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Abstract

This project presents the new design which contributes to
magnetoresistance effect on Hall plate structure. The new design on Hall
plate is designed with rectangular aluminum ring surrounding on Hall plate.
A new design creates zero Hall voltage area which the carriers move and
deflect freely. It is easier design than the classical series resistance on Hall
plate because the distance of aluminum space affects to magnetoresistance.
This thesis also presents the parameters which contribute to
magnetoresistance on Hall plate structure such as material type, doping
concentration and temperature. Parameters which are used in this
experiment are silicon and gallium arsenide at doping concentration 2x1014
cm-3, 2x1015 cm-3 and 2x1016 cm-3 at temperature 200, 250 and 300K
with Sentaurus TCAD program for simulation. The new design has the
percentage of magnetoresistance effect more than the classical series
resistance on Hall plate when it is designed with high mobility material, low
doping concentration and low temperature. Ones have changed the most
up to 2883.724% or 906.265% more than classical series resistance when
they are made of GaAs at 2x1014 cm-3 doping concentration, 200K.
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2. AnwinseenuuukaznszuuNasnIglusinsunsaesiuy TCAD
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GRRGINGY
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e
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N3vieuse TCAD
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wwrAnlunsdasinsesnuuuialinuIngnsaiuunileasdaunuvivulasadeeaduuy
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nantanalulag TCAD - 1Upefunazn1sanandnisyinauseluswnsy TCAD Tums

sonuuulassademldlunsvnass
P
UNA 4 NISVAADILALHANSNAADY

Han1snaassUsngmsaluuniilasBauaurivulassaingeadinanuasusingnisel
wunilln3daunusivslassadraniseynsudraudunusanuulassadeeoadinanuas
Tassaauuulmiliramuegiidensudviendonsovsoadinan  sauieussgndld
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aal a %
“r’li]‘lfi{]"y’ll;ﬂﬂ'ﬁlﬂ\i

Wuiwesusindn (Magnetic Sensor) Wudsussivganansfasihiuyudadtuam
wWeldlunisasrataauuusingn lngdandnnisvihauanysingniseivaisagnedieiu
\Wu Usingnisaleead (Hall Effect) Usingnisalanuduviuusdivén (Magnetoresistive
Effect) 3o Unngmselunnila3aunust 1fudu SsmasavaneBitiuan usngnisaisead
LLa%‘Ui’mgﬂﬂitﬁLLuﬂﬁIﬂ‘%%ﬂLLG]UVI"Lﬁﬁ’uJ’]‘I‘BIUWIEJ‘UﬁﬁQ‘luﬁWUﬂ’]iﬁﬂ‘l:}’]L‘%Elué' srudiadn
vannsuesgeadunldaiisgunssivareviinu Aduasa (Keyboards), uwuniilafines
(Magnetometers), @ulwasinsses (displacement sensors) sauBwuNUANGUYES

(magnetic sensors) A9 wnsnedufu

2.1 nanmsusingnisalgead (Hall Effect)

B
N |
z M X
NG > |
t"(S

d a Cll o o el
U7 2.1 mafnunngnisslseadluasisinheiiagy

a ¢ a v [20) = ¢
msfinusingmsalgeadaninsnaduslilasldsun 2.1 Fwansgunsaleeadinay
& @ o _a o v P Vo
Tuansfainheiiaduiinnuniie w 812 wasmn ¢ Weseadwanlduaulnih £, Tu
firme +x agviliAnilusenszvihiuussgwive Yagluasfeinhsladunmezdiunnnie
a g & o a & o P a v & & o o 1
dlanasoudeiiuseylniiau BldnnseursirdouniuuuniwviseanusAmidedaianin
“ATINTNA” (Drift velocity: V) Tnefifienmssthufvaunulniifefirau x wasnns
indeunivesdiinaseudaduseqluiduavasiliiAnnssualnih 1, Ivalufiemanseduiu

A d =y <4 N =1 =Y = .7 r =y A
narasunNvesdifnnseuy isenneinszudlwinlralufiamaienfusuiidvesauinladia e
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TWauuusivdn 8 lufirnie+z uasaeainfuiienieveenseud L, wulnezdusinsgiinge
WnLAnTy Fausefinsyyidenmetiondn “ussanisud (Lorentz  Force: F)” ¥l
a a o ) ] ' a | v '

Sdnaseuianisilssunlumuinveusiugeadinaniumafia +y @UNNAIUTUBIUHY
goaaiwavlufianns -y ssiausyglwihelinnsesiuiudnuianilsdenfe Taathole) Filay
liAnaunlnidugasenin aunsliheead £, G +y auliiigeadaeinlviig

o v a o o Ya o s o o 3 [y
wsslihnsevihiudidnesewilidinaseugnudnlunieiia -y isuseaelsudaunanuls
3 o Va o o dﬂl o [l a Y] o

naulnfirgead wiliBidnnseuedeuiluiinne +x WuAulalddnsideauuns
\AouTvesdldnasausn  Wavinisinusessiuneinudnevesuiugaasaiwaniudia y aenu

LY L2 du d! (v [3 v :l
wSIAUBaaa(V,) Tu Fausenusaaamlnanaunsy 2.1
VH = RHIXBZ/t (21)

R, AeduUsavSenad (Hall constant) 2naun1sh 2.1 aewiudnussiugeadaziusnnduiy

ANUNUNVDILHUTDAA L NAN

P ' v i ag & a =1 o g 2 a ¢ ad
Gﬂ']ﬂvma'nﬂau‘wuquqqaLaﬂﬁiaUﬁQNU§3QLﬂuaUﬂﬁlﬂﬂauﬂﬂqUﬂqqﬂliqﬂi‘NWLﬂaﬂwqqu\j
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-

'3 o Vs ' [ [ Vean a o o < =
gaaa LWﬁ‘WLNﬂIﬂ‘S‘UaU']lILLlI wianasylieLanmsoUinNISLEAUUDRINITIABLTUDY (Fp) @4

¢ Y |
LL’Nﬁ’eJL‘i‘lJ‘W’]IﬂﬁﬂﬂﬂiJﬂ'l’iVl 2.2

F, = —q yxBy (2.2)
<4 g a ¢ o a
vy A8 ANUSINTHIRBE v TERmEluRiAMNg X

Sidnaseusrgnileauuieussaelsud lufianie +y TUnesudnsveunugoadinan

) a < a o a & & S o & o e P
AIUNANNY -y ﬂ%3Lﬂﬂwqwgﬂ53Qaﬂ‘du@ﬂuqsﬁﬂﬂﬂaiﬁﬂ a\‘iu%ai’lx‘iaumhﬂlﬁ’laaaaﬂm 51

L]

¢ o « 0§ o a a 1l ] a
auﬂmlw“ﬂﬁaaaaam nanuy LI BLIUY SWW‘LVIWW‘W%Lﬂﬂ aumu*n AN Lﬂiﬂ:ﬂ EJhJEJ NNV UUBN

aullninseadluvmeimldanaunsy 2.3
EH = vaZ (2.3)

ANUAULUUNTEUE [y AD Jx = nquy (2.4)

1 a < a -19 «
n Ao AnuvunuluvesBidnaseu g fe Usyqlndhvesdidnnsey = -1.6x10 gasuy

v & o ¢ |
AIUUNNANNTTN 2.3 ey 2.4 au’]lllqu']ﬁaaa Ey 8U@nimudlnITv 2.5

Ey = —JB,/nq (2.5)



Auviaestaaunte w fazld
Eyw = —JywtB,/nqt (2.6)

fatuLsRugRanIzle Vy = —IxB,/nqt @.7)

o = P o ) o [y a 4 '3 a
WelSeuiisuaunisi 2.7 fuaumsi 2.1 asliduussdvienad(Ry,) veedlannsounu
dunnsh 2.8

Ry (electrons) = —1/nq (2.8)

a £ [

o Vo YY) YY) o
PNAUNSA 2.8 Aeifiuindulszinieead (B,) asuwlswnduiuamnududuszpouaisiie
. . o At a a . « a4 o o
(Doping  concentration) aaumaﬁmamqmsqmwmngm‘smaaaaﬂlumsmmmfwﬁ
1 a & Qs o a . a:] Y
wnmitulans Bldnaseuluansissniuiiabu (h-type semiconductor) ONLUBUUMIENA

H [9] d ° ] [ (A J -]
yaanuuiwan - wansluguil 2.2(n) shlvgussdugeadniidnduau leafdunmeiluin
o o ] & o o « d & ] 9/ Y]
Anvllanildluansiaiit ussasisud Fusslssqnaveiilduuinigulaassnsednunulsey

o P~ o w & & o a
wmsfuay Fedhuvedlaasuaniagluguin 2.2(v) wserugeadtuansneiivliad (p-type

)

semiconductor) danduuan

?» ?_

LA R R AR R R e I N [ T T

@ R R I
B g
: $+

(n) : ()

< o a = 1
U7 2.2 msdsauuwes (n) Bidnaseu () Tea luseadimanduduraanauuuiminlu

AN z

= Y a o | 4 < [ a
mngﬂw 2.2 wmsmatﬁﬂmaumeﬂaaLuaLﬂaauwﬁ'sawa"uaaaumLLaJman%mﬂms

,22] ' o &, ¢
LEAZNITYUAIULIIVDININEISA ﬂaQLUUﬁ]UEJ

") P . - a [21
FUNULANNE (lattice) ¥oaLABUANTLAD
a o v 1 a
wazazAdsUNemIisBnATnenavasauulii lufienie x  wasussasisud £, Tu

= ] L Qs = n( a! o o a o =) d
NANN y m‘m‘uamJssawﬁaaaa”lua'ﬁmmuwuﬂwazumvﬂumnmuaum‘sw 2.9



Ry (holes) = +1/pq

(2.9)

[V a £ o & o o da w o a a a
ﬂ']ilﬂu']f;]qaﬂﬂi&:’ﬁ'ﬂﬁﬁaaaluﬁ'ﬁﬂqC‘nu'ﬁ’]WlﬁJﬂ'JUagmaﬂaqiLQaﬂlUﬂwLLagﬁﬂuﬂLsu

' v v Y P Vo o &4 o o 4 a a a a 4o 2y
EJEJ'NL‘UN‘Uuﬂ’lu’liﬂﬂﬂﬂ‘a’mVlna’nm LLﬂaqﬂiuaqiﬂquJuq'ﬂLﬂua'ﬁﬂuﬂauwiu‘ﬁﬂlﬁalﬂiu

i & a 5| v [ | o
auﬁlﬁJLLNLﬂgﬂwqﬂgﬂigﬂw_qaaQ'UuﬂﬂgLUUQLUUIUW”NW']‘U“U'N“UQQLLNuaaaéLwa‘ﬂ LD

aumlmlﬁﬁaaaﬁau@aﬁuLLiaaaLiueﬁa}sﬁ'}’lﬁnisualwa’luﬁﬂmqLﬁuiﬂalzjﬁnm.ﬁauuuﬁn 9

< A
aulwiheeadlufidng y uansmuaunisi 2.10
EH = Ey = Usz
d a adg o o v 8 a ¢ . .
Watlauulvihsidnaseundeuimeanusinsny (Orift velocity)

Vx = —HnEx

o - 1 o a o A
N Hp ﬂaﬂqqﬂﬂaa\?m"]‘uaqaLﬁﬂﬂi@u‘lj\jﬂﬂqlﬂuuqn

dusuanumuiidunseualufinme y agla

Jny = qnuyE,
NAUNST 2.10 - 2,11 151RENUN Jny = —qnu2B,E,
dwsuloavsle Joy = +qpuiB.Ex

Qo Q.l 1 Q‘.’l o A
ﬁ"miUﬂ’J"m“VIU"lLLuuﬂi%LLﬁﬂﬂWNﬂluﬂﬂﬂN y wanaluaun1sn 2.15

Jy = q(np, +pp) Ey

P " w < Y
MNFUNTTN 2.15 LINUNAUINTYDIFUNITN 2.13 N 2.14

q(np, + pup) E, = —Q(nu%_pug) B,E,

v & o
fatiuauin Ey WLANINWEUNTN 2.17

E, = (‘Pllf;—nllyzl) B,E,/(pp + nityn)

(2.10)

(2.11)

(2.12)

(2.13)

(2.14)

(2.15)

(2.16)

(2.17)
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nautiiisead E, = Ry.B, (2.18)
WAZAUMUIMUUNTEUE Je = q(npg +puy) Ey (2.19)

o] [ = £ <o s & o o a o oa
NANNITN 2.17, 2.18 wag 2.19 dUUseantanaad v uaIsnInIuIgunIugALanInNIu

aumiﬁ 2.20

Ry = (pij —npd)/ q(pip + npn)? (2.20)
dwsutanuliadu (n>>p) Fulsedvisgead Ry = —1/nq (2.21)
dmiutanuiia (p>>n) Hisyavisgead Ry = 1/pq (2.22)

. o o s L edviy v o 4w o da
3Lﬁu’3'ﬂ:uauﬂ'ﬁ‘ﬂ 2.21 uay 2.22 auﬂi&:’aﬂﬁﬁ@aaﬂlﬂQSF’]aqUﬂUﬂim‘Luaqiﬂ\ﬁﬁfJquLﬁu
) - a o P ' v o o w
ﬂ'lU@gmauaqiLﬂa‘ljuﬂwLLaS‘UUﬂLéuaEJ']\?L‘UQJ‘UHG]']QJﬂQJﬂ'\iV] 2.8 kag 2.9 piuanuy

[ a £ <o [ &4 o o a a a LY 5|
AUUTEENTIRRREVTUATNIMIUIDUNSUBALEAINIANNITA 2.23

Ry = (l'lp - “n)/niqulp + 1y) (2.23)

o s v 4 1 [ a £ € s 8/ 8/
E‘U‘Vl 23 LL'ﬁﬂ\‘iﬂ’JWNHNWHﬁi&:’WﬂQﬂNUiSﬂ‘Wﬁﬁ@ﬁaﬂUﬂQWNL‘UN‘UUBSQGQJﬂ”ﬁL%S

a

. - d! A 0 Aa = = = ‘!! A ‘ﬁ.
(Doping concentration) luansiwninddasurlinduniuda (n;) JuUdeunasainaisna

£ ¢

LY ] a o & @ o Y 1w o ed a P
ithilafiduansisinhedadu anguiseznuadussniseadidugudnuinuasis
@ o a o J nndy o P> | 1 (Y] a [y <

mhedai e nluddd (mobility) fuanssiuresdidnaseuivles uagangun 2.3

v oG 1 =i Y o v o 8 Vas a £ cola £ v 9]
LLﬂﬂQ‘L‘WL‘Wu'J']‘Lu‘V]ﬂ'J']QJL‘UusﬂuasmaﬂaqﬁmauaEJ"'JSﬂqlﬂauﬂﬁgaﬂﬁﬁaaﬂﬂuﬂ'\qqmu‘lﬂ

- ~ L. ) i
S 1.0x10
p - lype e n-type
&
S
-3

- L05x10" .
__/\ Carrier concentration (n/n;)

1000

c' s =Y -{ L2 d! s o a = =
JUN 2.3 dulseancgennuasansnImIuIaunIuTn (n;)
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!
adda °

Unngnisaiseaadaduitnfdmhininmanuuwiveemive, siavemiveuas

ANNAAUDINIVElAaNAIE

INAUNTT Jx = pquy %39 vy = ;% (2.24)
uazauwlniheead Ey =E, = LB./pq (2.25)
i L - — =Ry (2.26)

JxBz pq

a4 o o o ' v [ ' o & o
ﬁ]']ﬂz'u 2.1 Lua'ﬂ'\ﬂ'ﬁ?ﬂLLi\‘lﬂuaaﬁéigﬂﬁqq\‘l‘uaUﬂ'\u‘U'N‘UENLLNuaaaﬁLWﬁﬂIu'ﬂﬂ'ﬂqﬁ y oY

b= (% ¢ o L% A ' 1 8/ 1.4 L} &4 o o
IﬂEJ Vy ABLIINUED8A ‘mL‘fluLLi\‘lﬂuWMﬂﬂiauismwmu‘U’lwadLL‘VNﬂ’]‘iﬂdmm
1 I Vi o [N
TAgMSUNUAELNNSNTEWE [, = — uay Ey = ;V@ adluaunsi 2.26 vl
Vy Vyt 1

-wt VD! Ry = = — (2.28)
wiB, 1B, rq

H

o 1 o
NAUNITN 2.28 ANUKUN LLuu‘Ua\ﬂﬁaﬂa

= P = —— = (2.29)
P=Po qRy qtVy
[ - wit V wt
waganmenumulni Ao p=R— =+ (2.30)
X
Tag R Aaaaudumulnivauwvisans (aviu)
1 1 . v,
UATAINANMS p = = = — Asuazliin
o pqup
1 1
= —— = =-Ry (2.31)
ppq P
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NANNT 2.29, 2.30 waw 231 Weiuiiniveaslsngnisaivesgaadyinlils
anunsatar nsimesfiddyresuisasiadnild Aoanunuiniuresnav, anIw
aun Ul wazanmaaesvewvelallusened

wonaniudranaums 2.31 Tnensiaaduussanienad (Ry) wazanwiumu
(p) MgrumniiAsneagyhlifisnanunsafmmmAEnWARDY (1,) WasAIAUVLILINYES
wiviggamniionag %aﬁ’fagaﬁﬁﬂw‘[wﬂmn‘iumﬁmswzﬁﬂmauﬁﬁﬁuﬂmaaaﬂiﬁaﬁ’aﬁﬂ

Tuvhusadieatu lunsdiftansiaithaiiadu Auseugead (Ry) edidmsedmiy
nsfivesansieiniiefidelieifuau) fo Ry = —1/ng lesawisussfugead (V) o
famsetufunsdlvesasyiaf fefidnfuaudie fadu nsTausaiuvesgeadiiliis
asavsviavesanshsthidurindunierlstnse

auzfinnnnalilunisneuauss (Sensitivity: S) fi Wudnsduseninauseiuasad

fovilaiiensynanazaunuuivén feanunsamleseaunisaatul
g Vu _RuG_ G (2.32)

P & a Y o Y o
lae?l G Ao Wisimeslaseadne (geometry factor) Gamlaannaunisi 2.33

V-t

= — (2.33)
RylxB;

o o v o o ¢ P
1NFNUNIIN 2.32 ﬁ]gLV]u‘lﬂ'ﬂ ﬂ']ﬂ'ﬂleJSLUﬂ'ﬁﬁﬂ'Uﬂu@\jﬂguﬂqgﬂLﬂJE]aaaaLWﬁﬂﬂJﬂ’J’]ﬂJ

' 46 a v & 4 a = : 4 @ o o
RULUUUDININEIAN EJ\‘ivL‘Uﬂ’J']‘Ll‘LJLfLI’e]W’\]Wiiﬁﬁﬂﬂ?ﬂlﬂﬁﬁﬁﬂﬁiuuﬂﬂﬂ'ﬁﬂ\‘iﬁ'J‘L!’]‘U\‘iL‘ldJ‘LINa‘UEN

< af Vol a o 0o vV a
NMITIUINABTVR £, wae E, Falildiieanemsalumuuny +x Woewinussasisugvinlmn

|
=2 o

< Y = da & a 1 ‘,
NSIUBAVUVDINIVSTWIYN By NUKNU +x Tu 6y MARTUITEN “yugoaa” (Hall

angle) 1oy

(2.34)

Ey
tan Gy = T
X

1 J 'B dl 13
Tngmsunudr  E, == uaz J, =0 E, aduaumsai 2.34 a¢lan
pq
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B
Y39 tan Gy = ——=pq-Up ;z;= Wy B, (2.35)
Sathuagld Z
) pq '
ED i, =0"Ry (2.36)

P=3 d 1 v a‘l’ Ve a a a u‘;
IUﬂ'ﬁ'lLﬂ'i']ﬁz’ﬁ‘V]ﬂa'nN']LLﬂ']u IN“LQWQ']SN']Nasﬂa\jﬂqiﬂuﬂu’ua\jwq‘ﬂgﬂULLa‘V]ﬁa MNUU

o v ves 1 v o " @ a g o a Y Y
ﬂﬁ%lﬂﬁ]ﬂlugﬂmaduﬂ ﬂqaﬂﬂigaﬂﬁsﬂaqaaaaﬂluﬂifﬁﬂqﬂ%q'ﬁm']ﬂ'ﬁ“UUﬂustE]\'iW']wyﬂULLa‘V]ﬁa

Ry, a@snsauaasaunsauduiuslalag

3

Ry = ?RH =1.18R, (2.37)
" tang, 3
oy tangzézyp,Bz =pu,.B, W Uy = i =_7r/1p
8 B, 8
Fatfuaylein g =ty =118, (2.38)

A L. 1 U QU K
We iy Ae Aman waunaasinvesgsas (Hall mobility)

WaE Ly A AaMwALARDdfasad lunIERMIaNMIBURUTaINVEiuLaniia

ada [ LY b=d

Tunsalffansuinissuiuvenvsiuesneuaside (lonized impurity scattering)

aunsomAduysevissadlunsdiiansanmstuiuiureanmeiuasnauaIsilia R,, wand

Iaaaunisil (2.39)

3157
Ry =>F R =193R (2.39)
Hi 512 H H
uas 1, = 3511-52’1 i, =193, (2.40)

We 4y Ao AdamALAaegead lunsiifinnsannsyuiuveInmeiUDEnauaIsIae

wag 4, fie A1 Mobility vedlaa
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2.2 \Wuwasudmdnuuulaseadszeadinan (Hallplate sensor)

[ I3 ] 121 v ('3 [ ' Q 1 I d Q
Wueswiwdnuuulasiadneeadivan 1 UNgUNIalnTI9d VAN LLIIMENNDIAY
@ ¢ ° ) ¢ ¢ v =i
wanmMeUTINgNseivegeadluninau ImaanwmwaqqﬂnsmaaaammmLLam\ﬂ.mmgﬂ‘w
a’ I 1 ¢ @ € --1! Q ) a I3 Ad
2.4 FUaNIASIAS 19U DN UTIA AT ULYDIVDIA5NIAUNUUALOU (n-substrate) NUIUN
AMUNAILYINRY w ANENIWNfU { wazmuRuTeLHuEeadiiniu t lagusenauniedd
1491 4 32me C1, C2, S1 uay 2 Wisldnseualwiisewina C1 fiu C2 wazauuusivén
5 v a [ a‘:; [~ 1 Q A ) 1 [v]
aeaInfufianienszuasUsngusenugeadduluausiunanAsau e ST nu S2

') P {20]
Iﬂﬂaquqiﬂwaﬂﬁ]qﬂau NN 2.41

Ry GI-Bz
St

Vi (2.41)
o Y a £ ¢ - a v &
Tnefl Ry Foduusydvdeead G Aowimfiweslassaine t AeAmnununvesgunsnisend B,

A9 AUMUNLULAUI LA N AN ILLNAY

o Q. a £ L3 q! W 0 a a a
L'LlEN‘\]']ﬂall‘LJ382‘11’]5‘1]8\‘1ﬁ’e)ﬁ’sﬂﬂi}ﬂﬂim’s‘ﬂiﬂ\‘leUWW‘i]'ﬁmTi]']ﬂ‘WE]GIﬂiﬁJ‘UEN‘W']ﬂ%’»ﬂE]
a = a 4 da '
idnmseunariea Fdunsilgunsalseadididnasoumnnnitleanng (n > p) aUN30UHAS

AUNTTUSIPUTDAA AT

™GB, (2.42)

V:
H7q

Tl 17, fim WisnTilmesnsnseidd (scattering parameter)

INAUNTST 2.41 wag 2.42 wandliiuimiineslasadn G asiinnuduiusiv

Y o a v [ o
Llﬁ\‘lﬂua@aé IﬂUWWWiWNLﬁaﬂﬂidai’N G mmiﬂﬂizmmlﬂmﬂmm‘i‘ﬂ 2.43
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G{l—exp(—%.i O )Hl—zi O } (2.43)

w tané, 7w tan6,

Tngluniseenuuugunsalseadasimunliien G =1 Famsiimeslassadrsasiirfundld
froonuuuld 1/w = 3uaz s/w <1 Tassundsestasumefazeenuuufisves 1 veq
mmgmgsadinay Tuligtuiuesudminuuugunsaisoadannsautsliiuassuiinfe
geadiduireivlauuifuazuuiuoy fudsmunuanusalunsnsaeduauuusiongn
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$ransuuuiildlunisuadel] Tusunsu Sentaurus TCAD (Technology CAD) Aalusunsa
wilafildneufinnoilunissrassnisiin Welaurdunsursuiunisadrandeimuda
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3.1 unih TCAD

N1591889019911978 TCAD  anthualdduag1anitewinddagianisfuauniu
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a ) ¢ . o 2 a
gramnssuiineufnAes (semiconductor Industry) teandrlddreuasiinaialunis

v o a o/
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JUADUNTEUIUNISATI (process  simulation) WaEATITINADINITYINNIUMNEIVDINUM

gunsefanshaini (device simulation) Fsazldnannfeneazienniieg sely

3.1.1 N1591889UUUNIZUIUNFETN (process simulation)

TuN1531889LUUNTEUIUNTAS1UTENDUABTURDUANNY LU etching, deposition,
. P ° a Y
ion implantation, thermal annealing and oxidation szmL‘ﬂumimaaqLLuumaquuﬁug'm

Po3aun13n1AAnd ludiuvesnisdiasanuunszuiunisad1aag uLLHUEIUTDS 19U
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lunmsdaswuuigunsalisiinoudaineidaluiasgnadrsdiunazimunieyly
voulwn Wy usedulvimsenssualndnduiu msdrassuuudigunsallu TCAD 1
widgmaunsatequinanefiisatasiunissiassuuy 1wu aunistages (Poisson
equation), aun1sAuseLinwamvz (carrier continuity equation) LLasaum'sSuf]

W v 1 M v o
RAIVINATELNTFUNITINRIU NaﬂadﬂisLLa‘lWﬁWﬁ‘lﬂ%gnLLaﬂ\‘iaaﬂuﬂugﬂw 3.3

0.0001

Drain Current (A/um)

I 1 1 T T I T T 1 T L

0 ofs 1
Drain Voltage (V)

JUR 3.3 uampuantiniiiiimesmsdiassiuunsvinauresiagunsalansisiah

U

3.2 Tusunsun1sdassiuu TCAD

TWsunsumIshansuuu TCAD qeildulsznautass og 7 dusiail

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

1 QU A 1 1 o
Sentaurus Workbench 1ulusinsudiunaniisiusinaiusnaglulisunsunisdnass
174 v LY 1 o &/ [29]
Wuu TCAD winlisheduidu n13d1asauuunszuiun1saine (Sentaurus Process)” , NS
2 &, . [30] = a [ v
$raseiuusigunsed (Sentaurus Device)  wazia3osdiotumsdinsest (Inspect) 1Uusiu 1ng

Vi ¥ o o | a I
TUsunsu Sentaurus Workbench mamdlwﬂ’umwumtazLﬂaauuﬂmmwwimmaww‘]
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[ [} a 3 vV &2 [ b s a‘A I3 L 5 I3
waINMIMuuansaiumnasilumsasigunsainadaauysal Aeantunag
v 1 ° wa aa ' a A Iy ) o o ¢ o
L‘mq"l,uaau‘ummsmwuquuauumWNWanémqmﬁawmnumsmamLLU'umqunszu Falu
ﬁauﬁ%ag’l,udau%m Sentaurus Device @49gna1anasaiy

3.2.4 Sentaurus Device

Sentaurus Device AaN15daeauuuAnantinIiands19 wWunauTAnisluii
(electrical), AIwdou  (thermal) wiouas (optical) Tudaunsoiiwiineudinimes  Gelu
QmauffﬁmaﬂLwdﬂﬁ'«asﬂsmauﬁaEﬂumamﬂﬁnémqqmnmaﬁmmmmﬁ%ﬂmﬂ‘ﬁﬁ’uﬁa
gunsal wilnoudnmaiuisquantinigiifsatesiuanimieulalunisdrassuuy
Sentaurus  Device Sagnldlumsuszifiumigunssiuaziernandnlalunisiauve
gunseiivelvigunsaineldnnasifsnevinenldafian ddludiu Sentaurus  Device 9z
Ussnaudediufdawnequnning wu
3.24.1 File
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 sufiumsrmunlnddunn uaziewing Aldlumshasimsvihau wu
File {
* Input Files

Grid = "nmos_msh.tdr"

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

Tudauves Input  Files audulndilandannisadte Sentaurus  Structure
Editor 1@5audn vy gﬂs'wwaqﬁaqﬂnigﬂﬁ'«asﬂimaulﬂﬁaEJ‘uu"mLLasi’aaﬁIEﬂumsa%ﬁaﬁ's
gunIal, Anududusznouaiside, Anwagnisiay, Auvisemthdudalvin uazvuinves
MIuUen3a (grid) wewa (mesh) eldlumseuam uagludiu Output Files RazuUsznay
udedeyasaqiifoanmsudmn Sentaurus Device silumsiaiouda Sdludiondwmivani

€ 1

aa oy v [ v ! L3 3
fagdsznousmelumamaiidndanegitldanmsmuaauds wu wd Current Aagdsenauly
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3.2.4.3 Physics

Tughuwea Physics asiuduamameid@ndsinaqiililunisiassnsvhauazgn
o ] dv d! o ] o a [ ! A A U 3
rnvssnialiludiuil Feiregrsveslinaniaiidnd 1y lunaiiferfuaninadoses
WM (carrier mobility . model), MsiAnuagnssui lniveswivg (band-gap narrowing
¢ . . . v o W )
model), mslosaludifissinmsau (impact ionization model) 1usiu Feghaluinanie

Handizu
Physics {
Mobility( DopingDep HighFieldSat )

}

= . P 1 ] v v &
99 DopingDep MUNEEN NMIANITBIANTWAADITEININEG LUBINANULVNIUDEABUANTLAD
. . o a o . R o a |
HighFieldSat wu8nd ANMISDURIvBINE (velocity saturation) Luaag”[uummwﬁ
aunulundings

3.2.4.4 Plot

¥
<¢ a o

Tudau Plot LﬂuﬁauﬁLiﬁl‘ﬁ'ﬁﬁw%’uqmiLﬂﬁauLLﬂawi'Nqﬁﬁmwmmnmmsaﬁ’ﬁaaa
Tuduves Sentaurus Device ta%a Tnewsanunsafiaeimusludelisndosnsnsuld wu
AMURUILUUNSELAYRIBIAnnTaunSalaa, Andlnin, aunului, W8%, Anuivoamve
e anududuanside Dudu Famswdeuudasingiildsdunmavasuulamdainns
sfiunslugiures Sentaurus Device idSaudadagnifulilulndiandyaludiuves File 7

nan A lunsudu dednagreludiuves Plot Wi

Plot {

eDensity hDensity eCurrent hCurrent
Potential SpaceCharge ElectricField
eMobility hMobility eVelocity hVelocity

Doping DonorConcentration AcceptorConcentration
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3.2.6 Inspect

a d a a a = aklyo o v M v ° °
Inspect Aaiasosilodnyllavilsilddmiunandayaiildarnnisdasamsvhaulugy
28N xy (x-y data) 19U USinamnuvuwiumsuns, Usinaunseualniy, useaulwi

) a Y} =) 1 |
yasgunsalidinoudanes UM 3.11 wanwiinludves Inspect

|—!a!alcumm,,mm =

76 Bigia Vepety o it

< v )
5UR 3.11 waamthanludaues Inspect

vy v
a o

TnglurAdeguilisldlusunsunssasuuy TCAD  Tudrurasmsdiassuuum
punsallunsiieseinuantindwihiiednuusingnmsaluunfleidausurivulaseaing
goadwanLuuA 1wy Usngmssiuunillsdfaunuvivulasiaiieeeadinan, n1seaniuy
iesynsuanufunusmuilasadeeeadinan wasmssenuuulasairsuuuinllag
Tiaunuegiiieuzudinasudenseveseadinan sudemsiinunisiinesiddiudae

o T o 1% d 1 aa cda
atfuayuusingnsalunilrdfaunuiliiidefiduinsudsunlasiunnilgaununig

L4
I3 2

a t:‘ P=3 a o LY d’l 2 ’ a
Fuiie Tnewsiwesmisldlumsdnulinerdnwusadull loun vlinvesgiuses, AN

b

b= a ° ¥ P ] s a v 1
LUHVUDEABDUATTLAD UASYUNN IﬂEJ‘LLIﬂ'ﬁﬁ]']aE‘NLLUULT{L‘U'Jﬂﬁ]]V]LLWﬂﬁ]'Nﬂu 2 FUA ‘LﬂLLﬂ

aa o o] v v a4 ) o 14 -3
PYAADU LAY LLﬂaLaEJNE‘J']L‘Uluﬁ'ﬂﬂ?']llL‘Ull‘lluagmalla']iLQaWLLmﬂmqﬁﬂUﬂa 2x10 cm o,

15 -3 16 -3 [ i o P 1 1 [
2x107 cm  wag 2x10  ¢m LLa3‘VI'1ﬂ']i‘l/l']ﬂ']LLNﬂﬁIG\%‘ﬁﬂLLWUﬁﬂm@UﬂuaﬂmaﬂU’mLLQJWiaﬂ

Tug9gaumgil 200, 250 wag 300 LAay
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TCAD
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Aluminum depth=0.5 pm '
____r—j:}f_ym
T

« L=400 pm————
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o v ¢ : 1 9 a o 4 d Y
U7 3.21 Taseadrevesseadimanuuulndlasnisidasuninegliflonjudimasudeuseu

U

geannalaelssesvinseniegiiieniunihdudalvi 10 lulasiuns

Tudaufiisnaziinisdrassuvulaseadsuuulnilagnisldruniuegiiiisugy
o a v ¢ v ° = o °
AvasudaNsavasadmanmslUsinNsUN15I1a09LUU TCAD  1asts139¥nn1591a09uuy
v ¢ o a v
Taseasgeadinaniilainuenn 400 tulaswes, Anundne 100 lulasiunsuazvun 1
4 ° Y a o d 4 I ¢ aa
lulasiuns ntuagyimsadvsmuegiideuguaivasudenseugeaninaniilaiugm
380 lulastuns, Anundne 100 tulasums waedn 0.5 lulaswas  Taen1afut19voiny
(3 ) b7 5 d] d] 1 Q. LY 1 =l [7)
gaadinaniunnny y ynsadetainiifedeusetuusenulnihainnaeusniguaeiiu
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a4 v 13 o % : ¢ <
dimdeudouseugeadinan Ls1azyinisadrsuiugeadinanidniiuend 400 lulasuas,

b2 .7 A
A1unde 100 lulaswssuazvun 1 lalaswes dwandlugun 3.12
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=
dindeuiousaugoadinan

o vunruinveuiugeadiwaniasauda isneevhmsainainatgegiiiliouuvuy
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3.3.4 pstvuslumansi@ndiieitas

Tumssrassuuulmeaveit@ndildlunissassuuunsvhnuiiednwiusingnisel
wunfiln3aunuvivulassadeseadinan s19gvinmssnassuuuluieanai@ndsneg 13l
d7Uv09 Sentaurus  Device Wy lunaannAanueswivie 1aglu Sentaurus Device
Usznaudelumailfsfuan mAgosuesninzannang 19y aniwadosueewnetilonin
samgiiuazanudutussaeudaiside anwadesrsmmeuinusesdudavesiinoula
sonled TuusauwuLua (channel) Yasusdinn aninadstvaswveiilasainnsvuiv
WY LLasmsamawaqanTwﬂéawaquﬂummsﬁﬁamulwﬁwqa Tuwmaiifieadeefiu
gamall uavauuwindndudu leglunisdrassuuudmivldlunsdassuuvaninades

° ° o d ) a v v Aa ) '
VDININE Liqﬂgynﬂqi"ﬂqaaﬂLLUUWLﬂEJ'JﬂquViQNLLa:ﬁﬂrJqﬂJLﬂuﬂquﬁs‘ﬂNNaﬁaaﬂqWﬂaaQ

Vo o . . [30 o s A
yaawme Tnois1agldds Mobility(DopingDependence)™” Tneddsiivediauntsaldluns

F1aDILUUAY

P Leonst— Hmin2 Ha
_ o exp(— N ) (3.1)
Hdop = Hmin1 p( Nmt) 1+(Neot/Cr)* 1+(Cs/Nyor)P

T

)¢ (3.2)

log Heonst= HL (

< a o d o i
A1519% 3.1 wanswsiimesiulunaiifesiuanInAaoIuaInIve

Symbol | Electrons Holes Unit
Wy, 1417 470.5 e’ /s
4 2.5 2.2 1
Womint 52.2 44.9 e Vs
Hminz 52.2 0 /s
Hy 43.4 29.0 cm/Vs
P, 0 923x10"° | cm”
C, 968x10° | 223x10" | cm’
Cs 334x10° | 6.10x10° | cm®
a 0.68 0.719 1
B 2.0 2.0 1
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3.4 winiweinildwdeaiuayuusngmsaluunilai@suauilagnisdrassiuy
TCAD

o 1 ' v X aa - ' a o aw
fsnanieunhiiumngmssiuunillasaunuiausaitedediszozddndlo

agludoulafmnzan dahuludniliniaimsfimesinqu viavesgiuses, mu
\dudusznoumsidonasgamal Inglunmsdrasauvuisldianiunnretu 2 viln ldun
ameu (Silicon) uasunadeuenglud (Galium arsenide) Wnnstiusheeanedalitu
induiirudiduunndnaiuio 2x10 cm™ 2x10” em” wag 2x10™ cm” wagneaes?
gaungil 200, 250 Uag 300 LAaIY Tnevhmssassiuumsfinosiuis 3 Tassaiade Tass
a¥1sseadinan, mssynsumAnIiumusuulasaseadnan waslaseaiauudlnl
dhaumueglidlousudivasudonseuseadinan TnglunisshasuuuiiAsafusiinges
gFrusoLazaududuesnouasiaaunsodiasdludiuues  Sentaurus  Structure
Editor dhdunisdraesmsvianuludnuresgumgll sannsadiasdudiues Sentaurus

Device @sludrulusunsunissnasuuvaziandudiunanunvedineninus
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fldudvaduayuusingmsaluunilesfauaui  1oud vlinvestan, Anududussnon
1930 wavgumifiaunuuimindaus 0-3 aan (Tesla) Mmsdransmshenldlaseadng
gaadiwantaduiiaiiueny 400 lulasiung, Anunine 100 lulasiunsuagvun 1
Tulasiuns fauuulvndndminfunssuatasssunuuesgeadinailuiionis z Tneluns
$1a09m3ruaTidussiulni 1 Taad Selaseadedmiuldlunismaaeuiiedn
LiJa%L%uﬁmiLﬂaEJuLLiJaaﬂ'wLLunﬁIﬁ%aLmuﬁLLamﬁagﬂw 4.1

w100 pm
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Ex ® 8; 1V 1
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|
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T
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° vo o " W a Yy 1| aa . a 4
Taglunsdrasauuy lTaniunnsieiu 2 vllaldun Faaou(Silicon) wasunaidsuenylud

e . o ¢ ¢ o ' Aa ) o
(Gallium arsenide) Falasifuinisilasuntasauunillndawausivilaainaunisy 4.1

AR R(H)— R(H=0
%MR(H)=%?= (;(H=(0) )

x100% (4.1)

v oY o ¢ o 1
Ty R(H) fe Arusumuitalwiweswhgunsel (v/1) fiaunuwsividn H

ninildinwnmsiassuunngmssiuunilaidauauivulaswaiisgeadinay
nagms e fitidutisatiuayulsingmsaluunillasdaunusiudlududeluaginig
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aunlvifhseadtudniadadunsesnuuulasadnefireudnegiendudeu andeidansseu
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Si (solid) + O, (Gas) > Si0, (Solid) (5.1)

5.2.2 N1598NBATURUUTY (Wet oxidation)
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{iviee (300K)

AnaniRvhlY Fanou wosthudley | wnadieuany
(Si) (Ge) Tugl (GaAs)
vwinezmey 28.09 72.59 144.63
1avoEnol, Z 14 32
AUV, : /e’ 2.33 5.33 5.32
ANVILLILBEABY,  cm’ 5.10x10% 4.42x10% 4.4x10”
dnuiglaseairawdn Diamond Diamond Zincblende
yavanumad, : °C 1415 937 1238
ARsiLanita, a : nm. 0.543 0.565 0.563
Amrsladidnnse, €, 117 16.0 13.1
ANUNTYDIININEIY, E, : eV, 1.12 0.66 1.42
A1 electron affinity, . : eV. 4.01 4.13 4.07
ANNAGDIVBIDIENATOY, U, : 1350 3900 8500
cmZ/V-sec
anndesveslea, cm /V-sec 480 1900 400
masfimsunsaesdidnasey, 34.6 93 13
D, sz/ sec
Aasfimsunsaadea, D, : cm’/ sec 12.3 48.7 80
AILLILEUYSUSR, n  cm” 1.5x10"° 2.4x10" 1.8x10°
AV YEaUE LU W, 2.8x10" 1.0x10" 4.7x10"
Ne:cm”
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AMANUIN V.
TUsunsuanaaauuyu TCAD
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Vavun 3 Taseaine iedunsarausingnmssiwunilesfaunuyiiiintu fe lassadwgeadinan, N3
' v Y] a o d 4 Y
ayATNAIANNAUMUTINUUlASETRTeadNan waznsldimuegliillenudivaeudensey

geadiwan lneusazlasaineasiidiulseneu oy 2 i ldun 1. mssenuuugusteshgunsel

[ apa L4 A v -
(Sentaurus Structure Editor) 2. mimwuﬂiumamq%naﬁmmmaq (Sentaurus Device)

1. n’liaanLLuugﬂi’Nﬁ'ﬁqﬂniﬂi (Sentaurus Structure Editor)

1.1 TWsunsudnasuuulassaireoeadinan
;Device configurations

(define | 400)

(define w 100)

(define t 1)

;Doping profiles
(define impurity "PhosphorusActiveConcentration”)
(define dopingconcentration 2e15)

;Grids and refinement
define grd_x_max 5)
define grd x_min (/ grd_x_max 2))
define grd_y max 5)
define grd_y min (/ grd_y max 2))
define grd_z max 5)

~~ o~ o~ o~~~ o~

define grd_z_min (/ ¢rd_z_max 2))

;Overlap behaviour
(sdegeo:set-default-boolean "ABA")

;Device geometry

(sdegeo:create-rectangle(position 0 0 0) (position L w t) "Silicon" "substrate")
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;Contacts

(sdegeo:define-contact-set "contactA" 4 (color:rgb 1 0 0) "##")
(sdegeo:define-contact-set "contactB" 4 (color:rgb 0 1 0) "##")
(sdegeo:set-current-contact-set "contactA")

(sdegeo:set-contact-faces (find-face-id (position 0 50 0.5)) "contactA")
(sdegeo:set-current-contact-set "contactB")

(sdegeo:set-contact-faces (find-face-id (position 400 50 0.5)))) "contact8")

;Doping profiles

(sdedr:define-constant-profile "profile.magnetoresistance” impurity dopingconcentration)

(sdedr:define-constant-profile-region "Place.magnetoresistance” "profile.magnetoresistance'

"substrate")

;mesh

(sdedr:define-refinement-size "RefDef 1" grd x max grd y max grd_z max grd_x_min
grd_y_min grd_z_min )

(sdedr:define-refinement-region "RefPlace_1" "RefDef 1" "substrate” )
(sdedr:define-refinement-function "RefDef 1" "DopingConcentration” "MaxTransDiff" 1)

;grid
(sde:build-mesh "mesh" "-d " "/home/tcad/Documents/PrateepTCAD /magnetoresistance")

1.2 Tusunsudrassuuuniseynsuauiumusanuulassaiseadinan

;Device configurations
(define | 400)

(define w 100)
(define t 1)

;Doping profiles
(define impurity "PhosphorusActiveConcentration")
(define dopingconcentration 2e15)

;Grids and refinement
(define grd_x_max 5)
(define grd_x_min (/ grd_x_max 2))
(define grd y max 5)
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(define grd_y min {/ grd_y max 2))
(define grd_z_max 5)
(define grd z_min (/ erd_z_max 2))

;Overlap behaviour
(sdegeo:set-default-boolean "ABA")

;Device geometry
(sdegeo:create-cuboid (position 0 0 0) (position | w t) "Silicon" "substrate”)
(sdegeo:create-cuboid (position 9.75 0 0.5) (position 10.25 100 1.0) "Aluminum" "A")
(position 19.75 0 0.5) (position 20.25 100 1.0) “Alurninum” "B")
(sdegeo:create-cuboid (position 29.75 0 0.5) (position 30.25 100 1.0) "Aluminum" "C")
(sdegeo:create-cuboid (position 39.75 0 0.5) (position 40.25 100 1.0) "Aluminum” "D")
(sdegeo:create-cuboid (position 49.75 0 0.5) (position 50.25 100 1.0) "Aluminum” "E"
)
)
)

(sdegeo:create-cuboid

)( )
(sdegeo:create-cuboid (position 59.75 0 0.5) (position 60.25 100 1.0) "Aluminum” "F")
(sdegeo:create-cuboid (position 69.75 0 0.5) (position 70.25 100 1.0) "Aluminum” "G")
(sdegeo:create-cuboid (position 79.75 0 0.5) (position 80.25 100 1.0) "Aluminum” "H")
(sdegeo:create-cuboid (position 89.75 0 0.5) (position 90.25 100 1.0) "Aluminum” *I")
(sdegeo:create-cuboid (position 99.75 0 0.5) (position 100.25 100 1.0) "Alurninum® "J*)

(position 109.75 0 0.5) (position 110.25 100 1.0) "Aluminum” "K")
(sdegeo:create-cuboid (position 119.75 0 0.5) (position 120.25 100 1.0) "Aluminum” "L")
(sdegeo:create-cuboid (position 129.75 0 0.5) (position 130.25 100 1.0) "Aluminum” "M")
(sdegeo:create-cuboid (position 139.75 0 0.5) (position 140.25 100 1.0) "Aluminum” "N")
(sdegeo:create-cuboid (position 149.75 0 0.5) (position 150.25 100 1.0) "Aluminum® "0")
(sdegeo:create-cuboid (position 159.75 0 0.5) (position 160.25 100 1.0) "Aluminum” "P")
)

)
)
(sdegeo:create-cuboid (position 169.75 0 0.5) (position 170.25 100 1.0) "Aluminum” "Q")
)
)

(sdegeo:create-cuboid

(
(

( (
( (

(sdegeo:create-cuboid (position 179.75 0 0.5) (position 180.25 100 1.0) "Aluminum” "R")
(sdegeo:create-cuboid (position 189.75 0 0.5) (position 190.25 100 1.0) "Aluminum” "AA")

(position 199.75 0 0.5) (position 200.25 100 1.0) "Aluminum” "BB")
(sdegeo:create-cuboid (position 209.75 0 0.5) (position 210.25 100 1.0) "Aluminum” "CC")
(sdegeo:create-cuboid (position 219.75 0 0.5) (position 220.25 100 1.0) "Aluminum” "DD")
(sdegeo:create-cuboid (position 229.75 0 0.5) (position 230.25 100 1.0) "Aluminum’” "EE")
(sdegeo:create-cuboid (position 239.75 0 0.5) (position 240.25 100 1.0) "Aluminum’ "FF")
" (sdegeo:create-cuboid (position 249.75 0 0.5) (position 250.25 100 1.0) "Aluminum® "GG")
position 259.75 0 0.5) (position 260.25 100 1.0) "Aluminum” "HH")
( position 269.75 0 0.5) (position 270.25 100 1.0) "Aluminum” "I1")
(sdegeo:create-cuboid (position 279.75 0 0.5) (position 280.25 100 1.0) "Aluminum” "JJ")
( ) (

sdegeo:create-cuboid (position 289.75 0 0.5) (position 290.25 100 1.0) "Aluminum” "KK")

(sdegeo:create-cuboid

)
)

(sdegeo:create-cuboid
sdegeo:create-cuboid

(
(
(
(
(
(
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(sdegeo:create-cuboid (position 299.75 0 0.5)
(sdegeo:create-cuboid (position 309.75 0 0.5)
(sdegeo:create-cuboid (position 319.75 0 0.5)
sdegeo:create-cuboid (position 329.75 0 0.5)
position 339.75 0 0.5)
position 349.75 0 0.5)
)
)
)
)

position 300.25 100 1.0) "Aluminum" "LL")
position 310.25 100 1.0) "Aluminum” "MM")
position 320.25 100 1.0) "Aluminum” "NN")
position 330.25 100 1.0) "Aluminum" "0Q")
position 340.25 100 1.0) "Aluminum" "PP")
position 350.25 100 1.0) "Aluminum” "QQ")
position 360.25 100 1.0) "Aluminum" "RR")
position 370.25 100 1.0) "Aluminum" "X")
position 380.25 100 1.0) "Aluminum" "Y")
position 390.25 100 1.0) "Aluminum” "Z")

sdegeo:create-cuboid
sdegeo:create-cuboid
position 359.75 0 0.5
position 369.75 0 0.5
position 379.75 0 0.5
position 389.75 0 0.5

sdegeo:create-cuboid

(
(
(
(sdegeo:create-cuboid
(
(sdegeo:create-cuboid
(

P T T Uy
N~ o~ o~ o~ =

sdegeo:create-cuboid

;contacts

(sdegeo:define-contact-set "contactA" 4 (color:rgb 1 0 0) "##")
(sdegeo:define-contact-set "contactB" 4 (color:rgb 0 1 0) "##")
(sdegeo:set-current-contact-set "contactA")

(sdegeo:set-contact-faces (find-face-id (position 0 50 0.5)) "contactA")
(sdegeo:set-current-contact-set "contactB")

(sdegeo:set-contact-faces (find-face-id (position 400 50 0.5)))) "contactB")

;Doping profiles

(sdedr:define-constant-profile "profile.magnetoresistance” impurity dopingconcentration)
(sdedr:define-constant-profile-region "Place.magnetoresistance" "profile.magnetoresistance"
"substrate")

:mesh

(sdedr.define-refinement-size "RefDef 1" ¢rd x max grd y max grd z max grd_x_min
grd_y_min grd_z min)

(sdedr:define-refinement-region "RefPlace 1" "RefDef 1" "substrate" )
(sdedr.define-refinement-function "RefDef 1" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 2" erd x max grd y max grd z max grd_x_min
grd_y min grd_z min )

(sdedr:define-refinement-region "RefPlace 2" "RefDef 2" "A")
(sdedr:define-refinement-function "RefDef 2" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 3" erd x max erd y max grd z max grd_x_min
grd_y min grd_z min )

(sdedr:define-refinement-region "RefPlace_3" "RefDef 3" 'B")
(sdedr:define-refinement-function "RefDef 3" "DopingConcentration” "MaxTransDiff" 1)
(sdedr.define-refinement-size "RefDef 4" grd x max grd y max grd_z max grd_x_min



grd y min grd_z_min )

(sdedr:define-refinement-region "RefPlace 4" "RefDef 4" *C")
(sdedr:define-refinement-function "RefDef 4" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 5" grd x max grd_y max grd_z _max grd_x_min
grd_y min grd z min )

(sdedr:define-refinement-region "RefPlace_5" "RefDef 5" 'D")
(sdedr:define-refinement-function "RefDef 5" “DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 6" grd x_max grd_y max grd_z_max grd_x_min
grd_y_min grd z min ) |

(sdedr:define-refinement-region "RefPlace_6" "RefDef 6" "E")
(sdedr:define-refinement-function "RefDef 6" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 7" grd_x_max grd_y max grd_z_max grd_x_min
grd_y _min grd_z min )

(sdedr:define-refinement-region "RefPlace_7" "RefDef 7"'F")
(sdedr:define-refinement-function "RefDef 7" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 8" grd x max grd_y _max grd_z_max grd_x_min
grd y min grd z min )

(sdedr:define-refinement-region "RefPlace_8" "RefDef 8" "G")
(sdedr:define-refinement-function "RefDef 8" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 9" grd x max grd_y_max grd_z max grd_x_min
grd_y min grd z min )

(sdedr:define-refinement-region "RefPlace_9" "RefDef 9" "H")
(sdedr:define-refinement-function "RefDef 9" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 10" grd x_max grd_y _max grd_z_max grd_x_min
grd_y min grd z min )

(sdedr:define-refinement-region "RefPlace_10" "RefDef_10""I" )
(sdedr:define-refinement-function "RefDef 10" "DopingConcentration” "MaxTransDiff" 1)
(sdedr.define-refinement-size "RefDef 11" grd x max grd_y max grd_z_max grd_x_min
grd y min grd_z min )

(sdedr:define-refinement-region "RefPlace_11" "RefDef 11" "J")
(sdedr:define-refinement-function "RefDef 11" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 12" grd x max grd_y_max grd_z_max grd_X_min
grd y min ¢grd_z min )

(sdedr:define-refinement-region "RefPlace_12" "RefDef 12" 'K")
(sdedr:define-refinement-function "RefDef 12" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 13" grd x max grd_y max grd_z_max grd_x_min
grd y min grd z min )

(sdedr:define-refinement-region "RefPlace 13" "RefDef 13""L")
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(sdedr:define-refinement-function "RefDef 13" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 14" grd x_max grd y max grd_z_max grd_x_min
grd y min grd z min )

(sdedr:define-refinement-region "RefPlace_14" "RefDef 14" "M")
(sdedr:.define-refinement-function "RefDef 14" "DopingConcentration" "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 15" grd x max grd y max grd_z_max grd_x_min
grd y min grd z min )

(sdedr:define-refinement-region "RefPlace 15" "RefDef 15" "N")
(sdedr:define-refinement-function "RefDef 15" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 16" grd x max grd y max grd_z_max grd_x_min
grd_y min grd z min )

(sdedr:define-refinement-region "RefPlace 16" "RefDef 16" "O")
(sdedr:define-refinement-function "RefDef 16" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 17" grd x max grd y max grd z maxgrd_x_min
grd y min erd z min )

(sdedr:define-refinement-region "RefPlace_17" "RefDef 17" 'P")
(sdedr.define-refinement-function "RefDef 17" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 18" ¢rd x max ¢rd y max grd_z_max grd_x_min
erd y min grd z min )

(sdedr:define-refinement-region "RefPlace 18" "RefDef 18" 'Q")
(sdedr.define-refinement-function "RefDef 18" "DopingConcentration” "MaxTransDiff" 1)
(sdedr.define-refinement-size "RefDef 19" grd x _max grd_y max grd_z_max grd_x_min
grd y min grd z min )

(sdedr:define-refinement-region "RefPlace 19" "RefDef 19" 'R")
(sdedr:define-refinement-function "RefDef 19" "DopingConcentration" "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 20" grd x _max grd_y max grd_z_max grd_x_min
grd y min grd_z min )

(sdedr:define-refinement-region "RefPlace 20" "RefDef 20" "AA")
(sdedr:define-refinement-function "RefDef 20" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 21" grd x_max grd_y max grd_z max grd_x_min
erd_y min grd z min )

(sdedr:define-refinement-region "RefPlace 21" "RefDef 21" "BB")
(sdedr:define-refinement-function "RefDef 21" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:.define-refinement-size "RefDef 22" grd x max grd y max grd_z max grd_x_min
grd y min grd z min )

(sdedr.define-refinement-region "RefPlace 22" "RefDef 22" "CC")
(sdedr:define-refinement-function "RefDef 22" "DopingConcentration” "MaxTransDiff" 1)

(sdedr:define-refinement-size "RefDef 23" grd x max grd_y max grd_z max grd_x_min
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grd y min grd z min )

(sdedr:define-refinement-region "RefPlace_23" "RefDef 23" "DD")
(sdedr:define-refinement-function "RefDef 23" "DopingConcentration" "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 24" grd x max grd y max grd_z max grd_x_min
grd_y min grd_z min )

(sdedr:define-refinement-region "RefPlace 24" "RefDef 24" "EE" )
(sdedr:define-refinement-function "RefDef 24" "DopingConcentration” "MaxTransDiff' 1)
(sdedr.define-refinement-size "RefDef 25" grd x_max grd y max grd z max grd_x_min
grd_y min grd z min )

(sdedr.define-refinement-region "RefPlace_25" "RefDef 25" "FF" )
(sdedr:define-refinement-function "RefDef 25" "DopingConcentration" "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 26" grd x max grd y max grd z _max grd_x_min
grd y min grd_z min )

(sdedr:define-refinement-region "RefPlace_26" "RefDef 26" "GG" )
(sdedr:define-refinement-function "RefDef 26" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 27" grd x_max grd_y max grd_z_max grd_x_min
grd y min grd z min )

(sdedr:define-refinement-region "RefPlace_27" "RefDef 27" "HH")
(sdedr:define-refinement-function "RefDef 27" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 28" grd x max grd y max grd_z_max grd_x_min
grd_y min grd_z min )

(sdedr:define-refinement-region "RefPlace_28" "RefDef 28" "II")
(sdedr:define-refinement-function "RefDef 28" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:.define-refinement-size "RefDef 29" grd x max grd_y max grd_z_max grd_x_min
grd y min grd_z min )

(sdedr:define-refinement-region "RefPlace 29" "RefDef 29" "JJ")
(sdedr:define-refinement-function "RefDef 29" "DopingConcentration” "MaxTransDiff* 1)
(sdedr:define-refinement-size "RefDef 30" grd x max grd y max grd_z _max grd_x_min
grd_y min grd_z min )

(sdedr:define-refinement-region "RefPlace 30" "RefDef 30" "KK" )
(sdedr:define-refinement-function "RefDef 30" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 31" grd x_max grd y max grd_z_max grd_x_min
grd y min grd_z min )

(sdedr:define-refinement-region "RefPlace_31" "RefDef 31" "LL")
(sdedr.define-refinement-function "RefDef 31" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:.define-refinement-size "RefDef 32" grd x max grd y max grd_z max grd_x_min
grd y min grd z min )

(sdedr:define-refinement-region "RefPlace 32" "RefDef 32" "MM")
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(sdedr:define-refinement-function "RefDef 32" "DopingConcentration" "MaxTransDiff* 1)
(sdedr:define-refinement-size "RefDef_33" grd_x_max grd_y max grd_z_max grd_x_min
- grd_y _min grd z min ) ,
(sdedr.define-refinement-region "RefPlace_33" "RefDef 33" "NN")
(sdedr:define-refinement-function "RefDef 33" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 34" grd x_max grd_y max grd_z_max grd_x_min
grd_y min grd z min )

(sdedr:define-refinement-region "RefPlace_34" "RefDef 34" "00")
(sdedr:define-refinement-function "RefDef 34" "DopingConcentration" "MaxTransDiff" 1)
(sdedr.define-refinement-size "RefDef 35" grd x_max grd_y max grd_z_max grd_x_min
grd y mingrd z min )

(sdedr:define-refinement-region "RefPlace_35" "RefDef 35" "PP")
(sdedr.define-refinement-function "RefDef 35" "DopingConcentration” "MaxTransDiff" 1)
(sdedr.define-refinement-size "RefDef 36" erd x max grd y max grd_z max grd_x_min
grd y min grd z min )

(sdedr.define-refinement-region "RefPlace_36" "RefDef 36" "QQ")
(sdedr:define-refinement-function "RefDef 36" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 37" erd x max grd_y max grd z max grd_x_min
grd y min grd z min )

(sdedr:define-refinement-region "RefPlace_37" "RefDef 37" "RR")
(sdedr:define-refinement-function "RefDef 37" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 38" grd x_max grd_y max grd_z_max grd_x_min
grd y min grd z min )

(sdedr:define-refinement-region "RefPlace 38" "RefDef 38" "X")
(sdedr.define-refinement-function "RefDef 38" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 39" grd x max grd_y max grd_z max grd_x_min
grd y_min grd_z min )

(sdedr:define-refinement-region "RefPlace_39" "RefDef 39" 'Y")
(sdedr:define-refinement-function "RefDef 39" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 40" grd x max grd_y max grd_z_max grd_x_min
grd y min grd z min )

(sdedr:define-refinement-region "RefPlace 40" "RefDef 40" 'Z")
(sdedr:define-refinement-function "RefDef 40" "DopingConcentration” "MaxTransDiff" 1)

;erid
(sde:build-mesh "mesh" *-d " "/home/tcad/Documents/ ContactAl/magnetoresistance”)
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1.3 Waunsudasuuunslirumuegiliflengudvaendessevseadinam

;Device configurations
(define | 400)

(define w 100)
(define t 1.0)

;Doping profiles
(define impurity "PhosphorusActiveConcentration”)
(define dopingconcentration 2e14)

;Grids and refinement
define grd_x_max 5)
define grd_x_min (/ grd_x_max 2))

(

(

(define grd_y_max 5)
(define grd y min (/ grd_y_max 2))
(define grd_z max 5)

(

define grd z min (/ grd_z_max 2))

;Overlap behaviour
(sdegeo:set-default-boolean "ABA")

;Device geometry

(sdegeo:create-cuboid (position 0 0 0) (position 400 100 1.0) "Silicon" "substrate”)
(sdegeo:create-cuboid (position 9.75 0 0.5) (position 10.25 100 1.0) "Aluminum” "A")
(sdegeo:create-cuboid (position 9.75 0 0.5) (position 390.25 0.5 1.0) "Aluminum” "up")
(sdegeo:create-cuboid (position 9.75 99.5 0.5) (position 390.25 100 1.0) "Aluminum” "low")
(sdegeo:create-cuboid (position 389.75 0 0.5) (position 390.25 100 1.0) "Aluminum® "Z")

;contacts

(sdegeo:define-contact-set "contactA” 4 (color:rgb 1 0 0) "##")
(sdegeo:define-contact-set "contactB" 4 (color:rgb 0 1 0) "##")
(sdegeo:set-current-contact-set "contactA")

(sdegeo:set-contact-faces (find-face-id (position 0 50 0.5)) "contactA”)
(sdegeo:set-current-contact-set "contactB")

(sdegeo:set-contact-faces (find-face-id (position 400 50 0.5))) "contactB")
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;Doping profiles
(sdedr:define-constant-profile "profile.magnetoresistance" impurity dopingconcentration)

(sdedr:define-constant-profile-region "Place.magnetoresistance" "profile.magnetoresistance”

"substrate")

:mesh

(sdedr:define-refinement-size "RefDef 1" grd x max grd_y_max grd_z_max grd_x_min
grd y min grd z min )

(sdedr:define-refinement-region "RefPlace_1" "RefDef 1" "substrate” )
(sdedr:define-refinement-function "RefDef 1" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 2" grd x max grd_y_max grd_z_max grd_x_min
grd y min grd_z min )

(sdedr:define-refinement-region "RefPlace_2" "RefDef 2" "A")
(sdedr:define-refinement-function "RefDef 2" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 38" grd x_max grd_y_max grd_z_max grd_x_min
grd_y min grd z min )

(sdedr:define-refinement-region "RefPlace 38" "RefDef 38" "up")
(sdedr:define-refinement-function "RefDef_38" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 39" grd_x_max grd_y_max grd_z_max grd_x_min
grd y min grd_z_min )

(sdedr:define-refinement-region "RefPlace 39" "RefDef 39“ "low" )
(sdedr:define-refinement-function "RefDef 39" "DopingConcentration” "MaxTransDiff" 1)
(sdedr:define-refinement-size "RefDef 40" grd x_max grd_y_max grd_z_max grd_x_min
grd y mingrd_z min )

(sdedr:define-refinement-region "RefPlace_40" "RefDef 40" "Z")
(sdedr:define-refinement-function "RefDef 40" "DopingConcentration” "MaxTransDiff* 1)

;erid
(sde:build-mesh "mesh" "-d " */home/tcad/Documents /ContactAl/magnetoresistance”)

2 nsrvualawmanteiandiientios (Sentaurus Device)

drulunmssrasansvheniluduvesgumgd aunwivdnlwi uagluimaynsiandsnagd
Lnuwaﬂumsmaaumu isamnsnsraediuduTes Sentaurus Device eludmlusunsuns
$1aBUUUIBUARIRT]
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File {
* Input Files
Grid = "magnetoresistance_msh.tdr"
* Output Files
Current = "magnetoresistance_des.plt"
Plot = "magnetoresistance_des.tdr"
Output = "magnetoresistance_des.log"

Electrode {

{ Name="contactA" Voltage=0.0}
{ Name="contactB" Voltage=0.0}
)

Physics {
Mobility(DopingDependence)
MagneticField=(0, 0, 0.0)
AreaFactor=0.4
Temperature=300
*Incompletelonization

}

Plot {

eDensity eCurrent eCurrent/Vector
Potential/Vector SpaceCharge ElectricField/Vector
eMobility eVelocity EffectivelntrinsicDensity

Doping DonorConcentration

Math {

Extrapolate
RelErrControl
Iterations=20
NotDamped=30
Digits=5
}
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Solve {
Poisson
coupled{ Poisson Electron}
¥*- Bias contactA to target bias
Quasistationary(
InitialStep=0.01 Maxstep=0.01 MinStep=0.001 *Increment=1.41 *Decrement=2.0
Goal{Voltage=3 Name="contactA"}
X coupled{ Poisson Electron } }
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wbstract

This paper is present the parameters which contribute to
agnetoresistance on Hall plate structure such as material type, doping
«acentration and temperature in magnetic field range 0-3 Tesla by
nulation with Sentaurus TCAD program. The Hall plate structure is

<0 pm length, 100 ym width and 1 pm thickness. Two kinds of
aterial which are used in this experiment are silicon and gallium
senide. Silicon Hall plates show the percentage of magnetoresistance
anging 16.1%, 6.3% and 2.7% and GaAs Hall plates show 135.6%,

3.9% and 49.0% at temperature 200, 250 and 300K at doping

concentration 2 X 105 cm™3 | respectively. Silicon Hali plates show
the percentage of magnetoresistance changing 3.0%, 2.8% and 2.1%
and 53.2%, 50.7% and 42.4% for GaAs at doping concentration
1x10%cm™3 | 1x10%cm™® and 1x10'cm™3 at 300 K ,

respectively.
Keywords: Magnetoresistance, 2D Simulation, Hall plate, TCAD
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stract— This paper presents the new design which
dutes to magnetoresistance effect on Hall plate by compared
eries resistance structure by Sentaurus TCAD program. A
:sign creates zero Hall voltage area which the carriers move
“flect freely. The Hall plate structure is n-type silicon with
a length, 100 pm width and 1 pm thickness. Both designs
ercentage of magnetoresistance effect about 20% at doping
tration 2x10'*cm™, temperature 300K at magnetic field 3
A new design on Hall plate structure is easier than the
al series resistance and has no effect of metal space which is
s resistance structure.

vwords- Magnetoresistance effect; Hall plate; TCAD

L INTRODUCTION

ul effect has been applied in many electronic device such
iyboards, magnetometers, magnetic recording heads,
cement sensors [1-2]. When a transverse magnetic field
ilied to a current-carrying conductor an electric field
: which is perpendicular to the current as well as to the
ttic field. The Hall voltage arises because a charge-carrier
Nng in a magnetic field is subject to the so-called Lorentz

Hall effect appears from long plate metal or
nductor material so called Hall plate. Hall plate induced
vear Hall voltage which counter-balances the Lorentz
K3]- Magnetoresistance effect has slightly changed on
Kate structure. Magnetoresistance effect will be increased
Jesign gives the length of Hall plate much shorter than
ith. In this case the Hall voltage which is induced has
smaller than Lorentz force that appears the current
<on [4]. This design applied Hall plate structure by
1ce value series for increase to change total resistance
agnetic field. However, this design has disadvantage
space of metal which makes to raise Hall voltage. It
has fully magnetoresistance effect{5-7] if the space of
ar ratio of width per length is not suitable.

s paper presents a new design by Sentaurus TCAD[8]
«cctangular metal ring is surrounded Hall plate.
wresses Hall voltage which extremely induces
ooresistance effect by magnetic field strength. New
is easier way and reduces complexity of fabrication
=¢ it is not consider space of metal.

II.  HALL AND MAGNETORESISTANCE EFFECT

<]l effect

imple-geometry Hall plate device is shown in Fig. 1.
+ a thin plate of conducting material fitted with four
al contacts. Hall plate device is n-type silicon with
«/, length / and thickness ¢. A bias voltage ¥ is applied to
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['he New Design for Magnetoresistance Effect on
1 Hall Plate Structure

T. Phetchakul ', P. Taisettavatkul', W. Pengchan!, W. Yamwong? and A. Poyai?
! Department of Electronic Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand
Thai Microelectronics Center, National Electronics and Computer Technology Center, Chachoengsao, Thailand 24000

the plate via the two current contacts C1 and C2. Material is n-
type semiconductor which majority carrier is electron to move
in -x direction. The plate is exposed to a perpendicular
magnetic induction B with both current Iy and plane of the
Hall plate in +z direction. This appears Lorentz force which
electrons are deflected by this force in the -y direction of the
Hall contact S1 and y direction at Hall contact S2 is opposite
carriers. Hall voltage ¥y appears between the two contacts S1
and S2.

“ / >

C1 A _.CZ
7 7] 7 '
/ v/

Vau L4

Fig. I: Hall device in n-type semiconductor

This creates an electric field Ey which counter-balances the
Lorentz force. The result is that the current again flows in its
original direction in +x direction. Hall electric field is given by

Eq. (1).

1,B,
n-e

Eqy = 1)

An electron travelling in a magnetic field B encounters a
Lorentz force given by Eq. (2)

F=-q(v xB) 2

where v is average drift velocity.

B. Magnetoresistance effect

Besides the Hall effect the so-called magnetoresistance
effect can also be observed in metals, semiconductors and
magnetic materials. Many materials change their resistivity
upon the application of a magnetic field. Magnetoresistance
effects slightly change in Hall plate structure such as
magnetoresistance effects will increase when Hall plate is
designed its width much longer than length of Hall plate. In
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ct— This paper presents the parameters which contribute
‘toresistance effect of the new design on Hall plate
Ire when it is compared with series resistance structure.
‘ew design is designed with rectangular aluminum ring
«nding on Hall plate. It creates zero Hall voltage area which
irriers move and deflect freely. The new and classical
s have percentage of magnetoresistance effect about 20%
ping concentration 2x10'Scm™, temperature 300K at
Aic field 3 Tesla when classical one has metal space about
+ The new design one is easier design than the classical
resistance and has no effect of metal space. Parameters
are used in this experiment are silicon and gallium
de at doping concentration 2x10", 2x10' and 2x10' at
cature 200, 250 and 300K with Sentaurus TCAD program
{mulation. The new design has the percentage of
storesistance effect much higher than the classical series
wice when it is designed with high mobility material, low
i concentration and low temperature.

wwords- Magnetoresistance effect; Hall plate; TCAD

L INTRODUCTION

Hall voltage arises because a charge-carrier travelling in
netic field is subject to the so-called Lorentz force[1]
appears carrier deflection[2]-[3]. Hall voltage and a
K deflection in magnetic field causes a change in the
>al resistance of the Hall plate. This is called the
Koresistance effect[4]-[5]. The magnetoresistance effect
-zhtly changed on Hall plate structure. It can be increased
lesign gives the length of Hall plate much shorter than
_ith. The Hall voltage is reduced that appears more the
deflection. This effect applied Hall plate structure by
ice series for increase to change total resistance with
4ic field. However, this design has disadvantage about
«f aluminuml which Hall voltage is up raising and resists
deflection when the aluminum space is so wide. The
mesign on Hall plate is designed with rectangular
=um ring surrounding on Hall plate which creates zero
«oltage area to affect the carriers move and deflect
*5]. The new design on Hall plate structure is easier way
Muces complexity of fabrication because it is not consider
«of aluminum which is in series resistance structure.
“er, magnetoresistance effect is more showed when it is
riate condition[7]-[8]. In this paper, we study parameters
ntribute percentage of magnetoresistance effect of the
sesign on Hall plate by comparing with classical series
ace. The parameters which are used for simulation with
[9] are the type of material, doping concentration and
ature.

130

?ntributing Parameters for Magnetoresistance Effect
of The New Design on Hall Plate Structure

T. Phetchakul !, P. Taisettavatkul', W. Pengchan', W. Yamwong? and A. Poyai?
! Department of Electronic Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand
Thai Microelectronics Center, National Electronics and Computer Technology Center, Chachoengsao, Thailand 24000

II. DEVICE STRUCTURE

We study the parameters which contribute the
magnetoresistance effect of the new design on Hall plate
structure by comparing with series resistance on Hall plates at
0-3 Tesla magnetic field range with 1 voltage bias. Hall plate
structure is n-type semiconductor by length 400 pm, width 100
pm and thickness 1.0 pm. Magnetic field applied perpendicular
to the plane of the plate and current. The classical series
resistance structure is Hall plate series which its width much
longer than length. Hall voltage is reduced and does not fully
balance the Lorentz force and appears carrier deflection. The
series resistance design on Hall plates is separated by
aluminums space 10 um which aluminums have length 0.5 pm,
width 100 um and depth 0.5 pm shown in Fig. 1.

0pm
- =
T —— AlUminum
\‘NIOO um
———m—— [ =400 pm —————>
®B
1V |
| s
|
(a) Top view
— AlUMINUM
Aluminumdepth=0.5
___{_l'mTl'T'l'lT"p'l'l'l":n'lfl L |_'L'=1 pm
< L=400 pm > T
v |
F—
(b) Side view

Fig.1 Magnetoresistance effect series design on Hall plate structure

The series resistance structure has disadvantage about space
width of aluminum which affects to magnetoresistance. The
new design on Hall plate is designed with rectangular
aluminum ring surrounding on Hall plate which solves Hall
voltage between aluminum spaces. It has aluminum distance
from contact 10 um and depth 0.5 pm which is shown in Fig.
2. New design is easier way and reduces complexity of
fabrication because it is not consider space of aluminum. Both
classical and new design have 20% of magnetoresistance
effect at doping concentration 2x10% cm?, 300K at magnetic



wnansiiuenansianubidmsunmslynuiensfinwiniu lueugralmilulayssleguaunis

lunnsdllagusdu Snvianudlvdaulasilon waznasendaduavetenarsynasaminisiiltule



ate at doping concentration 2x10" em, 2x10" cm
10" cm™ which are 22.217%, 20.028% and 12.838% at
5, respectively. Figure 5(b) shows magnetoresistance of
lesign on Gallium arsenide Hall plate at doping
itration 210" cm™, 2x10'* ¢cm™ and 2x10'¢ cm™ which
2.271%, 575.064% and 349.851% at 3 Tesla, respective.
Silicon and GaAs Hall plate show that at doping
dration 2x10' cm™ have more magnetoresistance effect

12x10" ¢m™ and 2x10'¢ cm™.
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Magnetoresistance effect at 300K with the doping
atration 2x10'* ¢m™, 2x10* ¢m™ and 2x10% cm™ of

isign.

mal types between Silicon and Gallium arsenide
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Doping concentration (cm™)

6. Comparing of magnetoresistance effect of silicon

1lium arsenide of the new design at 3 Tesla.
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We study percentage of magnetoresistance effect of
material between silicon and Gallium arsenide at temperature
300K. Figure 6 shows percentage of magnetoresistance effect
of Gallium arsenide more than silicon which is 630.054%,
555.036% and 337.013% at doping concentration 2x10™ cm?,
2x10' cm™ and 2x10'® cm™ at 300K , 3 Tesla magnetic fields,
respectively.

Temperature dependence

Figure 7 shows magnetoresistance effect of silicon and
Gallium arsenide Hall plate at doping concentration 2x10"
cm™ at temperature 200, 250 and 300K.

160.00%
140.00% 4-\-344.447% 2
120.00% /
100.00%
80.00%
60.00%
40.00%
20.00% -

0.00% -+

%AR/R

(a) silicon

2500.00%

| 2105.992%

2000.00%

%AR/R  1500.00%

1000.00% -+

500.00% -

0.00%

Magnetic field (Tesla)

Figure 7. Magnetoresistance effect at temperature 200, 250
and 300K at doping concentration 2x10" cm™ of new design

Figure 7(a) shows percentage of magnetoresistance effect
of silicon Hall plate at temperature 200, 250 and 300K which
has 144.447%, 49.214% and 20.028% at 3 Tesla, respectively.
Figure 7(b) shows magnetoresistance effect of Gallium
arsenide Hall plate at temperature 200, 250 and 300K which
has 2105.992%, 1057.697% and 575.064% at 3 Tesla. Both
silicon and GaAs Hall plate show that at lJow temperature at
200K has magnetoresistance effect more than at high
temperature 250K and 300K.



PERCENTAGE OF MAGNETORESISTANCE EFFECT OF
~AL SERIES RESISTANCE DESIGNS

ameters which contribute magnetoresistance effect of
7 design on Hall plate structure is comparing to series
ce structure. Parameters which are used in this
ient are silicon and gallium arsenide at doping
tration 2x10™ cm>, 2x10%cm™ and 2x10' cm? at
ature 200, 250 and 300K. The series resistance structure
centage of magnetoresistance which is shown in table I.

. PERCENTAGE OF MAGNETORESISTANCE EFFECT OF THE CLASSICAL

iSISTANCE.

al Temp Doping concentration
X) | 2x10%em® | 2x10% em?® | 2x10'6 em?

200 160.036% 144.140% 91.957%
250 54.552% 49.170% 31.180%
300 22.193% 20.010% 12.823%
200 1977.459% | 1694.060% | 1040.028%
250 1109.930% | 989.762% 663.523%
300 620.538% 567.956% 345.170%

COMPARING PERCENTAGE OF MAGNETORESISTANCE
'OF BOTH DESIGNS

: new design has the percentage of magnetoresistance
which is higher the series resistance about 0.02% at
concentration 2x10'* ¢cm™, 300 K at 3 tesla magnetic
yown in table II.

II. PERCENTAGE OF MAGNETORESISTANCE EFFECT OF NEW DESIGN
ANGED MORE THAN CLASSICAL SERIES RESISTANCE.

ial Temp Doping concentration
X)) | 2x10%cm® | 2x10% em?® | 2x10'6 em?®

200 1.13% 0.31% 0.04%

250 0.11% 0.05% 0.03%

300 0.02% 0.02% 0.01%

200 906.27% 411.93% 234.52%
250 143.16% 67.93% 32.05%

300 31.73% 7.11% 4.68%

lle 0 shows that the new design has higher percentage of
oresistance than series resistance at all condition.
Hall plate of new design has to change less than GaAs
ate which is 0.01% - 1.13% for silicon and 4.68% -
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906.27% for GaAs at doping concentration 2x10" cm?,
2x10% cm™and 2x10* cm™ at temperature 200, 250 and
300K. The new design on Hall plate structure has changed the
most when it is built GaAs at 2x10" cm™ doping
concentration, 200K.

VI. CONCLUESION

The new design can contribute magnetoresistance effect on
Hall plate structure. This design used rectangular aluminum
ring is surrounding on Hall plate which makes zero Hall
voltage. The new design is easier design than the classical
series resistance because it does not consider the distance of
aluminum space affects to magnetoresistance. The parameters
which contribute to magnetoresistance effect of the new design
on Hall plate structure are material type, doping concentration
and temperature at magnetic field range 0-3 Tesla. New design
has percentage of magnetoresistance effect at 2x10 Yem”
doping concentration more than at 2x10%m™ and 2x10'cm’
at temperature 300K and shows that at low temperature has
percentage of magnetoresistance effect more than high
temperature. However, the new design has the percentage of
magnetoresistance effect much higher than the classical series
resistance when it is designed with high mobility material, low
doping concentration and low temperature shown in‘table T1.
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