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Properties of InSb Thin Films Grown by Molecular Beam Epitaxy and
Their Applications to Magnetic Field Sensors
Ichiro Shibasaki®, Member

Recent developments in InSb thin film magnetic sensor technology were reviewed. Tin (Sn) doped InSb thin films grown on

GaAs substrates by molecular beam epitaxy, showed high electron mobility and sheet resistance with very small temperature

dependence. High sensitivity Hall elements and magnetoresistance elements were fabricated using Sn doped InSb thin films and

their electrical and magnetic properties were investigated. The potential use of magnetic sensors for non-contact detection of

linear motion, rotation and future energy saving in electric power systems was discussed.
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Fig. 1. Worldwide production of thin film Hall
sensors (million/year).
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Fig. 2. Hall motor in a commercial home washing
machine (Arrow shows hybrid hall ICs with InSb thin

film hall sensors).
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Fig. 9. Vy-B relations of the Hall elements made from
(a) undoped and (b) Sn doped InSb thin films with
thickness of 1.0 £ m grown on GaAs(001) substrates.
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doped InSb thin films with thickness of 1.0 x m grown

on GaAs(001) substrates, (a) constant current driving

and (b) constant voltage driving.
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the Hall elements made from the InSb thin films with
thickness of 1.0 4 m grown on GaAs(001) substrates.
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Fig. 12. Illustration of the magnetoresistance element

with short bar electrodes.
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Table 3. Characteristics of InSb magnetoresistance
elements made from single crystal thin film with

thickness of 1.0 u m grown on GaAs(001) substrates.
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detection by thin film magnetoresistance element.

—&— Pick-up coil type sensor

~#F- Sn doped InSb MR

=~ Undoped InSb MR
100000

10000

1000

HAERE Vpp(mV)

I 10 100 1000 10000

[ 4K (rpm)

16 REXIEHIRE 1 & a4 T K 2 s RO 7B
O EHEHURKAAE D LG SIRH R T &2 5 & RE So%l
FEIZH B 720n)

Fig. 16. Rotational velocity dependence of the output
signals from the magnetoresistance elements and pick

up coil detecting the rotating gear.




ABTETHD, T, KRR TIX. BRois 5
LI FE oL BIOBMBBALLORH L AIEETH S, H
RlEnizfkA v o7 3 —vRbEOREGVH L, Z Ok
W BRFE X A7 I O R CIREERF O D 7 VRS
ERFTIE. SBROGHOER D BEiHREND,

7. FED

M—V FALEEEARD 5 BTl FE ¥ » 7D InSb
BRI R - VR TCHRBTIR FSOoBK T E L
THETHD, BEOF—AVEIRERLESHL, NITE
DRWVWEIN L LTETHEBICEDNTWD, HitREED
MRV E LT InSb BEMEREOTEEELZ £ &9
7o MM OMERIZ L Y . MBE SR ERORK
FHiftAEEN, BRICEE FBEIETHOWEREED
7y InSb B EEIRASBES fu, TERE R D > T2 ik
EOFR—NVRERLPMKIENEFEHRAOBKE B R%
N, Zhbn, F—LRB-CRR[ERRBL2ZEH LY
WA T it REATERLR L RFICANT, B
FIOFEBEMEIEE A F — M, WERPET, BER. BRI
¥, KBBVATLAREEERZADEE R ELTH
I T3, InSb EEOMBHEEATICIT, RIERBROBR
BOLESNTWER, 21 o NEICxHT 2 K& %L %
HEFELEW,

(FHE 154 1 A 16 H=A)

X #k

(1) L Shibasaki : “Practical High Sensitivity Hall Elements for Magnetic
Senser by thin Film Technolgy”, T. IEE Japan, Vol.119-E, No 8/9,
pp-405-410 (1999-9) (in Japanese)

Lelm— AR TR — LR F OB & & AL, BFRE, 119, 8/9,
p-405 (1999-8/9)

THEE— - BRAERE : 7V —~TIVTAT 7 ) no—, @kt
YA =V F 47 47, pl10(2002)

BB [T— 7 OB L VYA 7 L~DE DA, 1997
FE—F—HHF VRV Y A, BAERES

K. Ishibashi, I Okada, and I. Shibasaki : “High-sensitivity Hybrid Hall
Effect ICs with Thin Film Hall Elements™, Sensors and Materials, Vol. 14,
No.S, p.253 (2002-5)

K. Ishibashi, I. Okada, and 1. Shibasaki : “High sensitivity Hybrid Hall
Effect ICs with Thin Film Hall Elements”, Technical Digest of the 18"
Sensoes Symposium, p.245 (2001)

KRR BELHMATF, BT3B 1970)

Weiss | EERRFOMELISARRBR W), ot 1974
HEFR—NVHRT LT ORIECEERD SIMRITER), BRE 2T
LIFFERT, p.373 (1984)

LRI —BR: TREBER—NARTF L FOEAN], BIEBAH, 41,5, p.12
(1988)

1. Shibasaki : “High Sensitive Hall element by vacuum deposition™,
Technical Digest of the 8th Sensor Symposium, p.211 (1989) (IEE Japan)
P.Ripka, Editor : “Magnetic Sensors and Magnetometers 5.2 High Electron
Mobility Thin-Film Hall Elements”, Artech Houise, p.184 (2001)

1. Shibasaki : “Mass production of InAs Hall elements by MBE”, J. of
Crystal Growth, 175/176, p.13-21 (1997)

(2)
(3

(4)

(5)

(6)
(7
(8)
(9)
(10)
an

12)

78

WA B SRIF—ER : TGaAs HAR L~ InSb MO MR, A%
B, 67,p.193 (2000

O M- THERSEE - S LR — - SR ¢ 4 38 EG A AR
HEHHE BY) BETRES 15, p267 199D

I Shibasaki, Y. Kanayama, K. Nagase, T. Ito, F. Ichimori, T. Yoshida, and
K. Harada : “Properties of the Thin Film InAs Hall Elements by MBE”,
Technical Digest of the 10th Sensor Symposium., p.113 (1991) (IEE
Japan)

I Shibasaki, Y. Kanayama, T. Ito, F. Ichimori, K. Nagase, T Yoshida, and
K Harada : “High Sensitive thin film InAs Hall elements by MBE”,
Digest of Technical Papers, Transuducers, IEEE, p.1069 (1991)

a3

a4

sy

(16)

(17) SRIG—BR-3B%F M- MIERE InAs FA— BT AARRKTF:P1598818
(18) FgkkEZ - FIR - WA B RE—15 . [Gaas R FICREL

7z InSb RV} InAs DR EEED TEM BLEE], 9 REBEIFSTRX
R - LRSI R AR S, p.20 (2002)

1. Shibasaki : “Growth of InSb and InAs Thin Films and their Application
as Practical Magnetic Sensors”, Proceedings of the 10% Intemational
Conference on Narrow Gap Semiconductors, IPAP Conference Series,
Vol.2, p.137

A Okamoto and I. Shibasaki : “Transport properties of Sn-doped InSb thin
films and application to Hall element” Proceedings of the X II th

a9

20

Intemational Conference on Molecular Beam Epitaxy, San Francisco
(2002) p.219, To be published Journal of Crystal Growth

1. Shibasaki, A Okamoto, A Ashihara, and K Suzuki : “Properties and
Applications of InSb Single Crystal Thin Film Hall Elements”, Technical
Digest of Sensor Symposium, p.233 (2001)

JHermans, D.LPartin, CMThrush, and L.Green : “Narrow-gap
semiconductor magnetic field sensors and applications”, Semiconductor
Science Technology 8, S424-430 (1993)

T. Yoshida, A. Okamoto, S. Muramatsu, N. Kuze, and I Shibasaki :
“Magneto-resistance effect of InAs deep quantum well structures grown on

@n

(22)

23)

GaAs substrates by molecular beam epitaxy”, Proceedings of 9"
International conference on Solid-State Sensors and Actuators, Cicago,
PA17 (1997)
(24) A. Okamoto, T. Yoshida, and I  Shibasaki
“Magneto-resistance effect in InSb thin film grown using molecular beam
epitaxy”, Journal of crystel growth, Vol.201, p.765 (1999)
A. Okamoto, A. Ashihara, and I Shibasaki : “Magneto-resistance effect in
Si-doped and Sn doped InSb thin films grown on GaAs substrates”,
Proceedings of 10" International Conference on Solid-State Sensors and
Actuators, Sendai, p.514 (1999)
A, Okamoto, A. Ashihara, T. Akaogi, and I. Shibasaki : “InSb thin films
grown on GaAs substrate and their magneto-resistance effect”, Journal of
Crystal Growth, Vol.227/228, p.619 (2001)
A. Okamoto, A. Ashihara K. Nishimura, H Goto, K. Saotome, and I
Shibasaki : “Properties and Applications of InSb Single Crystal Thin Film
Magneto-Resistance Element”, Technical Digest of Sensor Symposium,
p.239 (2001)

S. Muramatsu,

(25)

(26)

@7

(&) 1942 11 A 17 H4:, 1966 FRpi
BRAFR LR ERL 2R, 1971 R BB K
PRERELREMEEERIE T (EEED),
; WERERETE 2R T 1974 B L T2 ML,
Y R ARTORBREY, BIMAREE, B
N (LA EFWRBE R £ 248 T 2001 4 X Y Ff%E
‘ R AFALENTF—7 ) —F 7= — (8§
i - W) . WEFD 62 SRR I PNEEAAEEH, 1996 4EE
HEEWTEEE, T4 FEMEIEARBE, R 1 E£E
BB H R BARE, 4T, WEYS, SAPEES, RARK
%<4, IEEE, ®it{St vy ipsas LA,

IEEJ Trans. SM, Vol. 123, No.3, 2003




