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LINEAR HALL-EFFECT SENSOR ICS

by Joe Gilbert and Ray Dewey

LINEAR SENSOR ICS — FEATURES & BENEFITS Veo
Linear sensor I1Cs are designed to respond to a wide range SATURATION
of positive or negative magnetic fields. Critical to the A~

performance of linear ICs is their sensitivity and

linearity over their specified operating temperature range.
Allegro’s 4th-generation linear devices, the A3515 and
A3516, optimize these design criteria. These ratiometric
devices have a sensitivity of 5 mV/gauss and 2.5 mV/
gauss, respectively, an operating temperature range of
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-40°C to +150°C, and are temperature compensated over /
their full operating range. SATURATION
Linear Hall-effect devices are immune to most envi- oL - L
ronmental disturbances that may affect optical or mechani- MAGNETIC FIELD (GAUSS)
cal devices, such as vibration, moisture, dirt or oil films,

ambient lighting, etc. Linear Device Charactreristic

A Few of the Many Possible Applications

» Current sensing

» Power sensing (watt-hour metering)
 Current trip-point detection

« Strain gauge

 Biased (magnetically) sensing applications 3
 Ferrous metal detectors

* Proximity sensing X
 Joy-stick with intermediate position sensing F
 Liquid-level sensing
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o Temperature/pressure/vacuum sensing Yy
(with bellows assembly) h 4
 Throttle or air valve position sensing °
» Non-contact potentiometers h
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Ratiometric Defined . . , .
Early Linear Ratiometric Device

Most linear Hall-effect devices are “ratiometric” where Using Single Hall Element
the quiescent output voltage (typically 1/2 the supply

voltage) and sensitivity are proportional to the supply output will typically be 2.5 V, and will change at a rate of

voltage. 5.0 mV/G. If the supply voltage increases to 5.5 V, the
For example: with a supply voltage of 5.0 V and no quiescent output voltage will change to 2.75 V, and the
magnetic field present, the A3515 device’s quiescent sensitivity will increase to 5.5 mV/G.
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Allegro Type Number
Characteristic UGN3501* UGN3503 UGN3508 UGN3507 UGN3506* A3516 A3515
Ratiometric no yes yes yes yes yes yes
Supply Voltage 8—12V 45—6V 45—6V 45—6V 45—6V 45—8V 45—8V
Quiescent Output 3.6V Veel2 Vecel2 Veel2 Vecel2 Vecel2 Vecel2
Sensitivity @ 5 V 0.7 mVIG 1.3 mVIG 2.5 mVIG 2.5mVIG 25mviG  25mVIG 5.0 mVIG
Stability not spec’d  not spec’d 150 G +35G 20 G +10G +10G

A3506/07/08 Family of Linear Devices

The original (1978) UGN3501/03 linear Hall-effect
devices met the basic requirement for contactless sensing
but were extremely sensitive to temperature changes and
mechanical stress. The A3506/07/08 are 2nd-generation
linear devices utilizing multiple devices to cancel out these
effects on the Hall device.

The output of these linear devices is set to compensate
for the negative temperature coefficient of samarium-
cobalt magnets (-0.02%/°C).

A3515/16 Family of Linear devices

The A3515/16 BiCMOS linear devices utilize a single
Hall device that is electronically rotated to cancel out the
stress effects on the Hall device. These devices use a
proprietary dynamic offset cancellation technique, with an
internal high-frequency clock to reduce the residual offset
voltage of the Hall element, which is normally caused by
device overmolding, temperature dependencies, and
thermal stress. This technique produces devices that have
an extremely stable quiescent Hall output voltage, are
immune to thermal stress, and have precise recoverability
after temperature cycling.

Linear device basic specifications (see data sheets for
complete specifications) are shown above.

Calibrated Linear

Allegro offers as an application design aid, a calibrated
linear device. This utilizes the newest A3515 or A3516
devices, providing serialized linear devices with a graph of
their precise output over a magnetic field of £400 gauss
(A3515) or £800 gauss (A3516). The graph is plotted at
three bias voltages 4.5V, 5V, and 5.5 V. Designers can
use these devices to obtain extremely accurate field-
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Electronically Rotated Device
to Cancel Effects of Strain

strength measurements. Because the devices are packaged
in the popular “U” or “UA” packages, the devices are
easily inserted into developmental circuits to provide an
easy means of reading actual field strength. This allows
precise measurements to be made of magnets and their
field strengths at various air gaps. Ultimately, the cali-
brated linear will provide information that will greatly
assist in the final selection of system magnets, air gaps,
and the proper digital or linear device for the application.
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To use, connect the appropriate terminals to a well-
regulated power supply (£0.01 V) and the output to a high-
impedance voltmeter. It is also recommended that an
external 0.1 puF bypass capacitor be connected (in close
proximity to the Hall device) between the supply and
ground of the device to reduce both external noise and
noise generated by the chopper stabilization technique. An
ambient temperature range of +21°C to +25°C should also
be maintained. Before use, the device should be powered
up and allowed to stabilize.

The calibrated linear device, with its attached calibra-
tion curve, affords a convenient method of flux measure-
ment.

Subject the device to the magnetic field in question.
Measure the device output voltage and locate that level on
the Y axis of the calibration curve. The intersection of that
output level with the calibration curve will provide the
corresponding flux density on the calibration curve’s X
axis.

Alternatively, the sensitivity coefficient (as given on
the calibration curve for the device) can be used to calcu-
late flux densities more precisely. First, determine the
guiescent output voltage of the device under a zero gauss
or “null” field condition. Then, measure the output of the
device with the unknown field applied. The magnetic flux
density at the chip can then be calculated as:

B =1000 (VOB - Vog)/k
where B = magnetic flux density in gauss
Vg = output voltage with unknown field applied

Vg = output voltage with zero gauss applied
k = calibrated device sensitivity in mV/G.

CURRENT SENSING

Linear Hall-effect devices are ideal for current sensing.
Currents from the low milliampere range into the thou-
sands of amperes can be accurately measured.

The flow of current through a conductor will generate
a free-space magnetic field of about 6.9 gauss per ampere.
Because the measurement range of a linear Hall-effect
device is limited, it is necessary to configure the sensing
circuit such that the field strength of the current range to
be measured is within the range of the device to be used.
In the case of the A3516 this sensing range will be ap-
proximately -800 gauss to +800 gauss.

High-Current Measurement

For conductors with several hundred to thousands of
amperes of current, the linear device can provide a direct
usable output, without the use of field-enhancing coils or
toroids, by sensing a portion of the total magnetic field
generated. Lower currents will need to utilize coils or toroids
to increase or concentrate the field to a detectable range.
Ideally, the field will be above 100 gauss, placing the device
output above signal-to-noise-ratio concerns. The magnetic
flux density at the chip can be calculated as:

B=l/4Ttr or | = 411rB

where: B = field strength in gauss
| = current in amperes
r = distance from wire center to device chip in
inches.

Example 1: wire has 0.25" radius, plus 0.1" air gap, 2000
amperes of current flow. B =2000/4.40 = 455 G.

Example 2: wire has 0.15" radius, plus 0.1" air gap, 300
amperes of current flow. B =300/3.14 =95 G.
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Note that the Hall element is most sensitive to mag-
netic fields passing perpendicularly through it. Flux lines
at an angle to the device will generate reduced (cosine of
the angle) Hall voltages and flux lines at 90° angles will
produce a zero gauss indication.

Using A Coil for Increased Sensitivity

Flux density can be increased with the use ofacoil. Using
a total device-to-coil air gap of 0.060" yields an increase in
flux density:

B=6.9nl or n=B/6.9I
where n = number of turns of wire in the coil.






















