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Transport Properties of Narrow Gap Semiconductor Thin Films and Magnetic Sensor

Application
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Transport properties and doping effects of polycrystal and
single crystal thin films and quantum wells of narrow gap
I11-V compound semiconductors such as InSb and InAs were
measured and reviewed. The transport properties unique to
the thin films and quantum wells were explained as a large
lattice mismatch effect with the substrates. n-Type doping
reduced the temperature dependence of properties such as
resistivity, mobility, and carrier density. Application of InSb
thin films to Hall elements with high sensitivity to magnetic
sensors is extensive. In fact, over the past 15 years, more than
1 billion or more Hall elements have been used every year in
Hall motors to drive every kind of electronic and information
systems, for example, VCRs, PCs, mobile phones and home use
electrical systems. Additionally, a very large magneto-resistance
effect observed in Sn-doped InSb single crystal thin films was
measured and applied to highly reliable and fine rotation sen-

80r's.
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Fig. 2 Family of the semiconductor magnetic sensors.
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Table 2 Electron mobility of InSb and InAs bulk, thin films and quantum wells

e BEF BB (cm™Vs) fii % -
1 InSb 70,000 I 5 HAE S,
2 InSb # % 20,000~30,000  JZ X800 nm %k FME (GE&)
3 InSb/GaAs 40,000 EX1,000nm SnKF—7(MBE)
4 InAs 32,000 IV BAEE
5 InAs/GaAs 10,000 E & 500 nm #% 5 (MBE)
6 AlgssGanssAse 02Shoss/InAs/ 20,000 J2%50nm, AlGaAsSh#fifgfdic X 5 &4 F & (MBE)
Aly65GaossAso02Sbess/GaAs
7 AlgIngsSb/InSb/Als 1InesSh/GaAs 40,000 J % 300 nm, AllnSb##REC L 24 ¥ K4 v 5k (MBE)™
8  Alo.InesSh/InAseSbos/Aloilne sSb/GaAs 35,000 B %100 nm, AlnSb#ifzBIZL 594> N4 v FHEE /BT

£ (MBE)®
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Fig. 3 (a) The electron mobility of the 36 InSb thin films
fabricated by mass production type vacuum deposi tion sys-
tem and (b) InSb thin films on mica substrates fabricated
by mass production type vacuum deposition system.
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Fig. 4 (a) Temperature dependence of electron mobility,
(b) Temperature dependence of Hall coefficient and (c)
Temperature dependence of sheet resistance of InSb thin
film.

Lie2ro /228, mEOHZET, InSb &~ HEKE DHE
FIATy FRHED ZORRLBETFHRICERN T 2HR
THy, nSbHRDOES FHMOBFBEEOE(LEE X
LHILTHMTELI bl ZOBTREEDK
BTORTICLY), EREALOERETCETBEIEN DTV
AL RV, R—VETFOFR—VEEDBERENLIE, &
BLEHBCIETRHELRALTHS. F—IVETOASN
(SEBYEHR) AR E W InSh#EREA—-NVEF TR, &
BILHEBHHTRET, F— VELEORERFEESIFE L (DS
< (AHIET) 2LV HIEREOKRERX) v Mg T
N7z, Fig. 4Ab) Ik — W REORBEMEFEEE R LA
V7 OInSb LR UiRERELZRT. 7, Fig. 4(c) i
V- MEREOREKREE CH B, ERHMNED Y — MER
fHid00 OB Ed b, BERKIZREITELZ-
1.9%/°CTdH 5 V™10,

3.3 BREInSbIER—ILRFDOLH
KELBTIRBBELEVY — MEHIMEL AT 5 nSh &
ElL, BRRECREERTFEOD e WERN L BRERR
LU THDHInShEE R - VEFREICHELNS. Fig

Ferrite chip Insulating layers
InSb thin film \ Au wire

Electrode

Insulating layer

X Ferrite substrate

(b)

Fig. 5 (a) Cross section of high sensitivity InSb thin film
Hall element and (b) Photograph of wired Hall element
sandwiched with ferrite substrate and ferrite chip bonded
to center of Hall element pattern, and commercial prod-
ucts.
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Fig. 7 Uniformity data of electron mobility and sheet re-
sistance of InAs single crystal thin films grown on
GaAs(100) surface by mass production type MBE system.
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Fig. 8 Surface photograph of InAs single crystal thin
film grown on GaAs substrate.
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Fig. 9 (a) Superposed electron diffraction pattern from
boundary between InAs and GaAs, and (b) dissociation of
the diffraction pattern to InAs and GaAs.
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Fig. 10 (a) TEM photograph of large lattice mismatch
boundary between InAs and GaAs, and (b) lattice match-
ing model of TEM where the 14 GaAs lattice lines corre-
spond to 13 InAs lattice layers.
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Fig. 11 (a) Thickness dependence of electron density and
(b) Thickness dependence of electron mobility of InAs sin-
gle crystal thin films grown on GaAs substrates by MBE.
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Fig. 12 Temperature dependence of electron mobility for
various thickness of InAs single crystal thin films grown
on GaAs substrates.
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Fig. 13 (a) Temperature dependence of electron density
and (b) Temperature dependence of sheet resistance of
InAs single crystal thin films grown on CGaAs substrates by
MBE.

Table 4 Electron mobility of InAs single crystal thin films
doped in different positions grown on GaAs by MBE

JE F—7hE v— MNEHR B TRIE
(um) (um) (Q-sq.) (cm®/Vs)
1 0.58 =721 265 7,800
2 0.55 0~0.15 203 7,400
3 0.40 0.30~0.40 100 13,000
4 0.40 —k =7 70 14,000

FIZHB LT, Sn F—7IC & 0 EiREL TRERFES
WLLTWa.

7 F—70nAs B OB TBE)EORE 2EER
M & AT O RESEOKRTF I ATy FOREERNLTZ
WIZ, TnAs Bk R IEORE FHO—EIZSiE F—7L
T%%%ﬁ%%%%tt.T@b4ﬁ%®%%f%%@

BETREEE, F—7LMBIcL I RECEDLIL
BHELH,PTHL. I S DO Table 475, GaAsk D~
FaRED S 150 nm OELDFFIE =T LTLETE
R bRy, LaL, AT EREA S 300 nm
YRR B ICE S 100 nm F— 7 5 L BT BEER
K LTS, &6, R RIF-7¥55L, ®
O BIBHESKECHELL. BRRRORNLER
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Fig. 14 InAs Hall element chip and commercial prod-
ucts.
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Fig. 15 Cross section of InAs DQW sandwiched by
AlGaAsSb insulating layers.
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(InAs Deep quantum well or InAs DQW) & FEiZh, B+
F=VHELBR IR T WA, Fig 15121, BTWH%E
PEFARDL7-DIEE %% 2, MBEETEEL 2 InAs &
FHABEOWMERLZ (ZZTiX, InAs BHEL &
BLERTFHATLL A WEESBVSERLEDT, &
HIZZ O % nAs DQW L I:5) %, Fig. 161%, &
FRBFEOREREETHE. 15mmHhHEEE L LICE
FREBEIWMKT L), Y—2o0O50nm a8z 5 LET
BREBENBRIL, FOB—EERDD,
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Fig. 17 Temperature dependence of InAs DQW grown on
GaAs substrates by MBE.
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Fig. 18 Temperature dependence of sheet resistance of
InAs DQW.
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Fig. 19 Current sensor with InAs DQW Hall element
(Asahikasei Eelectronics).
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Fig. 20 (a) Temperature dependence of electron mobility,
(b) Temperature dependence of resistivity and (c) Tem-
perature dependence of electron density of undoped and

Sn doped InSb single crystal thin films grown on GaAs
substrates.
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Sn-doped InSb single crystal thin film.

Fig. 24 Rotation sensors by InSb single crystal thin film
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