistics of NMOS arc investigated. Sccond, magnetic
responses are measured. Finally, the magnelic responses are
simulated by TCAD sentaurus.

EXPERIMENT AND RESULTS

A, ¥V Characieristic

The curreni-voltage characteristics from the measurement
are shown in Fig. 3. It shows the regular N-MOSFET. Then it
will be taken to test magnetic responses.

Vo= |

Sey el

Ly iy

Ao IV

= -

Vo iV

Fig 3 Cument-voltage charereristies o N-MOSFET,

8. Biusing Circuit for Magnetic Response

Rp Iln Ry ilmﬁ
- -

Fig 4 Hasing errewil of N-MOSFEY for magnetie mcdsureiment

The biasing circuit for magnetic measurement is showa in
Fig.4. The constam curremt source is used for conwrofled the
ameunt of cuwrent to avoid the magnetic modulation effect.
The drain and substrate currents combine with a constant
current /.. [t means that the drain corrent increases, the
substrate current must decrease and the same on the contrary.
The differential current comes from deflection current by
Loremz’s force.

C.  Magnetic Characteristic

The magnetic response is shown in Fig. 5. The constant
current is biased at 1, 2 and 3 mA. The output is the
differential current deviated from the initial condition that no
magnetic field is applied. The response shows the linearly
relation between magnetic field "density and differential
current. The relative sensitivities {4148} are 0.0072, 0.0168
and 0.02 T at 1, 2 and 3 mA, respectively,

-n

Al gy

\lagactic fleld (Taslay

Fig. 3. Magnetic respanse characteristic of N-MOSFET

D, Simulution

The conditions for simulation are the same dimension and
concentration as mention before. However, it is not the real
device condition exactly because in the real fabrication
process, some paramieters during the process are varied. The
preliminary simulation result wants 10 confirm the mechanism
and the relation of magnetic field and response. Fig. & shows
the magnetic responses of device at the current 1, 2 and 3 mA.
They shows the linearly relation with the relative sensitivities
are 0.0071, 8.0152 and 0.02 T at the current 1. 2 and 3mA,
respectivelv. ) .

The current density disteibution is shown in Fig. 7. Fig.
Ta) is the case of no magnetic field. The initial condition is
drain curremt greater than substratg current. When magnetic
ficld is applied in ¥ direction, the substrate cumenl [.4
increases and channel drain current 7, decreases as shown in
Fig. 7(b). On the other hand, when the magnetic field is
applied in —y direction, the current density of channel drain
current [, increases and substrate cuwrrent [ decreases as
shown in Fig. 7(c).The tolal current. drain cumrent plus
substrale current are kepi constant ({;,+£.u=4,) all time,

e —— - sy s iy

wEma  imA | ; |
*imA g
LAmA

el e s aa
Mlsgocne Field 1 Testal

Muunetse response chancteristic of N-MOSEFET by siswhbnon



{a) No magnetic field

{b) Magnetic field in y direction

tc) Magnetic field in -y direction

Fig. 7. Current density distribution of N-MOSFET by stmulation,

= i
RS E
by 4

.

(b} Magnetic field in ¥ direction

Fiz. 8. Model of N-MOSFET for horizontzl magnctic detection.

V. DISCuSsioN

From the measurcment and simulation results, we introduce
model for explanation. Fig. 8 shows the proposed model for
device mechanism. Fig.8(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 etectron via channel 1o
drain. The subsirate current is biased by electron injection from
source to substrate, Normally. the two currems should be
adjusted equally but naturally they are some difference so there
are some offset voliages between drain and body. In this study,
we measure the current difference 4/ from the initial condition
of no magnetic field. The constant cusrent source is important
for constant keeping the amount of current. It means that the
increasing current of one side come from the another side. The
drain and substrate current combination is constant ail time.

Fig.8(b) is the device when magnetic field is applicd in ¥
direction. The magnetic field (B) crosses the conventional
current in -x direction and induces Lorentz’s force in 2
direction. The electron from substrate current is force by
Lorentz’s force to upper surtace. The electron substrate cusrent
deflects o the channel and drain current is increased by 442,
At the same time, the electron substrate current is reduced by
A¥/2. The total difterential cumment is 4/, Increasing bias current
{drain current and substrate cument) and/or magnetic field
density, the amount of deflected current is increased and
differential current 47 i5 also increased.

Fig.8(c) is the device when magnetic tield is applied in-y
direction. The magnetic ticld (B) crosses the conventional
current in —x direction and induces Lorentz’s force in -z
direciion. The electron cument of drain current is forced by
Lorentz’s force lawer to the bubk substrate. The electron drain
current deflects to substrate and substrate current is increased
by 4172, At the same time.'the electron drain current is reduced
by Af2. The total differentials current is 4/, 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 47 s alsw increased.

V.  CONCLUSION

The application of MOSFET for magnetic field sensing is
proposed. The structure is conventional MOSFET struciure
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
source. The device is current mode of operation biased by
constant current source {or two currents. drain and substrae
currents. The drain current is the channel current of MOSFET
and substrate curent is from the p-n junction between
substrate and source in forward direction. The mechanism is
induced Lorentz’s force lrom horizomal magnelic held
deflects current between drain and substrate current which
cause differential current 47f related 10 magnetic field density
and divection. The sensitivity depends on amount of bias
current.
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