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B AN INTRODUCTION TO
THE HALL EFFECT

Photograph of Dr. Edwin Herbert Hall, 1887,
courtesy of the Harvard University Archives
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Early Magnetics

Far back in the recesses of time man
discovered the loadstone {(Lodestone} in
Magnesia in the district of Thessaly,
Greece (hence the word “magnet”).
They soon learned about its tendency to
orient itself with the pole star, and used
it as a guide to and from far away lands.

The first manufactured permanent
magnets were needles that had been
rubbed on the loadstone. The first
electro-magnet was constructed in 1825,
and the first scientific treatise in the na-
ture of magnets was published 20 years
later.

By the time that first electromagnet
was built, permanent magnets had been
in use for a variety of experimental and
practical uses. Their strength was clas-
sified by the ratio of their weight to their
lifting strength,

The Discovery of “Hall Effect”
Edwin Herbert Hall discovered the
“Hall effect” in 1879 while working on
his doctoral thesis in Physics under the
supervision of Professor Henry A,
Rollin.' Dr. Hall was pursuing the
question as to whether the resistance of
a coil excited by a current was affected
by the presence of a magnet. Through a

myriad of experiments and failures, Hall
discovered that a magnetic field would
skew equipotential lines in a current-cat-
rying conductor. This effect is observed
as a voltage (Hall voltage, V) perpen-
dicular to the direction of current in the
conductor.

Hall conducted an experiment by put-
ting a thin gold leaf on a glass plate and
then tapping off the gold leaf at points
down its length. He then conducted
other experiments using various materi-
als in place of the gold leaf, and various
experimental placements of tapping
points. In 1880, full details of Hall's ex-
perimentation with this phenomenon
formed his doctoral thesis and was pub-
lished in the American Journal of Science
and in the Philosophical Magazine.:

Kelvin, himself a most distinguished
scientist, called Halls discovery compa-
rable to the greatest ever made by
Michael Faraday. The magnitude of this
discovery is even more impressive con-
sidering how little was known about
electricity in Hall's time. The electron,
for instance, was not identified until
more than 10 years later.”

The Theory of the Hall Effect

The action of the Hall effect in a semi-
conducting medium is adequately ex-
plained by quantum physics. However,
in spite of its shortcomings, the classical
approach is chosen here for its brevity.

A particle with charge Q, velocity, V,
and moving within a magnetic field, B,
will experience the Lorentz force,
F=Q(VxB). The force direction is
mutually perpendicular to the directions
of the particle velocity and the magnetic
field. If a long, flat current-carrying
conductor is placed in a magnetic field,
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the moving charges will experience a net
force mutually perpendicular to the
direction of the current flow (Jongitudi-
nal conductor axis) and the magnetic
field. Under the influence of this force,
the electrons will “pile up” on one edge
of the conductor, and positive charges
will gather on the other edge. Anun-
even lateral charge distribution results
and gives rise to an electric field, E,
which exerts a force, F=QE, opposite in
direction to the Lorentz force. At equi-
librium, the resultant forces balance
(Fig. 2). This field, superimposed on
the E in the direction of the current flow,
vields the skewed equipotential lines
first noted by Hall (Fig. 1). The relation
between the voltage, current, and mag-
netic field can be generalized as follows:

¥V, =vIB

vy, = Hall voltage

Y =a constant product sensitivity

I = Hall current

& =magnetic field perpindicular to
Hall plate surface
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Figure 1
Explanation of the Hall effect.

This equation ignores many low level
effects but will suffice for the depth of
this discussion.

Note: All B fields in the article refer to the
component of the external B field that is
normal to the surface of the Hall plate. A
more general equation for Hall voltage is

Vi =yIB cos@, where 6 is the angle between
B and the normal to the Hall plate surface.

B THE HALL GENERATOR

1. G.L.Ghin and G.R.Westgats {Editors), “The Hall Effect and s
Applications,” Plenum Press, New York, 1979, p. 535.

2. lbid., p. 523

3. Charles Couleston Gillespie (Editor}, “Dictionary of Scientific
Bibliography,” Charles Scribner’s Sons, New York, 1970, p. 51.

See MIL-STD-733-1 (WP) for definitians
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From Theory To Practice

The “Hall effect” remained a laboratory
curiosity until the latter half of this
century because materials available prior
to recent years only produced low levels
of Hall voltage. With the advent of
semiconductor technology and the de-
velopment of various III-V compounds, it
became possible to produce Hall
voltages many orders of magnitude
greater than with earlier materials.
Thus, semiconductor technology
launched the practical design and pro-
duction of the Hall generator.

What Is A Hall Generator

A Hall generator is a four-terminal,
solid-state device capable of producing
an output voltage, Vy, propertional to the

product of the input current, I, , the
magnetic flux density, B, and the sine of
the angle between B and the plane of the
Hall generator.

V= Kpog I B 8in B or if 8in 8=1 (i.e.,, 8 = 90°7)
Vy=Kuoe lcBorvy =1 B

V,, = Hall output voltags, mY
K noc= s {0pen clreuit product sensitivity
constant), mv/mA kG
¥ = magnetic sensitivity (loaded or unloaded})
at a specified tontrol current, my/kG
Iz = control current, mA (ac or dc)
B = magnetic flux density, kG {ac or dc)

where:

Figure 2

A reversal in the direction of either the
magnetic field or the control current will
result in a polarity change of V. A re-
versal in the direction of both will keep

1
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This schematic representation illustrates both
the measuring and mulliplying capabilities of a
Hall generator. By halding | constant, V,, becomes

a direct function of B, the magnetic flux density.

If both I, and B are variable, ¥, is proportional to

the product of the two functions. Holding B and

|, consiant, V, becomes a function of the angle
between B and the plane of the Hall-generator
active area.

The devices listed on the following pages are standard
and available from stock. ‘

Special units are available to fit your application,

Figure 3

the polarity the same. By holding the
control current constant, the Hall
voltage may be used to measure
magnetic flux density. Multiplication
may be accomplished by varying both
the control current and the magnetic
field.

Materials

The Hall effect is basically a majority
carrier mechanism depending on the
bulk-material properties of the semicon-
ductor material. Unlike transistors and
diodes, it is completely independent of
surface effects, juncton leakage currents
and junction threshold voltages. These
factors account for its high stability, re-
producibility and reliability when com-
pared to other semiconductor devices.

To obtain a high output voltage the ac-
tive element must have a high Hall coef-
ficient, Rj;. Also, since the output is pro-
portional to the current density through
the element, its resistance should be as
low as practical to prevent excessive
heating. Since the noise output is essen-
tially thermal ;® low resistance is also an
important requirement for devices to be
used at very low signal levels. Some of
the semiconductor materials used for
Hall generators are indium antimonide
{InSb), indium arsenide (InAs) and gal-
lium arsenide (GaAs). GaAs generators
have high output and very high resis-
tance making them relatively noisy and
the temperature coefficient of the cutput
voltage is less than -0.1%/°C. InSb has
high output and low resistance, but the
temperature coefficient of the output
voltage is about -196/°C. InAs has less
output than InSb, but its temperature
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coefficient is less than - 0.1%/°C and its
resistance is also low. These considera-
tions make InAs the most suitable
material for many Hall effect applica-
tions.

InAs Hall generators may also be
made of deposited thin films. These
units do not exhibit the same low
resistance and high mobilities as their
bulk-material counterparts, but they do
offer advantages which may be realized
in many applications. These advantages
include lower current requirements for
comparable output voltages, and signifi-
cantly lower cost. For those applications
where excellent linearity and stability
are required, bulk-material Hall genera-
tors are recommended.

Typical Applications Of Hall
Generators
The following are just sonie of the
many applications where Hall generators
are used:
¢ Magnetic Card Readers
* Proximity Sensors
* Rotary Speed Sensors
* Watt Measurement
* Multipliers
* Magnet Field Measurements
® Electrical Power Measurements
e Current Sensors
* Brushless dc Motors
* Compasses
* (Gaussmeters
¢ Watt-hour Meters
¢ Permanent Magnet Measurements
* Air Gap Measurements
® Magnetic Circuit design
¢ Flux Leakage Measurements

)
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+|, Epstein, M., etal, “Principles and Applications of Hall-Effect De-
vices", Proceedings of the Nationat Electronics Conference, 1959, Vol.
15, p.241.

5. Final Engineering Report on Hll Eftect Device Investigation”, Device
Development Corporation, Weston 93, Massachusetts, Gontract No.
NOBsr-72823, July 1, 1958 to February 28, 1959, pp. 12-17.

CAUTION!
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* Nondestructive Memory Readouts
e Linear/Angular Transducers

o Magnetic Tape Heads

¢ Guidance Systems

¢ [gnition Systems

Typical Shapes and Sizes

Hall generators are available in a wide
variety of shapes and sizes for adaptabil-
ity to many different applications. The
two basic types are transverse and axial,

as illustrated in Figure 4.
' B
VAR ——
L__ 74
| i °<
Transverse

Figure 4 .
The two basic types of Hall generators
are transverse and axial,

The transverse type is useful where
the field must be measured in thin gaps

and for multiplier applications. The axial

type must be used where the field is par
allel to the axis of a hole, such as in
traveling wave tubes or solenoids.
Standard transverse probes as thin as
.006" and axial probes as small as .063"
in diameter are available.

Bulk-material Hall plates may be sand-
wiched between ferrite pieces to obtain
effective air gaps less than .003". This
may be useful in applications requiring
maximum magnetic efficiency, such as
electronic compasses and proximity
SEensors.

For a Hall generator to accurately
measure flux density, the Hall plate area
should be smaller than the cross section
of the field to be measured. The output
voltage is proportional to flux density,
but a Hall plate is not equally sensitive
over its entire area. If a high resolution
is important, the Hall plate area should
be small. Active areas as small 0.010"
are available, while even smaller ones
have been made. Units with somewhat
larger Hall plates are usually less
expensive because they are easier to
make, and since they can generally
handle larger currents they can produce
more output voltage and dissipate more
power.

USING A F.W. BELL
HALL GENERATOR

To avoid possible permanent
damage to the Hall generator,
please read the following instruc-
tions carefully before making
connections to a power supply.

Connecting The Hall Generator

The following schematic diagram illus-
trates the proper connections for the
Hall generator:

See data,
if specified

Hall Generator

Gurrant
Source

Output
Indicatian

Figure 5
Hall generator Circuit Configuration.

Lead " 1and 2 are confrol current (I ) leads
3 and 4 are Hail voltage (V) leads
Color Code: AWG 34 red (+1p), black (-Ig )
blue {+V,), yetlow {-V, )
AWG 36 neutral (+1¢ ), green

(-lg ) red (+V,,}, neutral (-, )

i




CAUTION! ISOLATION
REQUIRED!
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Refer to the Hall generator specifica-
tion for the AWG size of the leads. Ifa
loading resistor, Ry, is specified, then it
must be added to the output circuit as
shown in Figure 5 to obtain the specified
linearity.

Current Source

A constant current supply is recom-
mended for applications requiring fixed
control current. This eliminates effects
of input resistance changes resulting
from temperature or field variations
(magnetoresistance effect). A “brute-
force” constant current source may he
made by connecting a large resistor (30
times R, or higher) in series with a
hattery or constant voltage power sup-
ply. In any case, the short<circuit cur-
rent should be within the maximum cur-
rent rating of the Hall generator. The
control current may be either ac or dc.
This is determined by the nature of the
field and the type of output signal
desired.

Output indicator

The Hall output voltage, V};, may be
observed on any suitable instrument
such as a millivolt meter, oscilloscope,
or recorder. The input impedance of the
instrument shotild be greater than ap-
proximately 1,000 ohms.

Since the four Hall generator
leads connect to four points on a
semiconductor plate having dif-
ferent potentials, no two leads
can be connected together with-
out upsetting the operation.
Therefore, the current source
and the output indicator cannot
have a common connection, but
must be isolated from each
other., One or the other, but not
both, may be grounded.

Misalignment (Null) Voltage

Compensation

In the manufacturing of the Hall gen-
erator, the Hall voltage contacts are
placed on the semiconductor plate as ac-
curately as possible so that very little
output voltage will exist when there is no
magnetic field present. For many appli-
cations, this resistive null voltage is low
enough to be neglected, but for low field
applications, it may be appreciable
compared to the Hall output voltage V.
If this is the case, a null voltage balanc-
ing network such as that in Figure 6 will
make it possible to reduce the resistive
null voltage to zero. The fine control
may not be required.

Affects of Residual Magnetism

Care should be taken to ensure that
what appears to be an offset voltage of
the Hall generator is not really the result
of a residual magnetic field, Any
magnetic material with a residual field in
close proximity to the Hall generator
could effect a slight Hall output voltage,
Vu Items such as fixtures, jigs, probes,
metal tables, metal cabinets, etc., are
potential sources of residual magnetic
fields. Even the Earth’s magnetic field
(approximately 1/2 gauss) could cause
an undesireable “offset” voltage. The
circuit in Figure 6 can also be used to
zero out many of these voltages.

lg—

Goarse Hall Gererator
Ik 2

[oe]

Current
Source

Qutput
indication

Figure 6

Null Voltage Compensation
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B HALL GENERATOR
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Figure 7:
Mounting Configurations

*Product of Dow Corning Corporation
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MOUNTING

Handling

The Hall generator is fragile. It cannot
be handled the same way most other
electronic components are handled. The
aluminum oxide substrate is brittle, thin
and very sensitive to bending stress.
Use the leads to move and locate it. Do
not handle the substrate. The lead-to-
substrate bond strength is on the order
of an ounce. Avoid tension en the leads
and avoid bending them close to the
substrate. The leads may be bent at any
angle as long as the bend is at least 1/8"
away from the substrate connection.

Slot Mounting

The preferred mounting procedure is
to locate the chip in a slot that is any
depth, .003 inch wider and .010 inch
longer than the substrate. Tack the
leads outside the slot with Sylgard 186>
or a similar substance. Don’t get
Sylgard 186 inside the slot. If an ex-
treme temperature range is expected,
check the coefficienis of thermal expan-
sion to be certain that the slot will
always have clearance for the chip. This
procedure is not recommended for in-
stallations that will be subject to any ac-
celeration greater than 10 g.

Surface Mounting

Surface mounting is acceptable when
necessary. The mounting surface may
be any non-flexible solid with a flat,
smooth (+.001"} surface at least the size
of the substrate. The substrate must not
overhang the mounting surface. Steel,

ferrite, ceramic, and glass are examples
of mounting surfaces. For extended
temperature ranges, choose a material
with a coefficient of thermal expansion
no greater than a factor of three different
from that of the aluminum oxide
substrate =7x10°%

For a permanent mount, sparingly coat
the mounting surface with Eastman 910
contact cement or other similar cement.
The ceramic side of the substrate is
visible as non-red or as opposite the Hall
element. Locate the ceramic side on the
clean, degreased surface and apply
extremely light pressure with a foam pad
until the bond is made(see Figure 7).
Wipe off the excess contact cement.

Use an epoxy such as Bacon Industries
FAS8 or Emerson and Cuming 2850FT to
form a fillet around the plate and to
secure the leads. Don't get epoxy on top
of the chip. If encapsulation is abso-
lutely necessary, use a light coating of
Sylgard 186 or a similar soft material.

For a non-permanent surface mount,
secure the substrate against the surface
with a foarm-padded mounting jig. The
jig should apply only light pressure.
Temporarily secure the leads with
Sylgard 186 or a similar material.

Post Mounting Test

After the Hall generator has been
mounted, check the misalignment
voltage per the proper specification. A
large misalignment voltage shift (100 uV
or more) is a sign of Hail generator
physical damage.




GENERAL PURPOSE HALL GENERATORS

BH-200 SERIES

INSTRUMENTATION QUALITY

General Description Models:  Features:
The BH-200 series of Hall effect BH-200 General Purpose Transverse
i magnetic field sensors consists of ten BH-201 Ultra-thin, Transverse
T 1 models designed to meet the require- BH-202 Small Axial
ff i ments of most magnetic field measure- BH203 General Purpose, Axial
! 1/‘ ] ment applications. BH-204 Mini Axial
‘ j j ! Models in the BH-200 Series are built  BH-205 Mini Transverse
} ] , % in various configurations to measure BH-206 High Sensitivity, Low-cost
f; {f i l axial, transverse, and tangential mag- Transverse
§ netic field components. Sensitivities BH-207 High Resolution, Tangential
BHZ00 Bli20d BH203 Bj2ne range from 6 to 60 mV/kG with input BH-208 Ultra-mini, Axial
(Above is only a portion of models available) and output resistance of several ohms. BH-209 Ultra-mini, Transverse
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NOTE: For an unmgunted Hail device supported by it's
leads, typical Hall plate tsmparature rise is 20°C for
nominal controi current.

H 2% linearity P
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8 [ optimum loading ™
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i F10

0.0
magnetic field strength in kG

NOTE: The dotted line is 2 mirror image of the curve in
the right hand plane and illusirates the reversibility error.
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GENERAL PURPOSE HALL GENERATORS

BH-200 SERIES

MECHANICAL
SPECIFICATIONS

POLARITY

with the magnetic field vector (+B) entering the top of the Hall
plate and |, entering the red lead, the positive Hall valtage will
appear at the blue lead.

LEADS

MATERIAL: AWG34 or AWG36 copper with heavy polyurethane
insulation.

COLOR CODE: Controf Gurrent {1, ); AWG34-red (+1), black {-1;),

AWG3B-neutral (+1¢), green (-lg
HALL VOLTAGE: (Vy): AWG34-blue (+Vy), yellow (-¥y), AWG36-
red {+\{y), neutral {-¥y)

ELECTRICAL
SPECIFICATIONS

*Approximate

**Gonstant b;

NQTE: In a time varying field the voltage induged into the Hall
output leads, Ving . is propartional lo the effective area, A, of the
Hall gutput loop and the amplitude and the rate of change of the
fielt , Ving (measured with {,=C) = A d x10°

v

g = Valts, A = om? | B = gauss, t = sec.

INSTRUMENTATION QUALITY

MODEL BH-200: GENERAL-PURPOSE TRANSVERSE

1307 HALL PLATE

L —0.070" x 0.210"

p—— 500"
i %" — I

T 0197 MAX. 025" MAX.
OVER LEADS

e
“~

LEADS: AWG 34, 10" long

MODEL BH-201 ULTRA-THIN TRANSVERSE

MODEL BH-202 SMALL AXIAL
130" DIA.

1027 = 003" DIA,

*1”'“# Aﬂ_'d;::g

HALL F'LATE
0.040” x 0.080*

LEADS: AWG 36, 107 long

MODEL BH-203 GENERAL-PURPO

- .050%
ugaﬂ

SE AXIAL

HALL PLATE 1957 DIA,
1 1% _— 003" x0.060" AX.-[ - wrl- 168" = 004" DIA.
135
i |I3/ =)= @ IS T—
1 1&” T ’
} — —*I_L_l N L oso"
| E——— e “~ HALL PLATE
010" MAX. 020" MAX. 0.060% x 0.150"
LEADS: AWG 36, 10" long LEADS: AWG 234, 10” long
TB 0206
MODELS BH-200 BH-201 BH-202 I
Rated control current, I, 150mA 100mA 100mA
Maximum continuous controt
current, lgmps (in 25°C static air) 250mA 150mA 150mA
Open circuit magnetic sensitivity,yg 15mV/kG 12mv/kG 10mv/kG
(at rated Iy, B=1.0 kG) £25% 25% +25%
Mlsallgnment voitage, Vy
(B=0,lc=100mA 100pV max 250pV max 100uV max
Inductive null constant, A 5 ) 2
(see note) 003 cm™ .01 om™ .002 em™
Hall output load resistance, R)i N
(for optimum linearity 0 to 10 kG 150" 150 150"
Linearity error with R iy
terminatien (0 to 10 kG) 1% max 1.5% max 1% max
Produtt sensitivity,yg 0. 10V/AKG C.12V/AkG Q. 10V/AkG
{B = 10 kG) 125% +26% +25%
Input resistance, R,
(including leads) 2.00* 2.30" 2.601
Output resistance, R g,
{including teads) 1.7Q0* 1.8Q" 1.84*
Mean temperature coefficient
of Viyog"*(-10°C to +80°C) -0.08%/°C* -0.08%/°C* -0.08%/C*
Mean temperature coefficient
of resistance (-10°C to +86°C) 0.15%/°C* 0.15%/°C* 0.15%{"C*
Reversibility error ¢f Vg
(0 to 10 kG) 1% max 3% max 1% max
Mean temperature coeeficient of
misalignment voltage, (IC = 100 mA), D, 1LV/°C max 1uV/°GC max 1uv/"C max
-40° C to 0.0to -40°C to
Storage temperature range +105°C F50°0 +105°C
Operating temperature range -40°C to 0.01c -40°C to
{at rated Ip) +100°C +50°C +100°C
S
[————— 1
ﬁ
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MODEL BH-204 MIDGET AXIAL

.100 DIA.

0.030" x 0.060”

A
P e

—IL—.OT1” =+ 003" DIA.

——

083"

LEADS: AWG 36, 10" long

MODEL BH-205 MIDGET TRANSVERSE

MODEL BH-206 HIGH SENSITIVITY LOW COST
TRANSVERSE

¥s” HALL PLATE
_*j [ s a0
e
|

219 1| =)
T |-_% rr_-l
03074 .
MAX. T h

LEADS: AWG 34, 107 long

MODEL BH-207 HIGH RESOLUTION TANGENTIAL

MODEL BH-208 ULTRA-MIDGET AXIAL

c:;::::ﬂz::g

- L‘.035” MAX.

HALL PLATE
0.020" x 0.040"

LEADS: AWG 36, 10” long

MODEL BH-209 ULTRA-MIDGET TRANSVERSE

030"
055" » __HALL PLATE - HALL PLATE
I HALLPLATE | | = [-025".~0.030" x 0.060" u‘}@ 1700207 x0040"
— o 1457 ' L
" T 022" MAX. OVER LEADS
el —ny [ L £ :
# o —< l045ul I ®" H L L _‘P_ £ LNl
L0157 MAX. 022" MAX. OVER LEADS MAX.' ol hlﬂ&" 16
LEADS: AWG 36, 10 long LEADS: AWG 38, 10" long LEADS: AWG 36, 10" long
BH-203 BH-204 BH-205 BH-206 8H-207 BH-208 BH-209
100mA 100mA 125mA 2G0mA 150mA ©100mA 75mA
250mA 150mA 200mA 250mA 250mA 150mA 150mA
10mv/kG 11mV/AkG 12.5mv/kG 55m\kG 16mv/kG 10mv/kG 8.75mV/kG
+25% +25% 1+25% +25% +25% +26% +25%
100UV max 200V max 100UV max 500V max 200pY max 250uY max 100pV max
u
003 em®™ 002 em? 002 em™ .006 cm™ 002 cm®™ 02 om® .003 om’™
150" 150" 150 2501 150" 1508 l 15Q*
1% max 1.5% max 1% max 2%* 1.5% max 1.5% max 1.5% max
0.10V/AskG 0. 11V/AKG G 10V/AKG BOVIAKG O 1V/AKG 0.10V/A-kg 0.10W/A-KG
125% +25% 25% +25% 126% 125% 125%
1.90* 2.7Q" 210" [Son 20* 3.0Q* 2.50"
1.302" 1.90 2.00* 3.5Q* 1.5Q 3.00" 2.0
-0.08%/C* -0.08%/°C* -0.08%/°C" -0.2%/°C* -0.08%/°C* -0.08%/°C* -0.05%/°C*
0.15%/°C* 0.15%/°C 0.15%/°C* 0.2%/°C* 0.15%/°C* 0.15%/°C* 0.15%/°C™
1% max 1% max 1% max 1.5% max 1% max 1.5% max 1% max
1|.LV/'C max 1uV/Cmax 1uV/°C max VG max 1uV/°C max 1uV/°C max 0.5uVv/°C max
-40°C to -40°C to -40°C 1o -40°C to -40°C to -40°G to -40°C to
+105°C +105°C +105°C +105°C +105°C +105°C +105° C
| -40°C to -40°C to -40°C to -40°C to -40°C to -40°C to -40°C to
| +100°C +100°C +100°C +100°C +100°C +100°C +100°C
EE———
1]
ﬁ
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OEM HALL GENERATORS

FH-301/FH-500 SERIES

InAs THIN FILM, GENERAL PURPOSE, TRANSVERSE

Model FH-301

Model FH-500 Series
with Flexsirip™ lead

ELECTRICAL
SPECIFICATIONS

POLARITY: With field direction (B+) 25 shown and |; entering the
I (+} terminal, the pesitive Hall voltage will appear at the Vi (+)'
terminal,

NOTE: Unless oiherwise specified, all specifications apply at
nominal control current with T 25°C, Heal sinking can enhance

performance in several respects. For information concerning cper-

ating an a heat sink, such as the pole face of a magnet, contact
F.W.Bell, Inc.

General Desription:

FH-301 & FH-500 Series Hall generators
are miniature solid-state Hall effect SPECIFICATIONS
magnetic field sensing devices. The FH-
500 series uses a lead strip which is com-
posed of printed curcuit leads encased in -
DuPont's Kapton and terminating in P = mc? e s ol carmax
contacts on .075" centers. This flexible and ~ °%%x was e | olw "
tough lead strip provides for exceptionally Cooa
ecasy handling. The lead strip can be made i
in a variety of configurations. The model B
FI1-301 has conventional wire leads. The o .
Models FH-301 and FH-500 are available in -
two different sensitivity ranges: 10.0 mV/ T
kG and 12.0 mV/kG. Leads:
Models:  Features: 22,‘1‘,;;‘2"‘3
FH-301-020 s LowCurrent ~ With T
FH-301-040 o Leaded Polyurethane A ol
Insulation 1 0075 =y 1
V) YELLOW. _ﬂtk(_,mm aozs'—-!-!!_,rzs” { ——f—000
FH-520 . I,owest Cost k (+IRED W (+) BLUE _Jl_{éé%
FH-540 ¢ Low Current MODEL FH-301 SERIES ~ MODEL FH-500 SERIES

¢ On-Lead Strip

MECHANICAL

NOTE: All tolerances unless specified are +0.010"

MODELS FH-301-020/FH-320  FH-301-040/FH-540
Input Resistance, R i 20-400 40-80%2
Output Resistance, R, , 2.2 R, approx. 2.2 Ry, approx.
Magnetic Sensitivity vg, min. @lgq 10.0 mV/kG 12.0 mvVi/kG
Product Sensitivity, y,g, min. 0.4 V/IAKG 0.8 V/IA=kG
Resistive Residual Voltage, Vi@ |y, B=0 5mV max. 6 mV max.
Nominal Gontrol Current, |, 25 mA . 15 mA
Maximum Continuous Gontral Gurrent, | opos 50 mA 30mA
Mean Temperature Goefficient of V}, (-20°C 10 +80°C),8 ¢ -0.1%/°C max. -0.1%/"C max.
Mean Temperature Coefficient of Resistance {-20C 1o
+80°C), ey 0.1%/"C max. -1%°C max.
Temperature Dependence of Resistive Residual Voltage,
@ ion (-20°C to +80°C), Dt 10uV/"C max. 10pV/°C max.
Thermal Resistance, Hall Plate to Ambient RG, p.4 0.8°C/mW 0.8°Cmw
Thermal Resistance, Hall plate to Encapsulation, RE, ¢ 0.04°C/mW 0.04°C/mW
Operating Temperature Range -55°C to +100°C -55°C to +100°C
Storage Temperature Range -55°C to +120°C -55°Cto +120°C

Specifications may change without natice
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Model GH-601

Description: Features:
The Model GH-601 Hall effect generator is a solid-state device that produces an cutput ® Low Cost
voltage, Vi, proportional to the product of the input current, I, and the magnetic flux » (allinm Arsenide
density, B. A specially designed lead strip allows operation up to 50 kHz. » Extended Frequency Range
¢ High Sensitivity
e Low Current Requirement
» Flexible Lead Strip
specifications Units GH-601
A Input resistance, R i, ohms 450 to 900
MECHANICAL DIMENSIONS Output resistance, R gt ohms 580 to 1700
ALL DIMENSIONS ARE IN INCHES
Magnetic sensitivity, Viy (1) mi/kG a0to 140
Max. resistive residual voltage, #my 16
165" Tt Fe— 060" MAX. VM @ B N 0 (1)
" i Maximum control current mA 10
@ 25 °C, static air
" . 5 _'E Nominal control current, I, mA 5
270°R . —
ki Max. linearity error (-10kGto +10kG}  +%of RDG 2
e [ iz Mean temperature coefficient %/°C -0.07
of Vi (10 °C to +80 °C) (1)
180" S T 1807 = [ 184,002 Mean temperature coefficient %/°C 0.15 Typical
t ‘*’ ‘ ) “’ "’ ! of resistance (-10 °C to +80 °C) (1)
150"£.015 Temperature dependence of resistive £IV/°C 1 Typical
J L J f residual valtage (10 °C to +80 °C) (2)
0257 TYP. oo i 010".002° Operating temperature rangs °C 55 °C to +125 °C
mo‘ Storage ternperaiure range °C -55°Cto+150°C
L-—~— 570"

Notes:

(1) Nominal Control Current, 1, (5 mA)
(2) Control current = 1 mA

As a result of continuos process improvement, specifications subject to change without notice
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Models GH-600/GH-700/GH-800

Description:

The GH Series Hall effect generaiors are four-terminal solid-state devices that produce an
output voltage, Vy, proportional to the product of the input current, I, and the magnetic
flux density, B. The GH-600 Hall generator uses a lead strip which is composed of
DuPont's Kapton. The lead strip is terminated with tin plated eopper alloy contacts
spaced 0.100 * (2.54 mm) on center. The GH-700 is an ion implanted planar device
encased in an epoxy surface-mount package. The GH-800 is a leaded device designed for
through hole mounting to a PCB. It features a package 0.28 * (0.7 mm} thick for place-
ment in small air gaps.

Features:

» Low Cost

¢ (Gallium Arsenide

» Extended Temperature Range

» High Sensitivity

» Low Current Requirement,

« Choice of Mounting Configurations

Specifications Units GH-600 GH-TOO BH-800
Input resistance, R i, chms 450 to 900 45010900 600 to 1200
Output resistance, R g ohms sa0tc 1700 980101700 600 to 1200
Magnetic sensitivity, Vi (1) mv/kG 5010 140 5010 140 8510130
Max. resistive residual voltage, +my 16 16 20
Vy@B=0 (1)
Maximum control current mA 10 10 7
@ 25 °C, static air
Neminal control current, |, mA 5
Max. linearity error (-10 kGto +10kG)  +% of RDG 2 2 074
Mean temperature coefficient %/°C 0.07
of ¥y (-10 °C to +80 °C) {1)
Mean temperature coefficient %/°C 0.15 Typical ~ 0.15 Typical ~ 0.18 Max.
of resistance (-10 °C to +80 °C) (1)
Temnperaiure dependence of resistive +V/°C 1 Typical (2) 1 Typical (2) 40 Max. (1,3)
residual voltage (-10 °C to +80 °C)
Operating temperature range °C -S5to+126 -BSto+128 -40 o +175
Storage tlemperature range °C -h5to+150 -B5to+150  -50to +180
Notes:
(1y  Nominal Control Current, Iy (5 mA)
(2) Contrel current=1mA
(3) Temperature range +25 °C to +75 °C
(4) +02% of reading from -5 kG to + 5 kG

As a result of continuos process improvement, specifications subject to change without notice
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Models GH-600/GH-700/GH-800

MECHANICAL DIMENSIONS

ALL DIMENSIONS ARE [N INCHES (MILLIMETERS}

055" (APPROX.)

010"£.002°
{1.4mm)

{0.25mm £0.05mm)
i |

1—j| [

1.825™+.020" 10074.005" TYP.
{46.35mm +0.51mm) {234mm *0.13mm)

i — ¢ f
.300"2.015" (+) ¥ —t AS0"E.015
(7.62mm £0.38mm) (-} w1 — T {11.43mm £0.38mm)

~ "
1 - L- 1567 (APPROX.)
(3.96mm) 500" —e - 025" TYP.
(12.7mm) (0.63mm)
750° e .145"£.020"
{19.05mm) {3.6Bmm +0.51mm)

UNLESS OTHERWISE NOTED. ALL TOLERANCES ARE £0.0107 (£0.2%mm)

MODEL GH-600

14n H00E

-z ACTIVE AREA
008" SQUARE
+0. 20rmm TR 1 ] —
(2.80mm Z5 Yomen } 233 (0.2mm SQUARE)
020" e - n b 4727£.012° —} l=— .083"2.008"
(0.51!!";)1 (o:gf;m) 8520.,"::'; (12 £0.300m) {21mm £0.2mm)
£ ] 4
t —
j 1™ | Y e T
078" { R ot 1147£.008" -150° TYP. s — 118+.008"
(1.90mm)  gne (&-mm) | (2.90mem +0.20mn) (3.81mm) ‘:::35 P (3.0mm 0.2mm)
t wsaom) 2 | b ] } 1 )
=1 I 1__!_,;——/ -I
b~ 032"2.008™
022° e e 03 L o1e” 016° TYP, (0.8mm £0.15mm)
{0.55mm) (0.85mm)  {D.#1mm} {0.4mm) CHIP CENTER
- 177" ® —af
.059":'% P SiGhAL 4.5:l|rr| *i?;nm
y 1 (+)1g
{1.50mm *3.Z5mmy 2 (4) Vu 08" 4004 FLASH MAX, 004° —ffem
+B o 032" 3 e fo.2mm +Cutewm) (0.1mm)
(0.30mm)  (0.81mm}) 4 (-)¥u ,__L
) s~ l } ] 1 f
o0 :::3-} vy :.%: - ——'—I-
(0.15mm Y3-10mm } L"‘ (1. 10mm ;m.mn) EM SiGuaL r b .0287-.004"
~0.08mm . ~0.05mm 1 () ie {0.7mm —0.imm)
J 5,.“, L.ooz'*.onz" * 2 {0
(0.08mm +0.05mm) 3 (-}vn
4 (+) vy

MODEL GH-700

MODEL GH-800

As a result of continnos process improvement, specifications subject to change without notice
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Models GH-810/GH-820/GH-830

Description: Features:

The GH Series Hall effect generators are four-terminal solid-state devices that produce an ® Low Cost

output voltage, Vy, proportional to the produet of the input current, I, and the magnetic ¢ Gallium Arsenide

flux density, B. The GH-810 and GH-820 are leaded devices designed for through hole » Extended Temperature Range
mounting to a PCB. The GH-830 is configured in a low profile package. « High Sensitivity

¢ Low Current Requirement
» Choice of Mounting Configurations

Specifications Units GH-810 GH-B20 GH-B30
Input resistance, Ry, ohms 400 to 700 45010900 45010900
Output resistance, R gy ohms aprox. 2,000 3200 max.  aprox. 3,000
Magnetic sensitivity, Vi (1) mv/kG 221031 8010190 6510170
Max. resistive residual voltage, +my 5 20 25
Ym@B=0 (1)

Maximum control current mA 15 10 10

@ 25 °C, static air B

Nominal contrel current, |, mA 5

Max. linearity error (-10kGto+10kG)  +% of RDG 2

Mean temperature cosfficient %/°C -0.05 -0.06 -0.05

of Vy (10 °C to +80 °C) (1)

Mean temperature coefficient %/°C 0.5 Max. (2) .15 Typical 0.3 Max,

of resistance (-10 °C to +80 °C) (1)

Temperature dependence of resistive +IV/°C 1Typical (2) 1 Typical (2) 5 Typical (2}
residual voltage (-10 °C to +80 °C)

Operating femperature range °C — 55ip 4128

Storage temperature range °C —— -B5to +150

Notes:

{1+ Neminal Centrol Current, lgy (5 mA)
(2} Control current=1 mA

As aresult of continuos process improvement, specifications subject to change without notice
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Models GH-810/GH-820/GH-830

MECHANICAL DIMENSIONS
ALL DIMENSIONS ARE IN INCHES (MILLIMETERS)

GH-810 GH - 820

ot 110£.004 070 DiA. —={ .157+.004 474,004
(2.850.1) r-‘ (1.8} \ (#.0£0.0) {12401}
027
HALL ELEMENT CENTER =n 031 063 (0.7} -—-"‘
—-l |—_ (0.8} ‘l(l.ﬂ)|__ ; } (o 7) (. 25)
] i QN 090,004 a3
A22+.004 o83 I ™ +a {2.320.1) | (1.5} 020 o0
(3.1%0.1) o I 0.8 (0.25)
¥ 1892006 _.L 1
B8 (4.8£0.18) [ J 1
(3.0) 057 = 0832004 -
(0.05) (1620.1)
F| =024 MAX,
{0.6)
473 WM.
473£.008 (12)
(12£0.2)
J Ty A 1
1l52]] 3]+ _-| ' T
i 018£.004 TYP, bt
o012 TR __”__' —dle cn (0.4£0.1)
© 040 1P, 2 [ PIN | SIGNAL
.0 PN | siGnaL a.ﬂr\ T ; al
+Vy
1 +g
| w T332 =T
3 - ‘L_
= 012 010
hd —¥u {0.3) (0.25)
GH - 830
.098 +.008
25 £.2)
059 ——=
(1.5)
r iﬂH]
36,
1— PIN | SIGNAL
067 £006 03 2 ! I ! He
0.7 .19} (1.0) 3 . 2 +¥y
I I
4 vy
+8 o1
|

Va AN

o0z }( - (3%

(a3} 004
|8}

As a result of continuos process improvement, specifications subject to change without notice
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BH-700 BH-701 BH-704

Above is only a portion of the models
available

MECHANICAL
SPECIFICATIONS

16 6120 Hanging Moss Road Orlando, Florida 32807 = 407-678-6900 ¢ FAX: 407-677-5765
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BH-700 SERIES

SINGLE AXIS

General Description:

Designed to meet the requirements
of a wide range of magnetic field meas-
urement applications, the BH-700 Series
are small, solid-state devices that
provide an output voltage proportional to
the product of control current and
ambient flux density.

Five single-axis models are available
to measure axial and transverse mag-
netic field components with sensitivities
from 7.5 to 50 mV/kG and input and
output resistance of several ohms.

Model BH-700 Low cosl iransverse
9.250"

0.035" 0.025"
0.80 mman |- 0.64 mm

caramic
substrate

Hall plate
0.180" x 0.080
4,57 mm x 2.03 mm
Model BH-701 High linerarity transverse
0.043" max.
1,09 m I.._ L 54" oo 10"
i mﬁ[ 15.86 mm 254 mm |
235" T
5(.’97 mm [I [tl\
, “\_active area
0.180~ approx. 0.040” dia.
4.57 mm {1.02 mm)
Madel BH-702 ferrite imbedded transverse
0.100" —
l‘-“‘ ferri
254 mm - c‘grflggntraior

o Q T —
g_g ~—+B 9901 mml T —
&S in [

NOTE: All talerances unless specified are £0.010"
Specifications may change without notice.

—l-l Ll—
0.050"
1.27 mm
AJ o 75"
o " 0.200" 190.5 mm
2 ; ’

Models

BH-700

BH-701

BH-702

BH-704

BH-705

Features

Low Cost, Transverse,
General Purpose

Rugged, High-Linearity,
Transverse, Instrumentation

Quality
Low Field (ferrite-embed-

ded), Transverse

Rugged, High Linearity, Axial,
Instrumentation Quality
General Purpose, Transverse

Mode! BH-704 high linearity axial

0.250” dia.

83smm 5.08 m
+B

0200"-—' l---r—zs4 ——-—[
0106——' L— 533?;:‘5.

2.69 mm

Model BH-705 General purpose transverse

0.125"
3.18 mm p.p20"

051 mm
]-—

0.032
.81 mm

0.265"
.73 mm

25A mm

0.020" max.

05 mm
substrate
D 200 side
i Bre=|
5 08 mm +

all plate
0.060" x 0.120"
1.52 mm'x 3.05 mm

COLOR CODE:
Control Current (Ic): Red (+lg)

Black (Hg)

Hail Voltage (V): Blue (+Vi)

POLARITY:

Yellow (-Vy)

With the magnetic field vector (+B) entering the top of the Hall
plate and I enlening the red lead, the posttive Hall voltage will
appear at the blue lead.

)][(1
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ELECTRICAL

SPECIFICATIONS

*+*BH-702
Alrgap:  belween concentrator and substrate,

0.0025" nominal and 0.003" maximum.
Sensitivity: With the unit suspended in a free field of
100 oersteds and 200 mA control cument,
the open circuit Hall voltage is 9.0 mV
minimum. n a closed magnetic circuit
driven with 2.5 ampere-tums, Vy is at
least 8 mV with 200 mA conirol current.

BH-700 SERIES

SINGLE AXIS
- BH-701 BH-703 BH-701 BH-704
E} E10 kG linegrity E] =30 kG _linearity
3 A g ¥y L
‘s % % \ 5 -
*® - "
PR A N /! a - e -\\
pu ~ — =
- / /{ﬂ/ : \
o o
—_ Sl ~ —_
g 2 g //‘ﬁﬁ e
o

= optim‘um I:oading & uptirnum1 loading

i |
—10—-8 6 —4 —2 00 2 4 g8 10 —30—-24—-18—-12—-6 00 ‘6 12 18 24 30

magnetic field strength in kG

NOTE: Optimum loading range for 210kG

cperation is 20-50€2

**BH-701 & BH-704
Linearity: {See below)

Vi vs. B, —10 to +10 kG: +0.25% of reading, max.

magnetic field strength in kG

gperation is 90-200Q.

NOTE: Optimum loading range for £30kG

Encapsulation: The BH-701 and the BH-704 are
encapsulated in a rugged aluminum oxide cer-

Vi vs. B, —30 to +30 kG: +1.0% of reading, max.

Vi vs. ke, 010 100 mA:

+0.1% of reading, max.

and

strength.

amic and epoxy case far excellent heat transfer

Polarity:  With the magnstic field vector ag shown and . ;
le entering the red lead, the posiive Hall Vuvs. ke, 00 300mA: - #1.0% of reading, max.
voltage will at the blue lead.
00 Wi appear JAo070i
MODELS BH-T00 BH-TO1 BH-702 BH-7T04 BH-705
Rated control Current, |4, 200 mA 100 MA 200 mA 10C mA 100 mA
Maximum centinuous control current
lemos (B<3kG) 250 mA 300 MA 300 mA 300 mA 250 mA
Product sensitivily 0.25 V/Ask 0.075 V/AkG 0.075V/AkG 0.1 V/IAskG
min. +20% - +20% +25%,
Open circuit magnetic senitivity, yp 50 mV/kG 7.5 mV/kG120% ha 7.5 mV/kG220°. 10 mv/kG
min. le=len c=len +25%
22 mvV/kG120% 22 mWkG+20%
le =lgmos lc=lcmos
Misalignment veltage, V(B = 0) 1.5 mv 75 pv 250 pV 75uV 300 v
max. max. max. ,max. max.
Linearity error with Ry terrmination 3.0% - - " 1%
{% of reading) 0to 10 kG D10 10 kG
Input resistance, R, 5.5 Q max. 20 max. 3.50 max. 2.5Q max. 220 max.
Output resistance, R gyt 5.5 2 max. 2 2 max. 3.5 max. 2.5 max. 2¢) max,
Mean temperature coefficient of Vg0, 81 -0.2%/°C* -0.04%/C -0.07%FC* -0.04%/°C" -0.08%/°C max.
(-10°Cto +80°C) | (-10°Cto +80°C} {-10°C to +60°C) (-10°C to +80°C) {(-10°C to + 80°C)
Mean temperature coefficient of resistance +0.20%/°C* +0.18%/°C* +0.18%/°C* +0.18%/"C* +0.2°/°C"
’ {-10°C to +80°C}) {-10°C 10 +80°C) {(-10°C to 60°C) (-10°C to +80°C) {-10°'C 10 +80°C)
Mean temperature coefficient of BuV/C typ | os UV Ciyp 2.5uV/C typ 0.5uV/'C max. 1UV/C max.
misalignment voltage
Storage femperature range 40°C to -40°C to -40°C 10 -40°C o -65°C to
+105°C +105°C +106°C +105°C +105°C
Operating temperature range -40°C to -40°'C to 40°Cto -40°C to -65°Cto
+100°C +100°C +75°C +100°C +100°C
Zero field thermal voltage B 5uV max. _ 5uV max. 5uV max,
Thermal rasistance, plate to ambient - 0.1°C/mw* _ _ 0.5 C/mw*
Thermal resistance, plate to substrate B 0.01°C/C/mwW* B - 0.025'C/imw*
*Approximate  Specifications may change without notice.  Unlass otherwise noted: B=1 kG, l=kn, T=250, Static afr,
SE——
1
———en
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MULTI AXIS HALL GENERATORS

MECHANICAL
SPECIFICATIONS

Multi-Axis Linearity
The linearity is within +1.0% of reading from -10 kG to +10kG with
resistive null voltage compensated to zero and with Ry, termination.

NOTE; All tolerances unless specified are +0.0107.

ELECTRICAL
SPECIFICATIONS

18 6120 Hanging Moss Road Orlando, Florida 32807 = 407-678-6900 » FAX: 407-677-5765

BH-703

THREE AXIS

General Description:

The BH-703 multi-axis Hall generator
consists of three individual Hall ele-
ments oriented in mutually perpindicular
planes and encapsulated in a small
epoxy package. This enables the BH-
703 to produce voltages proportional to
the three orthogonal components (Bx,
By, B ) of a magnetic flux in any direc-
tion. Thus the BH-703 may be perma-
nently mounted or arbitrarily oriented to
sense fields in any direction.

The magnitude of the flux vector, B,
can be found using the following

relation: B= | BZ+B}+B2

Hall Plate "Y"
.0680" X .120"

Hall Plate "X"
.060" X .120"

.285" dia

Hall Plate "Z"
060" X 120"

NOTE: Unless otherwise noted: B=1kG, lg=ksn . T=25°C, Static air.

The flux direction may be found using the
following relations:

a=cos By/B, f=cos! By/B, §=cos! B,
/B where o, B, 8§ are the angles between
B and B,, By, B, respectively.

Model Features
* Three Axis, simultanecus measure-

ment
e Instrumentation Quality

B,

Leads: #34 AWG copper with palyuretharie insulation, approximately 20" long. The BH-703 has 12 leads.
Polarity: When the magnetic field vecters are oriented as shown, and | enters the red leads, the positive Hall voltage appears at the blue leads.

MODELS BH-703
Zero field residual voltage Vi (B=0), le=100 mA 100 pV maximum
Anguiarity Hail plates, perpindicular within £2°
Control current

a) nominal 100 mA

b} max continuous 300 mA

Input and cutput resistance, B=0 30 maximum

Magnetic sensitivity

{when terminated into optimum load, Rjia) 7.5 m\WKG £ 20%
Sensitivity matching within £1%

Temperature dependance
(a) of Hall voltage
b} of resistance
¢) zero field residual voltage

-0.04%/°C max.
+0.15%/°C approx.
0.5 pV/Pee max.

Dperating temperature range

-40°C to +106°C

Specifications may change without notice.
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SPECIAL MODEL SECTION

MECHANICAL
SPECIFICATIONS

Mulli-Axis Linearily
The Lingarity is within +1.0% of reading from -10 kG 1o +10kG with

resistive null voltage compensated to zero and with Ry, termination.

Leads; #34 AWG copper with polyurethang insulation,
approximately 20" long. The BH-7C6 has 8 |eads.

Polarity: When the magnetic figld vectors are criented as shown,
and Ic enters the red leads, the positive Hall voltage appears at the
blue teads.

NOTE: All tolerances unless specified are +0.010".

ELECTRICAL
SPECIFICATIONS

19 6120 Hanging Moss Road Orlando, Florida 32807 * 407-678-6900 * FAX: 407-677-57652

BH-706

TWO AXIS

General Description:

A single Hall element produces a
voltage proportional to the magnetic flux
density normal to its surface. The BH-
706 multi-axis Hall generator consists of
two Hall elements mounted in mutually
perpindicular planes and encapsulated in
a small epoxy package. This enables the
BH-706 to produce veltages proportional
to two perpindicular components (B,
B,) of a magnetic field. Thus the BH-706
may be permanently mounted to sense
field components in its X, Y planes.

The magnitude of the flux vector, B,

200" 5"
~—l
125" dia

!
Hall Plate "¥" Hal Plate "X"
020" X .040"  .020" X .040"

Unless otherwise noted: 8=1 kG, I =, T-25C, Static air.

MODELS

within the X,Y plane can be found using
the following equation,

B=" BZ+B?

The direction of B can he computed
using the following equation:

f=tan! By /By

where 0 is the angle between B and B,.

B. B

Model Features:

¢ 2 Axis, simultaneous measure-
ment

» Instrumentation Quality

B,

BH-706

Zero field residual voftage Vyr (B=0), 1;=100 mA

200 pV maximum

Angularity

Hall plates, perpindicular within £2°

Control current

{a) nominal 100 mA
(b) max continuous 300 mA
Input and output resistance, B=0 362 maximum

Magnstic sensitivity
{(when terminated into optimum load, Rjn)

7.5 mVkG £20%

Sensitivity matching within £1%

Temperature dependance

{a) of Hall voltage -0.04%/°C max,
b) of resistance +0.15%/°C approx.
c) zero field residual voltage 0.5 pv/ec max.
Dperating temperature range -40°C to +100°C

Specifications may changs without notice.
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HIGH SENSITIVITY HALL GENERATORS

LEADS:
Material: AWG 34 Stranded (7¥42) Silver Plated
Copper, Thin Wall Tefion Insulation.

COLOR CODE:

Control Current {Ic): Red [+Ic)

Black [-ic)
Hall Voltage (Vn): Blue {+V)
Yellow

Vi)
Polarity:
With field direction as shown l; entering the red lead,

the positive Hail output vollage will appear at the biue lead.

MECHANICAL
SPECIFICATIONS

ELECTRICAL
SPECIFICATIONS

20

BH-850

ULTRA LOW FIELD

General Description

Ideal for applications such as the
construction of solid state compasses,
the BH-850 offers high sensitivity for
very low magnetic fields at a relatively
low cost.

Model Features
» High Sensitivity
* Rugged construction

Typical Qutpuat Characteristic
i
. = 200mA S 40F /]
E /
= .
-3 -2 -1 2| 3
t
B, gauss
72
/ 40
v
60

T Field direction for positive (+B)

Al
—_— ==

el
11l

L i

- 00"

MODEL BH-B50
Nominal contral current, | ¢, 200 mA
Maximum continuous control 300 mA
current, lemosg (in static air with

=25°C)
Input resistance, Rin 3.50Q max.
Output resistance, R gy 3.50 max.
Sensitivity, B (lc=200 mA, 18 mV/g. min.
open circuit)
Misalignment voltage, Yy +200uV/C max.

0, [c=200mA,

=25°C)
Temperature dependence of +2.5 WG max.
misalignment voftage
Temperature coefficient of -0.18%/"C max.
apen cirguit hall vgltags,
Vuoc, from -55° G to +85°C
Operating temperature range -55°C 10 +85°C
Storage temperature range -55°C 10 +85°C

Specifications may change wathout notice
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HIGH PERFORMANCE HALL GENERATORS

BH-900 SERIES

LEADS:
Material: AWG 34 Copper with Teflon Insulation (Model
921) or Potyurethane Insulation {Models 900 & 910},

COLOR CODE: Control Current I
Control Current {lc;) Red (+c)
Black {-Ic)
Hall Voltage (Vi) Blue (+VH)
Yellow {-Vii)

POLARITY

With the magnetic field vactor {+B} entering the top of the
Hall plate and | entering the red lead, the positive Hall
voltage will appear at the blue lead.

MECHANICAL
SPECIFICATIONS

NOTE: Cross indicates tail of magnetic field vectar,

ELECTRICAL
SPECIFICATIONS

MODELS

HIGH LINERARITY

General Description:

F.W.Bell 900 Series Hall Generators
are high-performance units providing
high linearity and broad field and tem-
perature ranges for a wide variety of
magnetic field measurements. All units
in the series are encapsulated in rugged,
epoxy-sealed cases. A room tempera-
ture linearity error curve from -30 to +30

0.250" —-| |-- 0.108"

DIA. "
f 0.200" DIA.
‘: B e
ACTIVE 0.200 --| I——‘w- MIN. ~—|
ABEhx,
. PHENOLIC CA
0.020” DIA. o CAsE

kG is supplied, indicating optimum oper-
ating conditions for each device. The
models 900 and 921 are not calibrated
above 30 kG,

Models Features:
BH-910 High Linearity
BH-921 Cryogenic Operation
(1.5to 350° k)
BH921 & 900 Wide Dynamic Range
0.043"
MAX. ]
' I----l l-- jt— 55 —|em— 10" MIN. —-—|
0.235" [I o

ACTIVE AREA

'%_ ‘hm
'Y I T|_L_
0.180" —me| ———
CERAMIC CASE

APPROX. 0.040" DIA.

Axtal Hall Generators BHA-900, 910 & 921

Transverse Hall Generators BHT-900, 910 & 921

Note: Unless otherwise stated, all specifications apply at nominal control current with T=25°C.

BHT-900

BHT-910

BHT-021

BHA-900

BHA-810

Nominal control curren, Ign 100mA 100mA 100mA 100mA 100mA 100mA

Maximum confinuous control

current, lomqg {n 25°C static air) 300mA 300mA 300mA 300mA 300mA 300mA

o 0.8mV/kG 0.8mV/kG 0.8mV/kG 0.8mV/kG C.8mv/kG 0.8mV/kG

Magnetic sensitivity, v8, I;= 100 mA +30% +30% £30% +30% £30% 30%

Typical load required for proper

linearity 500€ 50 to 5000 50002 500 50 to 5002 500Q

Linearity error {1,=100mA) +1.0% T+0.1% +1.0% +1.0% .25% +1.0%

230 10 +30KG {max.) (max.} (max.) {max.) {max.} (max.)

Lingarity erroré|c=1[]D mA) +1.5% _ +2.0% +1.5% _ +2.0%

-150 to"+150K (max.) (max.) (max.) {max.)

Operating temperature range -40 10 +100°C -40 to 100°C -269to +100°C -40 to +100°C -40 to +100°C -268 to +100°C

Mean temperature coefficient of

Hall voltage, Bt 50 ppm/C* 50 ppmé“C* +100 ppm/C* 50 ppm/C* 50 ppm/C* +100 ppm/C*

Mean temparature coeffient of

rasistive residual voltage, D .4 1V/C 04UV C* +H.4pv/C* 0.4 C H.A4p1C* H).4uV/C*

Mean temperature coefficient of

resistance o H).15%/C* +.15%/C* H).6%/C* 10.15%/C" +3,15%/C* H).6%/C"

Resistive residual voltage, S0uv 50pv 2000V 50uv 5quv 2000V

Vm, {I,-100mA) {mgx.) (max.) (mai(‘.) (m%x.) (m%x.) (mak(l.)

Input resistanga in zero field, Ry,

{including leads) 1.0Q" 1.00* 1.00Q" 1.00* 1.00* 1.00*

Output resistance in zero field,

Rout (including leads) 1.00Q* 1.00* 1.00* 1.00* 1.0~ 1.00"

*Approximate value. Specifications may change without notice.
—
[ —————1]
o
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Note: Adjust offset pots, only when the Hall
generator is in a zero gauss field

The circuits described herein are intended only to illustrate typical
applicattons. This information is believed refiable, hawever, no
reponsibility is zssumed for inaceuracies.
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General Purpose Amplifier &
Current Supply Circuit

Below is a schematic for a modest, lin-
ear, fixed-gain amplifier and simple
current excitation scheme. This would
be considered a moderate performance
circuit. This circuit can be used with
F.W.Bell Hall Generators. Refer to Table
1 for specific models.

**R,& Ry: R is adjusted fo calibrate sensor fo a
fixed output sensitivity

R,& R, : Feedback resistors selecled for desired
gain

R4 & Rs: Input resistors should be 10k< (min.)
to avoid loading the output

R, & R, : For proper common mode rejection
{CMR})

Amplifier Requency Response: dc t¢ 10 kHz

R, R,
‘VK AN O +15 Vde
HALL | GENERATOR
(or CURRENT | SENSOR)
0kQ ) 2
S gc—— ——1
[OPTIONAL) MVWA .

" i"“

10 ki
10-TURN, FINE
OFFSET ADJUST

D —15 Vdo

FIGURE t
“The 741 operational amplifier is merely for the purpose of illustration, any other
appropriate operational amplifier can be used.

**For a true constant source that affords improved line regulation & temperature com-
pensation, vefer to “Constant Current Supply” below.

TABLE1 HALL GENERATOR CONNECTIONS

PIN OUT PER FIG. 1 1 2 3 4
BH-200, FH-300, BH-700, BH-900 SERIES Red Yellow Black Blue
FH-500 & GH-600 SERIES +H, -Vy -le +V

Constant current supply

On the following page is a typical sche-
matic for 2 simple, low cost, constant
current source that can be used to
supply the excitation current needed to
drive most thin film Hall generators. As
shown, it has a variable current range of
about 15 to 40mA dc. This variable
supply can be adjusted to fix the output

sensitivity at a given current. This

circuit has two inherent advantages:

1} It reduces the effects of sensitivity
changes due to changes in ambient tem-
perature to <0.05% /°C (-40°C to +80°C)
maximum and 2) 1% variations of the
input voltage (at +15V dc) will affect the
accuracy by only 0.1%.

i
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*Values for testing BH-Series Hall generators
**Yalues for testing FH-Series Hall generatars

***Yalues for testing GH-Series Hall generatars

The circuits described herein are intended only to llustrate typical
applications. This information is believed reliable, hawever, no
reponsibility is assumed for inaccuracies.
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Constant Current Supply (continued)

For variations to this circuit to

regulator voltages, etc.), consult the data

accomodate other Hall generators (for books and application notes furnished
example: different input voltages, by the manufacturer of the voltage
different current swings, different regulator.
Current Adjust
+15Vde MO INg14 o380 o0 200 54 W
3- terminal
O AN ! Positve, 5Vde
1210
12w 3
+ Regulator 2490 172 W
= 1y
3sv

—o

Figure 2

O

Hall generator switching circuit

Below is a schematic for an easy to
build switching circuit for use with an
F.W.Bell, Inc. Hall generator. The cir-
cuit is triggered by the output voltage of
the Hall generator, and the point at

which the circuit is triggered is variable.
Supely (1]

Hall
Generator

Tk

10-Turn Blue
Set
Point

Adjust

The amplitude of the circuit’s output
voltage is approximately:
VOL'T= 2 VS -Z(V)

Ry = R,: Selected for desired Hall generator
control current

Re: Feedback resistor selected for the required
hysteresis. Typical value is 1000

Frequency response: de to 10 kHz

10pfd

f

v

Cutput

Supply (-}
or Ground

Supply (—}
or Ground

* The 709 aperational amplifier is merely for the purpose of iHustration. Any other appropriate

operational amplifier can be used.

Figure 3

Testing F.W. Bell Hall generators

1. Test Current Calibration
(Refer to Fig. 4)

With switch S-1 in the “CAL”
position, adjust the constant current
supply output until the de voltmeter

6120 Hanging Moss Road Orlando, Florida 32807 = 407-678-6900 * FAX: 407-677-5765

reads 100 mV* (or 10mV##* or 1
mV*¥*¥) The test current is now
calibrated at 100 mA* (or 10 mA** or
1 mA**E),

FWBELL
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*Values for testing BH-Series Hall generators
**Values for testing FH-Series Hall generators

**+Yalues for testing GH-Series Hall generators
The circuits descrbed herein are intended only to illustrate typical

applications. This infermation is believed reliable, however, no
reponsibiltty is assumed for inaccuracies.
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Testing F.W.Bell Hall generators {continued)

2. Input Resistance Measurement

Place the test Hall generator leads in
the proper Kelvin Klips. Move switch
S-1 to the "R, position. The reading on
the voltmeter in millivolts, divided by
100* (or 10%* or 13%%¥)_ is the value of the
input resistance.

3. OQutput Resistance Measurement

Same procedure as input resistance
except readings taken with $-1 in
position 3.

4, Zero Field Residual Voltage

With the hall generator still in the
Kelvin Klips, move the selector switch to
the “Vy " position. Place the Hall gen-
erator active area into F.W_.Bell Model
YA-111 zero gauss chamber, The zero
field residual voltage at a control current
of 100 mA* (or 10 mA** or 1 mA***) is
read on the dc voltmeter.

‘The value at higher control current
can be calculated from the fact that the
zero field residual voltage is directly pro-

-1 = Cantralab 4PA-2010

Shorting Rotary Conirol
Switch

Currenl
Leads
Posttion 1 = CAL
Paaitlon 2 = Ry,
Poalllen 3 = Ay,
Posllion 4 = ¥y

5

portional to the control current. If
desired, the control current may be re-
calibrated, as in Step 1, to the desired
value prior to reading zero field residual

voltage.

5. Magnetic Sensitivity Measure-
ment

Remember or record the polarity and
value of the zero field residual voltage.

Place the Hall generator in a known
magnetic field (1 kilogauss is conven-
ient) with the red surface toward the
north pole of the magnet. Subtract
algebraically the zero field residual
voltage from the field-generated reading.
This gives the output voltage swing.
Dividing the voltage swing by the field
value gives the magnetic sensitivity of
the Hall generator at the calibrated test
current.

‘When tests are complete move 51 to

the “CAL" position, then remove the
Hall generator.

Hall Elsctro-Selentile, Inc.
Output “Kulvin Klipa”
Vaollage

K
Q

i
) Amphenol 165-16

dc Conslant

Current Source

BLACK oL

2 P
0V od 5
ZENER ot L 4»

Figure 4




The circuits described herein ars intended only to illustrate typical
applications. This information is believed reliable, however, no
repensibility is assumed for inaccuracies.
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Techniques for temperature
compensating Hall generators

Temperature effects can rarely be
ignored in the application of a Hall
generator. Selecting a generator with a
low-temperature coefficient of sensitivity
may suffice, but compensation is
occasionaly required. If the designer
understands the parameters involved,
their effects on the Hall device output,
and knows the ambient operating condi-
tions, applying the compensating
networks is simple. Due to the wide
range of parameter variations among
Hall generators of the same type,
however, it is difficult to have one com-
pensation network work for all genera-
tors that are used.

The compensation circuits offered
below represent the basics; the total
possibilities are limited only by the
user’s imagination. Only N-type indium
arsenide Hall generators will be
considered. Conduction is by majority
carriers, no semiconductor junctions
exist, and all contacts to the semiconduc-
tor material are ochmic.

An indium arsenide Hall generator
usually exhibits a positive temperature
coefficient of resistance {a) over its
normal operating range. If a constant
voltage supply provides the generator
control current, this current decreases
as the Hall plate temperature increases.
The result is an output sensitivity in-
versely related to temperature, A
constant current supply eliminates the
effects of Hall generator input resistance
changes. This condition can also be
approximated by a voltage supply with
high output impedance. If conditions

require a low-impedance voltage supply,
the designer who wants to compensate
for g7 must be aware of a sign reversal
on it, as shown in Figure 5.

For most hall generators with product
sensitivities below 0.2 volts per ampere
kilogauss, the sign change on o takes
place at temperatures above the normal
operating range. In this case, the com-
pensating networks discussed in the
following sections may be used. Higher
sensitivity devices exhibit the sign rever-
sal within their operation range,
however (see Figure 5). This behavior
can make compensation very difficult,
and the designer may have to accept the
input resistance temperature effect or
change to a higher source impedance.

Sensitivity Variation

The relation of electron mobility to
temperature causes Hall generator
sensitivity to decrease as temperature in-
creases. This phenomenon is independ-
ent of the temperature coefficient of
resistance effect, Normally, Hall genera-
tors with higher sensitivities exhibit
higher temperature coefficients of
sensitivity (8,) at constant current. The
output variation is approximately linear
from -60° to 60°C. Above 60°C, the rate
of change increases rapidly (see Figure
6).

Several methods exist for compensat-
ing for temperature variation of the para-
meters discussed above. Since all the
suggested procedures require trial-and-
error calculations and testing, only the
overall configuration is described.

A positive temperature coefficient
{PTC) resistor can be used as a compen-

)
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Test results on sensitivity with compen-
sated and uncompensated circuits.

The circuits described herein are intanded only to illustrate typicat
applications. This information is believed reliable, however, no
raponsibility is assumed for inaccuraciss.
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Sensitivity Variation (continued)

sating element. (Figure 7). Nickel or
copper wite resistance are possibilities,
or PTC silicon resistors may be consid-
ered. Nickel exhibits a positive tem-
perature coefficient of about 0.5%/°C;
copper, 0.4% /° C; and silicon resistors,
about 0.7%/°C.

Negative temperature coefficient
(NTC) thermistors are the most widely
used devices for compensating Hall gen-

WL
BUTRUT VELTASE

INPUT RESISTANCE

circnits usually exhibit good high-
temperature correction. Improved
compensation over a wider tempera-
ture range may be achieved through use
of two temperature sensor networks.
The two may be a combination of those
mentioned above.

The following example (Figure 11} il-
lustrates the results of negative tempera-
ture coefficient thermistor compensation

CURNENT DN
VELTNGE SUPPLY

J i

u
1 x - L] L] w
TEMPERATURE L}

Figure 5. "Worst case" tem-
perature characteristics of
input resistance.

erator temperature drift (Fig. 9). This
configuration with a voltage supply
causes the control current I¢ to increase
as the temperature rises.

Another compensation method,
using an NTC thermistor, is shown in
Figure 10. In implementing this concept,
the designer must make sure that two
conditions exist. Ample output must be
maintained across resistor R, and the
totai load, R, presented to the Hall
generator must adversely affect output
linearity. (Consult the Hall generator
manufacturer if linearity is a critical
parameter.) If amplication is required,
an alternative to the circuit in Figure 10
would be to place a thermistor circuit in
the feedback network of the amplifier.

Single thermistor or PTC resistor

Figure 6. The sensitlvity of a
Hall generator decreases
with the temperature

BLACK

Figure 7. A positive tempera-
ture coefficient thermistor can
be used in temperature com-
pensation of Hall generators

in the Hall generator input circuit. The
Hall generator has the characteristics
listed below:

Input Resistance {Riy), 422

Magnetic Sensitivity (Yg ). 30 mV/kG

(At ;=100 mA and T = 25°C})

Temperature Coefficient of Input

Resistance {a), +0.2%/°C

Temperature Coefficient of Magnetic
Sensitivity (57 ), -0.22%/°C

Improved Hall generator tempera-
ture drift is desired between 25° and
60°C. Uncompensated, the generator
sensitivity at 60°C would decrease ap-
proximately 8% from its value at 25°C. A
first attempt to improve this temperature
drift might be the circuit shown in
Figure 11. The real problem is to select
proper values for Ry and R;.

Increasing the Hall generator control

)
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The circuits described herein are intended only 1o illustrate typical
applications. This information is believed relizble, however, no
repansinility is assumed for inaccuracies.
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Sensitivity Variation (continued)

current by about 8% at 60°C will
eliminate the drop in sensitivity due to
B+ . The next step is to calculate a ther-
mistor-resistor parallel resistance, Rygr
which will supply 108 mA control
current at 60°C. (Changes in resistor R4
and in the Hall generator input resis-
tance are small and will be ignored
throughouit this example).

Rrer = (Vs/| ) -Ru
- 5/(0.108) -4 = 42.30

Since thermistor resistance will be se-

lected at 60°C, R; will generally be high

in value at 25°C. Assuming that Ry will
be moderately high, let Ry be 47Q . If
our assumptions are correct, the Hall
genrator control current wili be near 100
mA at 25°C. Next, the thermistor resis-
tance at 60°C must be calculated;

RT= R1 (RTOT)
I:§1 - Ruor

The table gives a comparison of sensitiv-
ity change for both the uncompensated
and compensated circuits (a thermistor
temperature coefficient of -3.9%/° C was
used). A higher R, might be selected
for better low-temperature response.

T Y Ry Rror I (CJ'%P-)
‘C) (mV/kG) {2} (Q) (mA) (mV/kG)
-10 323 6447 46.66 98.7 31.88
+10 31.0 2636 46,18 99.6 30.88
+25 30.0 1440 45.51 101.0 30.30
+40 29.0 827 44 47 103.2 29.93
+60 27.7 423 42.30 108.0 29.92

Figure 8

Zero Field Residual Volage

In most cases, the zero field residual
voltage (Vi) temperature drift is
separate, but not distinguishable, from
sensitivity drift. When magnetic flux
densities are low, the effect of (Vi)
temperature drift of the residual voltage
may be equal to or larger than the sensi-
tivity change. The inability to consis-
tently and accurately predict the rate and
direction of drift in this offset voltage is
the most difficult part of compensation.

Since the major portion of the Vi is
caused by unbalanced output contact po-

sitioning {misalignment voltage), the
characteristics of the temperature drift
may be predicted with fair accuracy. For
devices with a room temperature Vur
greater than 500 uV, the magnitude of
the zero field residual voltage increases
at a rate approximately equal to the
temperature coefficient of resistance, o.
Units with Vyr between 100 and 500 pV
normally exhibit an increase in residual
voltage magnitude, but at rates varying
within £100% of the resistive coefficient.
Below 100 1V, the task of predicting the
offset drift becomes difficult because the

H_
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H.Weiss. Structure and Application of Galvanomagnetic
Devices, Pergamen Press

H.H Weider. Halt Generators and Magneto-resistors,
Pian Limited

MIL-STD-793-1 (WP), “Definitions Letter Symbols”,
Coler Code and Circuit Cede and Circuit Symbol for De-
vices Hall Effect

The circuits described herein is intended only to illustrate typical

applications. This informetion is balieved reliabie, hawevar, no re-

spansibility is assumed for inaccuracies.
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direction and rate are random. A circuit
that can be used to compensate for the
zero field residual voltage temperature
drift is shown in Figure 12.

The thermistor shown compensates
for a positive-going temperature drift
(with respect to the output terminals). If
zero field residual voltage varies nega-
tively with increasing temperature, the
thermistor network and R, must be
interchanged.

NTC
THERMISTOR

i

EENERATDR

HALL

|

Figure 9

Hall generator can be compensated at
its input by a negative temperature
coefficient thermistor.

BLack

HLIE

GEMERRTOR
I
=

MTD
THERMISTOR

TELLOW

Figure 10

Temperature compensation of a Hall
generator using a negative temperature
coefficient thermistor.

R ouTPUT

V= -5V

GENERATOR

ya (COMP]

L L

Int HII:G;PEIMTED bt BIIM;ISATEII
Figure 11
The use of a negative temperature co-
efficient thermistor as a compensator in
the Hall generator input.

AED

—
a

NTC THERMISTOR

BLUE

HALL
GENERRTOR

DUTPUT

BLACK

Figure 12

Compensation of zero field voltage
temperature drift of Hall generators.




F. W. BELL has been a quality supplier to a
broad sector of the marketplace for more than
50 years. Bell's dedication to strict gquality
control and it's progressive technology have
earned it an international reputation for
supplying rugged, high-quality products.

6120 Hanging Moss Road
Orlando, Florida 32807
407-678-6900

Fax 407-677-5765

Division of Bell Technologies Inc.
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