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Fabrication of 3-dimensional magnetic sensor

by anisotropic etching in TMAH
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Abstract

This paper will present an anisotropic etching in TMAH technique used in the fabrication of
three-dimensional magnetic field vector sensor based on angled Hall plate structure. This sensor design
relies on simultaneously detecting all magnetic field vector components using Hall plates that are
imbedded into the silicon [111] sloped-surface of bulk micromachined cavity by the anisotropic etching
of [100] silicon. The fabricated Hall elements has relatively improved sensitivity compare to
convensional Hall elements for three-dimensional magnetic field sensing. The product sensitivity of
547V/AT at the supply current of 1.0mA was achived. The corresponding limit in the detection of
magnrtic field is 0.07G that calculated by measured power spectral density(PSD) in magnetic sensor
output..

1LAE
Aol AV dMe SERoF SulEHA dedt Ao ge FY AME AEse 28T £ Qozz
Aol e #EstE 71EY Ao HEEF o9 TUHAAY FHo] agioly 440 Fud +
T FhlelA 3x4e WEES AUE AFY &g 9, ANAAs v dEd 4N, HHEY A A
Ags7 98 339 A74AAMY Badel FHT  Fol ¥ed 4 A 3199 A9 gre =Hs
At ofeld 3 A7 MM 23 e 3349 7 7 dg NEY ANE F2 OFYA A 3 2 F
. o . 3 Hall 24 & WAste #H4L22 7z $&S A8
¢ EYVAREATL WAL Semsor & Instra- L :z}? g}; wan
0 a o = BED =
mentation Reasearch Team,Research Institute of - e na Y =
. . Hals e fxe AXBo AAHZ e oy
Industrial Science & Technology) L NS Z 308 A EaxAE o o] B4
_ . . g AMEZE 3AY A7EWRAAE ol &
Gty W7l ARF e (School of Electrical & ©°
. . A Fol A Agel o walste Aol 58S F
Electronic Eng., Yeungnam Univ.)
H R oA g2 FEstd 47y Aglole] HEgE of

<HF49z:1999¢ 49 79>

|
w
=
oo
|



o

12 $4, 992

25t 33499 e BEsn U oy sz
339 A7NANEL T 7Axe e B398 2 72

2 AYe AAE Jud 22 TASA Hoz o o
o owske Azt 2o Aolst s deht W{ oty

W z2s4e Aoz da s el Wl [ /

Ageo] ALgatel o2l gol Utk o8 AAss] 915 ] o7 4] o o
o WMEA BEE BAE AUES 73 o Pt . e

do] AjANE FASA 33de AVANE TH} A — T

= o] AtHQE oHF AAEL o8 T E7 N\ -

2 M ARAZ FHA N 7F A (Photo resistor)

9% %9 BA7 2o E-beame ol &3te 7%
2 47h3 AL o] &5d MOS ¥ A71AME AF

g 3955 TEOS ¢ SNy ¢ 01%6}04 o 5]

749 uaraz AF43tE shadow-mask #49] Hall

248 o] Aot w gtk olgid WASE ALY Z

tol BAHE A2 & A 29 3P ¥
8787 Hel 71E9 % e Sre

tazk BA7E ok o3 A

A= TMAH(Tetra Methyl Ammonium Hydroxide,

(CH3).NH,OH )9l 25% &9& o]&ste [100] 24N

ox
o

rir o ol
i3
wfu

8 Fig. 1. Schemetic of 3-demensional Hall magnetic
&S 7bAlE Si wafer Aol oldA Aoz (111] % ) . ..
- sensor using bulk micromachining.
Amg ol o] Aatee] 7]E9| Hall 278 74
871 93 B4 GE S ol2F st FAHY B&F
40 A8 nedd ne GeFdos nane g 8 2o TMAH 8602 sum Rolsl o1 A4
. b Aol BE Abele] dlgh SEM ARRES HAT o
Asted AALE vlgoAM Al 3 SAHERE T4
. A (100) 2 A sl (1) BHES ogg A
Aad AolMe F4£3Ae EAHol HED /&Y o -
A AZAC ALL ol ) Ax 02 A= ZAef F ZAW Aloly ZEE 54T &
Hall —J—Z} }“'IO o= }OQT peg g 31}"‘(_ 1}7]1_‘1 v?——E—E“ O]IIH /;]'ZIL_Q_E O‘IZ] 111 7_1}\}_310“ ]_‘9:_1'_
g AR A & BW 845 /AL Hall 248 FAs 43
Z2AFEE o) B ATl E 200 x 200 um” 9
2. Ao M7 2 M 2 AUR Zol7} 50 imE A AAEE T4

2
i
a3
o T

ZATE Hall £28 T4t ol
FAEE Hall 22 999 4
HAg fsted 500Qcm o A
& Agelen o&Fd

HAE pn-type Y=L A7 Ao 24

2
2
=2,
L,
;

N
2
lo
HU

B Ao AZE 339 A7l AMe F2
2 19 vehiidnh 29 19 vekd A3 2ol xﬂ&
A ANAME [100] ZAEg Si waferg
TMAH &8 ol&std (111) ZAtHe] Yo &g o

rkf_‘.Ll
g
o

Lo & ¢ &
&L br
>

)

do

2 o o ox o4 (H mo x@ O KL ot

oft fou o o W
>
tlo b N 12 ox o

A ) o& ofl

B AL stdFR o A 44 Aee i ! 3‘1; Ts& ;ig Mf}j 2ol

[} Z ALS = = % 2 333 2
Al S ol u_Q_ 0,2 (<] (i v o T=E oW T
YA Ashn S TVAR £9 S0.8 Efih i,tjp 2 YT Anel ZHe ALY 2ol Hal A
R e Ofum/min] ABEL VYD AT L gl o0 Hal 928 WAE B BE Hal
& BY 5 Ao of= KOHA WA w8el BTS00 wae 9e 4 952 a9 e 34
o2 uud 18 AZEES 94 5 dof AAA ANE 50um o ZolE A= AAE AxE @A

- - = - - 2 = - el “ - = [eRl <]

o B8IA22 Aol AAGT ANAY TH AT oy gy guy 2RAE 4SS A0AZ B
&3 Az do] Hall 228 ¥4317171 §oldtrh. Ao = FE3 ZAAY FHS d7] oo o2



TMAHo 938 ojwtad 2AZ4&

rO
S
o,
2
roR
o
o
x
1=
i
we, oHf
ae
o
o
=
o 2
e rr B
o,

x
(2
o op
ey
lo
o

k2

o o

¢

ne
3
2
ot
X
ob
rir
o

>

fo (&
4% o, rR ot

o I wo
2 kg
R
rn
o 8
°

o
44
fo
re
i
wlo
fu Ao

fo

Yol A8l n+ 44E
HZT%Y(contact hole)e &
Z(ohmic contact)g 7HAE

W BFE AT 027G

o =
< )
iL_)‘L‘r_&:gi"'oﬁ
o e do o

B9 vaz

T ol ok oXx
(e NG\ . < o1

N

r

T b
i

4 b

2 Agstgon Sum o ZAHe A4
Ao Bidae] BAsAR vpaaR AT
8

pa

Fig. 2. SEM micrograph of sloped-surface
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