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Research Title: MSM (Metal-semiconductor-metal) Magnetic sensor

Researcher: Associate Professor Dr. TOEMPONG PHETCHAKUL

ABSTRACT

This research presents the MSM structure magnetic detector device that normally detects
the electromagnetic wave. The device is special design for magnetic field detector and still
detects the electromagnetic wave as normal function. The schottky diode with the split contacts
structure allows us to reach this target. The device operates with the saturation current and the
magnetic response is the current difference between two contacts which is injected from one
metal and deflected in semiconductor toward to another metal. From the study result, the device
shows the current difference between the two contacts from the magnetic field that relates
linearly. This device is the first MSM multi-sensor for magnetic and electromagnetic wave

detector.

Keywords : Magnetic sensor, Electromagnetic sensor, MSM, Micro sensor, Semiconductor device
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234 Tassasvzassaanuanilnlalaa (Structure of Schottky Magnetodiode)
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— (2 kg v v o
2RI (Inspect) udu lasldsunsy  Sentaurus  Workbench mmm‘lmﬁmmﬂumm:
A . - . A v d = 3 5
wiswudasfmniaasans ‘)mm\'ﬁaamﬂamam’ma-:mﬂua:ﬂmﬂlumﬂnﬂmm'sm-a'm

; v =
Tay TCAD luduuad Sentaurus Workbench WaaIA3TUN 3.5

U
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L SWBBInXVX-200510.

Ero;eci Edait  Scheguler View S;ermln Tool Pgramref Emrinsmu Nodes Vagiables Qplimizalion Calibralion Emmlnns Help

SH O T ® 3 B ® o S:enano[aﬂ v S B8 Dlvaovl 4 @ 8 8 ¥

lm,ncu‘ I.4 . Project | Schadutar |
By o remotesusers)huded _
Ehr ) Example_Library Family Tree A

Q-,-:):]A;-pllcahc.w. ! " 4
[~ _JEEPROM | = i
{&-Esp ] A CE@ E@

| FeRaM e s —
@) Harrarctistorm A | AGGEER - SwiaRd SxuAlEd o SsUACEEM y [FEece |
1l e ‘ V_ORAIN_LOW v DRAIN_HIGH _ CAPACITANCE

» | |-{@ sEu AN -1 =

|

!

- Coy ! ,
iH-gs0 [ Bl ||
B~ _J) GelngStarted
Gy ) TochTemplates
| - crvos

| @
| 8 _J S1GeHBT
- Tools

W D T e P -

H ‘
‘J - R : st 3

ii;m only mode one 4

3.5 ﬁﬁ'\tv"}'\dm‘sﬁ'}d’mmaa Sentaurus Workbench

3.2.2 Sentaurus Process (sprocess)
9 v, o o ° A A w v &
Sentaurus  Process  tDwlYsunINN I IMIVIIa0INITYNIRAABITBINUTUAB Y

v . s e ; ' o <
NIZUIBNITIII LT etching, deposition, ion implantation, thermal annealing and oxidation Faln

'
[

. 45 3 " 4 B :
Sentaurus Process a:ldd1dslunritaesuuumanuiezdsznaulldisddedns g igu ns
AnuariauazdIuriIgInsad, NIzUIMNMIBanGiatu (oxidation) wiantzuIunIIHINILY
. X @ a ° a 1
(implantation) t1%¢% Tmugﬂ‘n 3.6 WEAINTZUIWMNTIIRBILULM I 52
3.2.3 Sentaurus Structure Editor
Wuldsunsaairelanainresgunsallasmaionuuylassiveisdiagd n
A o o v o o - o «  w ‘ | ° wa
R mauazgIinniiidusanarasonldsunsudniuaine mesh Lwal"ﬁ’lumimaaaqmaum
Mo } \ a 2
melwrdaly Sentaurus Structure Editor [25] iiludiuveinisaenuuujlindagunioiansi
@ g A o o ) s n‘: oA A A
mm’[mummmm:mmsmaaameﬂﬁfwLtazwummaamaﬂmrﬁm 2§16 uaz 3 46 lag

‘ll @’Iﬂ%lﬁﬂ‘ﬂﬂ\‘lﬂ’ﬁﬁ]’]ﬂﬂﬁﬂ']‘iﬂ']wﬂ’l%ﬂﬂl%‘a'ﬂtmu 2 4@ usz 3 4@ L‘S’]ﬁ]wﬂ’m’]‘iﬁi’l\'}‘iﬂi’m‘ﬁﬂwﬂﬂ?

qﬁnimmu ﬂl.‘r‘\ ﬂ gydaRn
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O‘Qg
Boron
Ox—
g; 1.0E+ 13
7m0y
024 @ saevy
L8E17
i 23E417
0 1 1OE 1T
0.4 0.2 0.4

Eﬂﬁ 3.6 ﬂﬂ‘iﬁﬂﬂﬁﬂ‘::ﬁa{i% Sentaurus Process

o ; .
(rectangles), JUWAIELAREY (polygons), @nmﬁﬁ‘ (cuboids), 3Un3INIzUAN (cylinders), JUNT
T L3 A ' v d‘d s L3 @ 0 1
naa (spheres) uazgdenaq idudu Sopinuazlanaiendenududamianniliidiieg
s A A4 i . A | . o AL a
WA T99zpaNUULNILIY command file WwIBaaNUWUUKAY Ligament 7 ldlasludfildennis
aNWUUKNIY Ligament
3.2.3.1 Ligament
. a 4 a > o : g
Ligament Aawilsludadinlunsaanuuulassadivesdrgdnsallandinaes Ligament
Y 1 o & ; . . o y o
Usznavlddre 2 dauaall Ligament Flow Editor Was Ligament Layout Editor lagasyinaiusaunin
A ) A
walwldlanaivasguniolanufidams
- Ligament Flow Editor
A4 A . A, o v @ & &
\luiaTasiialu Ligament fdaslunswnanszummsatisen guasdrgninininus
aan laaanuuy it etching, deposition, ion implantation, thermal annealing IL82 oxidation
a:i 1 a A [ ~ i v 1
Tasnluudaznszriumindainaunnizimuaniniieafdn guaanszuawntle 1w nns
MunaszwIy,  18e, IWIAVBIUHKTIHTOITRAO W NI UayNBeINTBITEY ML
= ] -3 ¥ ¥ 1 ¥ A
gampiinsuwinuiviuaanudutuesassmniouszizpzanuinvessovde udu JUf

3.7 REAIRUIAINMIVI MDD Ligament Flow Editor
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File Edit Preferences Extonsions Help
Vaiiables & Macwos  FIOW | Uniolded Flow | | Avguinets
Nawes ag | vae | | T Ty | Vahe
B Flow 11 Siiing W
PP #header Ly Polarity Tght, field
i R ke A simple LIGE || Distance 1 uin
b SUDSARR dopant  howon | ‘ Side wont
= 5 comment texd Simple proce: | Type derault
e O ERREREAEY |
sy RPOSIE materal  oxide o
45 window_formation comment  Pedorn pater | |
E=tnattern] layer WY |
T waterial  odde—
B-1& doping
D implant peoies boron
fogut BIER material  resist 7
e B anneal time 30 win /
1 Swe | Geneie | Process | Leet
e ol : comment | o, inplant ¥
- [ ¢ remak | & anneal C{Ew
Ty bt | £P mseit | = paten jgd
Ppe | g toad | @pmmzﬂ
PP #split ! [ save | pitoy
PP sheader e, deposit |
PP eendheader gt eich |
PP #postheader L/ |

- Mode: Now: uniiied |

31J‘?i 3.7 %i81901391197UY4 Ligament Flow Editor

- Ligament Layout Editor

s

A A 5 A ' ' o ]
\uinToailalu Ligament Aaslumisanuuudiuilsznavudni g vasdrgdnsaliaiionny

L - 3 o L2 o aa
NTaanNBUUNIZING LT I@El'ﬂlﬁ'lﬁ"llﬂ?ﬂﬂ"l%uﬂ'ﬂBUL"IJGI‘]JE»)TTIT?J']RQJVL@'J')'QE'%’IRBGLLUU 2 49

- = =

= :‘ [ a T v v L
w38 3 46 Twdenslfousdinvasgun st ldlasladasoanuunlnaiioslfidn
- as 1 1 A o U -~ 1
WInfiaaaaruiIunaoanT uazimuasnlumitl Sentaurus Workbench Juin9wasguinstiaz

A P P v o i .
Lﬂauﬂﬂm;mmaammugﬂw 3.8 LEMINUIANN TN IUYEY Ligament Layout Editor

as

' ° & Aaa aa @ P v e o b Y o A
TUEIUMTERBILLUNT 2 T8 uaz 3 H8 1dasinuanihauda W14 umqﬂﬂmﬁwa

o

A i ot 1] a ar o o s L= [
VAN AN ULREIN AN T LU LTI RINNANEUNIARIINNH IR UAR U FUNFUAIVZURA
ar o * ar s } A 3 8 as as “ A L] v
‘vﬁﬁmumavlwwﬁnmqﬂﬂmimLtam‘lugﬂﬁ 3.9 mmwmawna‘lwwwgnm%um:uammuﬁ

s v e
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g v 9 o a A v A o o | o
nninandunmsairowe (mesh) Wiudgdnsidaldpunsdtansisdiinlilunmsinees
° A v a & o o s » ) A
myinsaeTafsuilgninsadamsa fiigaivgmaut@nisinwld 309 3.10 ugasns

ﬁwaamuuﬁ‘;qﬂﬂirﬁ%ﬁ'amﬂm'm's”’mgﬂ'hm”aqﬂn‘srﬁuazaﬁﬁoL:u FLRTINAD

SRR RS A R

05 025 4] 025 05
X
A o a 6 [ 7 7
31U 3.10 m*smammqﬂn‘smwaamnmia‘ﬁaLsm

ar Y & & L ' ° s a ' a A L%
vsmmﬂm’mmmnuuﬂ%:mﬂgﬂ.uafmmaamsm%u@qmawuﬂmaﬁanﬁmaqmﬂmmaq

a o ar ] [\ ' .
ﬂl.lﬂ’lﬁ]'lﬂa\ﬂmll@?ﬂ‘ﬂﬂﬁﬁ ‘Hﬂﬂfillluﬂ?%“llﬂd Sentaurus Device

3.2.4 Sentaurus Device

e g v aa a ‘
Sentaurus  Device iunilalulysunsudldnsunuamanidniaRandens g 1w

i % L9 . o O I |
ﬂmﬁ&}ﬂaﬂﬂﬂ%“ﬁ’l (electrlcal), fAIdUTaL (thermal) VI%BLLﬂG (Dptlcal) Iuﬂ’li‘)ﬂﬂﬂﬁaﬁ‘iﬂﬁﬂ’m’l GIN]

s 1 ! L =3 1 :l A o 4 as a

qumaumlma gusniazsznaudslueanef&ndedns gannuafiinausanssiunldnuen
& 4 a g = s :l A v a A o

QﬂﬂiflLﬁW‘iﬂ\‘l@]’]HW“?BQMENU@@HJ F]YILﬂEJ'J’IIﬂGﬂUﬁﬂ’]WNﬂuvl‘ll‘luﬂ'ﬁil'lﬂﬂﬂLL'I.JU Sentaurus

. =Y s .r-'l v a9 o dl (7
Device %‘quﬂlﬁ‘lumiﬂs:mumqﬂmtﬁuaztw aﬂ'nuLmla‘lumimmumacmqﬂnid{kwa‘lﬂ

'
a

& 2 i a vdA 1 5 . o
qﬂn'smﬂwlﬂqmﬂuumma ‘]'ﬂ’l-ﬂ’]iﬂ(ﬂ@lﬂﬁﬂ 1%?{'}% Sentaurus  Device U3:nNaUaI8A1#IAY 9
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3.2.4.1 File
3.2.4.2 Electrode
3.2.4.3 Physics
3.2.4.4 Plot
3.2.4.5 Solve
3.2.4.1 File )
Tudau file azilumsinualWddune uaziardya AlHlunssraasmarinn

File {

* Input Files

Grid = "nmos_msh.tdr"

* Qutput Files

Current = "n1_des.plt"

Plot = "n1_des.tdr"

' " AN v a [ .

Tugauas Input Files axdulwWdnldnaannnisasns Sentaurus Structure Editor L339
o \ ' o (=1 ar A L s

WD LT gﬂﬁwaamqﬂmrﬁfﬂ%:ﬂ‘s:ﬂau‘lﬂ@hwmma:’sa@ﬂ'ﬂumsmwmqﬁmrﬁ, A
TuTwazaaNmITe, anwmenslay, dumisvasmsinguna i usrawievaIn1IuLInIa (grid)
2l o W R v g ' o
winww (mesh)  iiialflumssiwims wazlusiw Output  Files flazdsznaulddadayadisgn

& s . o =y - [ A 3 & W a'(u [
#29n13M8991n Sentaurus Device difiunsiaTauds Gelwdiardnamarifiszlsznoudalaias
A ' A v o o | 3 1% W A o a
nafEndans 9 ldamnmaduwinud u WS Current flzdlsznavldatayaniisitoiny

bt o et Y ' o as v A Aa X 4

Avzualwvin, ussaulnn 1dudu sanlnd _deslog inlddmitanaseutafanaiafiiiadu a9

o ¢ ; a -
INsBuna 1o1diwa e Juamdalugin 3.11
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input;
Models, Parameter, Sweeps

| cRos3ypnay

mmanj parameier

Input: Quiput:
Device Structure  |9Vd &doping Vs, Field -
_mshedr distibutions
HE——

Quiput:

Runtime messages

S a & 3 3
3‘1]1’] 3.1 LLN%N\‘!UI‘NE‘IQ%T!YILLEI&LEI"IYI‘Y!TI‘L% Sentaurus Device

3.2.4.2 Electrode

W e W e as

. . A ”
Tuwdwe9 Electrode lumarnuwatianwlavuauive (boundary condition) AnLwin &
u A 1] L % - ar bt A o |AFJ v v as A w o Qs i o
1w mtmazﬂmauwaﬂ,wwmgnm%u@agnm:@aoaaﬂﬂaaanuﬁawmﬁmﬁﬁgﬂﬂ'mu@'mu
. U IJ o Ay L 73 e s
Sentaurus Structure Edltorlumuma»ﬂ Electrode mmmmmzmﬂuﬂqmauumammama

w 1 as v as as v (3 :r m& 1
TWngw usaan, nzua, wihaunawrhuuutead, WAZALENUADU ) LTY

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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3.2.4.3 Physics
0 ¥ [ P a & ] o o
luauves Physics azidudwiilataanisfanssns qnl’ﬁ’lum‘:maaam‘smmm:gn
o ] :r = as i ) [ d 4 s ]
mmﬂizmﬂ'l.’ﬂumuu ‘ﬁdﬂ’]ﬁﬂ’]d‘ﬂﬂdlﬁtﬂﬂﬂ’lﬁﬂﬁﬂﬁ Sijt I&JLﬂﬁ“ﬂmEJ'JﬂUHIﬁWﬂE!E]G’IJaGW’m:
(carrier mobility model), mIfauazmITinallnavesnng (band-gap narrowing model), m9le

A . A . -y
00 IBLHBI9INMITW (impact ionization model) Dudu FaaradrslautaamsNanaditu

Physics {
Mobility( DopingDep HighFieldSat )
¥

A ¥ A L% L2
&3 DopingDep B80T AITANAIVBIFNIWARDIVBININAL L118I91NANITUTUDZADNAIILTD
. . a2 & a e . - 2 \ a A a v
HighFieldSat wansfis anuiiafudawsanine (velocity saturation) LilaagluuFi madaualnw
dl. L2 ' as A’ 3y Q- o_ . y
g9 model Alfazuandiuliivegiusiiavasginsal (CMOS, Diode, BJT 984) uazasnauIn

' a5 o [ A _
AONNULNREIVDINRANTUR AN IUNNTIN 889

3.2.4.4 Plot
i 1 A Y o s A ] A =) J Q- o o

Tudau Pot iludauiinlddmitgnisildsuwuasdns gifiadunssnnrinisiiaasls
' A a a d W 9
§1%Uad Sentaurus Device L&33 1A8IIIRINIINNILAARA IUEINLIIGRINTNIIL LS B3 A

i a & o = o aad
AN TzugasdiinasauwnIalas, dandlnvi, awinivv, Twdaa, anuFeaininenie
A TuTua1Tie Wudu den1sidasuudadtdans 9ntaazidunisi)fauuilainasannnig
o s N v A 3 ' . o
FLiiun1TIuEIuUBY Sentaurus DevuceLiﬁmlmﬁmgnLnuyh"luvlwsﬁa'tﬁm'lummaa File iNdM

U A Qs 1 ' 1
Mluaaudu Fedradrsluainass Plot 1Bu

Plot {

eDensity hDensity eCurrent hCurrent
Potential SpaceCharge ElectricField
eMobility hMobility eVelocity hVelocity

Doping DonorConcentration AcceptorConcentration
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3.2.4.5 Solve
dmilnsufmnuatuaan myta qmauu‘"&mﬂﬂﬁwaaqﬂn'irﬁ,ﬁﬁaamsﬁmm lag

aansnrmualdlunsousassas Soive 1.} Tapasvimsnasadosiulumuiduaumnglu
Solve {...} 1%
Coupled (lterations=100) { Poisson }
wishasuuaulaautauns Poisson 1NBI8ENGHA
Coupled {uPoisson Electron Hole }
WIFNAUISNAHYBIEUNNT Drift-Diffusion 289 Electron Uz Hole Tagi3uanndnasuBuduludui
e
Quasistationary (
Initialstep=1e-2 Increment=1.4
Maxstep=0.025 Minstep=1.e-6
Goal { Name="anode" Voltage=@vstop@ }
X Coupled { Poisson Electron Hole } }
(umTdiansuuy Quasistationary (DC) Tandas giulauu (sweep) ﬁ'ﬂﬂ"{wﬂ'm‘%qﬁmuﬁamﬁ
fnualn Goal { ... } udnfusnszualuudasziulu output file
frnasuunimualisdndliwhfida anode Tauils @vstop@ (ilude parameter i
auTamnuas s SWB la <)
Step 189M7 sweep Qﬂﬁ’mu@lfﬂﬂ Initialstep, Increment, Maxstep Waz Minstep #1 step Al

And a1 san e nANURUNKT
realstep = step x (vstop — vnow)
A . doe
vstop AafAfwwal® Goal { ... }
= ' ol ar ] A =2 ¥ -
vnow flasnaguiniauiaznd Quasistationary { ... }

as 1 1 v A’A n‘.: as » v '
frasn Tt meiinga anode Tendlvw 0 Taaduazdains sweep fiv 5 Taaddn

Initialstep, Maxstep 48 Minstep A4a18819MUUBIzRATLEAY 0.05, 0.125 Uas 5e-6 Taae
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ANEIAUFI Increment a:t.ﬂue'i";gml,ﬁ'mﬁmh step 1 step 289 iteration JaURUAIVN 1N
fAaUVBIENNT LA ﬁ;ﬂﬂ‘s:ﬁaﬂ'maq Increment iaaaszoziIa lumamasaaulnianlafimrue
% Goal { ... }
3.2.5 Sentaurus Visual

Sentaurus visual wmanua§il FQNAIINNTEIRBINLY Tagaunsouaadlaseainewes
gunyal WuuUgasuaraudale Sentaurus visual ETOUAAIN TR BUUY RIAE 9 LEw
AanuRmILiRnIzLETasBanaTaunsalas, andlnw, suwalnd, Tudae, enusiveswinenia
ANUdNTUEINSe 1Tuen Feminenananues Sentaurus visual LLam@Tagﬂﬁ 3.12
mngﬂ%nﬁu‘l@?”h Sentaurus visual ui)ﬂ%’]ﬂﬁ]mﬁ@ﬂﬂ‘idﬂ‘fﬂdmﬂ\‘]ﬂ‘ﬂﬂﬂﬁuﬁ"}gﬁﬁ’]ﬂ]’ﬁﬂlLﬁﬂdNﬂ
mﬁ‘haaﬂugﬂl,mwaonsww Xy 1a8n@qe 1w nMTUaeINs IdVd-curve, CV-curve, USumana

' ' o o o bt s 4 o
RUIUBHAITWWS, USaawnssua luwn, Lmram“lﬂwwaamqﬂn‘mimsmmm

i

R T Lee Goee Do e e
Zereton &%

13
1

7
!

FEE BAOE %5 v Fesa€

Barge | Levets  Labed | hse |

T [

el e

#5 Plol_niD des i
Whl_m SOVTAEEE -y 1 3REED 2 ERIE TR el
o

4 i
31 3.12 #7192 89 Sentaurus visual

a -y A’ o i 3 ot
Iﬂﬂlﬁnﬂu’lﬂU’ﬁuuL‘iﬂ’ﬁTﬂﬂlﬂil}ﬂ’ﬁﬁﬂﬂBJLLUU TCAD 'lua’mmaam‘imaaaLLuumqﬂn‘mﬂum‘i

a waa * d o o a a o o ok @
”JLﬂiﬂzﬁﬂﬂ&ﬁﬂdﬂﬂﬂ’lﬂﬂﬂﬂLwa'-i]'maaﬂﬂ\lﬂﬂ’l‘m’lmuﬁjadLmﬂu‘[ﬂﬂi’m‘ﬂﬁmﬂfﬁﬂdil’muufﬂ{luﬂ

lavsaFelywamiduuunitlonsnudaaosas9duamIunanan 3 wnw
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1 < [ s _ A v L 2
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aﬂﬂm&manmuauﬂwsaiwaﬂnq‘luiﬂﬁaLaﬂmauna Tapazfatnlassashs MSM wlulassadnenan
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L Aﬂ Qv - [ £ L 2 L
Tawauuugeasinag (Hall plate) iunfiswldiuathanisensusziitadnaisdenishald
Nnude a0 nszuaumssisheaansnaldlunnnizuimanaiieesnune N
Qd. [ L 3 L o 8« s o A ] v
yald weimsluuuuinuenszuainsldnuiutos inszonaudsaarwaninsldanwle
ﬁju.'uummummmnu'[m‘nmmwn (Magnetoremstance) wadnanusumuiiudswllazegaiien
uam,@ma‘l’ﬁnma@mmﬂuuaa@ﬂmmn s]ﬁm**muwammwu Usznauiuduanilaifauaudn
'l.ma@leaﬂmuﬂLv.@m'nmﬂuv\anmmgumanmaummﬁmmLL;JmanmummmuNmﬂamm
A [ A L7 A ﬂl -3 3/ o
dumunszuanuIAnUagnseinlswanmssoadinaanszug Wb lEmIinulnue
w o f A ° ' a & & a
ﬂ‘s:uagnmaamu‘lﬂ LLa:mlﬁ”lummmm:m‘lﬂgumﬂ@miaaﬂuuuqﬂmmwmma‘mmmsmm
' 3 A i 3 v v e el v oA L% A e g . A -~
swNnnanuazaduLlan WA e ;dwn'l.w fulaseasrolans-ssneaniin-lans n3ani3en
t9 911A398379 MSM (Metal-Semiconductoe-Metal) snfinnsanisanuiduldidlumsssnuuy
P e a4 v Y- ( o A ' = " . o A
I@mﬂuwﬂﬂunuﬂagufLLﬂ'nﬂmmﬂm'l"ﬁ’lummﬂ%uﬂauuumanvlvlvh LELULR sqaqﬂmﬂﬂa
v d 12 J L3 ] o A‘ ] o AA as " &
e Wudw s9lavaiiltiandataananisondonun Eﬂuuuwuuwna:aammuLﬁuaumai
_e & & .-.I’ A 4 e 1 ~ A’;l e = J
a3mea (interdigital) usznuuiuguiidugUmnisn mnsasdadanndeivuiaueanuuugani
a a g = v o ' -4 v
LLNnu'[@fl@TmnLﬂuqﬂﬂsrﬂﬂmnﬁmmmmum:Lmsnamm'mlmmm’:'«a'«mam;1meﬂn‘lﬂ
' o & o & (Y v .
Wuatnad I@Um‘smommaaqﬂmrﬁummmmmu‘lﬁmmﬂuuaa'l,ﬂmwm (forward bias) W@z
m3lunassaunsy (reverse bias) laglEBidnasewduwimziinszumAnssfiadoariling
Q 1 v A A = ar L
fauiinmsasuanadiininsldnmsinszuaidnles iaRnsannanmauazlasaaeded
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wal 9 & A o

anudulylanlaseasns MSM ﬂ:mm‘mmmLﬂuqﬁmnﬁsﬁmm‘fﬂmmm@ﬂ%u
' o A i o b & v o a A A ar o A
AUWIVLAAR N LR AR maﬂvtwwﬂuqﬂmmmm B0 lagiNa Nz nINIIRTITUARY
' » @ o kg y [y v Az 4 @
wimdn Wi 3assnsshmmisenuuuiuiludmlangliiswnalngimwnz duiuilumsivuas
A ) s " 123 v a A v v:r At:ld. i 1 » A
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Magnetic sensor
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Abstract

This paper presents the MM shivchwre miassiotic debector dovice Uvat avonmally detects tve elechomagiaic wave, The device is
special deston For wagnetic field detoctor and still detects the decomapnetic wave as nonnal fmction, The schottky diode with
the sphit contacts siucte allows us to veach tuis taget. ‘The device operates with the zatation cvent mud the magnetic
wespronse 18 the coma diffrence betwean twe cortacts witich is wgected B one nxtal and dellocted in senrcondactor toward
1o aothrer neetal. From the siukstion tesul by Sentawus TCAD, the eelative sasitivity is 14 19wt ot the coovat 0.3 pA. This
device is the frst MSM i Ri-sersor Formagiebic and eleciomagnetic wave detector.

© 2016 The Authors. Published by Ehevier B.V, This is v open aceess article ander the CC BY-NC-ND Heeme
thitpe/ereativecommons.orgficense vy -ne-nd/-Ly).
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Kevwords: MSM; Magnetic sensar, Ehectronysgmtic sensor; Hall Biiect; Sentatsus TCAD

L. Intreduction and Structore

MSM 25 the stancture of electromiamtic detector device that conposes of two schottky Junction commected back
to back together as mwetal saniconductor metal {1}, This struche is siple and kow cost bt shows vay low

¥ Comespainding aihor,
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cupacitance. The stuctiwe i nomally desigied i interdiaitated stucture for luigh sensitivity rather than vectangulae
o square lage men, The photo ciarat ganaate fiom the Junction wea under the metal and the gop betweean metals
[2]. The bias can apphied bebween two wetals that one jurvction is Forward wd another is reverse, The intevdigitated
stuetire, erergy bund dingrmn deovsh the active kayer and photo ewrent clawacteristic are shown i Figwre L,

CURRENT 1)

METAL ww
me e =
. I, MASVOLTAGE (V)
SEMICONDUCTOR ~3 s
i,
) &) 1x)

Figuee £ MSM photo dutector () The interdipitabed avictire MSM () Biany Band disgon (0} Photo vinvent charctuistics,

The dual imagnetodiode is the device for magnetic detection [3,4]. The stmichre composed of two diodes that
designed the saitable deflection lensth of carviar bebween the iyjected junction to contact, The anedes are conaoned
anvd two cathodes sre separated. When nsguctic field fe applied, the indweed force from masnetic Held vector oross
the cuent vector act vpon the ijected camiers alove the deflection lensth so the cumrent of two catlwodes me
difference AT, The cmvent differece depend Jvenrhy on tie mngmetic fiebd deneity and the oign of AF is invertion
wlven the divection of mmzactic fHeld iy opposite, The diode can be fabvicated ae pn fuewtion as well 22 schiottky
Jomorion, The device om operate m Sorwand awd veverse bias and omi be dowe o i hobe avd ehochion Byjecked
cuneats, Flaws 2. shows e shascivvs of dual waspstodiods and the cyaacteistios,

MmAy
i
L
K, 3
A]I Magectie Yickddensingmt )
K,
(@) Top view st ©) Chraracteristic of mamietodiode

Flaure 2. Dual magrctodiode,

Hhe MSM multi-sepsor stuctwe can be desigied to roach this puepose becavse of the dual magietodiode
shtctre, Tt s the maged structiee bebween the MSM phote detector and ngnetodiode. The core of the shuchme is
the Rmiction s0 the schotthy Jmction botween metal-somicondactor is selected bere rathar than pu junction of
magnetodiode, The metal area st wive for photo absorbtion and for nizgnetic response so the rectangular or square
shiape of mretal 1e deshomred. The pap between nwetals ts Jefired ax Jeflocton kength W the smwe thae 2o thre eoitica)
enpth ds detarmaind by the tongth of enmier deflection, Whe curont dilference of mamgnetic neyponse s cemied ot by
Enbricated thve toro comtmet winkdows W, and W, within Al metsl for comrecting with thre offbver nneta) contaet hayer
For two seperated cvnrent respomse, This shuchre dg showm i Finare 3(a) mad the 2-divensions model for shmilation
by Sentamns TCAD progyam is shown iy Figwre 3(b). The area of mels are 400 % 400 snr® with the comaet
window 30 % 30 mm® and the gap bebveen mciate md contacte e 400 s 10 s, rempectively,
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(a) Tep view o) 2-divamsan inodel

Frewre 3, Menged stivchme off MEM Mapnetic senvor,
2. Resulis and Discussion

Flawwe 4, is the magnetic response firam the shaulation 2t voom tempaature 300 K The vondaut covent is
apphied from one metal to the another nactal St has 2 it comtact windows, The wdput is the covent differaice
bween contact windows Al = £l Wiven mingietic fiekd is appliod in -2 dhoction, the oulpul responses e in
positive with the relative sensitiviies 7.2, 11.93 and 13,74 mT" at currert 0.0, 0.2 and 9.3 pA, nepectively. In the
opposite nagnetic Tield divection, the reliive songitivivies me 5.2, 1162 70d 1409 nil #t wunrest 0.1, 9.2 and 0.3
nA, respectively, The cmran danity dawibution Srom the sirmlation de dhewm in Pig. 3. While the mmgnetic field in
-2 ig wpphied, the induced Torce i - Snection 15 dnced i the cvnveit 2t the comtmet window | is grodter tim
comtact window 2, M, > 0. I the opposite divection +Z, the indnced force iy dn +Y direction and the cavent 2
contact window 1 ie dess thian contact window 2, Af, <9, Figwes & shows the modhmnmn of the device according to
ithe discnsrion. Althongh the deaiee has two gphit contact windows .one wetal inotead of two maal contacts but the
sk sl the savne, The cvoment dsfacts i fhe mmetal by indoced Soves to coniact windews onses the oument
dilferance Al The ontput regponse Al ks aill Aefined as

Mamietic Tieh! demir ()
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Flgure & The cusrent density distibution of MSM ic yensor,
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K} 2 e
g e W, 9 ¥, T W,
><“”"=' ./I: {nt v e, . ID].
’ e rg
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- EDZ T 9 [DZ
M, M, M, M,
_ () Zdivection tapetic Tvld ' by 2 direction wugetic Held

Fremre 6 The meehantan of MSM magnetic sensar,
.M;, tfh{’ﬁ«_ﬁ’ . (“

where £, is electron amzent density in X divection, AY is the distance of deviation cutent in Y direction due to
Loventz’s Forve and o s the depth of cuvent. The velative sensitivity Sy s defined as

Sy = MpdpAB, )
3. Conchusion

The MSM magnetadiode is proposed here first tme. The device detects magetic field and elecromagnetic
wave i the smne device, The dructure is based on MSM stucture For photo detection and dual magietodiode for
magnetic feld detection. The merped stociure has two square nietals et one nwtal are designed for two contact
windows withinn the iiretal for conmecting with e other nretal fayer for sepemte cvmvent. The negietic response is
Hire diference of el cumvent Srom two separate conmct windows tat feats the principal of dwal nragnstodiode for
dehecking thee avvasmveiic Geld, B s 2 nnli-pavsor Srst v A MM swoine for dhetectivg sloctovwamretic wave and
magnetic feld,
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