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New type of high sensitive Ha■ ■ E■ ement of lnSb thin fi■ m and
lnAs thin film by vacuum depos■ tion are deve■ oped. These Ha■ ■ E■ e―

ment show the sma■ ■ temperature dependence near at the room tempera―
ture under the constant  vo■ tage dr■ v■ ng.

§ ■. Introduction

InSb Ha■ ■ E■ ement is the first ap一
plication of the Ha■ l effect fOr
e■ ectr■ ca■  dev■ ces and is discussed in
the textbook of H,We■ ss・ ), s.Kataoka2),
and Y.Sakai3). The Ha■ ■ E■ ements ap―
peared in these text are the first gen―
eration device in the history of the
Ha■ l E■ ement. These Ha■ ■ E■ ements are
used to measure or sensing the  magnetic
fie■ d but rather expensive devices

Our target is the second generation
Ha■ ■ E■ ement. This is the Ha■ ■ E■ ement
wェ th sma■ ■ s■ ze dev■ ce, ■ow cost, gOod
mass productivity, high output voltage,
high re■ iabi■ ity, and sma■ ■ temperature
dependence of the Ha■ ■ output vo■ tage.
This type of Ha■ ■ E■ ement is required to
magnetic field sensor for smal■  s■ ze
fine contro■ ■ed DC brushless motors used
in Audio, Video and other app■ icatiOn,

Under the needs of such situation
it is developed the Hall E■ ement of the
High sensitivity and High output Ha■ ■

voltage w■ th sma■ l temperature depen―
dence by using the lnSb thin fi■ m by
vacuum depositiOn and a■ so for lnAs thin
fi■ m by u■ tra high vacuum depOsition
method such as MBE.

In the next section § 2 the driving
methods and the structure of the Ha■ ■

E■ ement having high output voltage are
shown. The fabr■ cation process of the
thin fi■ m Ha■ ■ E■ ement and the method of
vacuum depos■ tion are mentioned. The
properties of the Ha■ l E■ ement wi■■ be
discussed ln § 4. § 5 is conc■ usions.

C3■

§ 2. Two types of driving methOds and
the structure of the Ha■ ■ E■ ement

There are  the twO type of driving
method for the Ha■ ■ E■ ement. One of this
■s the famous cOnstant current dr■ v■ ng
shown in Tab■ e ■(b), and the secOnd one
is the constant vo■ tage driving shOwn in
Tab■ e l(a). The difference between these
two driving methods is the temperature
dependence of the Hall output vo■ tage,
Ha■ ■ coefficient of the lnSb thin film
has ■arge temperature dependence at near
room temperature shown in Fig,■ .

(a)Constant vOltage drive(Vi n・ conStant)
VHと μH・ Vi n・ B,w/L

VH ・ ‖all output voltage

″‖‐Electron nob,lity

Vin・ input volta8e

B =Magnetic flux density
(b)Constant current drive(Ic=constant)

VH・ RH ・ Ic ・ B/d

RH ・ Hall cofficient

ic =Input current

blc l DrivinR methods fOr the 1lall Element
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Temperature dependence of Ha■ ■ out―

put vo■ tage at constant current dr■ vlng
is therefor ■arge by Tab■ e ■(b).

The e■ ectron mobility dose not vary
so much as shown in Fig,2 for lnSb thin
film at near room temperature. Therefor,
the Ha■ ■ output vo■ tage  at COnstant
vo■ tage driving has smal■  temperature
dependence by Tab■ e ■(a). TO rea■ ize
this for the Ha■ ■ E■ ement, it Shou■ d be
designed the Ha■■ E■ ement with ■arge in―

put resistance. By reducing the thick―
ness of lnSb thin fi■ m and keeping high
mobi■ ity by vacuum deposition, the con―
stant vo■ tage driving of the Ha■ ■ E■ e―

ment iS rea■ ized.
Then, we discuss the structure of

the high sensitive Ha■ ■ E■ ement. Thus, a
thin fi■ m of lnSb (or lnAs) is
sandwiched between ferrite substrate
with about ■.O mm2 and O・ 3 mm thickness
and cubic ferrite chip with about O.30
mm shoWn in Fig。 3.

The externa■  magnetic fie■ d at the
position of the thin fi■ m is amp■ ified
by thiS Structure. The va■ ue of
amp■ ification ■s approx■ mate■y ■/L
;where L is the demagnetizing factor of
the magnetic structure of the Ha■ ■ E■ e―

ment and usua■ly ■/L = 3～ 5。

Therefore, the magnetic f■ ux density
at the thin fi■ m position is 3へ ´5 times
of the magnetic f■ ux density Of the ap―
plied externa■  magnetic fie■ d. There―
fore, Ha■ ■ output vo■ tage is amp■ ified
by the magnetization of both the ferrite
substrate and cubic chip.

§ 3. FabriCation process of the Ha■ ■

E■ ement

The FabriCation process of the Ha■ ■

E■ ement by vacuum deposition and fO■ low―

ing process is shOwn in Fig。 44-8)。

To obtain lnSb thin fi■ m with high
electron mobi■ ity, and ■arge sheet
resistance (ヘ ン■50 Ω /□ ), fO■ ■owing con―

ditions are used i.e. source mater■ a■ is

lnSb sing■ e Crysta■ , thin mica with
smooth surfaCe as substrate, vacuum
chamber w■ th mu■ ti― evaporators heated by
e■ ectrical poWer contro■ ■ing,  and  the
substrate of mica is heated  by
programmed process under ― ■0~8TOrr.

In case of lnAs, it is necessary to
use that the Vacuum chamber with ■ar ge

deposition area and, mo■ ecu■ ar beam
sources for As and ln, and thin mica
substrate and the Substrate is heated by
the programmed process in order to ob―
tain high e■ ectron mobi■ ity and ■arge
sheet resistance in u■ tra― high vacuum
chamber. Properties Of lnSb and lnAs
thin fi■ ms by these processes are shown
in Tab■ e 2.

Thin lllm growth

Thin fHm setting

on ferrite subustrate

Fig 4 High setisitive Hal1 81ement procc、 ss

InSb InAs unit

Electron mobility 20,000-30,000 6,000^▼ 8,000 cm2/v. seC

Sheet resistance - 150 - 150 Ω
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Fig 2 Temporature dependence Of the inSb thin fllm

(d‐ 1 0μ m)
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Thin fi■ m of Vacuum depoSited lnSb
(Or lnA3) iS pee■ ed frOm the mica sub―
strate and p■ aced On the ferr■ te sub―
strate using the thin reSin adhesive
■ayer.

Fo■ 10w■ng this process , p■ ating Of
the e■ ectrOde meta■ S, etChing, passiva―
tion process, dicing, bOnding and assem―
b■ ing process, are taken p■ ace as shown
in Fig.4. Thus, we Obtain high senSitive
Ha■ l E■ ement.

§ 4. Characteristic  properties  Of the
Ha■ ■ E■ ements

In Tab■ e 3, the characteristic
properties of lnSb thin fi■ m Hal■  Ele―

ment HW-300A as a examp■ e Of high sensi―
tive Hal■  E■ ement by vaCuum deposition
is shown・ O).

Fig。 5 and Fig.6 shOWS magnetic
fie■ d properties of IW-300A. The tem―
perature dependence of the Ha■ ■ output
vo■ tage  at constant vo■ tage driving is
shown in Fig。 7 and is a■ SO ShoWn in
Fig.8 for constant current driVing.

Temperature dependence of the input
resistance of the HW-300A is shown in
Fig。 9.

As reading these data , thin fi■ m
lnSb Ha■ ■ E■ ement has n■ ce e■ ectr■ c and
magnetic properties.

In the case of lnAs Ha■ ■ E■ ement
HY-300B, the magnetic fie■ d properties
is shown in Tab■ e 4 and Fig.■ 0, and the
temperature dependence of the Hal■  out―

put vo■ tage for the constant vo■ tage
driving is shown in Fig。 ■■. Then, tem―
perature dependence of the ■nput res■ s―

tance iS ShOwn in Fig.■ 2.

unit

Ha1l output voltage

`V:ぃ

=IV B・ 500C)

VH 122～ 274 mV

In,ut resistance Rn 240 - 550 Ω

OutDut VOltatte R′、Ⅲl 240 ^ヤ  550 Ω

Unvalanced voltage
(Vin‐ lV,B=OG)

Vu -7 7 ‖V

Table 3 SpecificatiOn of tho lnSb itall BICment

(1lW-300A)

「iin    max unit

‖all output voltage
(Vin‐ 3V B=500G)

VH 122 - 236 mV

inDllt rOsistance 240 ^▼  550 Ω

output voltatte Rout 240 - 650 Ω

Unvalanced voltage
(Vi′、=3V B・ OGう

Vu -10  - 10 nV

Table l SpecifiCation of thc inAs Wall Element

(1lY-3008)
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Fig 6 VH― B charactCristics or the insb Hall EIcmetiι

at constant ctirrclit drivilig(HW-300A)
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§ 5. COnc■ usions

New type Of thin fi■ m Ha■ ■ E■ ements
are deve■ oped using the vacuum depOsi_

::::孟ξせ1を ttteと iをこと
ewtti 

とを:: ::織 :を ::と i:き
dependence around room temperature.

high:,eデ且どを考士七 :limeきξ:.frttzを :W C°
St'

These Ha■ ■ E■ ements are used fOr
magnetic fie■ d sensing and prOduce a new
stage for sma■ ■ s■ ze DC brush■ ess mOtOr
techno■ ogy because Of the high magnetic
fie■ d sensitivity, and (Or)high output
vo■ tage, new cOnstant vo■ tage driving
method for lnsb Ha■ ■ E■ ement, and high
re■ iabi■ ity.

Ha■ ■ E■ ement was bOrn in O■ d days
and is used much recent■ y, sti■ ■, has
many problems which shOu■ d be sO■ ved in
future
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