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Abstract

The use of Hall generators is rapidly increasing in electricd
engineaing as well as in physics experiments. This chapter starts
with a brief historica review of these generators followed by the Hall
effect theory. Then follows a detalled analysis of Hall-generator
parameters and areview of the various appli caions of these devices.

1. INTRODUCTION

The Hall effect has two important properties: the possbility to measure constant and
varying magnetic fields, and the adility to perform multiplication. It is a very powerful tod
for the determination d the semiconductor material parameters. The Hall effect has been
used for many yeas in physics, bu only after the discovery of the new semiconductor
materials have the interesting and wseful properties of the Hall generator been used in
pradical instrumentation and in industry. Recently developed cryogenic Hall generators can
be used in supercondtcting reseach, magnet testing and sample investigation.

2. GALVANOMAGNETIC PHENOMENA

2.1 Historical review

The Hall effect was discovered by Edwin H. Hall in 1879 at the Johns Hopkins
University in Baltimore, USA [1]. The discovery was nat made acadentally as is often the
case during research on dher phenomena. Hall, as a graduate physics gudent, had been
inspired by Maxwell’s book on magnetism. In Hall’s paper of 1880, e describes the
measurements obtained onan iron foil where he foundthe cefficient (later Hall coefficient)
of ironto be &ou ten times larger than that of gold and silver. In the next year he studied
nickel and cobalt. Magnetoresistance (Gausseff ect)—increase of resistance of a cnductor in
a magnetic field—was discovered by W. Thomson in 1856. The first report abou the
magnetometer using the Hall effed in germanium was made by G.L. Peason in 1948[2].
More extensive use of Hall generators was made dter 1952 when the tedinology d InSb
production was developed.

2.2 Transport phenomena

Let us imagine asemiconductor material with free dectrons, no external fields (eledric
or magnetic) and nothermal gradients. The dedrons colli de occasionally with ore another
and with lattice @doms. They have different velocities and their velocity distribution is
determined by the temperature. In the dsence of an electricd field the mean velocity of the
eledrons is zero and no current flows through the semiconductor but when we gply an
external field the dharged particles are acelerated. The movement of the dharged cariers
causes charge transport and is therefore cdled transport phenomena. In cases where darge
transport is possble, it is due to the conductivity of the material. In the next step if we gply
the external magnetic field to the semiconductor with internal current density the dectric field
strength has not in general the same diredion as current density. The angle between them is



cdled the Hall angle. In semicondictors and metals three types of transport effeds can be
observed as shownin Table 1.

Tablel
Transport eff ects in metals and semicondctors
Effea Magnetic field | Thermal gradients
Galvanomagnetic yes no
Thermoelectric no yes
Thermomagnetic yes yes

2.3 Magnetoresistance

Magnetoresistance is defined as a dhange in resistance of a sample produced by an
applied magnetic field as ill ustrated in Fig. 1 (magnetoresistor dependence). Charge cariers
drifting in a semicondwctor material under the combined adion d transverse eledric and
magnetic vedors are subjed to the Lorenz force that deflects the charge cariers and produces
the Hall field. If al the darge carriers are identical then the Hall field compensates the
Lorentz force the arrent lines are invariant with magnetic field, and in consequence the
magnetoresistance A plp, is zero. If the darge crriers are not of the same dharge type then
the Lorentz force is not fully compensated by the Hall field. This produces a airrent
transverse to the dedric and magnetic vectors and a dhange in resistivity of a sample which
can be measured aong its longtudina diredion d current flow. This is physical
magnetor esistance while the dianges in magnetoresistance caused by changes in shape and
dimensions of samples are cdled geometrical magnetoresistance [B1]. Magnetoresitors used
this effed, bu due to the very high temperature wefficient of the magnetoresistivity and the
nonlinea output dependence on the magnetic field they were rarely used for magnetic field
measurements.
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Fig. 1 Basic difference between
Hall effed and magnetoresistance

Hall generator

2.4 Hall effect

Eledrons, considered as charged particles, drift in the direction d an eledrica field
Ewith avelocity V driven bytheforce Fe= —eE . In the presence of a transverse magnetic
field B the drifting electrons are subjected to the Lorentz force Fm = —e(v x B) and some of
eledrons are defleded in adirection athogora to bah the dectric and magnetic field vedors
prodwcing a Hall field which compensates the Lorentz force. The combination o eledricaly
and magneticaly-induced forces F = —¢(E + v x B) ads on the dedrons and produces the

Hall effect [B2]. If the mohility of the dedronis defined as:



u=VIE= (-ev)/F, Q)
Ohm’'slaw as:
J=ocE ()
and the material is charaderised by condictivity:
o= neu 3

then for an hamogeneous, isotropic, and redanguar Hall generator infinitely longwith pant
Hall and ohmic contacts not conreded to the load, the Hall voltageis equal to:

U,= (RIB)/t 4)
where the Hall coefficient R, for eledronsis defined by
R,=-1U(ne) = -ulo. (5)

For Hall generators with finite dimensions it is necessary to include ageometricd correction
fador G:

U,= (R,IB) G(alb, 9a,B)/t (6)

where J is the arrent density, o the condLctivity, n the cncentration d eledrons, | the Hall
generator control current, t the thicknessof the active aeg a,b the Hall generator dimensions.

2.5 Parastic gfects

The Hall generator current density is distributed inhamogeneously due to the presence
of a magnetic field and local inhamogeneities in the semiconductor. Locdised Joule heating
produces large thermal gradients and these in turn can affect the properties and behaviour of
the Hall generators. The Hall generator contads (contads between semicondwctor and metal)
can be regarded as thermocougde junctions which produce thermoelectric voltages. Parasitic
eff ects from the point of view of the Hall generator are thermoeledric and thermomagnetic
effects. These dfeds occur at the same time & a Hall effed and can increase measurement
errors.

Seebeck effect. This causes the generation d thermoeledric voltage. If a semiconductor
plate with metalli c dedrodes is heaed inhamogeneously in alongtudina diredion a voltage
which is propartional to the temperature difference can be measured between the dedrodes.

Peltier effect. Thisis the reverse of the Seebedk eff ect—the generation d the thermal
flow by the dectricd current. Potentials generated by thermomagnetic efeds (Ettinghausen,
Nernst, Righi-Leduc) are usually negligible in comparison with transverse Hall voltages
unless large thermal gradients are present [3]. It is important therefore to reduce such
gradients to a minimum. All thermomagnetic efeds are propationa to the magnetic
induction. Dueto thisfad great attention must be paid in the measurement of high fields.

3. FABRICATION OF HALL GENERATORS

The Hall generator consists of a thin semicondictor plate of dimensionsax b x t
equipped with four contads (see Fig. 2. The ntrol current is supdied by two current
contads, CC, while Hall contacts, HC, used for measurement of the Hall voltage ae placed on
the plate sides. The Hall generator is most sensitive to the comporent of magnetic field
perpendicular to the semiconductor plate plane.



Fig.2 Redanguar Hall generator.
CC- current contads,
HC- Hall contads.

Bulk material Hall generators are prepared by cutting from an inga [4], followed by
abrasion, pdishing and etching techniques. The thickness $ioud be reduced to a minimum in
order for the Hall voltage to be & large & possble[5]. SemicondLctors, in contrast to metals,
are extremely brittle and have to be glued to a ceramic substrate which provides mechanica
suppat and protedion for the fragile Hall generator.

Thin films prepared by vacuum deposition d intermetallic A"B’ compound on
isolating substrates are used for the anstruction of miniature Hall generators. The
semicondwctor is formed to the desired shape by phdolithogaphy and etching. The
eledrodes are soldered to copper wires or, for miniature Hall generators, wire bondngis used.
Like other semiconductor devices Hall generators must be encgpsulated in order to proted
them from light, humidity, dust, chemicd corrosion and aher environmental influences. The
padkage dso provides for the dedrical conrections of the chip with the external circuits. The
padkages of Hall generators must be nonmagnetic and the thermal expansion d the dip and
padkage must also be taken into accourt, since a inadequate combination d thermal
expansion coefficients may lead to an additional offset due to mechanical stress For high
stabilit y measurements unpadkaged Hall generators are dso viable [6].

3.1 Hall generator materials

In the design and fabrication o Hall generatorsit is very important to choose the proper
material and they are usualy prepared from n-type semiconductors where the dominant
charge arriers are dedrons which have much higher mohiliti es than hdes. The following
materials can be used: Ge, Si, InSb, InAs, GaAs, etc [B3-B6]. Germanium, used in earlier
yeas, isnot in extensive use nowadays. 1nSb and InAs are the favoured materials for present
day use due to their high mobility. Micron-thin InSb films can be grown from liquid o
vapou-phase eitaxy on insulating substrates. Films less than 5 um in thickness have
eledron mohiliti es snaller than thase of bulk InSb so that the increase of sensitivity due to
deaease of thicknessis compensated. Pure InSb has a strong temperature dependence of its
eledrical parameters because of its gnall bandgap, Fig. 3,curve . In arder to decrease this
temperature dependence dona impurities must be introduced into it, curve . In comparison
with InSb, InAs has a larger bandgap and consequently a reduced temperature dependence of
parameters. However its electron mohility is much smaller and it is more difficult to grow in
the homogeneous form. The basic material parameters of Hall generator semiconductors are
presented in the Table 2.



Table2
Materia properties of semiconductors for Hall generators at 300K, [B6]

Material Eglev] |n[ecm? |p [em’V's] |-R.[ecm’C]

Ge 0.67 2.4x10° | 3.9x10 9x10

Si 1.12 2.5x10° | 1.3x10 2.5x10

InSb 0.17 9x10° 7.0x10 70

INAs 0.36 5x10° 2.2x10 125

GaAs 1.42 3x10° 6.4x10 2.1x10
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Recent developments in integrated circuit techndogy hes led to the fabrication d super
lattices and to the posshility of manufaduring GaAs/AlGaAs and dher heterostructures.
Such moduation-doped semicondtctor layers can be used for the formation d quantum wells
with two-dimensional eledron gas. The thickness of the device's active region is less than
10 mm and eledron mohility is extremely high 300 000cm’/ V.s. These layers can be used
for the design d scanning Hall probe microscopes with high spatial resolution, 0.85um, and
very high magnetic field resolution, 2.9 x 10 T Hz™* at 77 K [B10].

3.2 Hall generator types

Hall generators are developed and produced in alarge number of shapes and dmensions
depending ontheir application. From the user point of view the Hall generators (HG) can be
divided into several types according to:
e Operating temperature

- cryogenic HG

- room temperature HG
e magnetic field range

-low fieldHG - 02T

- highfield HG - 240T etc.



e padkage
- transverse HG - measurement in gaps
- axial HG - measurement in hdes
- unpackaged HG - high stability generator

e adiveareasize
- normal HG - genera purpose
- microsize HG - inhamogeneous magnetic field measurement
- number of elements on chip
- single HG - one dement
- multi system HG — 215 elementsin aline- specia
- tangential HG - measurement of the tangential comporent of B

- nea to surface HG - measurement of perpendicular comporent of B very close to the
sample surface

- corner HG - centre of the active aeais at the package arner
- 3axis HG - measurement of all threeperpendicular comporents of B
- multi sensors - e.g. HG and temperature sensor in ore padkage

This classficaionwas smplified in order to achieve darity for the reader. The detail s can be
foundin [6-8].

4. PARAMETERSOF HALL GENERATOR

4.1 Magnetic field sensitivity

The Hall generator magnetic field sensitivity is one of the most important parameters.
This parameter istheratio of Hall voltage variation to the variation d external magnetic field
and all other parameters (such as control current, temperature, presaure, etc.) are @nstant.

The asolute magnetic field sensitivity S, is defined as:
S, =|oU,/oB| [VIT] (7
or
S=(RIG) [VIT] 8

The relative sensitivity S, is defined as the ratio of the ésolute sensitivity to the Hall
generator control current:

S, =S/l =(U1)|3U,/ 5B [VIAT] 9)

4.2 Offset voltage

Offset voltage is defined as the output signal from a Hall generator suppdied with
nominal control current in the dsence of amagnetic field, (B = 0).

HC2 Al HC2'

1 Fig. 4 Geometricd offset A | of the Hall
contads with resped to the eguipotentia
ceL ce2 line HC1 - HC2

|
3
I HC1




The output voltage of the Hall generator, U, in the presence of amagnetic field is:
UOUT = UH + Uo ’

where U,, is the Hall voltage and U, is the offset voltage. Because the Hall voltage and the
offset voltage ae combined in the output voltage, the offset canna be distingushed from the
output signdl if B = 0. The offset voltage is, in most cases, small andin the range of uV, and
is linealy dependent on I, upto I,,. It istemperature dependent and this dependence is
usually expressed as atemperature efficient of the offset voltage. The offset voltage can be
caused by severa reasons. the Hall electrodes not being daced at the same equipotential line
(misalignment voltage), Fig. 4 [B7], or the dectricd asymmetry resulting from material
inhamogeneities and also from external influences such as light, medanicd stress and
variations in temperature.
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Fig.5 Hall generator off set-compensation circuits [B7]
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The offset voltage can be mmpensated by means of various external eledric drcuits,
Fig. 5[B7] but one must keep in mind that no current flow is desirable in the Hall circuit.
With ead compensation the Hall generator current stability is reduced. However, it appeas
that a perfed correction d offset voltage canna be made for all arbitrary control currents,
such corredion must be made only to those arrents usually used in pradice.

In the cae of AC fields or flying-mode measurements the inductive off set voltage due
to small loops in the Hall circuit can be observed. This effect is usualy expressed in
equivaent areadimensions.

4.3 Temperature dependenceof sensitivity

The galvanomagnetic and materia parameters of semiconductors used for the
fabrication d Hall generators are in general temperature dependent as also are the magnetic
field sengitivity, offset voltage, inpu and ouput resistances due to their Hall coefficient
temperature dependence.

The temperature @efficient of sensitivity y can be defined as:
y= (WU)(U,/ oT) [K7] (10)

where 8U,, is the difference in Hall voltage caused by temperature cdhangeand dT is the value
of the temperature dhange.

The temperature dependence of the off set voltage is defined as:
e= oUol oT [uV/K] 11

If Hall generators are to have atemperature independent resporse over a wide temperature
range, then they must be made of materials with sufficiently large energy bandgaps < that



intrinsicaly generated carriers represent a negligible fraction o the total carrier density in this
temperature region. In materials with small bandgaps the dona impurity density must be high
enoughto extend the interval where the Hall coefficient is constant, Fig. 3 curve ¢. However,
this procedure leads to a decrease in sensitivity owing to the lower eledron mohility produced
by ionised impurity scatering[7]. An aternative procedure isto use external circuit elements
in conjunction with Hall generatorsin order to compensate temperature dependence. Loading
the output or inpu terminas of the Hall generator with a thermistor can produce such
compensation.

4.4 Linearity error

When using Hall generators in magnetometers it would be very desirable for the relation
between Hall voltage and magnetic inductionto belinear. Sincethisis nat always the case, it
isuseful to define the linearity error asin Fig. 6.

Un

AUy

AUy Un max

Fig.6 Lineaity error
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There ae severa different definitions of lineaity errors:

NL = (4U,/U,,)* 100 [%] (12)
or

NL = (4U,/U,,)* 100 [%] (13)

where NL is the lineaity error, AU, is the maximum deviation between the real Hall voltage
dependence and the ided linear Hall voltage dependence on the magnetic field, U,, is the Hall
voltage & the point of maximum deviationand U,, _ isthe Hall voltage & B__.

The Hall generator exhibits norlineaity if its sensitivity
(absolute and relative) depends on the magnetic field:

NL = (49'S)* 100 [%] (14)

where ASisthe deviation from constant sensitivity value § at B = 0.
The lineaity error consists of two comporents [10]:

NL = NL,, + NL, (15)

where NL is the total lineaity error, NL,, the material nonlineaity and NL, the geometrical
norineaity.

The material and geometricd nonlinearities exhibit the same quadratic magnetic field
dependence bu with oppaite signs. Moreover , the values of nonlinearity coefficients are
of the same order of magnitude. These facts can be used to design a Hall generator in which
the nonlineaity effects are compensated o reduced, [10-12]. The geometricad NL may be



compensated by loading the Hall output with the gpropriate value of loading resistor. The
value of the linearity error depends nat only onthe Hall generator properties and the magnetic
field interval employed bu also onthe type of linearity error definition and approximation
criteria for ided Hall voltage dependence  The measurement errors caused by nonlinearities
can bereduced by Hall generator cdibration and data corredion.

4.5 Input and output resistances

Inpu resistance is the resistance of the arrent circuit while output resistance is that of
the Hall circuit. These ae measured at a spedfied temperature usualy (300, 77 0 4.2K) in
the &sence of an external magnetic field and with open Hall and input terminals.

The output resistance must be @ small as possble since the lower is the resistance the
lower is the Hall generator output noise. A Hall generator is usualy conneded to the
measuring apparatus by long conrecting leads and cables. and it is more alvantageous to have
low resistance d the end d the cdle. Moreover, alow input resistance Hall generator can be
suppdied with a higher control current and therefore higher sensitivity can be obtained. Since
the inpu resistance increases with magnetic field the heaing increasses with magnetic
induction. If the mdingis sufficient the hea generated in the semiconductor can flow out
towards both surfaces of the adive aea

Electrical excitation is a very important parameter for Hall generator operation. It is
usually expressed as a value of nominal control current at which the Hall generator usually
works. The ontrol current (0.1- 100mA depending onHall generator type) can be increased
up to the spedfied maximum value. Never do experiments with the control current above the
maximum value sincethe result will be adamaged Hall generator!

4.6 Frequency dependence

The Hall effect is frequency independent up to approximately 1 GHz. It means that the
amplitude and the phase of the Hall voltage does nat change with frequency as the magnetic
induction and/or control current are driven at high frequencies. The frequency dependence of
a Hall generator is defined as the anplitude ratio of U, (f)/U,(0) to the frequency of the
magnetic field. It ismostly influenced bythe inpu and ouput circuit parameters. connection
leads, cables, waveguides and eddy currents in the semiconductor plate. Eddy currents have a
strong frequency dependence. In applications where aHall generator is placed in an air gap of
a magnetic dreuit (e.g. multipliers), the frequency resporse depends on the material
parameters of the magnetic drcuit and onthe width of the ar gap.

The equivalent figure of merit is the response time. It is defined as the time nealed by
the output signal to read a certain percentage (e.g. V%) of its fina value following a step
change in the magnetic field or control current. The resporse time of Hall generatorsisin the
range 10™to 10° s[B11].

4.7 Directivity

The magnetic field sensitivity of the Hall generator depends on the angle « between the
magnetic field vector and the adive aea plane U, =[(R,IB)/t]sina . If the B vedor is
perpendicular to the active surfaceof the Hall generator, the maximum of the Hall voltage is
observed. Any deviation from the angle o = 90° reduces the Hall voltage. If the B vector lies
in the Hall generator plane in the ided case the output is zero. If the control current flow is
not absolutely parallel to adive surface, the vedor B paralel to that surface generates an
output signal.

Planar Hall effect

Measurement errors can be frequently caused by the fad that the magnetic induction
vedor is not precisely perpendcular to the Hall generator plane. In this case one comporent



of the magnetic field lies in the Hall generator plane and generates an additional voltage
which is added to the Hall voltage. If the angle between B and the x axisis ¢, Fig. 7,then we
can oltain the transversal comporent of eledric field:

2 .
Ey:—po aZB JX-SinZgo (16)

where a is the magnetoresistance @efficient and p, the resistivity withou magnetic field

From this expressonit is clea that the transversal eledric field is equal to B* and sin2¢.
Thismeans that the eror Planar voltage is zero for angles 0, /2, , etc. as srownin Fig. 8.

We can use this property when we know the orientation of the cmporent lying in the
Hall generator plane. We @uld rotate the Hall generator so that the diredion d control
current is paralel or perpendicular to the magnetic field component in the Hall generator
plane [14,15. It isimportant to nde that this error increases with increasing magnetic field.
As presented in Fig. 8 the anplitude of the Planar voltage depends on the semiconductor
material parameters. It is ®e that the materia with higher conductivity has a lower
amplitude of the Planar voltage. For precise measurement of the magnetic field with
unknowvn arientation it is desirable to use the Hall generator prepared from material with
higher condctivity.
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The pdarity of amagnetic field can also affed the sensitivity i.e. the sensitivities for +B
and-B are different U, (B) =-U,(-B), Fig. 9. The differences are in the range of 0.1- 5%.



5. HALL MAGNETOMETRY

5.1 Calibration and precision

Since the sensitivity of the Hall generator after fabrication is not known, it is necessary
to measure the sengitivity at least at one value of the magnetic field or, for high pecision
measurements, to calibrate it over the whoe operational interval of magnetic field. In
addition, the Hall generator output voltage is not alinear function o B, therefore acdibration
at only two pantsis not sufficient. From the metrology pant of view the cdibration consists
of comparing the measuring instrument with a @mmon standard of the unit [16, 17]. The
magnetic field standard is usually a il supgied by a known current, the magnetic induction
being cadculated from the aurrent and coil dimensions. Requirements for the standard coil are:

high stability of geometricd dimensions

passhility to measure precisely its dimensions

high hanogeneity of magnetic field in aworking space

free @cessto aworking space

high acaracy of B data.

The standards are usualy the one-layer or Helmhaltz ooils with a diameter of 250-350mm
wound ona frame made from material with alow, linear, expansion temperature efficient
(e.g.flint, 5.10° K™). Another posshility isto use aCooper or supercondicting magnet with
measuring equipment capable of measuring the B with a high degree of accuracy. This
instrument is based onthe NMR method[17] but the flowing-water NMR method can also be
used in arder to overcome the limitations of the dasscad NMR method[18, 19.

Since the magnetic field sensitivity of the Hall generator is temperature dependent, for
high-predsion measurements it is necessary to calibrate the Hall generator at the same
temperature & which it will be used in pradice. Also the direction d the cntrol current and
the pdarity of Hall leads must be kept the same, i.e. the Hall generator must work at the
same ondtions as during cdibration. It is very important to reach high accuracy and
predsion duing calibration. These parameters are dfeded by. homogeneity [20] and stability
of the magnetic field, stability of Hall generator current source, stability of the working space
temperature, accuracy of the voltmeter used for measurement of the Hall voltage, and aso by
the acaracy of the NMR apparatus [1921]. During calibration at weak magnetic fields the
Earth’s magnetic field and its variations must be taken into consideration.

Preasion d the Hall generator measurement is defined as the repeaability of measured
data austomarily expressed in terms of standard deviation. This means that it is necessary to
measure the same data several times under the same cndtions. The inherent predsion d a
Hall generator, uncer the cndtionthat the magnetic field, temperature and control current are
constant, depends uponits noise level (e.g. aHall generator with a sensitivity S, = 100mV/T
andanoisevoltage U, =+ 0.1uV hasapredsion d approximately + 1 uT).

5.2 Compensation of temperature changes

For high-preasion measurements in areas where the temperature might change and
where the temperature efficient is nat sufficiently small it is necessary to eliminate the
influence of temperature on the Hall generator. This task can be solved in several ways guch
as.

a)  proper selection of the semiconducting material it is possble to reduce the temperature
coefficient of sensitivity (described in sedion 4.3

b) using athermostat. In order to minimise the influence of ambient temperature changes
the Hall generator can be placed in a thermostat at constant temperature. For room
temperature measurements this temperature shoud be around 40°C. The Hall generator
is embedded in a split aluminium or copper block to insure uniform temperature



5.3

distribution. Aroundthe block iswounda heder coil and atemperature sensor is placed
in the vicinity of the Hall generator and bdh are wnrected to the temperature
controller. The cmmplete assembly can be encased in epoxy resin. In this way the Hall
generator can be kept at constant temperature to within 0.1K or better. Grea attention
must be paid to any additional badkgroundmagnetic field generated by the heater which
must therefore be bifil ary-wound. The temperature controller must be propartional, na
bistable, in order to avoid transients from switch-on to switch-off of the heder.
Unfortunately, this technique results in large overal dimensions of the measuring
equipment.

computer correction with ssimultaneous measurement of magnetic field and temperature
[24]. Knowing the actual temperature, Hall voltage and from calibration tables of the
Hall generator at various temperatures, it is possble to cadculate the correded value of
the magnetic field. Also, the magnetic field error of the temperature sensor can be
eliminated. The measuring method consists of auto-zero and auto-calibration
procedures to reduce the thermal drifts of the anplifier and A/D converter. In this way
the eror of the magnetic field measurement can be reduced from 1 to lessthan 0.1% in
magnetic fields of 00.6 T and atemperature range of 20—60°C.

Noise
Hall generator noise is a basic parameter that determines the lowest magnetic field B

min

detedable by the Hall generator as well as the stability of the output signal. The typicd noise
spedrum of a Hall generator is shown in Fig. 10where several different types of noise can be
seen [B11]:

Low frequency noise (LF) is caused by the Hall generator temperature variations. Slow
temperature fluctuations generate thermovoltages on the Hall contacts which, however,
can be diminated by the use of Hall generator AC control current. In the case of
measurement of a DC magnetic field with a Hall generator supgied with DC control
current the noise can be reduced by filtering techniques or by an integration vdtmeter in
which the statisticd noise will be averaged to zero. For high-precision measurements it
isnecessry to keg the Hall generator temperature stable. The fluctuations of the off set
voltage ae due to the instabiliti es of the heat exchange between the generator and its
surroundngs.

1/f noise (1) isdue to the arrent flow throughthe Hall generator. In the generation d
this type of noise the surface-to-volume ratio and surface ondtions play a dominant
role. It shows diff erent behaviours in the presence or absence of a magnetic field.

Generation-recombination noise (G-r) is caused by sportaneous fluctuations in
generation and recombination d charge carriers [25]. The fluctuation in charge carrier
density causes the noise voltage in the direction parallel and perpendicular to the aurrent
flow. Very low levels of this type of noise are due to the short lifetimes of carriersin
InSb and InAs.

Thermal noise (T) (Johrson, Nyquist) is generated by the random motion d charge
cariers in the Hall generator semicondtctive material. The mean square noise voltage
<u™ i.e. the average value of the square of the noise voltage generated by the resistor
R, is:

<u”> = 4KTR 4f, where k is the Boltzman constant, T is the ébsolute temperature, R, is
the Hall generator output resistance and Af is the bandwidth of the detecor.
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1 Fig. 10 Typicd noise spedrum of a Hall
G-R generator:
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G-R, generation-recombination,
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The magnitude of the measured Hall voltage is aso important thoughits nortlineaity
and temperature dependence are nat significant for many applications and may be
compensated by means of external circuits or by numericd corrections. However, accidental
fluctuations of the offset voltage and nase caina be mmpensated by means of external
circuitry.

5.4 Stability and ageing

Hall generator output signal stability depends on nase, stability of offset voltage and
stability of magnetic field sensitivity at constant temperature and magnetic field. The output
voltage in a magnetic field is made up d the sum of the offset voltage and Hall voltage.
Longterm variation d the output voltage may be due to a variation o residual voltage or
variation d Hall coefficient. These variations may be caised by a dhange in geometry of a
Hall generator because of corrosion d the surface or eledrodes. For stability tests it is
necessry to ke the external influences as constant as possblei.e. constant control current,
temperature and magnetic field. For the offset voltage testing the Hall generator must be
placal in a zeo-gauss chamber, to cancel the influence of the eath magnetic field.
Evauation can be made from a large set of measurements (to minimise arors) by statisticd
anaysis. H. Weiss[B4] reported onInAs Hall generator experiments in which he foundthe
mean error of individua measurements to be 1.4 x 10°. The offset voltage varied over a
period d 8 months by lessthan the equivalent Hall voltage generated by a magnetic field of
10° T. At the same time the Hall coefficient remained constant to + 2.10°. The ayeing
processis very important for cryogenic Hall generators because they undergo thermal cycles
between 300K and 4.2K. InSb generators after 100 thermal cycles change their sensitivity
lessthan + 0.04% and the offset voltage dhangeis<+ 5uV [6]. These changes can be caused
by adive area materia changes (microcracs), changes in contads, solder, glue, resin, padkage
etc. A first indicaor of some of the instabiliti es is a dange of the off set voltage or change in
input and ouput resistances.

6. HALL GENERATOR APPLICATIONS

Hall generators arealy have innumerable gplications and these ntinualy increase.
The dired applicaion, measurement of magnetic field, was described in the previous sdion.
The remainder are indirect applicaions in which the measured quantity is transformed to a
magnetic field which is then measured by the generator. These goplicaions result from the
independent variables of the output voltage that is dependent on the product of the cntrol
current and magnetic field. The magnetic field also has two additional variables—the



distance of the magnetic field source from the Hall generator and the angle with resped to the
generator plane.

Hall generators can be used to measure aurrent, power, pasition, number of revolutions
and presaure as well as for multi plication o two inpu signals, for brushlessDC motor control,
as a ontactless svitch and applications in the aitomotive indwstry. Some of the most
interesting appli cations are described in the following sections.

6.1 Current transducers

Since an electric aurrent is asociated with a magnetic field Hall generators are ale to
deted and measure it so avoiding the neal to insert an ammeter into the drcuit. This method
is espedally advantageous for very large values of DC currents snceit is not necessary to pu
ashurt into the drcuit. A simple measurement of conductor tangential field is highly linea as
nontlinea elements sich as an iron core are not present.

cc
HG
Fig.11 Current transducer.
MC HG, Hall generator,
| - MC, magnetic darcuit,
CC, conductor.
In accordance with Ampere’s law we have: {Hdl =1 and | = 221U /(1 S), where | is

the measured current, U, the Hall voltage, S, the Hall generator sensitivity, r its distance from
the conductor centre to the Hall generator and g, is permeability of free space This smple
method has ®vera limitations. The magnetic field and the signal from the Hall generator are
very weak so that badkground magnetic fields and ferromagnetic objects could cause
disturbances to the aurrent measurement. These disadvantages can be overcome, and the
sensitivity of measurement can be increased, by wsing a ferromagnetic core with a Hall
generator in its gap Fig. 11. This is the basis for a dip-on ammeter. Using this method
currents as high as 400 KA have been measured with an accuracy of 0.52% [B7].

6.2 Contactless s$gnal generation

In this applicaion the Hall generator is used as a receiver for magnetic signals over
short distances in arder to oktain information abou the relative position d two ojeds—
receiver and transmitter. The transmitter is usually a small permanent magnet and the
measurement is reduced to deteding the presence or absence of a magnetic field o to
deteding the sign d the magnetic field. For this purpose only a very smal magnetic
induction is required whil e temperature wefficients have little or no influence on the result.
Another advantage is that a permanent magnet requires no energy and therefore no conrecting
leads are necessary. Furthermore the magnitude of the signal is not dependent on the relative
velocity between transmitter and receiver. The output signal is usually processed dgitally.
Amongst many examples of this application it is important to mention its use in keyboards,
end-switches, in the aitomobile industry and as revolution courters and pasitioners
(Fig. 12. The latter consist of permanent magnets with aternating pdarity placed onadisc
of non-magnetic material fastened to the shaft to be measured. In front of the disc is placed a
Hall generator, the resulting vdtage depending sinusoidally on the angle of rotation d this
shaft. This method can be used aso for the digital control of anguar motion (with many
magnets) or simply for courting revolutions (with ore permanent magnet).
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magnets
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Fig. 12 Digital rotation detedor [B4]

6.3 Displacement transducers

Linear displacement transducers depend onmeasuring along a constant magnetic field
gradient with alinear Hall generator. Such transducers can be used as proximity switches.

Angular displacement transducers can be used for the measurement of angles espeaally
where it is important to convert an angle into a voltage withou sliding contads. A circular
magnetic drcuit is made from ferromagnetic material with four air gaps for Hall generators.
A permanent magnet is locaed at the centre and rotates with the shaft to be measured. Pairs
of oppasite generators are conneded in series in such a way that their output voltages are
additive. Transformation d the angles to the analogue signa is purely ohmic up to high
frequencies withou any dstortion. These transducers have the great advantage that they are
independent of environmental fadors such as dust, smoke and moderate temperature changes.

7. CONCLUSIONS

Future development of Hall generators will take alvantage of their high stability,
sengitivity and lineaity, their low residual voltage, temperature wefficient (of both Hall and
residual voltages), inpu and ouput resistance and paver disspation as well as their small
dimensions. They offer many advantages compared to cther sensors: simple measuring
arrangement, low cost and the posghility of making continuols measurements. Easy
operation and simple dectronics make them ided for many experiments.
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