Understanding
Hall Effect Devices

hen selecting a Hall effect de-

viee for an application, you must

consider several |.||.'~'i|_:_|:| T
ters: the Hall plate material, operating tem-
perature range, semsilliviby, temiperature per-
fsrmance, |1:|-:'|-:.|;1':||g_ ||-e:|||||; NCY TEsponse,
cost, and 1P resistance. Recent advances in
semicondwctor |:-II.II.'-:".'\-i:II|_' have i:llp:-:n.'vl,'ll
vitwous device p.lr:|1||{'|‘|_'|-. But be awane
when you are analyzing these parameters
that there are several |r:|1|.|,'-:|'|'|"- voun sk
consider during the design phase.

Hall Effect Review

Edwin Herbert Hall discovered the Hall
elfect in 1879 while '.1-:|r|».i||g o hias docioral
thesis i physacs. In 1850, full details of his
experimentation were published in The Amer.
feans Jourmal of Science and in The Fhulcsople-
real Magazine.

."'.LLl.lrllillg ter thie Hall effect, a '|H||!i-.'||.' willy
|.'|||:|:||:'|:' 'LJ al wtlll_'iq:. ' MAVINE williin a
magnetic ficld B, will experience the Lo-
rente fodce:

F=5-._:|II||:\':H' (1}
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Figure 1. Aovending to dhe Flall effect, @ particle wath
|-'|u||.:r ':‘_J.mlflrl-.l ity & A wehun e _||r|'|,|
H srpnimors dhe Losnls foror, which B efociron: on
ond mide, creating o wolloge proporisnal fo the mag.
nefie fredd

The force direction is mutually perpendic-
ular to the directions of the FI.IHiI.'IL' HL']lI:'iI:.
and the IILI|_:_III:'|I.I' field, U wler the mlonence
af this force, the electrons pile up on one
l.'-ilgl.' of the conductor. An uneven laferal
|.'h:|u_:|.' distribatson results and pives nise o
an elecmc fichd (E) that exerts a force:

Hall senaors come in several differerm
ﬁu.}duﬂ_ .|.'||-'.-'u|'.u_ migdeuirorenls hedh
aniadly and tampentially. Fackase options
el feoded, surfaer mewnl, Meariie
|'|1||I|.'.'|n_..'.'.'\.i|'rr|{.1||'||IJ_‘: rnlymrgienn

4

F=0QFE i}

oppaosite in direction 1o the Lorente force
A equilibriv, the resultant forces balance
[see Figure 1).

Hall Generator Review

A Hall penerator consists of a Hall Mate
1||.||I|.' ':lF il '«{'l'llil"lllllilll.'“ﬂ |'||.|1I.'E:I.FI_ “1'!' [fl||r
leads attached to it (see Figure 2, page 73).
A constant control cument, I floas through
two leads, and a differential Hall voltage,
¥y is generated across the other two leads
[he Hall vialtage is proparbiomal b the prosd-
uct of the input current, 1.; the normal com-
ponent of the magnetic field B; and the
open=cireuit (unloaded) product sensitivity
constant (K

!

Vi = K- I B sind 3

Rl I WL
Koo open-circuit product
semsitiviby (m Tk
I, = comsdant control current (mAl
B = magnitude of the magnetic
field -:|L||-.i|:3. (k)



@ = angle in degrees of the incident
magnetic field from a line drawn
parallel to the Hall plate

Although the Hall effect is present i all
conducting materials, it remained a labora-
I|:|r1_. |‘.1Ll'i|.ui.lg| unkil Ih;- ht:'r Ju"uf this cens
tury, With the advent of semiconductor
technology and the development of various
Y compounds, it has become possible to
produce Hall voltages several orders of mag-
nitude greater than materials wsed previoushy

Table | compares the typical open-circuit
product sensitivity constant (K., for com-
mercially available Hall generators made of
bulk imedivm arsenide | InAs), thin filn Inds,
gallivm arsenide (Gahs), and indium anti-

The product sensitivity is also inversely
prapartional to the thickness of the Hall
plate. The thinner the Hall plate, the higher
the product sensitvity. The thickness is de-
termined by the process used to manufac-
ture the device, Bulk devices are slices of
ingot makerial that are lapped and polished.
Their thickness is limited by manufacturing
methods and ]n|:|1]|l'|:|,g; procedures. The re-
maining devices may be fabricated using
ion implantation, chemical vapor deposi-
tion. molecular beam epitaxy, or metal or-
ganic chemical vapor deposition. When
selecting the thickness of the Hall plate,
designers encounter a tradeoff between sen-
sitivity and device resistance —the thinner
the plate, the greater the sensitivity and

Vi

Figure 1. By applying o consdant control curmesd om the I, leads, o differentiol voltage is penesated o the oulput
fewds (V) proportional fo the magnifede of te control camenf and the rtqu..rudr (R prﬁdd.up'r.'a;-q'.qh mag
netic field. Te marimize the sufpul, the angle of the magratn frrld sbould b perpendicular do the Hall plate.

TABLE 1

manide (InSh). As Table 1 illusteates, peod-
uek sensitivities span a dynamic range. The
three principal contributing factors are: Hall
plate material, Hall plate thickness, and de-
vice geomelry,

The plate material’s phasics directly affect
product sensitivity. The product sensitivity is
proportional to the carrier drift mobility,
which is material dependent. Typical elec-
tron drift mobilities (in em® V! 57) are:
GaAs = 8.5 x 107, Inds = 226 x 10* and
InSh = 105, Each material also has its own
characteristics over temperature,

resistance of the device, Typically, designers
prefer low 1O resistance becawse of the low
nowe, loading concems, and low voltage drop.
The device geometry abso affects product
sensitivity. The selection of the geometry
invalves tradeoffs between product sensitiv-
ity, linearity, and device resistance. As the
output beads are separated. the sensitivity bhp-
ically increases, and the lincarity decreases.
Hall generators are available in a wide
range of packages, including (in ascending
order of thickness) leaded, flip chip, flex
strip, lead frame, and surface mount. The

component thickness ranges from 0.008 in.
te 0065 in. Lesded desvices have four colar-
ooded wires of varving lengths attached to
the device. The flip chip offers ease of auto-
mated asembly and a thin package, The
flex: strip allows great flexibility in the place-
ment of the device, The lead frame allows
through-hele mounting on 0.040 in. or
0,050 in. centers to sense magnetic fields
parallel to the plane of the PCB. And sur-
face mount packages allow ease of auto-
mated assembly and come in a variety of
configurations,

Hall Cenerator
Operating Characteristics

Mominal Control Current {mA). A con
sant cumrent is generally recommended for
operating Hall generators becanse of the
dn‘pcl'u.:ln'll.-l.'l: of u1|||'|-l|l| Ol l|'|:' l;l;,|||l|l;|l cur-
rent and the temperature dependence of the
input resistance. For example, if a constant
voltage i used, the current flowing through
the device will vary with the input resis-
tance. This results in a larger variation in
the output veltage for a known magnetic
field. In addition, as the input resistance
changes with temperature, the control cur-
rent will change, further affecting the sensi-
ity

Masimum Control Current {mA). The
maximum control cument is given al room
Inll:p-u,-ulun;- (] = 15"{;# ',|||.-|] & |i|||'i|:-|:d h].
the power dissipation of the device. The
designer typically tends to maximize the
cantrol cument because doing so increases
the output.

11O Resistance (). The designer typi-
cally wants the resistance to be as low as
possible. A low inpul resistance decreases
the voltage drop and reduces power con-
sumption and device self-heating. A low
output resistance allows the load resistors to
be low, which in turn reduces the overall
noise of the design.

Product Sensitivity (mV/imAKG). This
parameter is used to calculate the output
voltage for a given field and conteol cumrent.
For example, for a 150 mA control cument
with a field of 3 ki: that is 30° off a perpen-
dicular line from the Hall plate, the output
differcntial voltage, per Equation 3, will be:

"-'" = Hlﬂ'ﬂ'.! |,|-__ B sindl = (.10 Jn"l.".l'nnﬁ.l‘.{:}
(150 mA) |3 kGG) (sinbl) = 3897 mV  [(4)

If the magnetic fickd had been perpendicu-
lar to the Hall plate, the angular term would
harve been sin™°, which 15 equal o 1. [
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It is important to note that ¥, is a differ-
ential voltage, the difference between the
#V, and -V, leads. Both leads have a com
mon miode voltage with respect to ground
that 1= :q_ual i the control cument times
one-half the input resistance, For example,
assuming an inpul resistance of 1.5 £2 and
no misalignment voltage:

V=V, = (05) R,
= (0.5) (150 mAj {1.5 Kb
= | 12.5 mV for a zcmo hickd (B = 0)(5)

To calculate the Hall voltage at a given
Pu'sili.u' fechd bevel with respect o grmmd.
simply add one-half the difference voltage
bo +Wy,, and subtract the other half from

=¥
+¥) = HZ3mV 4+ 948 mV'
131.95 mV while -\r"
1125 mY - 1948 mV
= 9302 mV i)

For a field in the opposite direction, one-
half the difference voltage is sublracted
Fromm +V, and one-half is added to -VH.
This allows you to determine the direction
of the magnetic field.

Misalignment Voltage (mV). The mis-
alignment voltage, V. is pethaps better
known as an offset voltage. With a zcro
field, the Hall generator deally has a zero
differential output. However, because of
misalignments thal occur as a result of proc-
ess variations, the contacts are nol perfectly
symimetrical on the Hall plate. The result is
an offset. When measuring ¥y, it is impor-
tant to place the Hall generator in a 0 G
chamber becase the magnetic field of the
Earth {~0.5 G) will be detected if the de-
vice is not shielded. The designer usually
includes a polentiometer in the design or
nulks the offset using software.

Lincarity Termination Resistance (£1).
The linearnity termination resistance s speci-
fied to allow the designer to obtam the best
linearity from the Hall generator, This is a de-
sign tradeoff. As the Hall genevator i loaded
on the output leads, linearity improves but
sensitivity decreases. R, loads the Hall gen-
erator 1o obtain the best lincanity.

Linearity (%). This parameter is specified
as the deviation from a straight line as a per-
centage of reading. A perfect Hall generator
would respond idﬂllil‘i-l"j’ for balh |,5-n|n.i|!i'||:
and negative magnetic fields.

Reversibility Error (%), There is a slight
error expressed as the reversibility eros. For
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Figure 3. Twkerent bo aff Hall sreers o an imduefioe oo jfommad by e wires amd the Hall plate. For DC magnefic
field sveasurements, this foog has no effect. However, when megsuring AC frelds, this foor adds aw arowanfed
pdupp;fud.lm-pnqndnuﬂrn rﬁtmpl‘hﬂfﬂ'fﬁfmpﬂfkﬂ!ﬂ.iﬁl-dth? et newdl frmie, and the area

mvpuwﬂh'l'-'ll'mﬂr

example, if a Hall generator had an output
of 30 mV for a positive 2 kG field, it may
have a 303 mV output for a negative 2 kG
field. This crror is largely dependent on the
difference in contact area and nonunifor-
mity of the Hall plate material,

Inchsctive Area (em®). The inductive area
should be conssdered only when designing
a generator 1o measure transient or allemat-
ing fields, All Hall generators have an inher-
ent inductive area formed by the Hall
plate and the corresponding package leads
(see Figure 3).

Technigues such as twisting the beads and
manufecturing the deviee 1o minimize the
area can be used to mimimize the indueed
voltage. A double-sided Hall plate substrate
allows the outpat and control current leads
to be routed so as to overlap cach other,
1:r.:|.|:||tial|].' lﬂimillding any ||'.'r|:r|':| arca. This
method s expensive and nat practical,

Another method involves using a FCB
trace to form a bop egual in area bl con-
nected in series opposition with the inher-
ent Hall loop, The two induced voltages
cancel cach other (For further details, see
1.5, Patent No. 5,416,407). This yiclds a
costeffective wlution. The induced voltage
is generated according to Faraday's law of
clectromagnetic induction, which states
that the voltage is negative and proportional
to the loap area times the rate of change of
the magnetic flux densaty, B. To calculate
the induced voltage:

V., = A (dBAI) (10%)  (7)

where

V., = induced voltage (V)

A = area [em?)

B = magnetic flux density ()
| = hime (5§

If the Hall generator is placed in a steady-
state simusoidal alternating field, Equation 7
is simplified to:

Vid  =-A(2x)(f) (B) (10%) (8)

where:

Vg = induced voltage (V)

A = area (em?!

f = frequency (Hz)

B = the RMS magnetic flux density
I g

If the: are is unknown, it can be caleulated
by placing the Hall generator in a sinusaidal
magnetic field of known frequency with no
control current and measuring the output
voltage that is induced. Because the fre-
quency, rms magnitude of the field density,
and V_; are known, the area, A, can be cal-
culated.

Vy Drift over Temperature (pVimC).
This parameter can have a negative or posi-
tive coefficient, making compensation diffi-
cult. One method entails supplying the Hall
generator with a constant voltage, which
reduces the magnitude of the drift.

Drift over Temperature (%7C).
Thas 1s the change in sensitivity over lemper-
ature. [t is always a negative number, driven
by the plate material, with a range of -0.017%/
°C to -0.08 E C for InAs and CGaAs and
approximately ~2%7C for InSb. The sensi-
tivity drift can be compensated for by design-
ing a constant current source with a pesitive
temperabure coefficient. IF Ky 15 decreas-
ing by 0.05 %PC, then by injecting a pos-
itive 0005 S5C constant current, VH is con-
sant ever bemperature for a constant B fickd.

Resistance Diift over Temperature (%7C).
This parameter is the change in both input

Contimued on page 77



and output resistance over temperature. Drift
effects on the inpul resistance can be mini-
mized using a constant current source, A
bypical resistance dift for InAs and Gats is
+0.3 BPC, and -2%PC for InSh. Node that
a positive resistance drift over temperature
compounds the problem of a negative Vi
drift bseeanse less corment will lew with tem-
perature, which further reduces the output.

One effect not specified in a typical data
sheel & the magnetoresistive effect, As a Hall
generator is subjected to different magnetic
fields, its input and output resistance change.,
The change is a parabolic effect, with the
resistance increasing for both positive and
negative ficlds, For cornparitive ;lul:ﬁis
anly, a typical change in resistance would be
i), 5% for InAs and GaAs and 25%4C for
InSh. As with most other paramelers, magne-
toresistance is dependent on the Hall plate
meterial and the geometry of the deviee.

Laow fichds (<1 G} can be measured by plac-
ing femite concentrators near the Hall gen-
erator and packaging the enlire assembly,
Special packaging allows operation from
eryopenic lemperahares (-265°C) up o 175°C,
Low degradation of device performance when
exposed to gamma radiation, and litthe or no
outgassing in a vacuum allow the use of Hall
generators in space. Lincar operation fo 13
Tesla (1 Tesla = 10 k() has been verified on
certain models, Two- and threeaxis devices
are available for measuring the vector com-
ponents of magnetic fickls.

Typical Applicats

Hall generators are used in tachometers,
contactless switches, magnetizers, and com-
passes; for position, ilblevel, pressure, thick-
ness, current, 1-'I:||hg-:, et Fr:'qucm:g.',
and magnetic field measurement; for brush-
less commutation of motors; and, by the avi.
ation industry, for nondestructive evaluation
of materials inchwding detection of hairline
cracks in metals @

Bill Drafts, P.E, is Division Manager, FW. Bell
ta Division of Bell Technologies), 6120 Hanging
Mass R, Orlanda, FL 12807 40756786900,
fax 407-677-5765,




