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A1359

F acto:y—Progmmmed Dual-Output Linear-Hall Effect-Sensor IC
With Analog and Pulse-Width-Modulated Outputs

FEATURES AND BENEFITS

* Dual tracking outputs: analog voltage output and pulse-
width-modulated (PWM) output

» Matched analog and PWM outputs enable user to detect
various output error conditions

* Factory-programmed offset, sensitivity, and polarity

* Sensitivity temperature coefficient (TC) and QVO/QD
temperature coefficient programmed at Allegro™ for
improved accuracy

* High-speed chopping scheme minimizes quiescent voltage
output (QVO) drift across temperature

» Temperature-stable QVO and sensitivity

* Output voltage clamps provide short-circuit diagnostic
capabilities

» Wide ambient temperature range: —40°C to 150°C

* Immune to mechanical stress

* Enhanced EMC performance for stringent automotive
applications

Package: 8-pin TSSOP (suffix LE)
surface mount

Not to scale

DESCRIPTION

New applications for linear output Hall-effect sensors, such
as displacement and angular position, require high accuracy
in conjunction with redundant outputs. The Allegro A1359
programmable, linear, Hall effect sensor IC has been designed
specifically to achieve both goals. The features associated
with this linear device make it ideal for use in automotive
and industrial applications requiring high accuracy, and
this temperature-stable device operates across an extended
temperature range: —40°C to 150°C.

The accuracy of the device is enhanced via programmability
at the Allegro factory for optimization of device sensitivity,
the quiescent voltage output (QVO: output with no magnetic
field), and quiescent duty cycle (QD) for a given application or
circuit. The A1359 also allows optimized performance across
the entire operating temperature range via programming the
temperature coefficients for both sensitivity and QVO/QD at
Allegro end-of-line test. This ratiometric Hall-effect sensor IC
provides an analog voltage, and a PWM signal with duty cycle,
that are proportional to the applied magnetic field.

Each BiCMOS monolithic circuit integrates a Hall element,
temperature-compensating circuitry to reduce the intrinsic
sensitivity drift of the Hall element, a small-signal high-
gain amplifier, a clamped low-impedance output stage and a
proprietary dynamic offset cancellation technique.

The A1359 is provided in an 8-contact surface-mount TSSOP
(suffix LE) which is lead (Pb) free, with 100% matte-tin
leadframe plating.
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A1359 Factory-Programmed Dual-Output Linear Hall-Effect Sensor IC
With Analog and Pulse-Width-Modulated Outputs

SELECTION GUIDE
Part Number Factory-Programmed Output Polarity Packing*
A1359LLETR-T Forward: Q_utput voltage increases W|t_h increasing 4000 units /reel
positive (south) applied magnetic field
Reverse: Output voltage increases with increasing
negative (north) applied magnetic field
Forward: Output voltage increases with increasing
positive (south) applied magnetic field
A1359LLETR-RP-MS-T Reverse: Ot_Jtput voltage in_creases wit_h ir_wcreasing
negative (north) applied magnetic field
*Contact Allegro for additional packing options

A1359LLETR-RP-T 4000 units /reel

A1359LLETR-MS-T 4000 units /reel

4000 units /reel

ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Notes Rating Unit
Forward Supply Voltage Vee Refer to Power Derating section 6 \%
Reverse Supply Voltage Vree -0.1 \
Forward Output Voltage Vout Refer to Power Derating section 7 \
Reverse Output Voltage V®out -0.1 \Y
Forward PWM Output Voltage Vewm Refer to Power Derating section 7 \
Reverse PWM Output Voltage VrPwM -0.1 V
Output Source Current lout(sourcey | VOUT to GND 2 mA
Output Sink Current louT(sink) VCC to VOUT 10 mA
PWM Output Source Current Ipwmsource) | Vewm > —0.5V, Ty =25°C -50 mA
Internal current limiting is intended to protect the
PWM Output Sink Current lPwhm(sINK) device from momentary short circuits and not 25 mA
intended for continuous operation
Operating Ambient Temperature Ta Temperature range L —40 to 150 °C
Storage Temperature Tsig —65to0 170 °C
Maximum Junction Temperature T,(max) 165 °C

PINOUT DIAGRAM AND TERMINAL LIST TABLE

Terminal List Table

Number Name Function
Pinout Diagram 1 PWMOUT | Open-drain PWM output
2 VCC Input power supply; tie to GND with bypass capacitor
PWMOUT O [8] NC 3 NC No connect, tie to either GND or VCC
vee [7] anD 4 VOUT | Output signal
vo:i % :Z 5 NC No connect, tie to either GND or VCC
6 NC No connect, tie to either GND or VCC
7 GND Device ground
8 NC No connect, tie to either GND or VCC
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A1359

Factory-Programmed Dual-Output Linear Hall-Effect Sensor IC

With Analog and Pulse-Width-Modulated Outputs

THERMAL CHARACTERISTICS: May require derating at maximum conditions; see application information

Characteristic Symbol Test Conditions* Value Unit
Package Thermal Resistance Roja On 4-layer PCB based on JEDEC standard 145 °C/W
*Additional thermal information available on the Allegro website

Power Dissipation versus Ambient Temperature
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A1359 Factory-Programmed Dual-Output Linear Hall-Effect Sensor IC
With Analog and Pulse-Width-Modulated Outputs

OPERATING CHARACTERISTICS: Valid over full operating temperature range, Ta, Cgypass = 0.1 UF, Ve =5V,
unless otherwise noted

Characteristics | Symbol Test Conditions Min. Typ. Max. Unit?
ELECTRICAL CHARACTERISTICS
Supply Voltage Vee 45 5 5.5 V
Undervoltage Threshold? Vuvion | Ta=25°C (device powers on) - - 3 \Y
Vuviorow | Ta = 25°C (device powers off) 25 - - \
Supply Current lcc Vee=5V - 10 13.5 mA
Supply Zener Clamp Voltage vV, Tp=25°C, Igc =20 mA 6 8.3 - \
Internal Bandwidth3 BW, Small signal, -3 dB - 2 - kHz
Chopping Frequency34 fc Tp=25°C - 400 - kHz

ANALOG OUTPUT CHARACTERISTICS

) Tpo=25°C,C =0.1 pF, Sens =5 mV/G
3 A » LBYPASS ) , _ _ _
Output Referred Noise VN no load on VOUT 6 mV(p-p)

T =25°C, Cgypass = open, no load on VOUT,

Input Referred RMS Noise Density3 VNRMS f << BW, ’ - 1.9 - mG/Hz
DC Output Resistance3 Rout - <1 - Q
Output Load Resistance3 R. VOUT to GND 4.7 - - kQ
Output Load Capacitance3 C, VOUT to GND - - 10 nF
Analog Output Current Limit limimae) | Reuliup =0 Q 10 - 80 mA

To=25°C, B =+350 G,

VeleH | R, = 10 kQ (VOUT to GND) 425 4.5 4.65 v
Output Voltage Clamp®
v Tp=25°C,B =-350 G, 04 05 07 Vv
CLPL | R =10 kQ (VOUT to VCC) ' ' '

Response Time3 tRESPO"\‘/S(')EJT Impulse magnetic field of 300 G - - 500 us
Settling Time3 tsertLevout | Ta = 25°C, Primary Overload > 5000 G - - 750 us
Power-On Time for Analog3 trovoutr | Ta=25°C, C_ (probe) = 10 pF, on VOUT - 250 - us
Delay to Clamp for Analog3 tepvout | Ta=25°C, CL = 10 nF, on VOUT - 30 - us
PWM OUTPUT CHARACTERISTICS

| <20 mA, PWMOUT transistor on - _ 0.6 \%
PWMOUT Saturation Voltage Vsar PUWMOUT(SINK -

lpwmouT(sinky < 10 mA, PWMOUT transistor on - - 0.5 \
PWMOUT Current Limit IL|M|T RPULLUP =0Q 30 60 110 mA

VCC =GND, 0V £ Vpymour <5V, B
PWMOUT Leakage Current I EAK PWMOUT transistor off 0.1 10 pA
PWMOUT Zener Clamp Voltage Vzoutr | lpwmout(sink) = 10 mA, Ty = 25°C 28 - - \
PWMOUT Rise Time3 tr TA =25°C, RPULLUP =2kQ, CL =20 pF - 3 - VS
PWMOUT Fall Time3 t Ta=25°C, Rpyup =2 kQ, C_ =20 pF - 3 - us
Power-On Time for PWM3 tropwm | Ta =25°C, C_ (probe) = 10 pF, on PWMOUT - 500 - us
Delay to Clamp for PWM3 tetppwm | Ta=25°C, C = 10 nF, on PWMOUT - 250 - us
Response Time3 'RESPONSE_ Ta = 25°C, Impulse magnetic field of 300 G - - 15 ms

PWM

Settling Time3 tserrLepwm | Ta = 25°C, Primary Overload > 5000 G - - 2.25 ms

Continued on the next page...
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A1359 Factory-Programmed Dual-Output Linear Hall-Effect Sensor IC
With Analog and Pulse-Width-Modulated Outputs

OPERATING CHARACTERISTICS (continued): Valid over full operating temperature range, Tp, Cgypass = 0.1 UF, Ve =5V,
unless otherwise noted

Characteristics | Symbol | Test Conditions Min. Typ. Max. Unit?
PWM OUTPUT CHARACTERISTICS (continued)
Load Resistance36 ReuLLup | PWMOUT to VCC 2000 - - Q
Load Capacitance3® CL PWMOUT to GND - - 10 nF
Duty Cycle Jitter® Jitterop Measured over 1000 PWM output clock periods, _ +0.18 _ %D

3 sigma values, Sens = 9 mV/G

QUIESCENT VOLTAGE OUTPUT (QVO)
Quiescent Voltage Output Vout@@ | Ta=25°C 2.45 2.5 2.55 \

Quiescent Voltage Output
Equivalent PWM

PWM CARRIER FREQUENCY

D |Ta=25°C,Vec=45t055V 49 50 51 %D

Carrier Frequency fowm Tpo=25°C 3.6 4 4.4 kHz
SENSITIVITY
Sensitivity Temperature Coefficient TCsens E)r%%:;n;?(;dsfé Ta = 150°C, calculated relative 0.08 0.12 0.16 %I°C

A1359LLETR-T, _ — oo

A1359LLETR-MS-T B =+125G, Ty =25°C 8.73 9.0 9.27 mV/G
Analog Sensitivity? Sen AM359LLETRRPT

A1359LLETR-RP-MS-T B=#125G, T,=25°C | -9.27 -9.0 -8.73 mV/G
ERROR COMPONENTS

i 1.75V <Vgyr<3.25V -57.4 - +57.4 mV

PWM to Analog Output Mismatch8 VOUTERR

VOUT =125 V, VOUT =375V -85 — +85 mV
Linearity Sensitivity Error? Lingrr - 0.5 - %
Symmetry Sensitivity Error® SyMmegrr - +0.5 - %

Ratiometry Quiescent Voltage
Output Error10

Across supply voltage range, _ _ o
Ratvout(@) | (relative to Ve = 5 V) 05 %

Ratiometry Sensitivity Error? Ratgens /(“;gll’gfi»jestlopsly Vf'?gf)’ range, - 0.5 - %
cc =

Tp = 25°C, across supply voltage range, (relative

Ratiometry Clamp Error0 RatyoutcLp 6 Ve =5 V) - +0.5 - %
cc=

Quiescent Voltage Output Drift Through i ero B _

Temperature Range AVourq) | Ta=150°C 7 7 mv

Sensitivity Drift Due to Package ASenspyg | Ta = 25°C, after temperature cycling - +2 - %

Hysteresis

11 G (gauss) = 0.1 mT (millitesla).

2 At power-up, the output is held low until V¢ exceeds Vi on- When the device reaches the operational power level, the output remains valid until
V¢ drops below Vi, oo, When the output is pulled low.

3 Determined by design and characterization, not evaluated at final test.

4f, varies as much as approximately +20% across the full operating ambient temperature range and process.

5V pL and V¢ py scale with V¢, due to ratiometry.

6 Load capacitance and resistance directly effects the rise time of the PWM output by t, = 0.35x2x xR xC,.

7 Room temperature sensitivity can drift, ASens, g, by an additional 3% (typical worst case) over the life of the product.

8 See Characteristic Definitions section.

9 Applicable to both analog and PWM channels. Tested at Allegro factory for only the analog channel, and determined by design and characterization
for the PWM channel.

10 Applies only to the analog channel.
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Factory-Programmed Dual-Output Linear Hall-Effect Sensor IC

A1359

With Analog and Pulse-Width-Modulated Outputs

CHARACTERISTIC DEFINITIONS

Power-On Time: When the supply is ramped to its operating
voltage, the device requires a finite time to power its internal
components before supplying a valid PWM output duty-cycle.
Power-On Time for analog output, tpgyour 1S defined as the time
it takes for the output voltage to settle within £10% of its steady-
state value after the power supply has reached its minimum speci-
fied operating voltage, Vc(min)- (See Figure 1.)
Power-On Time is specified in a different way for the PWM out-
put than the analog output. For the PWM output, the Power-On
Time, tpopw, 1S defined as the time it takes for the duty cycle to

settle within £10% of the target steady state value from the time
the power supply has reached the minimum specified operating

voltage, Ve (min)- (See Figure 2.)
Response Time: The time interval, tgzsponsepwm OF
tRESPONSEVOUT > DEtween: a) when the applied magnetic field
reaches 90% of its final value, and b) when the sensor IC reaches
90% of its output corresponding to the applied magnetic field

(PWM duty cycle or analog V1 ). Figure 3 illustrates an
example with the PWM output. Response time is conceptually

the same for the analog output.

\Y
V,
Veeltyp) — +— — — R
! Vour
90% Vour —|— — + — — —
{ Vee
/
{
! \
. ! Vee(ming fm—————————"—"""—""—"——"—"—"— — — — —
Vee(min) —[— 4 — \
/ t, | Time
! POVOUT v
/ | L1
," t4= time at which power supply reaches J I i —
,,,' minimum specified operating voltage \ First valid duty cycle | Time
! t,= time at which output voltage settles | \
! within £10% of its steady state value \ t |
! under an applied magnetic field | POPWM -
I}
U
0 +
Figure 1: Definition of Analog Power-On Time, tpgyout Figure 2: Definition of PWM Power-On Time, tpopwm

ADC — DC corresponds to the A field
BDC — DC corresponds to the B field
CDC - DC corresponds to the 0.9%C field

1ms 0.9xC
C
B-field A R
h Time
CDC
PWMOUT
Propagation Response
Time

Delay

Figure 3: Definition of Response Time for PWM output

Allegro MicroSystems, LLC

115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.

1.508.853.5000; www.allegromicro.com

MicroSystems, LLC



A1359

Factory-Programmed Dual-Output Linear Hall-Effect Sensor IC
With Analog and Pulse-Width-Modulated Outputs

Delay to Clamp: A large magnetic input step may cause the
clamp to overshoot its steady-state value. The delay to clamp,
teLpvours 18 defined as the time it takes for the output voltage to
settle within 1% of its steady-state value after initially passing
through its steady-state voltage. This is conceptually the same for
the PWM output duty cycle settling to the steady-state value. (See
Figure 4.)

Quiescent Voltage Output: In the quiescent state (no signifi-
cant magnetic field: B = 0 G), the analog output, Vyr, is ratio-
metric to the supply voltage, V¢, throughout the entire operating
range of V. The PWM output, Vpwmour, bY Virtue of being a
% duty-cycle will remain at 50% nominal throughout the entire
V¢ operating range (4.5 to 5.5 V).

Quiescent Output Drift through Temperature Range:
Due to internal component tolerances and thermal consider-
ations, the Quiescent Voltage Output, Vyr(q), may drift from
its nominal value across the operating ambient temperature, T, .
For purposes of specification, the Quiescent Voltage Output Drift
Through Temperature Range, AV gy (mV), is defined as:

AVour) = Vour@yra)— YoutQ)@esec) (1)

Sensitivity: Assuming the sensitivity of the device is posi-
tive (Positive Polarity: A1359LLETR-T, A1359LLETR-MS-T),
the presence of a south-polarity magnetic field perpendicular

to the branded surface of the package face increases the output
voltage from its quiescent value toward the supply voltage rail.

Magnetic Input Signal
P e e e e
1
VeLPHIGH) + —
— tCLPPWM or VPWMOUT or VOUT §
2 t >
= CLPVOUT ?
= O 2
27 E £
50 . . . o
O 5 |/i ty=time at which output voltage initially S
g2 | reaches steady state clamp voltage 5
— 1 ©
g >ch ," t,= time at which output voltage settlesto | =
! within 1% of steady state clamp voltage

The amount of the output voltage increase is proportional to the
magnitude of the magnetic field applied. Conversely, the applica-
tion of a north-polarity field decreases the output voltage from

its quiescent value. For the case of the reverse polarity device
(A1359LLETR-RP-T, A1359LLETR-RP-MS-T), the presence

of a south-polarity magnetic field perpendicular to the branded
surface of the package face decreases the output voltage from its
quiescent value toward the ground rail. The amount of the output
voltage decrease is proportional to the magnitude of the magnetic
field applied. Conversely, the application of a north-polarity field
increases the output voltage from its quiescent value. This pro-
portionality is specified as the magnetic sensitivity, Sens (mV/G),
of the device and is defined as:

Vout®ros) — YouTBNEG)
Sens =
BPOS - BNEG

where BPOS and BNEG are two magnetic fields with opposite
polarities.

2

Sensitivity Temperature Coefficient: Device sensitiv-

ity changes as temperature changes, with respect to its pro-
grammed Sensitivity Temperature Coefficient, TCqpng. TCspng
is programmed at 150°C, and calculated relative to the nominal
sensitivity programming temperature of 25°C. TCqpyg (%/°C) is
defined as:

Sens, — Sens 1
TCqpns = [M x 100%] (TZ—TIJ 3)

Senst;

where T1 is the nominal Sens programming temperature of 25°C,
and T2 is the TCqgng programming temperature of 150°C. The
ideal value of Sens through the full ambient temperature range,
Sensippar(ta) 1s defined as:

Sensipgar(ra) = Senstix [100% +TCgens (Tp ~T1)] “4)

Sensitivity Drift Due to Package Hysteresis: Package
stress and relaxation can cause the device sensitivity at Ty = 25°C
to change during and after temperature cycling. This change in
sensitivity follows a hysteresis curve. For purposes of specifica-
tion, the Sensitivity Drift Due to Package Hysteresis, ASenspk,
is defined as:

time (us)
Figure 4: Definition of Delay to Clamp ASenspyg = Senssecy ~ SenSpse)1 %100 (%) (5)
SenS(25oC)1
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A1359

Factory-Programmed Dual-Output Linear Hall-Effect Sensor IC
With Analog and Pulse-Width-Modulated Outputs

where Sens 5oy is the programmed value of sensitivity

at Ty = 25°C, and Sensysoc), is the value of sensitivity at

T, = 25°C, after temperature cycling T, up to 150°C, down to
—40°C, and back to up 25°C.

Linearity Sensitivity Error: The A1359 is designed to provide
linear output in response to a ramping applied magnetic field.
Consider two magnetic fields, B1 and B2. Ideally, the sensitivity
of a device is the same for both fields, for a given supply voltage
and temperature. Linearity error is present when there is a differ-
ence between the sensitivities measured at B1 and B2.

Linearity Sensitivity Error is calculated separately for the positive
(Lingrrpos) and negative (Lingrrngg ) applied magnetic fields.
Linearity error (%) is measured and defined as:

. Sensgposa
Linggrpos =( " Sensapos %100 (%)
. SenspnEG?
Lingprneg =|1- S — X100 (%) (6)

where:

Vout®x — Vour )
B (7

X

Sensg, =

and BPOSx and BNEGx are positive and negative magnetic
fields, with respect to the quiescent voltage output such that

Bposz > Bposi and Bygga > Baggi-
Then:

Linggg = max(\Lingrrpos|, [Lingrrnea|) ®)

Clamping Range: The output voltage clamps, V¢ py and
VcrpL» limit the operating magnetic range of the applied field in
which the device provides a linear output. The maximum posi-
tive and negative applied magnetic fields in the operating range
can be calculated:

Verpaony — YoutQ)

[BPOS(max)| = Sens

Vout) — Verpow)
Sens ©

IBNEG(max)| =

Symmetry Sensitivity Error: The magnetic sensitivity of the
A1359 device is constant for any two applied magnetic fields of
equal magnitude and opposite polarities. Symmetry Sensitivity
Error, Symgrp (%), is measured and defined as:

Sensgpos
Symggg = [1—

(10)

SensgNeg

] x 100 (%)

where Sensg, is as defined in equation 7, and BPOS and
BNEG are positive and negative magnetic fields such that

IBpos| = IBxnegl-

Ratiometry Error: The A1359 provides a ratiometric output.
This means that the quiescent voltage output, Voyr(q), mag-
netic sensitivity, Sens, and clamp voltage, V- pyy and Vp pr, are
proportional to the supply voltage, V¢ . In other words, when
the supply voltage increases or decreases by a certain percent-
age, each characteristic also increases or decreases by the same
percentage. Error is the difference between the measured change
in the supply voltage relative to 5 V, and the measured change in
each characteristic.

The ratiometric error in quiescent voltage output, Ratyoyrq)
(%), for a given supply voltage, V¢, is defined as:

Vouryvee) / Youtysvy
Vee/5V

Ratgrryour(Q) =[1— ] x100 (%) (11)

The ratiometric error in magnetic sensitivity, Ratg,, (%), for a
given supply voltage, V-, is defined as:

SenS(Vcc) / SenS(SV)
Vee/5V

RatERRSens = [1 J x 100 (%) (12)

The ratiometric error in the clamp voltages, Ratyqoyrcrp (%), for
a given supply voltage, V(, is defined as:

Vereeveey/ Verresv)
Ve /5 V

Ratyoyrcrp = [1 ] x100 (%) (13)

where VCLP is either VCLPH or VCLPL'

Note: Equations 11 and 13 apply to the analog channel (V).
only. Recall that for the PWM output, the 0 G output is 50% from
4.5t0 5.5 V. However, as sensitivity is ratiometric with Vc for
both analog and PWM channels, equation 12 applies to both the
analog and the PWM channels.
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A1359 Factory-Programmed Dual-Output Linear Hall-Effect Sensor IC
With Analog and Pulse-Width-Modulated Outputs

Duty Cycle Jitter: The duty cycle of the PWM output may
vary slightly over time despite the presence of a constant applied
magnetic field and a constant Carrier Frequency, fpyy,, for the VUVLOHI

. . . " ) o
PWM signal. This phenomenon is known as jitter, Jitterpyy (%), Vee i VuvioLo L
and is defined as: A >4
| | |
. Dg(max) — Dg(min) T ] I
JltterPWM =% > (14) } tUVLO—H‘ }4— }
\ \
where Dg(max) and Dg(min) are the maximum and minimum VPWMOUT | \

duty cycles, measured in 1000 PWM clock periods, in a constant orVout
applied magnetic field.

Undervoltage Lockout: The A1359 features an undervolt-
age lockout function that ensures that the device will output a
valid signal when V¢ is above a certain threshold, Vv omr» Figure 5: UVLO operation
and remains valid until V¢ falls below a lower threshold,

VuvLoLow- The undervoltage lockout feature provides a hyster-

esis of operation to eliminate indeterminate output states.

time

The output of the A1359 is held low (GND) until V¢ exceeds *Vewmout (V) V%ng\rjf
. igi +

Vuviomnr - When Vi exceeds Vv onr» the device powers-up ool "

and the output provides a ratiometric output voltage proportional 375

to the input magnetic signal, and V. If V¢ should drop back

down below Vv orLow for more than t,,,, after the device is 325

powered-up, the output would be pulled low. (See Figure 5.)

PWM to Analog Output Mismatch: When comparing the
PWM output to the analog output for channel mismatch, the
following equation is used to convert PWM (% D, duty cycle) to

voltage (V): 1.75

Vewmour = D) * Difield) = Vour(q) < 20.0 %D/ V 125

+Vourm) * 21.0%D/V (15)
where: -
125 175 325 375 Lygur()
D) is the quiescent PWM signal with no input field (B =0 G), Analog Channel
and Df¢jg) is the PWM signal in response to the input magnetic
field. In other words, the product of PWM sensitivity (%D/G) Figure 6: Definition of PWM to Analog Output
and input magnetic field (G). (See Figure 6.) Mismatch, Voyterr
Allegro MicroSystems, LLC 9
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A1359

Factory-Programmed Dual-Output Linear Hall-Effect Sensor IC
With Analog and Pulse-Width-Modulated Outputs

5V

VvCC

ReuLLup
A1359
PWMOUT
VOUT !
|
R —— C.
GND T 470F

Optional: Recommended
for EMC robustness

Figure 7: Typical Application Circuit

Chopper Stabilization Technique

When using Hall-effect technology, a limiting factor for
switchpoint accuracy is the small-signal voltage developed across
the Hall element. This voltage is disproportionally small relative
to the offset that can be produced at the output of the Hall sensor
IC. This makes it difficult to process the signal while maintain-
ing an accurate, reliable output over the specified operating
temperature and voltage ranges. Chopper stabilization is a unique
approach used to minimize Hall offset on the chip. Allegro
employs a technique to remove key sources of the output drift
induced by thermal and mechanical stresses. This offset reduction
technique is based on a signal modulation-demodulation process.
The undesired offset signal is separated from the magnetic field-
induced signal in the frequency domain, through modulation.

The subsequent demodulation acts as a modulation process for
the offset, causing the magnetic field-induced signal to recover
its original spectrum at base band, while the DC offset becomes

a high-frequency signal. The magnetic-sourced signal then can

Regulator

irlﬁf

Hall Element l_l_é
|

pass through a low-pass filter, while the modulated DC offset

is suppressed. In addition to the removal of the thermal- and
stress-related offset, this novel technique also reduces the amount
of thermal noise in the Hall sensor while completely removing
the modulated residue resulting from the chopper operation. The
chopper stabilization technique uses a high-frequency sampling
clock. For demodulation process, a sample-and-hold technique

is used. This high-frequency operation allows a greater sampling
rate, which results in higher accuracy and faster signal-processing
capability. This approach desensitizes the chip to the effects

of thermal and mechanical stresses, and produces devices that
have extremely stable quiescent Hall output voltages and precise
recoverability after temperature cycling. This technique is made
possible through the use of a BiICMOS process, which allows the
use of low-offset, low-noise amplifiers in combination with high-
density logic integration and sample-and-hold circuits.
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Figure 8: Concept of Chopper Stabilization Technique
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A1359

Factory-Programmed Dual-Output Linear Hall-Effect Sensor IC
With Analog and Pulse-Width-Modulated Outputs
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