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InSb and lnAs Hall

Elements from

Asahi Chemical
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Shizuoka,Japan]00uld be classitted as a Wgood

news‐ bad news‐ 800d newsW story.The irst
piece of good news is hat he market fol・ Hall

elements,in terms of units required, is huge,

approaching 1200 milllon udts in 1995(see

Hgure One).Furhermore,demand is lkely to

coninue to grow,due to ever― increasing sales

of audio, video and computer electronics.

These types of equipment need high pel・ for‐

mttce,ユ nely con世 olled DC motors to perform

funcdons like d五 ving and tttng up the tape in

a VCR,spinning a CD in an audio playeh and

accessing he dttves in a personal computer,

Rgure Two shows he location of 3 such

motors in a CD― ROM d五ve.It is■ow cOm‐

monplace for these motors to be con甘 olled by

magneic sensors instead of bmshes, and the

Hall elementis he perfect sensor for hejob,

The bad news,at least as far as most read‐

ers of his magazine are concerned,is hat he

very large mttonty Of his marketis seⅣ ed by

a reladvely Wlow tech"utilization of he classic

Hall element matα ial,hSb.Asahi Chemical,

which entered tte market in 1980,curently

supplies around 707ο of the world`require‐

ments for Hall sensors by depositing a O.8四

hick layer of polycrystaline lnSb on mica,

血en peeling o∬ he lnSb layer and transferring

it to a色面te substtate. See ngure Tttee,

Electron mobilities in such a deviceをre 20,000
‐30,900 Cm2/vseC,and he deЧ ce produces

Ouψut VOltages of 150‐ 270 mV See Table l.

While he development of his hese Hall ele‐

ments is obviously a signincant business

achievement fbrAsahi‐ last year they sold 800

million such de宙 ces‐ persons wih an interest

in science and technology would likely prefel'

to see moに にliance on state‐ of‐血c ttt com‐

pound seHiconductor engineering,

The good news is hat he next genα a‐

tions of Hall elements from Asahi♂ e mowing

in exactly that direction,using direl・ ent mate―

五alS(InAs act"e layば s,grown on GaAs sub‐
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sttates),diffe■nt deposition methods(multi…

wafer MBE♂ ow血)and dfに冊nt device smc‐

tures(quanmm wells)tO prOduce Hall dements

which offel・ improved characttisics over cuト

rent production models,

The Next Generadon

Ichiro Shibas』色and Hs colleagues at he

Asahi Chemical Corporate R&D Facility are

responsおle for inding ways to make he next

genttation ofHall elements,hke he very suc‐

cessful lnSb models,he new products will

need to offer small packages,low costs,and
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compatibility with high vol■ me production

The p五m∬y improvements hat tte sought『 e

in the clrea of operaing temperature range,

because the one significant weakness of the

established lnSb product line is the lttge tem‐

peratuH3 dependence of the input resistance

(see nguR 4),cauSed by he narrow bandgap

of lnSb.  This has the pracical e∬ ect of

restricting heir use to ncttroom temp針
`′

lture

conditions.A possible alternative is to use

GaAs,which has a lttger bandgap(1.43 eЧ

compal・ ed to O,17 eV for lnSb).HOWever,the

R&D team at Ast■ lli conduded hat he GaAs

Hall elements did not orer suricient sensiti宙 ―

ty to magnetic helds,dueto GaAぎ s lower elec―

tron mobility compared to lnSb,and that they

co■ld■ ot be used where high signal‐ to― noise

ratlos are requlred.

In the late 19801s,work began on another

alternativei Si‐ doped lnAs layers, The struc中

tures,with a typical thickness of O.5 μ■1, are

grow■ on 2‖  semi‐ insulating GaAs wafers,

using one of the industry's nrst multiwafer

(12x2‖ )MBE systems.The variation in thick―

ness uniformity among the waiers on the plat―

en is+37ο ,which is moに than sumcient for

this work. At300 1く and a doping level of 8 x

1016 cm‐ 3,eleCtron mobilities of ll,000 cmγ Vs

∬e obthned,A device fabricated'om these

layers in described in Figure 5, The electrode

structuに a1lows highly tthable Au witt bond‐

ing using high volume equipment,  Standard

epoxy resin processes Υe used for packaging,

Electton mobillties∬ e～ 11,000 cm2/vseC,and

typical output voltage is 100 mV See Table l.

AlthoLlgh the sensitivity of these deviCes is

reduced in comparison to the lnSb models,

they do o∬er much greater temperature inde‐

pendence― see Figure 6. This has helped them

find a mal・ ket niche, and, to date, Asahi has

sold more than 5 million of these devices for

use in brushiess rnotors and as current sensors.

The Statettof・ the・Art

The chalenge which is currendy being

addressed at Asahi is the development of low

cost product that offers both the、 vide tempera―

ture range of the lnAs Hall elements and the

high output voltage of the lnSb devices,

Higher sensitivity, and even lo、 ver tem―

peratlire dependence, collld be expected if it

were possible to fabricate high quality ultra―

thin ilms of hAs(<0.l μm)HOWeveL it is

virtually impossible to do this,because of the

lattice mismatch(7.Oσ /ο)between lnAs and

GaAs.As an alternat市 e,researchers at Asahi

have turned to quantum wdl(QW)StruCtutts,

using lnAs sandwiched between insulating

barrier layers which are lattice― matched to

lnAs.The lnAs/AIGaAsSb material system

was chosen because of the large conduction

band oFset of～ 1,3 eV― see Figuモ 7. The

structure ofa device using such a QW iS ShOwn

in Figure 8. Experimental results show thatthe

quality of the lnAs layer is very high,yielding

electron mobilties of～ 20,000 cm2/vs,Higher

mobllities have been reported for hAs QW

structures which use AlSb barriers and buffer

layers, but this approach was considered to

unsuitable for high voluine■ lanufacturing duc

to the potential for oxidation ofthe Al― contain‐

ing rayers,

The typical characteristics of the lnAs

QW H∬ l elements have been found to be

exceptional.  As shown in Table l, electro■

mobilities comparable to lnSb have been

obtained,but even higher 1la1l output voltages

are achieved. According to Shibasaki the】 Iall

継 翠 辮 鞘 懇Ч 七 ?▼ 甜 篭lれd
which is 2 to 2.5 tilnes l征ger than that of the

Si― doped lnAs deviOcs,and 4 or 5 timesI∬ ger

han hat of cOnvendonal GaAs Hall elements.

Under normalized conditions(the sane H江 1
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FORUM

output voltage and he same magnetic held),

thepowerdssipation ofthelnAs QWelements

is 1/5 to 1/10 that of commercial GaAs Hall

91enents― an attracive feature for usc in bat―

tery operated devlces,

As shown in Flgure 9,Hall output voltagё

at constant driving voltage decreases lnonotOn―

icany as ttmperature increases,corresponding

to the monotonic decrease in electron mobility,

The temperature coemcient of Hall output

voltage for voltage driven hAs QW Hall ele_

inttts is O.17ο /deg,,which is the lowest flgure

for al reported Hall elements,Rcgr■
1・ding sen‐

sitivity, the lnSb devices characterized in

Figure 9 may appeΥ  supe五〇ri howeveち Hall

output voltage is proportional to he drⅢ ing

voltage and the maxilnum d五 ving voltage for

lnSb Hall elements is linited up to 2 V due to

burnout, and the breakdown voltage at room

temperature is 4 or 5 V due to the negative tem―

perature coettFicient of resistance,()n the other

hand, a driving voltage of more than 12ヽ ア
is

possible for lnAs QW Httl elements because

of its positive temperature coe∬ lcient of input

resistance.Therefore,InAs QW Hall elements

are more than equivalent to lnSb haH elements

in their effective sensitivity

The hAs QW structures tte also suitable

for rnass production, They can be grown in the

sane MBE system which is used to pЮ duce

the Si― doped lnAs structures, and the groM′ th

tilne required is only one hour, Shibasaki and

his colleagues believe that the lnAs QW struc_

tures are the ultilnate soluion for industhal

sensors, autoコnotive sensors, and other ne、 v

applications for he fと ituЮ  And,given the
charactttistics of the device,including its very

high output vohage, low power dissipation,

and sman temperature dependence, the evi―

dence suggest that they may be right
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“High sensitivity Hall elements made浄 Om Si_dOped lnAs on GaAs substntes by molecular

beam epitaxy",■ Iwabuchi et al,」 .Cwst∬ Growth 150,1302[1995],

``InAs deep quantum ven structures and their apphcation to llan elements'',N Kと lze et al.,」 ,

Cッstal Growth 150,1307[1995].

HAlGaAsSb bと
とrer/balrier on GaAs substrate for lnAs channel devices with high electron

mobilitiy and practtcd reliabilityW,S,Mサ a et al,」 .Electron.Matis.25(3),415[1996]`
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Vヽhat's behind thc rccent boom in demand

for solar ceIIs?And whatis thc cじ rrent sttte

Or the tech.ology? The cover story for our

November/Decemberissuc examines this

intel・ esting niche of the cOmpound

seniconductor industry.
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