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The recent status of research, application, prbduction and the characteristics of InSb and InAs thin film
Hall elements are reviewed. Hall elements are now major application area for thin film technology
such as vacuum deposition and MBE. Highly sensitive InSb thin filmHall elements formed by vacuum
deposition are often applied as magnetic sensors for DC brushless motors used in electronic equipment
such as Videotape recorders(VTRs) and personal computers(PCs). InAs thin film and InAs deep
quantum well(DQW) Hall elements with high sensitivity and stability over a wide temperature range
have been developed by molecular beam epitaxy (MBE). The temperature dependence of InSb single
crystal thin films grown on GaAs substrate by MBE were reduced dramatically to very small value by
Sn doping as donor impurity. The Hall elements fabricated from the Sn doped InSb single crystal thin
films show the very small temperature dependence.

They have potential for the present and future applications as magnetic sensors required by many

electronic systems.

Keywords : Magnetic sensor, Hall element, Hall sensor, Magneto-resistance element, Hall motor,
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Fig.1. Hall effect and driving principle of Hall element
(d: thickness of the thin film Hall element, L: length
of the Hall element, W: width of the Hall element

Vin: Input voltage , Ic: control current or driving

£3

current, Vyy: Hall voltage or Hall output voltage)

Tablel. Driving modes of Hall element and Hall

voltages

Constant  voltage | Vg=py * W/L * B * Vin
driving

Constant  current | Vy=Ry; - Ic - B/d
driving

226  Journal of Advanced Science, Vol.17, No.3&4, 2005

R T-OE A i, AR — LAV, A
YO R O W TR B L BRI TS, Zo
Ky, BERCE 2 EICITE B IE ORKE WVHES0hvb
o, —J5, KEREEVEEILEEE ) OB E 0
AT e EIE A A U B AN, R R A R
ToHI LIk, Hro AR ERE L, EYR
T TR C & DB OD RO EEIE, milho%E
MR — LR TORENTETH D, £io, EELE
hClE, oYy TRERR—AEENE S
Lo ZOWBEIC D RERAY v FOTd, F—3#
FliX, BrRBITENKZ UV InSh, InAs, Gahs 2Dk
E AR R A b D

AL FEFORER T, 18794E(Z B H. Hall o> SE5R|Z{k
S CRES AN R - e 5 SEIEC ) & BT T B A 5 B
ahis HallBFEOFEE) ZEichEs, !

F DO, 19474 IZBe L LIFZEAT DG, L, Personid 7~ =
7 ORI AR L CHID TR R E A E A
L7z, & 19524F17 1 InShd K & A BT E AW, Welker iz &
D FE R E Tz, B2, 19584K. G. Guenter{XELZ¢rh TInSh
MENA W D SR AT AR L, T Zokkic,
InSbrR — /L T-OWFFEORES X, A, BRIZIRE - 7288,
FEBIZ e 5 T 2 JBBRV AR 9EAY H AR T HhiTbh

TW5, 19604 fp TR RO, KTk, K G
Guenter @DHEE L7=InShd “ iR GEOMNTELETT U,

HUE Lo o m— A F s 2R LT b, ¢ Eiz,
TEPER OGRS T (BUPE R S OFTERT) o Jlilid
B T-WFE A 1TV E O R A RS - 2 LT
FLT, P INEOMFEIE, HARIZRT AR ok
FHECOIT IR D IERE & 7 > 7=,

AN DA —/VFEA1F, InShod EillIE D HGE 2 RE L
WSSO TR L0 . < Lz o difmd o i E L,
FA-OATHERUE G & < BRI TR K
fPEb RED 2Tz, 2O, R— T3S C
PEIZ R, B, ANREBE LV, ISR K
MORBER DY R E LGRS S
Brfildh & LTS 2 < IR IIERER AR 7
T—7 AT o To, FEH SIX1974~ 19754 40, 1
{ERRIZ AT, A IR T RUEME D & D A — v F -
DAFFE D TV D ISR LBk kol
L 72 InShililse - i 5 & o ICR 32 Z & T, ftko
A A=Y EFHLEE MROF—NVFETEL T ) RE
LoD KL InSh A — VBT H A Lz, TOBE
i, CR2~BIZfED b TV D, T OB A Ak
i, BEOFERT ) GIER InShZ 4% sS4, ML=~
A B EICHER S5 2T, ZhETELI- 21k

226



SRR 2R b THBZRIE L, IEE 1 umT, &
TR fhEEA320, 000~30, 000cm/V -+ s InSbh FillfiA T34
ICRPET BT CH D, BIZ, R—AFTOEHBELD
A T7 =7 A b E T =T A FOMNTF v 7D
IR RO InShli % o 4w F3 5 BRI IE
WEEFEA L, EROF—AEF LT E-TZEMN
TR AR LT, £/, BEZ ke Rz, HEFICO
B cRHSNTWEZ 4 MY Y757 o —HilTEIEH
L. InShifdD R — /L3 /3% — R O b5 FETTZ R
ITH 2T, WENED LWF—LBEFT—RYES
ot AEPERE LI, 7

BT, ZOF—AFEFENEOER Th D/, R
b, mFEHEE, K22 MeSOBTHLE LTOREREAL
O, HAENLMEE S )y — L, BETHRHFCREEOEN
AT ARV E— X OBRESMBEE YL L TSR
b hBECE-2 TS,

B EE InShi s — N+ DIGH TH B P, BRED
LYNEA—T 4 7 L —F — DR — T — & OREEkH
oS v icfiibi, Bigo—fEA e TR
HoOBEECEL, 5 L0 I A LI P RIATD
FlAv—HER L, wWT, 19804EMRIAR D, FiE
FAVIRRe > = v, /N SRIT ) o D ipes il
HIECELL, @mEoihE LTR—LE— ¥ REH
X, g, RS CHEOBINIRE LTER
BEAEA LT, ZOE, m—AT—Z IERER—L
FTORERIEAGTE L IRo7,

R—VFEAITBERIC R LR —BIER SN 5 F#
TC, ERo X5 CEBER SRS L H L0, BN
ORI, FERHNT RS L TON-OFFINIZIE B35 &L Al
HEEASE TEDRIBEE L ZV, Wb, BRI
R—vFEFE. S I DICHLAEST DX VENREIEKF v
Ta— Dy A DI T I NN OBER T
PRI, Ebhufd TG, 102

ZDOF A A, AT U v Fa—sL1C(Hybrid Hall
IC) & MEfEAL, BER OB — RS L, BEE &
[@ U L~ EEASON-OFF+ 2 BEH AR GER 2 0
& NFRBES, S BREESR o —IE R IS %I L CON-OFF
THELEHNB A BID,

ZDNA T Yy FaR—ICHE, ko 2 4 » F208
TTFNAL ADBHAZ 7 o E— 4, W, =7 37
FHEEHROATIALF—HNTER SN R —AE—
H (RU—FR—E—H) OFRErcEHEh Ty
%, Fig. 2a0BEZ{F/3Y 2 2 OCD-ROMERE) Jf A8 — b
T—4, Fig. 2 bDBFEEIZIINA T ) v RAR—/LICE i
oS- AR O R — L TT— X OFE AR LT, [

227  Journal of Advanced Science, Vol. 17, No.3&4, 2005

T30 c mBO Y SR EHERE A AN TH S,

OB, RIS — VI, FREE T —
OlEEOREEE B L. B A28 - FzRIEEEE T L0 &
R (A7) Y= bihh) & LTE—FZDBFIH
WilkdZ &EmRLIE,

Hall elements
{

Fig.2a. DC brushless motor for CD-ROM drive (spindle
motor) with Hall elements

Hybrid Hall IC Permanent magnet rotor

Fig.2b DC brushless motor for home washing machine
with hybrid Hall IC as magnetic sensors
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Table 2.Typical specification of the high sensitivity
InSb thin film Hall elements.

Items Typical values

Hall voltage Vy 122~274mV B=0.05T,
Vin=1.0V

Offset voltage =+TmV B=0.0T,
Vin=1.0V

lnp.ut and  Output 240~550 Q) 25C(R.T)

resistance

Temperature coefficient | +0.1~0.2%/C Around R.T

of Vg Vin=constant

Temperature coefficient | -2%/°C Around R.T

of Vg; _
Ic=constant

Temperature coefficient | -2%/°C Around R.T

of Rin(Rout)

Driving temperature -20~115C

Fig. 3121k, MEBIMEME LS 4 479 5 I I InSh iR
— L FEF OGS, Bz, Fig 4120, SRR InShitl
R — VB DT v 7T HEE AR LT,

I nSb thin film

(0. 8um)

Ferrite chip

Electrode

|

Ferrite substrate

Ipsulating layers
Au wire

Insulating layer
™ /

Fig.3. Cross-section of high sensitivity InSb thin film

Hall element with ferrite chip and substrate.

T

Fig.4. Photographs of the InSb thin film Hall element
with ferrite chip and substrate with bonding wires.
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Fig. 5 Vu-B characteristic of InSb thin film Hall
element (HW-300A, Asahi-kasei Electronics)
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Fig.6(a). Temperature dependence of Hall voltage
Vi (Vy-T characteristics: Vin=constant)
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Fig.6(b). Temperature dependence of Hall voltage
Vi (Vy-T characteristics: Ic=constant)
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Fig. 7. Typical temperature dependence of input
resistance for InSb thin film Hall element
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Fig. 8 Commercial high sensitivity InSb thin film Hall
elements (Courtesy of Asahi-kasei Electronics, Co.
Ltd. Tokyo).

Table 3. Feature of high sensitivity thin film InSb Hall

elements

Feature Application and Merits

High sensitivity Low magnetic field detection

Constant voltage drive Small temperature dependency

Low power consumption Good for battery source drive

Small plastic package Small size sensors, and high

reliability

Ill. HALL ELEMENTS FABRICATED FROM
SINGLE CRYSTAL THIN FILMS GROWN ON
GaAs SUBSTRATES BY MBE
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llI-A InAs single crystal thin film Hall elements

InAsiE, InSbiZ¥ <HEWVEFBEIEEZHE L, S FF
¥ v 710, 36eV ( 300K) TInShO FLF 25 Th b, BTE
6. 06 A, BRTOANY T F— T OHEHOET
BN EE L, 33, 000cm®/v « sTdH Y | SHBIRSEL TIE= 3 LF
— X ¥ v FTORERFET 2 b d(LEg) /dTA30. 35 X
10%eV/KTI D /NEV, 202 &) EEBE TLIHIGE
MOHEEETEEL Tl R— AR TRIERNIfRFTE 5
HEtchs,

lll-A-a  Si dope single crystal thin film Hall
elements
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Fig. 9.Photograph of Si dope InAs Hall element chip

Table 4. Typical characteristics of Si-doped InAs Hall

elements

Items Characteristics Remarks

Hall voltage Vi 100mV Vin=6V, B=0.05T
Input resistance Rin 3500

Qutput resistance Rout 3500

Offset voltage Vu =*+8mV Vin=6V, B=0.0T

llI-A-b. InAs deep quantum well (DQW) and
application to Hall elements
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[Ttems [ undope | Sndope | Remarks
Hall voltage | 49mV 39mV Vin=0.5V,B=50mT
Vu . e P
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| Vu I _—

| Offset voltage | < +0.6V <#03V Vin=0.5V, B=0.0T
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Output

resistance B I
Temperature | — 0.19 % | — 011 % | RT
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Vu S
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