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【ιノψO′′5r magnctic scnsor,digital magnetic scnsor,Hall IC,hyb五 d Hall effcct IC,hybid Hall

IC,InSb Hall clement,InAs Hall clcment,InAs dccp quantum wcll(DQW)Hall elcment

New digital rnagnetic scnsors、 vhich consist of a compound sc■ liconductor thin film

magnetic scnsor and a silicon― IC signal processing circuitin a packagc called hybrid IIall

IC were studicd.The lnSb and lnAs thin alm Hall clcments and lnAs DQW Hall element

wcre used as lnagnetic sensors to form the hybrid lttall ICs. These hybrid IIall ICs have a

vcry simple structurc and exhibit high sensitivity and stability.Moreovcr,they exhibit

grcat potential as contacdess sensors.

1.  Introduction

Recendyぅ rnagncic sensors havc comc to be used as contactless sensors for rnany ttnds

of apphcations,An important type of rnagnctic sensor is a IIall clcment rnade of lnSb ttin

alm.A Han elementis uscd mainly as a magnctic sensor for small― sized brushlcss motors

for dri宙 ng VCR,FDDぅ CD― ROM,and so forth.The other wel卜 known magnetic sensors

are monolithic l■ all effect ICs with silicon l■all elcmcnts and digital amplifiers lnade using

silicon IC technology.They arc also used in brushlcss lnotors,contacllcss SWitChes,and

rotation detcction scnsors.This typc of lnagnetic sensor has a digital output signal

corrcsponding to thc applicd magnctic ficld in contrast to Hall clements、 vhich have an

output voltage proportional to the applicd lnagnctic ield.Both thc Hall elements and HaⅡ

effect ICs arc important rnagnctic sensors C)N-OFF detection of a rnagnetic aeld by Hall

effect ICs is very simplc Therefore,recently,Han effectICs have bcen used in many new

applications,including as a new contactless switch,for dctection ofrotating gcar tooth,and

as a contacdcss position scnsor,and other types of contacdcss detection lnettods applying
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Hall cffect ICs are bccoming important.

At present,thc amount ofclcctacal energy consumed by elcctl■ c motors is about half of

thc total electrical power generated in Japan.Thc reduction of powcr consumption by

electrical motors may be a significant issue in the future,Po、 vcr brushlcss motors with a

permancnt rnagnet rotor and IIall effect rnagnctic sensors may nccd lcss clectrical cnergy

compared to conventional types of FnOtOrs.Thel■ all lnotor is a lnotor which can changc

rotational speed froln low tO high speed by observing the position and speed of thc

permanent rnagnet rotor by using magnedc sensors.Most of thc electrical systems、 7hiCh

are driven by electrical motors need a rotary powcr with variablc specd to reduce thcir

power consumptiono COnventional AC induction motors cannot change thcir rotational

spccd to correspOnd to the change ofthc load.Thcrcfore,the rnagnetic sensoris a key and

important devicc for future motors or actuators with low_energy consumption to realize

clcctrical energy saving.To rcalzc such low― cnergy― consu11lption motors,high― sensitivity

and highly rehable IIall cffect deviccs with digital output signals to detect the ON-OFF

statc of a magnctic field are required A、 vide opcration tcmperature range may also be

rcquircd for rnagnetic sensors for thesc apphcations because such lnotors arc always uscd

in cxtreme environments.

Silicon is sensitivc to mcchanical stress and sllicon Hall elements havc very low

sensitivity in a rnagnetic field. These propcrties posed lnany difficult problcms for silicOn

monolithic Han cffect ICs(or Hall ICs)suCh as low sensitivity,large offset voltage to

signal voltagc ratio and the effect of cxtttnal strcss.Thus,the silicon rnonolithic】 王all cffect

IC is not satisfactory for those applications.

Hall ICs having a hybrid structurc、 vith digital output signal and combining a high―

sensitivity Hall element rnade fronl a compound semiconductor thin fil■ l as a magnctic

sensor and a siLcon― IC signal processing circuitin a packagc(1.e。 ,Hyb五 d Hall effectIC Or

hybrid】Iall IC)shOW great pro■ 五sc as noncontact lnagnetic sensors that are highly

sensiive,highly reliablc and highly strcss resistant and have a、 vidc opcration temperature

range.

The clectron mobility of thin―■lm lnSb and lnAs grown on GaAs substratcsis 10 to 30

times larger than that of Si.Therefore,、 ve can fabricate high― scnsitivity Hall elcmcnts wih

a very small ratio of offset voltage to signal voltage.Also,these Han elcments are not so

scnsitive to external stress and noise.Thcrefore,high― sensitivity in magnctic ields and

stability under cxtcrnal sttess will render lnSb and lnAs IIall clements suitablc as magnctic

sensors for hybttd Hall ICs.

In this paper,we have fabricated and studied a hybrid Hall IC having a compound

scnliconductor thin alm Hall element as a magnetlc sensor.

2. InSb Thin Filコn Hybdd IIallIC

An lnSb]王 all element wih magnctic icld amphacation structure has high sensitivity in

a rnagnetic neld.This lnagnetic aeld amphacation structure mcans a IIan element having

a sandwiched structure where a magnetically sensing pOrtion of lnSb thin ilm is sand―

wiched by ferritc substrate and a chip for colllmating magnetic ield.Thus,the Hall

elcmcnt has high sensitivity.The typical characteristics are shown in Tablel.(1螂 )

This lnSb hin ilm Hall element chゃ waS COmbincd wih a silicon― IC signal proccssing
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circuit ampliiCr chip(SihCOn IC amphicr chip)in a packagc to fonn a digital output

magnctic SCnsor.The silicon I(】 ampliicr chip was fabricated by convcntional bipolar IC

processes.The fabrication process of hybrid Hall ICs is easy and simplc where thc IIan

element chip and IC chip are connected by gold wires on a lead frame island and packaged

by an epoxy resin molding process、 vhich is a sil■plc well known process uscd for the

asscinbly of clecttical devices,

A simplc b10ck diagrani ofthc concept ofthc hyb五 d]王allIC is shown in Fig。 l and thc

two basic typcs of operation modcs are shown in Figs,2(a)and(b). In Fig.2(a),by

applying a magnetic held cxceeding Bop,he output voltagc Vout of high lcvcl VoT(=VCC)

reduccs tO a low level of Von and by reducing he applied magnctic aeld bclow Brp,the

output voltage Vout oflow-level Vonchangesto a high lcvel of VoT Bop― Brp=Bh>O is the

hysteresis value of he opcrationЛ  magnetic ield.In Rg.2(b),simllar operation mode by

alternating the magnetic ield is shown.

A spccial direct― coupled amplification mcthod is used hcrc as a signal processing

amphfier that directly convcrts thc Ha1l output voltagc of the lnSb Hall clcment to the

desired digital signal.We also optimized the resistance and the telttpcrature coefficients of

resistors used in thc signal processing circuit coresponding to a largc temperaturc depen…

Table l

Typical rnagnetic icld characteristics of thc IIall clcment chips

MaЯnctic scnsor InSb thin fllm Hall clcmcnt

Hall voltagc

lnput rcsistancc

Output resistance

Offsct vol屯 agc

200 1nV/1V,50 mT
350Ω

350Ω

く+7.OmV/1V

Vohage
Regulator

liVcc

Ampliler Schmitt  Output
Trigger    Stage

3:O ut

2:G nd

Ha‖ Element

Fig.l  Schematic diagranl of hybrid]Iall IC
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Fig 2  0perational charactcristics with hystcrcsis loop of hybrid Hall IC

Table 2

Typical charactcristics of hybrid thin員 lm HallICs.

Magnctic scnsors     lnSb thin ilm Hall clemcnt   lnSb thin ilm Hall clcment
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Bop
Brp

VOut(B>BOp)

VOut(Bく Bψ )

4 5to 24 V

120 mT
90 mT
Von<0.2V
V。∬=Vcc

4 5to 24 V

32 mT
24 mT
Von<02V
Vor_Vcc
-20 to+115° C
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CC IS Operating voltagc of hybrid Hall ICs

dencc of the lnSb lttan clcment fOr tcmperaturc stability,The typical charactcristics of thc

hybrid】■all effccttICs with lnSb Hall elemcnts are shown in Tablc 2,A photograph ofthc

hybrid Han cffcct ICs with lnSb Hall clcment and Si IC ampliner chip(no paCkage)is

shownin Fig 3(a).ThC plastic packagcd hybrid HallICs arc shown in Fig 3(b).

TれC Standard Si monolithic Hatt ICs havc a Bop of about 20 mT,We fabricated two

typcs of thin film hybrid Hall ICs.Onc of thc■ l has Bop undcr 15 mT around room
tcmperaturc and thc other has under 4 nlT as shown in Table 2.Thesc Bop valucs indicate

thc high scnsitivity of hybrid IIall ICs due to thc use of lnSb thin alm Hall elcments

The operation tcmpcraturc range for thcsc hybrid]王 all cffect ICs is-20 to l15°C.Thc
typicaltc11lperaturc dependcnce ofthe opcration magnctic icld ofthc hybrid Han effect IC

is sho、 vn in Fig.4.The strcss effect of thc hybrid lnSb thin ilm HallICs is very small or

negligible.

Thc operating magnetic ield Bop(typiCal value:20 mT)of a cOmmcrcial Si monolithic

HallIC sho、、アcd a randoHl variation of± 4 naT by comprcssive stress application from O to

2.5 MPa.Thcsc charactcristics rcvealthatthc hybrid lnSb thin film Hall IC may bc of high

scnsitivtty,rcliable and practical for many kinds of фphcatiOns,

Fig 3  Photographs oflnSb thin alrn hybrid Hall ICs.(a)ThC hybnd Hall effectICs with an lnSb

Hall clcmcnt having lnagnetic flcld ampliication structurc and a Si IC amplifler chip(nO packagc)

(b)Plastic packagcd hybrid Hall ICs
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Fig 4  Tcmpcraturc depcndcncc ofthe operation inagnctic ncld of hybrid lnSb thin alm Hall IC



258 S¢η∫οぉα乃とデ肋「α彪万α′d,Vol 14,No.5(2002)

3. InAsthin alm and lnAs DQW hybrid HallIC

The lnSb thin alln hybrid】 王all IC is practical and has high scnsitivity,howevcr,the

opcrating temperature is restl・iCted to approximatcly■ oom tempcrature.(1'9 Some rcccnt

applications of digital l■ agnetic scnsors require more sevcre operating conditions. To

reahze a widc opcrating teinperature range of hybrid Hall ICs,IIall elements wih a small

tcl■pcraturc dcpendence must be uscd as magnedc sensors.

Si―doped O.5 μm lnAs thin■ lm Hall clements(Siぃ dOped lnAs H,E。 )and lnAs deep
quantllm well Hall elements(InAsDQW H.E.)groWn On GaAs substtates by MBE show

high sensitivity and stablc operating characteristics over a、 vide tempcrature range.(36)

These l■ all elements wcl・ e used to fabricate hybttd IIall effect ICs and their charactcdstics

were studied. The standard charactedstics of these IIa■ elements arc tabulated in Table 3.

A Si―doped lnAs hybrid Hall IC has a structurc which consists of a Si―dopcd O.5 μm
lnAs thin― ■lm Hall element and a silicon IC fabricated by conventional processes, We

optilnized thc rcsistancc and the tempcrature cocfficicnts of resistors uscd in the signal

processing circuit corrcsponding to tcmperature characteristics of the lnAs Hall elemcnt

Table 3

Typical magnetic icld charactcristics of hc Hall clcmcnt chips

Hall clcments Si dODed lnAs Hall clement InAs DOW Hallclcmcnt
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for tclllperaturc stability over a、 vidc tempcraturc range.

Thc silnple combination of an lnAs IIall element and a Si I(】 amphier of a Si― dopcd

lnAs hybrid Hall ICヽ vas problematic at higher tempcratures A largc incrcase of leakagc

currcnt to thc Substratc in a Si IC)chip may have thc effect of reducing hysteresis BH at

higher temperatures.This is shown in Fig。 5,which shows the largc cffect of the lcakage

current and hysterCSiS BH gradually dccreasing to zcro and normal switching operation

abOvc 130° C iS alinost ilnpossible.

To improve thc switching charactcristics at high tcmpcratures,wc have adopted a

ttansistor、 vith vcry low collector resistancc、vhose structurc can bc fabricatcd within

conventional IC prOCesses and whosc switching function does not degrade due to lcakagc

current at high tcmperatures.As a resultぅ thc operation charactcristics of a Si― dopcd lnAs

hybrid l■all IC Show stable temperature characteristics from-60° C to high temperature of

170°C(2nd fabrication).ThiSis shown in Fig.5.Typical characte五 stics of the hybttd lnAs

thin illn Han IC are shown in thc irstcolumn of Tablc 4.

Using thc samc Si IC ampliner,thc lnAs DQW Hall element is also combined to

fabricate an lnAs DQW hybrid Hall cffcct IC.In this casc,high sensitivity and stable

tempcraturc charactcristics arc also veriacd fronl a lo、 v to high telllpcrature.The results are

shown in thc sccond column of Tablc 4.Thc operation characteristics for various hybrid

thin ill■ HallICs arc shown in Fig.6.

Table 4

Typical charactcristics of hybrid Hall ICs

MaЯnctic sensors Si dopcd lnAs Hall elemcnt  lnAsDQヽ V Hall CICmcnt

Hall voltagc

lnput rcsistancc

Output rcsistancc

Offsct voltage

100 mV/6V,50 mT
300Ω

300Ω

200 mV/6V,50 mT
350Ω

350Ω

25

Vcc
Bop
Brp

VOut(B>BOp)

VOut(B<Brp)

OpcratinЯ Temp.

4.5to 28 V

12.O mT

90 mT
Vonく 0.lV
Vor=Vcc
-50 to+170° C

4 5to 28 V

55 mT
4.O mT

Von<0.lV
V。∬_Vcc

-50 to+170° C
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4.  Conclusions

Hybrid IIall ICs or IIall effect ICs having a compound scniconductor Hall elcmcnt as

a rnagnctic scnsor and Si rnononthic ampliner chip fOr signal processing to produce digital

output corrcspOnding to a detcctcd magnetic ficld、 verc dcvcloped and showcd high

sensitivity,stability and case of fabrication by mcans of simplc conventional package

fabrication technology.Thc simplc fabrication process of hybrid Hall ICs is incxpensivc

These new hybrid IIaH ICs、 vill open up many new apphcations such as contacdcss sensors

for po、vcr brushlcss lnotors to dccreasc energy consumption,contactless rotation sensors

for automobilc cngines,contactlcss switchcs and other apphcations.

Thesc hybrid IIall ICs may be kcy dcvices in future for the ane control of rnany kinds

of actuators requircd by electtonic systems,
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