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A19571
Large Air Gap, Vibration-Tolerant,

GMR Transmission Speed and Direction Sensor IC

FEATURES AND BENEFITS

* GMR technology delivers high magnetic sensitivity for
large air gaps and minimal jitter

e SolidSpeed Digital Architecture provides robust,
adaptive performance with advanced algorithms that
provide vibration immunity over the full target pitch

* Flexible orientation allows parallel or perpendicular
placement to the magnet

e IS0 26262 ASIL B with integrated diagnostics and
certified safety design process

 EEPROM ecnables traceability throughout product life
cycle

.=ﬂ BY ALLEGRO

SOLIDSPEED ™ &/GMR

DIGITAL ARCHITECTURE

PACKAGE: .

N
ASIL

DESCRIPTION

The A19571 is a magnetic sensor integrated circuit (IC) that
uses giant magnetoresistance (GMR) technology to encode the
speed and direction of rotating ring magnets. Using a state-of-
the-art GMR stack design integrated with a BICMOS process,
the IC differentially measures magnetic fields and applies
advanced digital processing to robustly measure ring magnets
commonly used in automotive transmissions.

The A19571 features Allegro’s SolidSpeed Digital Archi-
tecture for robust and reliable target tracking that adapts to
changes in the air gap and the environment. Its advanced
algorithms distinguish vibration from rotation to provide
reliable speed and direction information to a controller.

The IC has been designed to a certified ISO 26262 design
process to allow easy integration into high safety level systems.
Integrated diagnostics are used to detect an IC failure that
impacts the output protocol’s accuracy, providing coverage
compatible with ASIL B compliance.

The A19571 is provided in a 2-pin miniature SIP package

2-Pin SIP (suffix UB) that is lead (Pb) free, with tin leadframe plating.
(suffix UB) The UB package includes an IC and capacitor integrated into
a single overmolded package, with an additional molded
lead-stabilizing bar for robust shipping and ease of assembly.
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Large Air Gap, Vibration-Tolerant,

A19571 GMR Transmission Speed and Direction Sensor IC

SELECTION GUIDE

SELECTION GUIDE*

Part Number Packing
A19571LUBBTN-FSNPH
A19571LUBBTN-RSNPH

Tape and Reel, 4000 pieces per reel

* Not all combinations are available. Contact Allegro sales for availability and pricing
of custom programming options.

Configuration Options
g N p

A19571 L UBB TN - EDDDD

N

Fault Detection Mode
-A — ASIL Protocol Enabled
[Blank] — ASIL Protocol Disabled

Vibration Immunity / Direction Change
L — Low vibration immunity with immediate direction-change detection
H — High vibration immunity without immediate direction-change detection

Non-Direction Pulses
B — Non-direction pulses disabled
P — Non-direction pulses enabled

Output Protocol
N — Narrow pulse widths
W — Wide pulse widths

Number of Pulses
S — One pulse per pole-pair
D — Two pulses per pole-pair

Forward Rotation Direction
F — VCC pin to GND pin
R — GND pin to VCC pin

Packing Instructions

Package Designation

Operating Temperature Range

Allegro Identifier and Device Type
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A19571 Large Air Gap, Vibration-Tolerant,
GMR Transmission Speed and Direction Sensor IC

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
Characteristic Symbol Notes Rating Unit
Supply Voltage Vee Refer to Power Derating section 28 \%
Reverse Supply Voltage Vree -18 \%
Operating Ambient Temperature Ta —40 to 150 °C
Maximum Junction Temperature T jmax) 165 °C
Storage Temperature Tsig —651to0 170 °C
Applied Magnetic Flux Density B In any direction 500 G

INTERNAL DISCRETE CAPACITOR RATINGS

Characteristic Symbol Test Conditions Value Unit

Nominal Capacitance CsuppLy Connected between pin 1 and pin 2; see Figure 2 10 nF

PINOUT DIAGRAM AND TERMINAL LIST

|
: Package |
| |
| |
| |
| Silicon |
|
| |
|
|
| 0—' '—0 :
| CsuppLy I
L1
1 2
Vee Vout = lcc X RL
T
Package UB, 2-Pin SIP Pinout Diagram
Terminal List Table
Pin Name Pin Number Function Figure 2: Application Circuit
VCC 1 Supply Voltage
GND 2 Ground
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Large Air Gap, Vibration-Tolerant,

A19571 GMR Transmission Speed and Direction Sensor IC

OPERATING CHARACTERISTICS: Valid over operating voltage and temperature ranges, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. [1] Max. Unit

ELECTRICAL CHARACTERISTICS

Voltage across pin 1 and pin 2;
[2] -
Supply Voltage Vee does not include voltage across R, 4 24 v
Undervoltage Lockout Vecwy) - - 3.95 \
Reverse Supply Current[3] Irce Ve =-18V -10 - - mA
Supply Zener Clamp Voltage Vzsupply lcc =19 mA 28 - - \
lccowy | Low-current state 5.9 7 8.4 mA
Supply Current -
lccrigry | High-current state 12 14 16 mA
Supply Current Ratio [4] IFC(H'GH)/ Ratio of high current to low current (isothermal) 1.9 - - -
CC(LOW)
ASIL Safety Current leAULT 1.5 3 3.9 mA
POWER-ON CHARACTERISTICS
Power-On State POS VCC > VCC(min) ICC(LOW) mA
Power-On Time [51 oo Tlm_e fro_m Vee > Vegminy to when IC enters _ _ 1 ms
Calibration mode
OUTPUT CHARACTERISTICS
Voltage measured at device GND, see Typical
Output Rise, Fall Time t, t Application Circuit; R, =100 Q, C = 10 pF, - 2 4 us
measured between 10% and 90% of the signal
Warning Fault Pulse Width [6] turauLTw) | Refer to Figure 13 - 90 - us
Critical Fault Pulse Width [6] turauLtc) | Refer to Figure 13 3 - 6 ms

[ Typical values are at T, = 25°C and V¢ = 12 V. Performance may vary for individual units, within the specified maximum and minimum limits.

[2] Maximum voltage must be adjusted for power dissipation and junction temperature; see representative Power Derating section.

[31Negative current is defined as conventional current coming out of (sourced from) the specified device terminal.

141 Supply current ratio is taken as a mean value of Iccqniany / Iecow):

[51 Output transients prior to tpg should be ignored.

(6] Pulse width measured at threshold of (Iccqniiy + Iccqow)) / 2 ASIL Safe State Current Time is measured at the threshold of (Ipaypr + Iccow)) / 2-

Continued on the next page...
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A19571

Large Air Gap, Vibration-Tolerant,
GMR Transmission Speed and Direction Sensor IC

OPERATING CHARACTERISTICS (continued): Valid over operating voltage and temperature ranges,

unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. [1] Max. Unit
NARROW PULSE WIDTH OPTION (-xSNxx VARIANTS)
Forward Pulse Width (6] twFw) 38 45 52 us
Reverse Pulse Width (6] tw(reV) 76 90 104 us
Nondirection Pulse Width [6] twnD) 153 180 207 us
Operating Frequency,
Forward Rotation [7] frwo 0 - 12 kHz
Operating Frequency,
Reverse Rotation [7] frev 0 - 7 kHz
Operating Frequency,
Nondirection Pulses [7] fno 0 - 4 kHz
WIDE PULSE WIDTH OPTION (-xSWxx VARIANTS)
Forward Pulse Width (6] twFw) 38 45 52 us
Reverse Pulse Width 6] tw(REV) 153 180 207 us
Nondirection Pulse Width [6] twND) 306 360 414 us
Operating Frequency,
Forward Rotation [7] frwo 0 - 12 kHz
Operating Frequency,
Reverse Rotation [7] frev 0 - 4 kHz
Operating Frequency,
Nondirection Pulses [] fno 0 - 22 kHz
INPUT CHARACTERISTICS AND PERFORMANCE
. . ) ) Differential peak-to-peak magnetic input
[8] - -
Operating Differential Magnetic Input BpiFF(pk-pk) signal: see Figure 7 5 G
Operating Differential Magnetic Range [€] Bpirr Differential magnetic input range; see Figure 7 -300 - 300 G
Operating Differential Magnetic Offset Bpirrext | Differential magnetic offset; see Figure 7 —40 - 40 G
Operat!ng Single-Ended Bx Field Bx Refer to Figure 8 for field orientations =50 - 50 G
Magnitude
Bounded amplitude ratio within Tyynpow!?; no
Operating Magnetic Input Signal AB missed output transitions or flat line condition; 0.6 _ _ _
Variation DIFF(pk-pk) | possible incorrect direction information; )
see Figure 4 and Figure 5
Operating Magnetic Input Signal T Rolling window where ABpgr pi-pk) cannot 3 _ _ T
Window WINDOW | exceed bounded ratio; see Figure 4 and Figure 5 CYCLE
Operate Point Bop % of peak-to-peak |C-processed signal - 70 - %
Release Point Brp % of peak-to-peak IC-processed signal - 30 - %
Required amount of amplitude separated
Switch Point Separation Boirr(sp-sep) | between channels at each Bop and Bgp 20 - - %BpiFF(ok-pk)
occurrence; see Figure 6

[7) Maximum Operating Frequency is determined by satisfactory separation of output pulses: Iocq ow) Of twEwpymin:
[8] Differential magnetic field measured for Channel A (E1-E3) and Channel B (E2-E4) independently; see Figure 11. Magnetic field is measured in the By direction; refer to Figure 8

through Figure 10.

[91 Symmetrical signal variation is defined as the largest amplitude ratio from B, to B,, + Tywnpow- Signal variation may occur continuously while Bppr remains in the operating magnetic

range.

Continued on the next page...
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A19571 Large Air Gap, Vibration-Tolerant,
GMR Transmission Speed and Direction Sensor IC

OPERATING CHARACTERISTICS (continued): Valid throughout full operating voltage and ambient temperature ranges,
unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. [1] Max. Unit
THERMAL CHARACTERISTICS
Magnetic Temperature Coefficient[10] TC Valid for full temperature range based on ferrite - 0.2 - %/°C
Package Thermal Resistance Reua Single-layer PCB with copper limited to solder pads - 213 - °C/W
PERFORMANCE CHARACTERISTICS (-xSxxH VARIANTS)
Vibration Immunity Startup Erryigsu) 2 - - Tevele
Vibration Immunity Running Mode Erryig 2 - - Tevele
Initial Calibration [11] Teal - - 4 Tevele
First Direction-Pulse Output Following _ _ 4 T
Direction Change [11] CYCLE
First Direction-Pulse Output Following _ _ 4.95 T
Startup Mode Vibration [11] : CYCLE
First Direction-Pulse Output Following _ _ 4.05 T
Running Mode Vibration [11] . CYCLE
PERFORMANCE CHARACTERISTICS (-xSxxL VARIANTS)
Vibration Immunity Startup Erryigsu) 0.06 - - Tevele
Vibration Immunity Running Mode Erryig 0.03 - - Tevele
Initial Calibration [11] TCAL - - 4 TCYCLE
First Direction-Pulse Output Following _ _ 175 T
Direction Change [111[12] : CYCLE
First Direction-Pulse Output Following _ _ 3.75 T
Startup Mode Vibration [111[12] : CYCLE
First Direction-Pulse Output Following _ _ 3.75 T
Running Mode Vibration [111[12] : CYCLE

[10] Magnets decrease in strength with increasing temperature. The temperature coefficient compensates to help maintain a consistent maximum air gap over temperature.

[11] Rotational frequencies < 1 kHz. Rotational frequencies above 1 kHz may require more input magnetic cycles until output edges are achieved.

[121 1t is possible with the -xxxxL variant to get incorrect direction pulses during direction change and vibration. See Direction Changes, Vibrations, and Anomalous Events
section for further details.
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A19571 Large Air Gap, Vibration-Tolerant,
GMR Transmission Speed and Direction Sensor IC

1 TCYCLE |

Boier /_\_/\

Tevele = Target Cycle; the amount of rotation that
moves one north pole and one south pole
across the sensor

Bpier = Differential Input Signal; the differential magnetic
flux density sensed by the sensor

Figure 3: Definition of Tgyc g

B
r B,
ABDIFF(pk-pk) = # m=1,2,..., Twwinpow
n
Bnﬂn
Applied By W
S— —

-
T

Window

Figure 4: Single Period-to-Period Variation

n+m

ABprrFph-pk) =1,2,...,Twinpow

Applied BDFF%WWM

Wlndow

Figure 5: Repeated Period-to-Period Variation
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A19571 Large Air Gap, Vibration-Tolerant,
GMR Transmission Speed and Direction Sensor IC

Teveie
A \ N\
A
BDIFF(SP)" / \ // \
Boirror, {
®0P) / )J(BOP) \ / \\\ChanneIB
BoiFF(pkepk) \ 8 /
BD\FF(BRP) A \( re) Channel A
A\ /
Boirr(s)
Yy \ Boirr(sp-sep) = DS
Y (SP-SEP) Boirr(pkpk)

Figure 6: Definition of Switch Point Separation

Boirr
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Applied Bpirr BoiFr(piepk)
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Figure 7: Input Signal Definition
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A19571 Large Air Gap, Vibration-Tolerant,
GMR Transmission Speed and Direction Sensor IC

FUNCTIONAL DESCRIPTION

The A19571 sensor IC contains a single-chip GMR circuit that Installation Orientation Flexibility
uses spaced elements. These elements are used in differential

pairs to provide electrical signals containing information regard-
ing edge position and direction of rotation. The A19571 is
intended for use with ring magnet targets.

The A19571 can be installed in a parallel, perpendicular, or any
orientation in between with respect to the ring magnet. Refer to
Figure 8, Figure 9, and Figure 10 for parallel and perpendicular

orientations of the sensor.
The IC detects the peaks of the magnetic signals and sets

dynamic thresholds based on these detected signals.

Bx

By >l
Bz

Pin 1

Figure 8: UB Package Orientation

B
Rotation ¢
Rotation
Pin 1
Figure 9: UB Package Parallel Orientation Figure 10: UB Package Perpendicular Orientation
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A19571

Large Air Gap, Vibration-Tolerant,

GMR Transmission Speed and Direction Sensor IC

Data Protocol Description

When a target passes in front of the device (opposite the branded
face of the package case), the A19571 generates an output pulse
for each magnetic pole-pair (-xSxxx variant) of the target. Speed
information is provided by the output pulse rate, while direction
of target rotation is provided by the duration of the output pulses.
The sensor IC can sense target movement in both the forward and
reverse directions.

_—

N S N
Device Orientation to Target

(Pinzside)r.l E4 E3|E2 E1'C 1 (Pin 1 Side)
ol B

Channel B
Element Pitch —<——»

‘ /— Package Case Branded Face
‘ '

«——»'—Channel A
Element Pitch

(Top View of
Package Case)

Mechanical Position (Target moves past device pin 1 to pin 2)
Target

This pole . N This pole
sensed earlier (Radial Ring Magnet) sensed later
— 1 N | = N [ —

Target Magnetic Profile |<———— Channel

+B“ ‘ | Element Pitch

IC Internal Differential Analog Signals, Bprr

ChannelA_

Channel B

Detected Channel vaitchinq‘ |
|

Channel A 4’—’—\_’_,7
[
Channel B ‘ ‘, ‘ | ‘ I
\

Device Output Signal‘

lccHigH) — — — —

\
S S N S

lccLow)

Figure 11: Basic Operation

Forward Rotation. For the -Fxxxx variant, when the target is
rotating such that a target feature passes from pin 1 to pin 2, this
is referred to as forward rotation. This direction of rotation is
indicated on the output by a tyrwp) pulse width. For the -Rxxxx
variant, forward direction is indicated for target rotation from pin
2to 1.

Reverse Rotation. For the -Fxxxx variant, when the target

is rotating such that a target feature passes from pin 2 to pin 1,
this is referred to as reverse rotation. This direction of rotation is
indicated on the output by a tyrgy) pulse width. For the -Rxxxx
variant, reverse direction is indicated for target rotation from pin
1 to 2.

Output edges are triggered by Bppp transitions through the
switch points. On a crossing, the output pulse of Ioc gy 1S pres-

ent for tW(FWD) or tW(REV)'

The IC is always capable of properly detecting input signals up
to the defined operating frequency. At frequencies beyond the
operational frequency specifications (refer to Operational Fre-
quency specifications), the Ioc gy pulse duration will collide
with subsequent pulses.

ICC(HIGH) — pr—

twEwo) twrwo)

ICC(LOW)

Figure 12: Output Timing Example (-xSxxx variant)
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A19571

Large Air Gap, Vibration-Tolerant,

GMR Transmission Speed and Direction Sensor IC

ASIL Safe State Output Protocol

The xxxxx-A variant contains diagnostic circuitry that will
continuously monitor occurrences of failure defects within the
IC. Refer to Figure 13 for the output protocol of the ASIL safe
state after an internal defect has been detected. Warning faults
will result from faults due to overfrequency conditions from the
input signal. Critical faults will result from hard failures detected
within the A19571 such as a regulator and front end fault.

Note: If a fault exists continuously, the device will stay in perma-
nent safe state. Refer to the A19571 Safety Manual for additional
details on the ASIL Safe State Output Protocol.

Magnetic
Encoder N S N S
ICC(HIGH)
Normal
Operation
ICC(LOW) (‘()
I
Warning CC(HIGH) Error
Fault ® S
«

lccow) |_|

IFAULT

twFEauLtw)

lccion)
Critical ~
Fault \

|
cC(Low) (g
leauLT |—8?—|

First Direction Pulse Output

First Direction Output Pulse

)

Figure 13

4> @«

twFauLTc)

: Output Protocol of the -xxxBx-A Variant (ASIL Safe State)
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A19571

Large Air Gap, Vibration-Tolerant,
GMR Transmission Speed and Direction Sensor IC

Calibration and Direction Validation

When power is applied to the A19571, the built-in algorithm per-
forms an initialization routine. For a short period after power-on,
the device calibrates itself and determines the direction of target
rotation. For the -xxxPx variant, the output transmits nondirection
pulses during calibration (Figure 14). For the -xxxBx variant, the
output does not transmit any pulses during calibration.

Once the calibration routine is complete, the A19571 will trans-
mit accurate speed and direction information.

<+— Target Rotation

Target I I
Differential _ _ )/ __ S /AN W
Magnetic |
Profile I I |
[ tw(Fwb) OF tw(Fwp) or
| : ! tWI(ND) | | tw(ND) | | twREV) ” twREV) _»I-I'__
Opposite tw(Fwo) or tw(Fwp) o
north poIeT | | twnp _’I I‘_ tw(ND) —* | |' twRey) ” ‘ twREV) ”
Opposite [ I tw(Fwb) Or tw(Fwb) Or
N—$ boundary R Nl ooy - D | fw(REV) _’”‘__
lcc . | t or t or
Opposite W(FWD) W(FWD)
sout poIeT | twnp) —’H* tW(REV) _’”‘_ twrey) ” '
Opposite

S—N boundary
1 |
Device Location at Power-On

Figure 14: Calibration Behavior of the -xSxPH Variant
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A19571

Large Air Gap, Vibration-Tolerant,

GMR Transmission Speed and Direction Sensor IC

Direction Changes, Vibrations, and
Anomalous Events

During normal operation, the A19571 will be exposed to changes
in the direction of target rotation (Figure 15), vibrations of the
target (Figure 16), and anomalous events such as sudden air

gap changes. These events cause temporary uncertainty in the
A19571’s internal direction detection algorithm.

The -xxxxL variant may output an incorrect direction pulse
during direction change and vibration, the -xxxPH variant may
transmit nondirection pulses during direction change and vibra-
tion, and the -xxxBH variant will not transmit any pulses during
direction change and vibration.

Direction

Forward
Rotation

Change

Reverse
Rotation

ol s [

O

(o] v

Target Differential _
Magnetic Profile

lc twwwm._,ﬂ..

twiewn) ol -

twirev) _>‘_|:

-XSxBH variant

tw(rwo) _.l |<_

tW(FWD:,-I<_

-xSxPH variant

twwwm._,ﬂ.. twirwp) _.|_I<_

——I-|<—

twinp) ey _»I_li
_>|_|<_ tw(rev) —>|_|:

tw(np)

-xSxxL variant

tw(rwo) OF twrey) twirev)

Figure 15: Direction Change Behavior

Target Rotation |

Vibration

Target Rotation

Target Differential _
Magnetic Profile

——nd— tw(rwo)
—'"'— tw(rwb)

tw(rwb)

ICC
tw(rwb)

-XSxPH variant

| | —bnd— tw(rwb)
—’"‘— tw(rwb)

-xSxBH variant

P

—'"‘— tw(rwp)

tw(rwb)

—-"4— tw(rwb)

-XSxxL variant

tw(rwb) OF tw(rev)

1

Figure 16: Vibration Behavior
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A19571

Large Air Gap, Vibration-Tolerant,

GMR Transmission Speed and Direction Sensor IC

POWER DERATING

The device must be operated below the maximum junction
temperature of the device, Tjy,y). Under certain combinations of
peak conditions, reliable operation may require derating supplied
power or improving the heat dissipation properties of the appli-
cation. This section presents a procedure for correlating factors
affecting operating T;. (Thermal data is also available on the
Allegro MicroSystems website.)

The Package Thermal Resistance, Ryj,, is a figure of merit sum-
marizing the ability of the application and the device to dissipate
heat from the junction (die), through all paths to the ambient air.
Its primary component is the Effective Thermal Conductivity,
K, of the printed circuit board, including adjacent devices and
traces. Radiation from the die through the device case, Rg;c, is

a relatively small component of Ry;,. Ambient air temperature,
Ty, and air motion are significant external factors, damped by
overmolding.

The effect of varying power levels (Power Dissipation, Pp) can
be estimated. The following formulas represent the fundamental
relationships used to estimate Ty, at Pp.

Pp =V > Iy 1)
AT =Pp % Ryyy (2)
T,=T,+A4T 3)

For example, given common conditions such as:
TA: 250C, VCC =12 V, RGJA = 2130C/W, and ICC =7.15 mA,

then:

AT = Ppy % Ryyq = 85.8 mW x 213°C/W = 18.3°C
T,=T,+AT = 25°C + 18.3°C = 43.3°C

A worst-case estimate, Ppy,y), represents the maximum allow-
able power level (Vc(max) lecmax)s Without exceeding Tygaxys
at a selected Rgyp and T,.

Example: Reliability for V¢ at T, = 150°C.
Observe the worst-case ratings for the device, specifically:

Roja = 213°C/W (subject to change), Tymax) = 165°C, Voemax)
=24V, and Iccavg) = 154 mA. Iccayg) is computed using
ecmicH)max) a0d Iecowymax), With a duty cycle of 92%
computed from t,,\p)max) On-time and tpwp)(min) Off-time
(pulse-width protocol). This condition happens at a select limited
frequency.

Calculate the maximum allowable power level, Ppyy). First,
invert equation 3:
AT yax = Typpax) — Ty = 165°C - 150°C = 15°C
This provides the allowable increase to T resulting from internal
power dissipation. Then, invert equation 2:
Ppimax) = AT pax = Rojg = 15°C = 213°C/W = 70.4 mW

Finally, invert equation 1 with respect to voltage:

Vecesy = Pomay) * lccimay = 704 mW 154 mA =4.6 V
The result indicates that, at T, , the application and device can

dissipate adequate amounts of heat at voltages <V egp)-

Compare VCC(est) to VCC(max)' If VCC(est) < VCC(max)’ then reli-
able operation between V¢ esry and Ve max) requires enhanced
Roja- If Veegesty = Vecmax) then operation between V() and
VC(max) 18 reliable under these conditions.

ALLEGRO
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A19571

Large

Air Gap, Vibration-Tolerant,

GMR Transmission Speed and Direction Sensor IC
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A19571

Large Air Gap, Vibration-Tolerant,
GMR Transmission Speed and Direction Sensor IC
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Figure 17: Package UB, 2-Pin SIP
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A19571

Large Air Gap, Vibration-Tolerant,
GMR Transmission Speed and Direction Sensor IC
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