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ABSTRACT

This thesis presents bipolar magnetotransistor sensing vertical and lateral magnetic
field, bases on Hall Effect theory, which cause Lorentz force to affect on carrier to produce the
electric current difference. Five terminals and three terminals magnetotransistor structure were
desiged and studied. Five terminals structure consisted of emitter, a pair of bases and a pair of
collectors. It detected magnetic field by collector current difference (Al.), also base-collector
current difference (Al ) can be applicable. The results obtained suggest shown that Al,. related
to the gap between both collectors (w) and the gap between emitter and collector (L). The
increment of emitter current (I.) and external electric field (V,) related to the higher output
(Al.) and sensitivity whereas linearity decreased. On the other hand, the three terminals
structure procedure depended on Lorentz force action on carrier, made the difference between
base and collector current (Al,.,). It has qualification to detect both vertical and lateral magnetic
field. The result of vertical magnetic field response explained that the incremental emitter
current made the difference between base and collector current increaseed. However, the
linearity was not being affected. In conclusion, the sensitivity of three terminals is up to emitter
current and magnetic field density. Beside, the experiment of lateral magnetic field response has
higher sensitivity than vertical magnetic field response. Not only easy to use as same as simple
bipolar magnetotransistor but also reduces the bias complex and can be developed for integrated

circuit in future.
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Year Effect Description Application

1842 Joule Magnetostriction-change in Acoustic delay line
of ferromagnet with magnetisation. magnetometers.

1846 - Change in Young's modulus with Acoustic delay line
magnetisation, magnetometers,

1847 Matteucci Torsion of a ferromagnetic rod Magnetoelastic sensor,
changes magnetisation.

1856 Thomson Change in electrical resistance with Magnetoresistive
magnetic field. SENSOrs.

1858 Wiede mann A Torsion is created by a current Torque and force
carring ferromagnetic rod when measurement
subjected to a longitudinal field

1865 Villari Magnetization effected by tensile Magnetoelastic
or compressive strength. SEnsors.

1879 Hall Transverse voltage created across Magnetogalvanic
current-carrying crystal by magnetic  sensors.

field.

1903 Skin Displacement of current to surface Position sensors.
due to eddy current. (distance, proximity)

1931 Sixtus Pulse magnetisation by large Wiegand and pulse-

Tonks Barkhausen jumps. Wire sensors.

1962 Josephson Quantum mechanical tunnelling Position sensors

effect between two superconducting

layers.

SQUID magnetometers.
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Quantum SQUID
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E=eva 2N,
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’F,I= F, =ev B, (2.2)
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pe
Aniuaz A
Ey =_]._=RH (2.5)
J.B. pe

lae R, fin duilsz@nTvesa0d (Hall coefficient)
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p-type n-type

/\ F+0.5x10%
|

0.01 o. |

s

IF-0.5x10"
p,» 1500 cm?/ Voll sec

J,= 600 em?/ Volt sec

I -1.0x10°%
3

m =1.6x10% em”

F-15x0*

%-z.om'
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p = —_— = = (29)

wazammaumu 'l fe

_pyd _V wd (2.10)
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, 1 1
1N p=—=
o epu,
aaviuvzla
1 1
H,= =—R, (2.11)
epp p

VINTUMT (2.9), (2.10) 1Az (2.11) wHuNMsnaaslsingmssivesseaai 1 aunson
" = 1 o ] 4 o ° H
Amiimes  AdiAgueamamsnadnild Aoanumuniuveawing anmd iy
T nazanmaaesveswme 1diduednsd
° - o aa 4 o o - | o o - 9 ar
Tuihweadeanu lunsdifiensiesdniwiiadu ussdusead (¥, ) seiiaassduiv

- A o 0 A as an " a o o e
NIHUVDITITNIAIUIVUAN AD uﬂnﬂuﬁﬂ llazﬁ$1ﬁ,ﬂ1ﬂuﬂﬁzﬁ“ﬁ”a\]aﬂﬁﬁ RH LAY
| (2.12)
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tang, = J..B, o _ o.B,
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13D tanf, =—==peu,——=u, B,
pe
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wld u,=0.R,
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Tumsamsizinnanuudail 1y lAn s sRaueImsyuAUNIME A ULaNas §a1iy
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A 1d3s ligndeain Ardulsednivesaoad lunsainnnsannssusuveanine iy

HANAY R, aansonaasadumsnnuduRus 14 lag

RHF%RH =1.18R, (2.14)

uag tanez%r,up.Bz =u,.B,

- tan & 3z
nio My = ="y
I T 1
My =y =118, (2.15)

1Ay u, Ao AN IMANUAABIAI8DAA (Hall mobility)uaz 4, ADANINANUAGBIAIBDAT 1
NIUNIITUINTBUAUYDIN ML A LAN KA

Tuns @AM T YURUIBINIMERUBZABUAIIITD (ionized impurity scattering)
asammdulszAnisend lunsdinosannmssuiuiuveannziuezaeumsido R

waras lddaaunisn (2.16)
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RH: =5—124RH = ]93RH (2]6)
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2.1.2 Inssa$hegilnsaisena

gunsaisoadiilugunsalpstefuaumiminlaverdionquisead (Hall Effect)
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G.B..1 (2.19)

/ =

g.nt

i ) o a
Tavh r, D WIS WIADTNMINTIN (scattering parameter)

VINAUNITN (2.18) 1a (2.19) uaad Iiiumsiimes Inseade G vziinudy-

o o 4 P - o @ —
WUDINULLIIAUEDDN Tﬂﬂﬂﬂﬁ'llllﬁﬂiiﬂiiﬁgwc fnsolszumasaunIsn (2.20)

G= l—exp(—i.i. O i I—E.i.i (2.20)
2 w tand, 7 w tan@,

Taslumseenuuugunssiseadezimualii G =1 Fawiniiines Tnseadreezivdumnila
Tédheonuuuli 1/w =3uaz s/w <1 Tasdumisvestamusesnouumaszoonuuil
seuz 172 [1)
Tuilegiugunseiseadannsomis1difiuaessiinfoginssisonduuinsuay
wuaueu [15] Taogil 2.6 waggUlit 2.7 uaasdmuunazdugaunsvesgunsalsoad
wmnAssiady  Tasadnuugiusessiiad wazadredaenszuumsadiaiuguves
TuTnd1d nszuaez Inaszuidrdidnnia 1 uas 2 vausfusadugoadgninszn et
8idnTnsa 3 waz 4 Anumuuniudidnaseudszim 10° - 10® cm® nazdinumuIy
8AnuFua s- 10 um Tavfieenuuuiaveumanyszuia 200 x 200 pm AAINAIUAIUNIY
TihvestusRiannsnanas1dlaelddanssumanuned (ion implantation) FUMATIATII

THvwnavearugnsaiseadinnuminaue 14
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Hall contacts

I
\ ? P—In-epilayer 2 \ i }

(110) p-substrate

(v)

311 2.7 Tnssadedudavnavesginsalaendiuana [15]
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' =] ¥ a0 ' - o
auimangalizua 500 - 1,000 VAT uaiideidvfesziimanmanunaesing
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p-isolation—:—+ %

()



diinveanAnaId WIzsaNMIMIANTET 17

- %

P p%p p n' emitter diffusion

n' buried layer

p-substrate

(v)
37 2.8 Tassadegunsalgeadiuaueu (n) Auuu uag (v) Audauaa(is]
MAGNETIC

INTENSITY
* el OUTPUT

N
I.OO [pAJ

U7 2.9 wiynveaduhimuiman(is]

2.2 lmﬂﬁiﬂ?@mﬂﬂ% (Magnetoresistor)

o ot o ar ' & A '
dmivgdnssiasrsdvauimimanlassadrsvesnnudumn Ild Fauson i

~ e 4 s o =] o a o .
wuniilaiFmans erdodsingnissinunii AT Faunud (magnetoresistance effect) 1un13
Y " o <4 o 3 4 o o a A
asdvawmimanduiiulsingmsainanudumuvesmsnsdninzldvunlasile

a = o

a ' g & o a = o
lasuanEnavinanumiman FudunaunnussassudnsziduwmziRaiiugm 0

v 4 4 44 4 v y & 4 &4
Twmzindeunlussozmanmuiuiiunaldanudumiunnau yumsindeudidouy
mldlavaumsi (2.21) vazsmmsnlasunlasadumuiidannyaniivauy 8 n'lés

AuNISN (2.22)
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0 =tan"'(u.B.) (2.21)

R(@)=R,(1+tan’ @) —> R(B.)=R,(1+ K, .4*.B) (2.22)
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| & e ’ & - - !
Taoh K, Yunuoasdmvevamand lugaundamaniinnunhannninnue

=Y = - a [ = o
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sugnszmfiulszpnmeih IdinansulaounlasvesnnudmmiIwi 304 2.10 (v)
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uaraslassadrauunil IasdmmesnuvrsnauduiuInssadrefiusswueoad lawiso
- J ] 4' d‘ o = d’ o @
wavu ld Tasauimanansaisemiionh lmsamsdonuuvesnszua I 1diAe

- Y S i 4
msnlasundasvesanudumu i 1d uenvinfinnud v dounlassssusy
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anImAunaBIdIvesiagdndle Tavginsalfiadsnnddneusziianinaundes

.
L o - 1

4 a g o Aas aa o - a
ITAVA mﬂﬂuﬂﬂmm’iqﬂﬂiﬂumﬂuiﬂi‘]iﬁmﬂii]zmaﬂﬁ'li1“;‘3ﬂt‘)ﬂ‘ﬂ11ﬂ1ﬂﬂ1‘ﬂﬂ’nll

aaeefagalumsads

(n)

(V)

= = o
31U 2.10 Tassardreveamnii Tn3Fmaes (n) LUVYLIY UaE (V) wUVINAN[15]



2.3 nunitlnlalen (Magnetodiode)

o o o @ ' o b a [ o

dmsvgUnssiasnvumunumimanlnssadefimunansdagli 2,11 uaag
Vv ; =] aaa 9 s
Inssarieiugmvoamniilalalealaeiiianwend, anunhauazanugs (xwxd) o1
ANUUANANYBIBATINGTIWAIN M SzHIaRIToURBd U UNAIT DI INULNG Tnnoy
I¥UIATHU (magneto concentration effect) 1AUWIMZYNNsTMMAIOUIIRBITUTI I IToanu

ar L4 " ar g o
Tdavenveaginsal AnmuanA19v098A5 1N TIMEIMNIME (recombination) i 14y

4

msmauvesuuniilalaleadndau Taons14 si-AlL-0, uaz si-sio, iMuRZon1 SOS
i = o [ ' d o P
(Silicon-On-Sapphire) fauaraazyl 2.12 (n) Al lunmsasndvaunuuimaninssuansi

annsan 1 Taoaunisi 2.23 [15]

dv, _e(u, +p )T (v,-v)

S = = V (2.23
Y dB, 8KTI E )

- aa a o as o
IﬂUVI / ﬁammmwewmau%uﬂmu, v, lag v, ﬁﬂﬂﬂi‘]ﬂ]iﬁ?uﬂ?‘“ﬂi'ﬂ']ﬂz,

008 41, ADTNIMANUAGDIAIWOINING LAY 7, ABBIYVDININE

37 2.11 Tassadedudavnsvesuniiln'lalen [15)

¥
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o
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b 4 »
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" = 1 o s ar { LY - 3 as o o
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WIMU19D9 SOS  uuntilalalea awwuuvdnuulasii idnszuadoauuullen
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[P N-Si N’

ALO; (SAPPHIRE)

(M)

® L)

l | Depletion layer

C

U 2.12 Tassadreveaunnii TnlaTeaanswiia (n) SOS uag (v) CMOS [15]

d
2.4 ununilanuFanes (Magnetotransistor)

= a o o Y ] d o Qs 9
uunil Tansmdmaosiuginssinsnivauinwimanieido Tasead1aves
v o = o ar ] =1 Qs '] o
TuTwarinsudmaes lumsasreduauiutman auisaasrevrauinumanldly
= a ] 9 = - =) = o & ~
nenanulaalaseunsonta1didy 2 wiia Ao wunii Tansudamesnwinznaouinly
a . N a o 4 Py
1WA ( vertical magnetotransistor ) UAY HUNH IANUFaAos MW IMznaoun luuuIuou
s [] o Qs ar 4 o
(lateral magnetotransistor ) AT INLLIMAN lasorfonanmisilsingniseisnad nsean
o o a 1 " 13
sugnszmdunmemi fifannuuandseninszuaneamamainaaes na'lnlums
- ' i > 2 i o
INAANUUANAINTENINNITUAABAIAAINDS NIABY (AL) VuagiumsilivauuvoanIng

(carrier deflection) 1LY ﬂi:uﬂﬂﬁﬁﬂﬂmﬂﬁuﬂﬂﬂm‘n (modulation current injection) [1-6]

2.4.1 wuniilansmuFmaesyiianszualnaundfg (Vertical magnetotransistor)
- 9 P a P A P a )
3U7 2.13 uaaslnssaHauunii Tansmdmeos ninmzindounmuuulas lavads

¥ Af 1 3 7 = ¢ a
%1ﬂﬂi:‘,11’luﬂ'liﬁi'!ﬂwui1“1]8&11]1“?115 Iﬂ'ix‘lﬁ'i'lﬂﬂ'igﬂﬂllﬂ'w‘ﬂ‘)"lu“liﬁmﬂi‘]fuﬂ npn 994

& 1w aa a0 " o i U 1 7>
Arefiuddlamesswuaziuasiu H5uHs (buried layer) agldduiua aoamamadng
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¥ - = + oA q Y9 da A4 o YA 1 " J n’:
ADINTNINDLABUAITIOFUA n' e LI nadanmualiigesnesenine Fuils

(buried layer) NIAD4

0
35
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Ly
Tl
i
¥
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l,1+ Tl E T n+
| \=l'e

i ayer
C2n)— X CInJ—

P-substrate

314 2.13 Audav e lassadaveamunii Tanswdmaesviianszua Tuauwadas (1]

4
wimzananngnianndiamesiudnuue lfsudivesneaanned nizuaes
[ v ] n‘: . : 1 et [ o
uomiluaeaduTaoudazaanes lUSaduils (buried layer) Waaros vazd lifauuuimin

ar ]

ﬂﬂmunszuﬁﬂamaﬂmm’vfmmnﬁwﬁuﬂ;jﬁluﬂm’;sam}n I,=1,=1,/2 laui i
AenasamnszuaneaameIaBar i T s Endary i efiauuulmin
Farulufirmadaninfunszuanonianines ussaesugnszmriumive luwan 1y
ﬂ'ixuﬁﬂaamﬂmm"ﬁ”aﬂaa"ln'ﬁnaaLﬁﬂmmamneha‘szwinnszuﬂﬂamaﬂmaﬁfq

¥ v
avAl.=1.,-1., ANUIANANITNINNTZUARDAIANDI NIaDIn1 1A TAverun1s i 2.24

Al. =G (LIW,).1,,.B (2.24)

- =1 ¥ - o ar o -~ 9 =a o y A
lauh L fieszuzsznindiimmosnunoaaniaes, W, 18 ANUNIN0UAIRDS Lae G D

v c;ﬂ;c? ar 3/ o o v o ¥
mnsniduny lassainvesginsa nawhlumsasasivauwimann 181ao

S=|Al./1.,B| (2.25)
unUANMSh (2.24) asluaumse (2.25) 3214
S=Gu (LIW,) (2.26)

“ ] ey ] g @ or " =]
El'lnl'ﬂﬂ'I'J:,‘ﬂﬂﬂ‘ilEu&ﬁ‘lﬂijﬁu"IiJH.lll'ﬂaﬂﬂﬂﬂ'luﬂ'lﬂ150ﬂ1ﬂ'ﬂﬂll'ﬂuﬂ']i(”l‘i MWIVTUINLNAN

1@daaunsn (2.27) uaz (2.28)
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S,= |8V, 18B|,., = R'|0l.10B|,, (2.27)

S=V:'|oV,.10B|y =1 |01 10B],., (2.28)

" w 1 o (gcl 1 & =
iy hlumsasnduaunimdnvesginsaiiinalszam 0.03/T - 0.05/T Faaziia

IndiRvsfugunssinstedummuimanlnssadsemna (MAGFET)

= =Y d a .
z4.2uuntlansudmneiviianszualvamuuuiuen(Lateral magnetotransistor)
u'; = = d o o
Tassadnlaom ldvesuunii Tansmdmaosstianszua Iamuuu U UL AAIS 3

= o d'l a = = P s L
317 2.14 Taomsirnuwine zmammmﬂﬂmmaﬂﬂmﬂamaﬂmsmwnﬂuagﬂaam
BUNANIAS TavaWIsoasumNuman lufeamiuIfe TR LEANA19S =119

o z = " 4 1
nIzuaADAIAAIABINIABY (AZ.) nalnlumsifannuuandiaiiesninmsiboanuyes
WINE (carrier deflection) L1 nszuﬁmsﬁmmmsuaﬂamn (modulation current injection)
s o ' = a o =Y

gUnsaiasTumumiman Inssadraunil Tanswdamnosuuy pnp vitanszualnan

aa L4 a’:
umuauﬂsznam"w anmma§ E, aa3noninamos Cl, C2 Lasaodvuuanouunn Bl, B2

N-SUB |

{ = a d o
114 2.14 Tassadnvesmnii TanswFmaeswiianszua Tnamuuuaueu[15]
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carriers ) Mndiameigniad Il luwadwiwallfneanames auw i luwase
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winzlumsindeunnnualddneanames i linszuaneaamnesinuiwiie 13
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' g w0 = : [ o ¥ a o & o
avmimanaaru lufiemedenindunszud i i liifaus saosuddansziinuilsey
° [ 1 v 3 o n’:
wimg hlinmzdandesluwadsauuanumuinivvenlszynmeiineannnoivsaes
Ly iiannuuanaesznienszuanaoalamApsNIaes (A, #0)  1ufons

wasulasnnanzaugaiiiu bisuganansdaguii 2.15v)

&
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U7 2.15 waveaussaeisudinszyiunme (Tea ) () B, = 0uag (v) B, >0

3 1 o as 4
ANUUANANIENINNTSUAABIAIADS [, uaz [., 1ARIauNISH 2.29
< - s ad .
NS IERsiuNTMYeN I, uaz I, Aenszuaasamnassn valuniizlnatiuies a
i ] 4 Y LY o 1 [ "
aunsi (2.30) dauaunisi (231) waasdannuduiutsendn Al fuanumuLiY
- - ) ' O aa o
AUIVLULIAN A3 AI(. mliHumnmw‘nmuuuﬁmmmmammsniztmauﬂmai ﬂ']’ll]ul’]

(9 1 o o o o 4
Tumsasivaummimanuuuduinsuazuuvauyseinaas lddsaunsi (2.32) - (2.33)

Al =1y =1 (2.29)
o=l + 1o (2.30)
Al. =K, (u,+u,)B,.1, (2.31)

Cé 1 L] o Ll
¥ g, U0z 4, AOAINIWARDIA (mobility) vosdianasounas Tea

U e v o do ' a s o
Kg rﬂ‘umﬂm‘nnﬂ:nufmwuﬁﬂmﬂsnanymwmmqﬂnsiu

. (2.32)
R
I,.AB,
AV
8 (2.33)
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2.4.3 HUNHIANTIUTNAB TNV (Three terminal magnetotransistor)

-~ ) o [ - =]
TassadveauuniilansmFames muvinaasdeziin 2.6 (Hununiila
NIMFAADIUVY pnp WiiAnTzUe TvamuuuIueu Usznoudio 8imaes E, wa B uaz
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ApaaAmes C InssadaumniiTansudmass mwvuilumsiaunnlassadralndnan
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e soasTumImiman 18N A waziuIuey Taserfonnuuangia
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U0 216 Tassad e aunii TansuFmnes auan

uunii Tansudmaesuuy Tnssad e lunngi hifauuudman)Suunme
Tsaundouiinndiiamestwaldineannmefiiiunszuanoamnmeiidnls i
wng Tgafis 12 (recombination) lumilunszumua uddodmnuuimindaninuuans
(A3 2) darudagilnsal winzgnnszilasussaesud sldwmzidvavuuazina
AUHANA NI THINNISUTUTUALNILUAADAAAADS NITIUATIEHNIIMIULLNT Ta
nsmdmaniamnsaesuelddsgiii 2.17 TavnszuadiamesAemssmiuveanssumue

HAZNIZUANDAAANDI AIAUNITN (2.34)

H ¥ v ¥ "
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1,=1,+1,. (2.34)
nszuadiiamesaunsouaaseglumonveaSinmnumuunivvesaa J,, Aaaums2.3s
I,=J,W.d (2.35)
Taoi W, Aeamuntediiamed was d Aeawdnsouso
ms1u'ﬂnammﬂszum‘fuﬁmmﬁuﬁufﬁummn%mn%’nm?f W,, annanu
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J ci = =
-uadlu AZ uffiaes 10 Juii

' : = =& ¥ a4
- wluhusgnsudainia

¥ Fl ol

-ulunihSgniudanaes
-quithldudede N,

pUNAUN 80 °C 10 UM (post bake)

uv light

Gl Ll L

AZ 1350

) — sio:

N-sub

19 4.10 nszuums I 1Aa Isns W udan 1
3
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Viiddd?d?®??#

N-sub

31 4.11 wams develop MUNAINIIN VU

nIzuIumsanasudaneulaeenluq (Oxide Etching)
o ar n’: & i A = o @ o = ' :’
nimsaiatu sio, lasguluasazaiu Buffer 445ion31n13Aa 1000 A/min udaguluri
e U ﬂ" L]
vignsvahliuianmimirlaenilduoen
¥

ms 1¥msazawana ¥usen’lad (oxide etching)
- lwihasazaiu buffer

" : £y & w4 &
- ulmhuSgnsudnnila

i P 5]

- ulumihSgniudnaes
-uhl¥udsdao N,
nszuIumsdaiheuas

" ¥ :; A
- 01U Asetone ufiafiniia

J 3 ﬂi A
- 01U Asetone ufaNnila

' e s v oa 4
- WwlnihuSgniudanwis
- lwmhusgniudnaes

-uhlviudadan N,

N-sub

- @ q‘: s o
U 4.2 wamsanasuganeu laeenlea

61



A 07777720

N-sub

v v
11 413 nszuaumsasmin luaa

nszuIuMIunImsevearlea
diemnsaiadu si0, udnimsuns msiteveaosadau uiwii sio, ffuagi
oavesa liannsounsith 14
NISVIUNIT Pre-deposition
- Phosphorus deposition Temp 1000 e
- ndouuHuAI0 WoaWesaviiaman
- DULAY 10 1 71 90 °C
- deposit @20 N, 1000 cc/min 15 U
ﬂl')ﬂ‘l?v'u Phosphorus glass
- lumsazaiw HF 5%

) S - = i 4
- yulmhusgniudannil
: iju1u11’1u?qw§1tﬁ1ﬁﬁaa
~h1udadoe
NSZUIUMS drive in
- Boron drive in Temp 1100 °c
-Dry #20 O, 1200 cc/min 20 17
- Wet @20 O, 1000 cc/min 20 U

-Dry @20 0, 1200 cc/min 20 U
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N

Y N

n n

N-sub

3% 4.14 szuuMsunsasieneae e

nszuumsinigalsnsvandn?
» v ¥ v
hruan lmdsuihn luasrtiauan simiuiwuauluaonas uv Taosu v

W ¢ & VoA . °
Tﬂmaﬂmuﬂuﬂﬁmmmu‘n 2 (Emitter, Collector Mask) llﬁ‘]‘lﬂ‘lﬂ‘l‘i develop

uv light

iyl

N-sub

(M
S I
(/222222%
N-sub )

5U4.15 nszuaunms I 1aa Tsns i (n) msaouaanaz(v) N3 develop



nszuaumsanayudanewlnoenlad (Oxide Etching)

N-sub
7 /
/A 9 a V v /A
n n’
N-sub

(M)

(v)

] »
11N 4.16 (n) msanasusineulasonlod uaz (v) mondanmsaenilay

m:v‘aumsuwiamﬁoiumu

g u’: e o 4 - A ' aa o
naInnNaenyu Sio, uﬁ’: WMMSUNI T390 Tusou maﬂ%qmuaumﬂamaz

ADAIANIADST
NIZVIUNIT Pre-deposition
- Boron deposition Temp 1000 °c
- ndvuIHUA 0 TusUTIAMAD
- DUUHY 10 WI¥ #1130 °C
- deposit AU N, 1000 cc/min 15 U1
- @373 Boron glass @20 O, 1200 cc/min 5 U1
¥
AavN¥U Boron glass
- yulumsazaiv HF 5%
" : = n' ) ﬂl A
- ywhuhusgnsudanuils
' :’ = & 3y oA
- Wwluhusgnsunindes

-uhl¥udsdo N,
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NISVIUNG drive in

- Phosphorus drive in Temp 1100 °c
-dry @20 0, 1200 cc/min 30 WIN
-wet AU O, 1000 cc/min 30 I

- dry A O, 1200 cc/min 30 W

NN

[7]
0 e A
N || p* P"|| N*

N-sub

{ ' {1 an o
31U 4.17 nszvaumsuws ansite Tuseulddudiinmesuazaoanines

nszuaumsInidalsnnvingn 3

v v N
mmamdeuiin luasstiaay v lunouas v Taosin I 1dmndn 3

(contact mask)

uv light

RRREE.

Z +//////f?
N || P P || N

N-sub

71U 4.18 nszvaums INTAa Tsnsmundai 3
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WG born b A
N pT p* N
N-sub

" ¥
31 4.19 nszuaumsaemiion luaa

¥
nszuIumMsanasudanoulaoonled (oxide etching)

NN

%457 B%%7 %5707 %
N+

P"|| PY[| N*

N-sub

= a n‘: aa < A '
1U% 4.20 MmsaiaguFanou lavon laamoad 19904 contact

NIZUIUNS Metalization
¥ '
nIzUIUMsIAGEUT W QlITivuduns UM szIMe TugayRIN e evaporation i

AUAY 2.5% 10 Torr Tunat 5 %214

N-sub

' b
317 4.21 nszumsindeusuezgiitioudlonszuiumssemo lugyane
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nszuaumsInidalsnsvingn 4

d‘l o -~ ] o -~ : - o
iiomhmsindouezgiitivnnd imsindeuihn luasriiauan (Az) ud il

¥
aouae UV udni hivimsdaionlauas (develop)

Vibvll

N-sub (n)

N-sub

(v)

119 4.22 nszuaums INTaa Tsns mivandadi 4 (n) msmoursriiumndn uaz

¥
(wMonaansdraiw luaa (develop)

b
o Qs = o
ﬂ'iz‘l]'luﬂ'liﬁﬂﬂ‘ﬁuiﬂﬂt (Al-Etching) S UINDI
A o as n‘o‘ | l P = (o] ° - o
wemsanayusgiiition Tasmsguansazarongangiilszanm 40 °C vnsFunein

Uil 500 °C Tural 10 wn



N-sub

“ =1 a da o
?1]71 4.23 Llﬂﬂuiﬂﬂ‘i'lu"lfﬂlﬂﬂim’ﬂiilﬁl]‘uim

P ' a a o 9 - d o
3UN 424 nmdhouunii Tanswgmaes v e vauysal
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¥ 4 = d
4.6 nszmumstmauunuinmmmmwmmum

ﬂ'ﬁﬁi')ﬁ)iTE]UlLﬁ:;’ﬁ']ﬂ'ﬂllﬁSE)'lﬂllPiUNaﬂ

400 pm
N-sub 4'

(n)

NSZUIUNITOBNFIATY

[ zzzzzzz2222272774%— SiO;

N-sub
(v)
nszuaums 188 Isnsmdlundad 1
uv light
TS 20 R
AZ 1350

77 2 Ae— SiO2

N-sub

(1)

v ¥
3% 4.25 SAvTureunszuIUMIad vvBaLnt Tanswdmans au (n)-(A)



»
nszuIuMIaInie lue (develop)

1 I
7000000000077

N-sub

o 3 o a o &
nszuIUMsanasuganoulaoonlea (etching)

P,

N-sub

AsZUIUMsSUNIsReNeanesmwead 1 e a

N-sub

= o o n"’ = o
3U7 4.25 AAvvupeunszuIuMsadve il Tansudmaes awu (9)-®)

()

Q)

()

70



Aszuuns 183 Tsns mandnn 2

uv light

N-sub
(%)
N-sub (%)
nizuumsanasudanoulaoon la@ (etching) Wrdai 2
% 77,
N+
N-sub ()

Ed
ar

P o o v = = o
37 4.25 AduTussunszuIumMIadve il Tansmudames auv (¥)-(a1)
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» (] - e o
NIZUUMTUNI 318 Tuseu ladudiinmesilasnoalannes

%/{[/{/f; A
p* P’
N-sub @)
n3zuums I Ida Isns mifandan 3
uv light
N-sub @
nszuumsdaie s (develop) M1dAT 3
P P
N-sub @Q

¥
o o

3104 4.25 Srduduneunsruumsadisveswunil TansuFmaosawn (@)-(g)



[ u’: aa ¢ A
nizuuMsanasuganeulaoen laa (etching) mdan 3

77 7777272224 77

p*

N-sub
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®

»
nsTUIUMIINIBUFUDLQIITiouAILNIz UMz TugyIMA Evapolation

N-sub

nszuums INTAa IsnsWurdan 4

uv light

P P

N-sub

3
o o

(n)

()

110 4.25 MduTureunszuIuMsadvenil Tanswdaaesmuwn (3)-(@)
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n3zUIUMsa19ie 1 (develop) mdnai 4

A
+
P’ P
N-sub
(w)
) s : o l:; Y o
» ﬂ'izﬂ’)uﬂ'l‘iﬂﬂﬂ‘ﬁuiﬁﬂxll'lﬁﬂﬂ 4 1192 NIZUIUMTBUINDST
Z)
5
p* r
N-sub (R)

11 4.25 MduduneunszuIumsadvesmnil lanswdmaes dwv (1)-(a)



(n)

(v)

(M)

51U 4.26 nmaouunil Tans uFmass a1t (1) MINE ALY

«

¥ »
() nmswgUnseiuaasialFaunas (n) nmaoglnssimsaeialdau
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=i
unn s

MINAAINATHANIINAADY

v
THUNTIZUAAINIINABDUIATHANIINARDIVOILUNT IANI LT ATV A= AN
s ey " o ) o 1 o
V1 UAAINTIAUANVATOUABUAZANNTUNU ST NINTzua INHuazus v Wi veq
a Y o =1 Y '3 ' [~ ]
uuni Tansudaiaes laouunil IansuFmans M1V IAAINANITABY AU BIAUINUNIMED
a 1 o aa o o " = n’:
HUIAINNIUANMSIMINUBNMADS (1) HAZUTIAUNIIUDN (V,) 9199 DNNAULAAINTS
[ ] - a s ° n’a‘ - = 4
ATMIVAU LM ANIIAL Taon s 1% TnuanmsmiauausanenSsuiouainin 1ol
[ ] =1 [ o - a o
MIasIuauIiman Tuuaaz Tnuan13M19u uunt TaNs IS anD s ALY ILaAINE
i o a Y a o &
misasvauesmuimanuuIAs lugluuy Inssadralnduas puuy Tnssadaaesdasy
° ' =1 o 4
NIZUA NINITNAADINIADVAUBITW VLU ANUUIWOU TauRIN1snaasal avuuilag
o -a o ° =l -t ar ' =]
nszuanmInINudNamesitaziimslsoumouanu T lunisasreduawivudimanly

NANILUIAUDSUUIUDUDNALWY

s Qe = ¢
5.1 myIanENUANnilans uImnes

5.1.1 M3 IATLBADN-16U
ar s 1 a o =t a o LY d;’ 9
myiauaulasesren-Buveunil lansmgmaesifumsJanaaouiilosdu
are ' d o & - ey
uaRInuaNATBUABN-DUYDIQUNIAIFININNTIMMITNARBIZIT 5.1 udasgmmTAveq

. ¥
500ADNV 1FIUA199

0.05 mA din 0.05 mA‘din

0.2 Vidiy 0.2 - V/div

(n) s0UABD B-C (v) 59090 B-E

. W

P e ¢! a2 o Ao ' = ) o
3U% 5.1 queidsesAeN-ounia 19nuagvesuunil TansuSamaes v
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0.05 mA/div

0.05 mA din
0.2 Vidiv

0.22=\din

(n) 500AB B-C (v) 59070 B-E

a ey ' o ] )
JUN5.2 puanidsesasi-ouvesunil Tansudamaes awn

5.1.2 myinguanvannudniusus s Iihfunszualvivh

msanuamiauuniilansudmnoidin3eeIn Curve Tracer Fuilunsnadeu
AMANIAA NN FUNUTATZUA-USIAU(I-V Characteristic) voauunil lansudmans uaaq
m3annaseuasvaunii Tansudmaniiin Taoims ludanszumuaiiama o.1

o W 1 a = - 4 o =
mA/div TARan3 iadsgU 5.3 naznamsiavesmnii TansuFmaosaundagili 5.4

0.02 mA din

0.02 mA/dis

Vidin

2V di

(n) 50070 B1-C1-E (v) 50070 B1-C2-E
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0.02 mA din 0.02 mA din

L Vodin 2 Vodin

(M) 500A0 B2-C1-E (1) 50890 B2-C2-E

= e o o o @ -1 )
31U 5.3 guauiannudunusnszud-uswuve i lansudmaesin

0.02m A/ din

0.5 V/din

- e o @ o o -~ = o
gﬂ'ﬂ 5.4 ijﬂ!ﬁll'Uﬁﬂ'ﬂi]fﬁJ‘Wu‘ﬁﬂ'izuﬂ-uidﬂ“'llﬂ%lmﬂujﬂﬂ5WUQ{ETLFIE)'iﬁ'I'lJ“lﬂ

@ w o c;

11NN IUNINAADIANUTURUTATZUT-UTIAY IV Characteristic) 319 5.3 ¥4

a o o ¥ ¥d /o Y = e
uunil Tansmdmaeiivuaasliimiuigunsaifhinsesnuuunazadaliguauians
° - “a ) 3t ¥ v 4 o q ¥
manilununiiTanswdmaes tissnneenuuyIftivinannunhavanauntaila

ar o o ] s @ - o [ -
fisas e (B << 1) wudeiiuwamsiavewunii TansuFmaes mmndagili s.4

Y o ' 9 =1 = o P= aray o

uaraaliiunlugduuylassadnvesuniilansmudmaes muniiguauianisiia

Wununil TanswFamesuazildasmnoha ursumodny
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5.2 MIIANANBVAHBITHINUNIHANUUNT AN IUT TR M1V

5.2.1 199IMTIANARGI
= a o = = d 3 -
U 5.5 uaes lusamsiauvesunil Tansmdmaes v iesoindlu
d a = .o @ —
gunsaivia pnp v Iwiwinaualdninunassionseduni (v,) #ldnouen
5¥MI9Y2 B2 uag Bl Aszuanmisminudiames I 14299sunasionszuanai 92
o Vo [y » 4
AoA@AIABS C1 1Az C2 Aerduanudumuliuma R, uaz R, omwnuaauiiuam

" ¥
uANAIYNTIAU Iiih AV iBInnANIIANAs TN NN TIARBAIARINDI AT Al

®Bz

Ig

Re2 Rci

- o =4 = o
U7 5.5 2993 ludauunii Tans wdmae s
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uuniilansmdmaosiviannsoasssvauruuiman 18 luiemianuans
@z ) msasmsummuimdnduiumsifouuuveswime (carier deflection) Loz
NITUANINADINAITNOAYIAN (modulation current injection) N3 Tuderumassrous el
(V,)32mhe¥ B2 uaz BI nﬁa“lﬁtﬁﬂwammumnvimﬁmmnm:uﬂms%’ammmmaaam
nuazannsomumy i ¥ sunmzuinuwa 18 nslfundssionszumitedimua
ﬂs:uﬁﬁunné‘ﬁmaaﬂﬁmﬁhunnsmns:uanaamﬂmaéﬁmam:whﬁ'un‘s:uaﬁuun
dlmmed nisUivussduserimamnsolsuiugud1dTaskimsasuudassinam
Amu R 10e R,
5.2.2 HOMIABUAMBITMIBIMENIN IS
717 5.6 () uaAswamsnAaBiimINs UM BTARDS I, = 100 pA UAZ V, =
5V gﬂﬁ 5.6 (V) UTAINAMINATDIRMNIZUANITBTRINDT I, = 100 pA HaEV, =10 V
HONINANDINAAINIABLAUBIMIILIM AR NT TansmFmae iy el
wisiined himsnaasaldsuilasnammuninivauneimandausd 0 — 400 mT N3
TAuaaInNuduRUEsEnI19ANMUUANA1IVBINTITUID NN AV FuAuMuILiY

[ o
AUIMMLHAN (mT)

100
——8®—— W= 10um, L=10um
Vad
FERY o TETET W = 10um, L = 20um s
80 - il
_—— g —— W = 20um, L = 10um ”

AV (mV)

(n)

AMUMUNU UM AN (mT)
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160
—®—— W - |0um, L =10um

s [PTRE Orenes W = 10um, L = 20um v

P

S —_ _ ; o

120 4 - W = 20um, L. = 10um //
—e—gi—-t W= 20um, L. = 20um s i

.'/..

AV (mV)

0 100 200 300 400 500

(v

ATUMULLUTUILILNNAR (mT)

i 1 d r-; 1 ' o "
317 5.6 namsABUAUBITUIIMANILIATAAINTZUAMNUAIY (1) 1, = 100 pA,

V,=5VUag (W) I, =100 pA, V, =10V

INHANMINARBIFUN 5.6 UaRINAMIABUAUBITUMILIMANILIAIYBILNT Ta

= d ¥ = ' 4 = = o 1 ap 1a
NIUFAADIN VA NaavulTousuA N YNNI ImeTA199 Tun1izind laidl
munmuimanuuaasdariuunil Tansmdmaesuag 185 ums luda winzdauun (lea)
. { aa v as { - o
vaindounnndiiamesiualineanmmes C1 uaz C2 Aaanasgili 5.7 Vrneainnnes
c1 uaz 2 1a5mlSmnammzigiu hildnszuaneamamed 1, uaz 1., i Lifa

L
ﬂ'J'IlJllﬁﬂﬂ'Nizﬂ’J'Nﬂitil'ﬂ'ﬂﬂﬁlﬁﬂlﬂ'i);ﬁdﬁﬂq (A]C =0)

c2

a - 4 - = ' ] - '
JU% 5.7 namanmisindeuiives leavaz i ilauwaimandaniing
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5.2.3 PR INMIMOUVLINNT AN IUT NI IV
MmMsnaasuddounlannumuiiuauinutivmansin 0 15y 100 mT Nufed
' =1 a o [ ) o ° a a o _
UMM anIuIARaRINILN T Tansugdamaes i IiRatiussanis uans vty
¥ b '
Wing iesninuunil lanswdmassvaordona lnnmsiioauuning (carrer deflection)
AT NITUTANTRAVINNIIUBARIAN (modulation current injection) TIABIRITUINGANTIU
s 2 v o
mMsnavesna lnnsaeslddail
Usingmsaimsidoauuwing (carrier deflection) A13303A5 19 1A INNANT 51
& ' - a A - a
voalaathole) Fadluwmzammnnludiames laonzdndmasufiluianis x 910
pianes laealanmes C1 uaz C2 ualodlawmimanuulfadaniy vliAausae
o't - d‘uy o o ° W -!'l -:i a w =
15U IUNANIG —y tazusaaisugivznszmiu Tea Ml leawaeunidvauy lgfiamis

- o o o 1
IALINVITINDITUY ARz LN 5.8
I

Ci

Tea

000000

Cl
y

oo C2
HUIDDITUFNANIG -y :>

317 5.8 ussaasugnseinunmg(lea)

' & - o a — o P=l a '
Tsadunusszndeuiniboauu ldazauiinoaaames C1 uazii leadnurediu
A.I P a o Y o 1 o [
waoui hazaunaeaannes c2 uandldiiuiinszuanoamnmes 1., vInninszue
= ' " (: :
ADAIAAINDS I, INANIIMIANAINTZHINTZUANDAIRAIADTNITDS (AL#0) INSIZRITY
' o o« Ao ' o o Y a ' :l'd ' -
AussauemMynnialdsawnndigud nalni ldifanuuandsiizonn msifivan
YDIWINZ(carrier deflection)
1J51ngn1snfnszuﬂmsﬁﬁmﬂminaﬂamw (modulation current injection) @13150
. ¥
WR312H IANINNOANTINYDIBIANATOU (electron) TAvUNATY U B2 uas Bl dofy
' . v »
uvaaousaay Iivhiadinszueue 1, iHamensindeunnindawe B2 1147 B1 ( fiamia
. ] » "
x ) nnzdianaseuszindouienda B1 1 B2 ( firm x ) ilesnngnsalifiuuuniila
- a = o “ s - c; n.:
NIUFAADI ¥iA prpldgIuseswiiady didnaseuiaiivSumainauensduuuias

¥ ' o o =
AuaveIgUnsal Asaasglin 5.9
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ad
nIzuau nszuﬁmu:manmaﬂumﬁ

(Conventional Current) (Electron Current)

N-sub

B cb
X
B2 Bl
¥
ad
lannIou

P a . n:' ad i 1a ' S o
3UN 5.9 Aiemamsindeunvesdianaseuvuz i il munuimandani

dh aa o & =ad 4 & a = o £
HIINDITUFBIUNANN -y  AIEMINUDIANATOUFUARDUN TUNANIY —x W11
oo A a @ o - s ¢ ad - - A
alanasoumaounioauu ldmamafoinuussasisus silanaseuznaouidouuy
= L4 U i S A = J = ' w o
azauuTnuAINUNYegUnsel AuanassdlaiilszyuanifavuiRaniiudadng
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ALtan (modulation current injection)
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e
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N

|
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e
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I =

UTIADITUTNAN -y ﬁ' C2)

- o o ad
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P " ] o : ' < -
MINVVUYDINNUHUNU AWM ANAIA 100 D3 400 mT 9IHANINABBIZINS.6
v w ' a J v a & & o o - w “
naanud@ius lundazmslines vzlinnmdumuumTon s sduioinniia i
- J @ 4 a ] ' o - o o
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J o i~ o J o
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nnkanmIInAneejli 5.6 msSeuiiivuanuduvesnsiManuduiugi
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a0 { @ w dR A @ v - . 4 o
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1. puiantian g llvessaneu

Properties of Si at 300 K
Properties Si
Atoms/cm’ 5.0x10™
Atomic weight 28.09
Breakdown field, V/cm ~3x10°
Crystal Structure Diamond
Density, g/cm’ 2.328
Distance between neighboring atoms, nm 0.2328

Effective density of states
Valence band, em’ 1.04x10"
Conduction band, cm” 2.8x10"

Effective mass, m /mo

Electron m.,=0.98
m =0.19
Holes m'lhzo. 16
m ,,=0.49
Electron affinity, V 4.05
Energy gap, eV 1.12
Index of refraction 3.42
Intrinsic carrier concentration, cm” 1.45x10"
Intrinsic Debye length, pm 24
Intrinsic resistivity, W-cm 2.3x10°
Lattice constant, nm 0.5431
Linear coefficient of thermal expansion, cm/(cm-K) 2.6x10°
Melting point, °C 1415
Minority-carrier lifetime, s 2.5x10”

Mobility, cmy(V.s)




Properties Si
Electron 1500

Holes 475
Optical phonon energy, eV 0.063

Phonon mean free path, nm

7.6 (electron)

5.5 (hole)
Poissiongs ratio 0.42
Relative permittivity 11.9
Specific heat, J/(g.K) 0.7
Thermal conductivity, W/(cm-K) 1.5
Thermal diffusivity, cm’/s 0.9
vapor pressure, Pa 1 at 1659 °C
10° at 900°C
Young's modulus, g/cm 1.089x10’
2. gt hvesdanewlneend
Properties of SiO, at 300 K
Properties SiO,
Density, g/c:mJ 2.2
DC resistivity, pm.cm 10"-10"
Dielectric strengh, V/em ~10’
Energy gap, eV 9
Infamed absorption band, pm 9.3
Melting point, °C ~1600
Refraction index 1.46
Relative permittivity (dielectric constant) 3.9
Structure Amorphous
Thermal expansion coefficient, K ' 5x10”
Thermal conductivity, W/(cm.K) 0.014
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Three Terminals Magnetotransistor Sensing by the Difference of Base and
Collector Current

Toempong Phetchakul, Weera Pengchan, Chana Leepattarapongpan
Electronics Research Center, Department of Electronics, Faculty of Engineering
King Monghkut's Institute of Technology Ladkrabang, Bangkok 10520, Thailand

Abstract

This paper introduces a bipolar magnetotransistor for a vertical magnetic field, which consists of three
terminals including; collector, emitter and base. The Lorentz force affects directly to the deflection of minority
carriers in base. Also it affects in the difference between collector and base current, which relates to magnetic field
and emitter current. This pattern indicates the topology development of bipolar magnetotransistor to be the discrete
device with three terminals to apply for the sensitivity increment.

Keyword: Bipolar magnetotransistor; Magnetic sensors

1. Introduction

The bipolar magnetotransistor is one of semiconductor magnetic field sensors, which has the micro
structure, high sensitive value and low output noise. Beside, it is able to co-function with integrated circuit and
applicable to various advantages.

The bipolar magnetotransistors sensing magnetic field can be divided into two major groups. Bipolar
magnetotransistors depend on the vertically flowing carriers for their magnetic operations are known as vertical
magnetotransistors. Conversely, if the lateral flow of injected carriers is responsible for the magnetic response, the
devices are known as lateral magneto transistors. Normally, the bipolar magnetotransistor structure consists of two
collectors, single emitter and two base contacts [4].

The operation of bipolar magnetotransistors bases on the carriers deflection by the Lorentz force. This force
performs imbalance on both collectors current. While, base contact is designed as the external compound to support
electric field to carriers. Two major operating principles, such as carrier deflection and emitter injection modulation,
are reported [1-5].

This paper presents the detection of three terminals bipolar magnetotransistors in z- direction magnetic
field. The sensing mechanism is the difference between collector current (Ic) and base current (Ig). This bipolar
magnetotransistor is not only used easily as the simple one but also decreases complicated bias and develops into the
discrete device.

2. Device structures and operation principle

The layouts of four bipolar magnetotransistor patterns are shown in Figure 1. The devices are lateral
bipolar magnetotransistor, consists of single emitter, collector and base.

<
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Figurel. Four bipolar transistor layout patterns with emitter E, collector C and base B; (a) MT A, (b) MT B, (¢) MT
C and (d) MT D.

The device structures were fabricated in a standard bipolar technology. The substrate was n-type (100) of 2-
4 Q-cm resistively and thickness of approximately 400 pm. The base region was phosphorus diffused with a
concentration Np = 10" cm™ The following high — temperature drive in (1000 c®) substrate | pm in depth. The
collector and emitter were boron diffused with a concentration N, = 2x10'*cm™ and base width Wy = 20 pm. The
photographs of the bipolar transistor structures are shown in Figure 2.

Figure 2.The photographs of the bipolar transistor in A-pattern.

The device operation is as follow. In the forward active, the holes are injected from the emitter pass bases
into the collector, and then split into two lateral components collected by base and collector. In the absence of a
magnetic field, the base current and the collector current are equal. When the magnetic field perpendicular to the
surface (in z-direction ). Lorentz force will be occurred then the carriers will deflect to cause different base current
and emitter current. The Lorentz force can be found from Eq.(1).

Fi.=qv xB; (n

where v is the drift velocity, Bz is the magnetic field density in z-direction.
The total collected current in base and collector, are emitter current ( 1g=Ig+I¢ ), which can be expressed in
terms of laterally flowing hole Jpy defined by Eq.(2).

l,r._' " pr. W’.d (2)

where W is the emitter width and d is the junction depth.

The current imbalance is related to base width L, hole mobility pp and magnetic field density Bz. The lateral
current flowing will be deflected in angle ©y, which is defined by tan O = up-Bz. The alteration of base current and
collector current are defined as Eq.(3), can be calculated by the current density Jpy in the plane L = Wg, emitter
width Wg and deviated angle tan©,,.

Alcg = Jpy. W Wg.tanOy @)
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Defining the relative sensitivity as

5 Ix:Bs
o (5)
d

3. Experimental and Results

The responsive measure-circuit shown in Figure 3 affects the parasitic coupling reduction [2]. A constant

emitter current Ig flows into the emitter E, whereas the alteration of currents, Ig and I, is measured as a response to
magnetic field.

(b)

Figure 3.The responsive measure-circuit; (a) individual connection and (b) merge connection.

In Figure 4(a), it is comparison of the Bz-response in each patten (shown in Figure 1). The emitter
connected to current source by constant emitter current Iz = 10 mA while the magnetic field was adjusted between
100-400 mT by measured output in the Alcg form. According to Figure 4(b), it demonstrates the relation of Alcg to
Bz by the merge connection. The merge-measurement is the combination of two bipolar magnetotransistors output,
which has similar structure but opposite deflective direction. So Alcg is equivalent to [( Ig; + Ig2 ) — ( Iy + Iz )]

100 180
160
o 140
120
- 60 —
«
g g
m =
B 8 80
g < e
» 40
20
]
0
. . —_— (a) - - (b)
100 150 200 250 300 350 400 450 50 100 150 200 250 300 350 400 450
magnetic induction (mT) magnetic induction (mT)

Figure 4.Bz-magnetic field responsive result of (a) individual and (b) merge connection.

Table 1 present the sensitivity of each pattern in Figure 1 and the comparison of sensitivity between
individual and merge bipolar magnetotransistor.
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Table | the comparison of sensitivity between individual and merge connection.

MT A B C D
connection ind merge ind merge ind merge ind merge
Sr(T) 20 40 2.375 4.5 0.875 1.5 2.125 | 5.385

4. Discussion

The result in Figure 4, is the comparison of z-direction magnetic field response in each pattern. As a result
of change in B; magnetic field increase, Alcg is raised as the indicator of the bipolar magnetotransistor sensitivity.
MT A has highest sensitive ability. The increasing of magnetic field affects on the elevated base current, whereas
collector current is declined. As a result, the more difference between base and collector currents, the more
sensitivity of magnetic field. The deviated direction of carriers is one of reasons that cause MT B, MT C and MT D
structure produce low output. Due to the collected deviated carriers in collector, collector current is higher than base
current from recombination of carriers. Because of the very wide base width, the base current has not difference
significantly from collector current.

The experimental results in Figure 4(b) show the higher Alcg value of all patterns than the individual
measurement, which present the double increase in sensitivity, analyzed by Eq.(6)-Eq.(8), where (a) and (b) are the
same bipolar magnetotransistor pattern but different deviated direction of carrier.

Al Bmerge) = Mepy + Mepp) (6)

AI('B(.:) i AI('ﬂ(h) ‘ (7)

Skimerge)= _2Ichund) 8)
1.8z

5. Conclusions

The bipolar magnetotransistor of all patterns can be able to detect magnetic field, depend on the difference
between collector and base current. The merge measurement has the higher efficiency to increase sensitivity,
compares with the individual measurement. According to the simple structure of bipolar magnetotransistor, it
decreases the complexity of bias and be applicable for discrete device development.
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Abstract

This paper presents vertical magnetic field detector by
using bipolar transistor structure and Hall effect. The emitter-base
forward junction injects carrier into base region that has electric
field from external biasing. The carrier drift and diffuse to the
separated two symmetry collectors. When vertical magnetic field
perpendicular to the devices, Lorentz force act upon carriers cause
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Abstract

This paper presents the operation of magnetotransistor,
which usually have five terminals, in three terminals mode. These
terminals are one emitter, one base and one collector. The device
detects magnetic field by the difference of base and collector current
instead of the difference of both collector currents in regular mode. The
experimental results have been shown that output voltage linearly
depend on magnetic field density but the sensitivity is less than in the
case of regular mode. The zero offset can be adjusted and also
sensitivity can be increased by applied electric field. It indicates that

three terminals can be designed for optimum device.

Keywords: magnetotransistor, bipolar, magnetic sensor
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Abstract

This paper introduces a bipolar transistor for a vertical
magnetic field, which consists of three terminals including; emitter,
collector and base. The Lorentz force affects directly to the deflection of
minority carriers in base. Also it affects in the difference between
collector and base current, which relates to magnetic field and emitter
current. The experimental results have been shown bipolar transistor
can detect magnetic field and output current linearity. The sensitivity of
individual connection is less than the merge connection. This pattern
indicates the topology development of bipolar transistor to be the

discrete device.

Keywords: Bipolar transistor, magnetic sensor
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