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A1341

High Precision, Programmable Linear Hall Effect Sensor I1C with EEPROM,
SENT and PWM Output Protocols, and Advanced Output Linearization

FEATURES AND BENEFITS

Advanced 32-segment output linearization functionality
enables high output accuracy and linearity in the
presence of non-linear input magnetic fields

Selectable digital SENT (Single Edge Nibble
Transmission) or PWM (Pulse Width Modulation) output
SENT output is SAEJ2716 JAN2010 compliant Allegro
Proprietary Enhanced Programmable Features

Customer programmable sensitivity offset, bandwidth,
output polarity, output clamps, 15t and 21 order temperature
compensation

Simultaneous programming of all parameters for accurate
and efficient system optimization

Factory trimmed magnetic input range (coarse
sensitivity) and signal offset

Sensitivity temperature coefficient and magnetic offset
drift preset at Allegro, for maximum device accuracy
without requiring customer temperature testing
Temperature-stable, mechanical stress immune, and
extremely low noise device output via proprietary
four-phase chopper stabilization and differential circuit
design techniques

Diagnostics for open circuit, overvoltage, and
undervoltage

Wide ambient temperature range: —40°C to 150°C
Operates with 4.5 to 5.5 V supply voltage

Package: 4-pin SIP (suffix KT)

1 mm case thickness

Not to scale

i

DESCRIPTION

The A1341 device is a high precision, programmable Hall
effect linear sensor integrated circuit (IC) with a configurable
pulse width modulated (PWM) or single edge nibble
transmission (SENT) output, for both automotive and non-
automotive applications. The signal path ofthe A1341 provides
flexibility through external programming that allows the
generation of an accurate, and customized output voltage from
a input magnetic signal. The A1341 provides 12 bits of output
resolution, and supports a maximum bandwidth of 3 kHz.

The BiCMOS, monolithic integrated circuit incorporates a
Hall sensor element, precision temperature-compensating
circuitry to reduce the intrinsic sensitivity and offset drift of the
Hall element, a small-signal high-gain amplifier, proprietary
dynamic offset cancellation circuits, and advanced output
linearization circuitry.

With on-board EEPROM and advanced signal processing
functions, the A1341 provides an unmatched level of customer
reprogrammable options for characteristics such as gain
and offset, bandwidth, output clamps, and output polarity.
Multiple input magnetic range and signal offset choices can be
preset at the factory In addition, the device supports separate
hot and cold, 15t and 214 order temperature compensation.

A key feature of the A1341 is its ability to produce a highly
linear device output for nonlinear input magnetic fields.
To achieve this, the device divides the output into 32 equal
segments and applies a unique linearization coefficient factor
to each segment. Linearization coefficients are stored in a
look-up table in EEPROM.

The A1341 is available in a lead (Pb) free 4-pin single in-line
package (KT suffix), with 100% matte tin leadframe plating.
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Figure 1: A1341 Signal Processing Path
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Selection Guide
Part Number Packing*
A1341LKTTN-T 4000 pieces per 13-in. reel
*Contact Allegro™ for additional packing options
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A1341

High Precision, Programmable Linear Hall Effect Sensor IC

With EEPROM, SENT and PWM Output Protocols, and Advanced Output Linearization

SPECIFICATIONS
Absolute Maximum Ratings
Characteristic Symbol Notes Rating Unit
Forward Supply Voltage Vee 30 \%
Reverse Supply Voltage VRree -20 \%
Forward Supply Current lcc 30 mA
Reverse Supply Current Ircc -30 mA
Forward Output Voltage (OUT Pin) Vout 30 \
Reverse Output Voltage (OUT Pin) Vrout -0.5 \
Forward Output Sink Current (OUT Pin) Isink 50 mA
Maximum Number of EEPROM Write EEPROMy(max) 100 cycle
Cycles
Operating Ambient Temperature Ta L temperature range —40 to 150 °C
Maximum Junction Temperature T,(max) 165 °C
Storage Temperature Tstg —65 to 165 °C
Thermal Characteristics may require derating at maximum conditions, see application information
Characteristic Symbol Test Conditions* Value Unit
Package Thermal Resistance Rgua 1-layer PCB with copper limited to solder pads 174 °C/W
*Additional thermal information available on the Allegro website.
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A1 3 41 High Precision, Programmable Linear Hall Effect Sensor IC
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nput power su , use ass capacitor to connect to groun
1 VCC Input p pply. byp pacitor t ttog d
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A1 3 4 1 High Precision, Programmable Linear Hall Effect Sensor IC
With EEPROM, SENT and PWM Output Protocols, and Advanced Output Linearization

ELECTRICAL CHARACTERISTICS: valid through full operating temperature range, T5, and supply voltage, V¢¢,
Cgypass = 10 nF, unless otherwise specified

Characteristics Symbol Test Conditions Min. Typ. Max. Unit1
General Electrical Characteristics
Supply Voltage Vee 4.5 - 5.5 \Y
Supply Current lcc 4 - 10 mA
Reverse Supply Current Ircc Vree = 20V - - -5 mA
Supply Zener Clamp Voltage Vzsuppy | lec = lcc(max) + 3 mA, Ty = 25°C 30 - - \Y
Hall Chopping Frequency3 fc Tp=25°C - 128 - kHz
Low Voltage Detection Threshold Vecuvoow | LVD_DIS = 0 425 44 495 v
Veewopmien| LVD_DIS =0 4.35 4.5 4.7 \Y
Power-On Reset FORwow 35 37 al v
PORuiGH 3.6 3.8 4.15 \Y
Overvoltage Lockout Threshold Veciov) OVLO_LO=1,Ta= 25°C >6 — — v
OVLO_LO =0, T,=25°C 18 - - \Y
SENT Message Duration3 tsEnT Tick time = 3 s - - 1 ms
Minimum Progrgmmable SENT tsEnTIIN Tick timg = 0.?5 us, 3 data_nibblles of _ 41 _ us
Message Duration3 information, nibble length = 27 ticks
Output Electrical Characteristics
Output Saturation Voltage Vgar Ve =4.5V, Ignk =4.6 mA - 0.3 0.45 \Y
Output Current Limit lLmiT Output FET on, Ty = 25°C 20 35 50 mA
Output Zener Clamp Voltage Vzour | Ta=25°C 30 - - \Y
Output Load Capacitance34 Cloap | OUT to GND - - 10 nF
BW = 3000 Hz - 0.5 - ms
BW = 1500 Hz - 0.8 - ms
Power-On Time56 tro BW =750 Hz - 2 - ms
BW =375 Hz - 3 - ms
BW =188 Hz - 6 - ms
BW = 3000 Hz - 0.35 - ms
BW = 1500 Hz - 0.7 - ms
Signal Propagation Delay3.6 tproP BW =750 Hz - 1.4 - ms
BW =375 Hz - 2.8 - ms
BW =188 Hz - 5.6 - ms
PWM_MODE = 1 (PWM mode), CLAMP_HIGH _ _ % %D
Full Scale Output Range3 FSO | =CLAMP_LOW =0 (PWM duty cycle)
PWM_MODE = 0 (SENT mode) - - 4095 LSB

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

2See Protection Features section.

3Determined by design.

4Clarity of a Read Acknowledge message from the device to the controller will be affected by the amount of capacitance and wire inductance on the device output. In such
case, it is recommended to slow down the communication speed, and to lower the receiver threshold for reading digital Manchester signal.

SParameter is verified by lab characterization with a limited amount of samples.

6See Definitions of Terms section.
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A1 3 4 1 High Precision, Programmable Linear Hall Effect Sensor IC
With EEPROM, SENT and PWM Output Protocols, and Advanced Output Linearization

MAGNETIC CHARACTERISTICS: valid through full operating temperature range, T, and supply voltage, Vcc, Cgypass =
10 nF, unless otherwise specified

Characteristics Symbol Test Conditions Min. Typ. Max. Unit12
Factory Programmed Device Values (Before Customer Programming)23, Voc =5V, Ty = 25°C
Magnetic Input Signal Range Bin SENS_COARSE =0 - +500 - G
Magnetic Input Signal Offset BinorrseT | SIG_OFFSET =0 - 0 - %FSI
Output Sensitivity Sens SENS_COARSE =0, SENS_MULT =0 0.097 0.1 0.103 %FSO/G
Quiescent Output OUT(q) [Bin=0G, Ta=25C 49.4 50 50.5 %FSO
PWM_MODE = 0 (SENT mode) - 4095 - LSB
ouT -
cLpH) | PWM_MODE = 1 (PWM mode) (PWM duty 948 95 95.2 %D
cycle)
Output Clamp
PWM_MODE = 0 (SENT mode) - 0 - LSB
ouT -
cte) | PWM_MODE = 1 (PWM mode) (PWM duty 48 5 52 %D
cycle)
o ) Tp=—-40°C to 25°C - <+0.03 - %/°C
Sensitivity Drift Over Temperature4 ASens
Tpo=25°C to 150°C - <+0.02 - %/°C
) Tp=—-40°C to 25°C - <+0.005 - %/°C
Output Offset Drift Over Temperature AOUT q
Tp=25°C to 150°C - <+0.005 - %/°C

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

2FSO means Full Scale Output and FSI/ means Full Scale Input. See Definitions of Terms section.

3Device performance is optimized for the input magnetic range of SENS_COARSE = 0 and input offset of SIG_OFFSET=0. If a different magnetic input range or signal
offset is required, please see the tables in the section EEPROM Customer-Programmable Parameter Reference, near the end of this document.

4Does not include drift over lifetime and package hysteresis.

50ffset drifts with temperature changes will be altered from the factory programmed values if Magnetic Input Signal Range is changed. If changes in Magnetic Input Signal
Range cannot be avoided because of application requirements, please contact Allegro for detailed information.
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A1 3 4 1 High Precision, Programmable Linear Hall Effect Sensor IC
With EEPROM, SENT and PWM Output Protocols, and Advanced Output Linearization

PROGRAMMABLE CHARACTERISTICS: valid through full operating temperature range, T,, and supply voltage, V¢,
Cgypass = 10 nF, unless otherwise specified

Characteristics Symbol Test Conditions Min. Typ. Max. Unit1
Internal Bandwidth Programming?
Bandwidth Programming Bits BW - 3 - bit
. . Tp = 25°C; for programming values, see BW in _
Bandwidth Programming Range BW EEPROM Structure section 188 3000 Hz
Bandwidth Post-Programming ABW Tp = 25°C, measured as a percentage of BW - 15 - %
Tolerance
Fine Quiescent Output?
Eli:\se Quiescent Output Programming QOUT FINE _ 12 _ bit
Fine Quiescent Output Programming QOUT_FINE| T, = 25°C, Bjy =0 G _49 _ 49 %FSO
Range
Fine Quiescent Output Programming | Stepqoyt _ opo _ _ _ o
Step Size FINE ~ To=25°C,By=0G 0.0244 %FSO
Output Sensitivity?
Output Sensitivity SENS_OUT | Tp = 25°C 0.025 - 0.18 %FSO/G
Sensitivity Multiplier Programming Bits SENS_MULT - 12 - bit
Sensitivity Multipler Programming SENS MULT| T, = 25°C 0 _ > _
Range -
Sensitivity Multiplier Programming Stepsens — oo _ _ _
Step Size MULT | Ta=25°C 0.00048
Linearization2
data
Linearization Positions Tp=25°C - 33 - sampling
point
. . . _ . LINPOS_ . . .
Linearization Position Coefficient Bits COEFF LIN_x, programmed with output fitting method - 12 - bit
Output Polarity Bit LIN_OUTPUT_INVERT - 1 - bit
Input Polarity Bit LIN_INPUT_INVERT - 1 - bit
Temperature Compensation (TC)2
1st Order Sensitivity TC Programming TC1_SENS_CLD, Tp =-40°C - 8 - bit
Bits TC1_SENS_HOT, T, = 150°C - 8 - bit
TC1_SENS_
Typical 1st Order Sensitivity TC CLD
Programming TC1_ -98 - +291 m%/°C
Range3 SENS_
HOT
1st Order Sensitivity TC Programming .
Step Size? Steprcisens - 1.53 - m%/°C
2nd Order Sensitivity TC Programming TC2_SENS_CLD, Ty =-40°C - 9 - bit
Bits TC2_SENS_HOT, T, = 150°C - 9 - bit

Continued on the next page...
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A1341

High Precision, Programmable Linear Hall Effect Sensor IC

With EEPROM, SENT and PWM Output Protocols, and Advanced Output Linearization

PROGRAMMABLE CHARACTERISTICS (continued): valid through full operating temperature range, T,, and supply volt-
age, Vce, Ceypass = 10 nF, unless otherwise specified

Characteristics Symbol | Test Conditions Min. Typ. Max. Unit1
Temperature Compensation (TC)?2 (continued)
TC2_SENS_
Typical 2nd Order Sensitivity TC CLD
ypical £ = Lrger Senstvity TC2_ -1.53 - 153 | m%/°C?
Programming Range34 SENS
HOT
2nd Order Sensitivity TC Programming .
Step Size34 Steprcasens - 0.00596 - m%/°C2
1st Order Magn_etic Offset TC TC1 OFFSET _ 8 _ bit
Programming Bits -
Typical 1st‘ Order Magnetic Offset TC TC1_OFFSET| SENS_COARSE = 0 ~0.48 _ +0.48 e
Programming Range
1st Order Magnetic Offset TC Stepres _ _ o
Step Size OFFSET 0.00381 ere
Output Clamping Range?
CLAMP_HIGH - - bit
Clamp Programming Bits
CLAMP_LOW - - bit
) OUTcipHy | Ta=25°C, Ve =5V 50.78 - 100 %FSO
Output Clamp Programming Range " .
OUTcip( | TAa=25°C, Ve =5V 0 - 49.22 %FSO
Ste Tp=25°C - 0.78 - %FSO
Clamp Programming Step Size PoLp) | A >
Stepcipqy | Ta=25°C - 0.78 - %FSO
Accuracy (After Customer Programming)
Linearity Sensitivity Error Lingrr - <1 - %
e . Variation on final programmed Sensitivity value;
282:3'?;:?; Drift Due to Package ASenspyg | measured at Ty, = 25°C after temperature - <#1 - %
Y cycling from 25°C to 150°C and back to 25°C
Sensitivity Drift Over Lifetime ASens gg ;ﬁ;iﬁgat?é:g;t?:;rAEC Q100 grade 0 - +3 - %
Quiescent Output Drift over Lifetime | AOUT gy e gﬁ;iﬁgatcic;s?g;t?::rAEC Q100 grade 0 - <1 - %
SENT Characteristics?
Vsenty | 10 kQ < Rpyp < 50 kQ - - 0.05 \
SENT Output Signal v Minimum R0 = 10 kQ 0.9 x Ve - - \Y
SENTE 1 Maximum R = 50 kQ 0.7 x Vg - - Vv
V i - - 1.2 \
SENT Output Trigger Signal SENTHig(L)
VSENTrig(H) 2.8 - - \

1 G (gauss) = 0.1 mT (millitesla).
2Determined by design.

3The unit m% = 0.001%; for example, 250 m%/°C = 0.025 %/°C = 2.5 x 10-3/°C.

4The unit m%/C2 means: (10-3 x %)/C2.
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High Precision, Programmable Linear Hall Effect Sensor IC
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CHARACTERISTIC PERFORMANCE

Average Supply Current (On) versus Supply Voltage

Average Supply Current (On) versus Temperature
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QOUT_FINE Step Size Duty Cycle
versus Ambient Temperature

Quiescent Output Duty Cycle versus QOUT_FINE Code

versus Ambient Temperature

i Allegro-

MicroSystems, LLC

0.025 100
= ® = Average + 3 sigma % 90 - - - - Code 2.048 - . - -
[0] 0.024 —@— Average >
.(/N) =& = Average — 3 sigma 2 80
%g 0.023 g Q & Code 1024
n o =< 60
w e o022 30
Z2>0 fro=—g===-- o - » =) - " =0 50
< 0O 20 Code 0
LI.| > (@) e 40
E'g oo €0 45
(o] b 20 Code 3072
Ie} 0.020 Q2
S 10 Code 4096
0.019 0
60 40 -20 0 20 40 60 80 100 120 140 160 60 40 -20 0 20 40 60 80 100 120 140 160
Ambient Temperature, ATp (°C) Ambient Temperature, ATp (°C)
Clamp Step Size Duty Cycle Quiescent Output Duty Cycle versus
versus Ambient Temperature SENS_MULT Code versus Ambient Temperature
0.80 50.50
= ® = SENS_MULT Minimum |
078 50.40 =@ SENS_MULT Code 0
0.76 50.30 =4 = SENS_MULT Maximum H
O~ —
NS o074 50.20
w é Average + 3 sigma Average §
Qo 072 o 50.10
22 o0 Average — 3 si S 5000 Pr——.
n 3 A age — 3 sigma 6 A Lg bk o L > Lg ===
g2 oes > 49.90
© 2 >
o0 o6s A  49.80
0.64 49.70
0.62 46.60
0.60 49.50
60 40 -20 0 20 40 60 80 100 120 140 160 60 40 20 0 20 40 60 80 100 120 140 160
Ambient Temperature, Ta (°C) Ambient Temperature, Ta (°C)
Sensitivity Multiplication Factor
versus Ambient Temperature
2.50
SENSDC Maximum Multiplier
2.00 > - v
5 150
S
2|
n 1.00
pd
w
%] 0.50
SENSDC Minimum Multiplier
0
-0.50
60 -40 -20 0 20 40 60 80 100 120 140 160
Ambient Temperature, Ta (°C)
Allegro MicroSystems, LLC 1 1

115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com



A1341
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FUNCTIONAL DESCRIPTION

This section provides descriptions of the operating features

and subsystems of the A1341. For more information on spe-
cific terms, refer to the Definitions of Terms section. Tables of
EEPROM parameter values are provided in the EEPROM Struc-
ture section.

Signal Processing Parameter Setting

The A1341 has customer-programmable parameters that allow
the user to optimize the signal processing performed by the
A1341. Customer-programmable parameters apply to digital
signal processing (DSP) stage. Programmed settings are stored in
onboard EEPROM. The programming communication protocol is
described in the Programming Serial Interface section.

The initial analog processing is factory programmed to match
the application environment in terms of magnetic field range and
offset. This allows optimization of the electrical signal presented
to the DSP stage:

Y,p (%FSO) = SENS_COARSE (%FSO/G) x By
+ SIG_OFFSET (%FSI)

where:

Y p is the output of the analog subsystem to the A-to-D con-
verter,

SENS COARSE is the factory-set coarse sensitivity,
By is the current magnetic input signal,
SIG_OFFSET the factory-set signal offset, and

QOUT s the quiescent voltage output with no factory compensa-
tion.

The DSP stage provides customer-programmable sensitivity
(gain) fine offset adjusting, TC processing, bandwidth, clamp,
and linearization selection.

Output is a digital voltage signal, proportional to the applied
magnetic signal, with customer-selectable formatting: either
pulse-wave modulated (PWM) or in the single edge nibble trans-
mission encoding scheme (SENT). The Full Scale Output range
is proportional to the Full Scale Input range, but is optimized by
customer-programmed parameters.

+ QOUT (%FSO) (1)
Magnetic
Si
ignal o 9 e Electrical o
Hall Factory Factory - AD
Signal Input
Plate Programmed Programmed o AD
Magnetic Signal Offset
Input Range/
Coarse
Sensitivity
AB Av

v
Magnetic
Signal

——8Uag jndu| palddy—>»

A
Electrical
Signal Input
toA/D

Figure 2: Signal Path for Analog Subsystem
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Digital Signal Processing

The digitized analog signal is digitally processed to optimize

accuracy and resolution for conversion to the device output stage.

An advanced linearization feature also is available.

BANDWIDTH SELECTION

The 3-dB bandwidth, BW, determines the frequency at which
the DSP function imports data from the analog front end A-to-D
convertor. It is programmed by setting the BW parameter in
EEPROM. The values chosen for BW and RANGE affect the
DSP stage output resolution and the Signal Response Time,
tresp- These tradeoffs are represented in the Electrical Character-
istics table, above.

TEMPERATURE COMPENSATION

The magnetic properties of materials can be affected by changes

in temperature, even within the rated ambient operating tempera-
ture range, T, . Any change in the magnetic circuit due to temper-
ature variation causes a proportional change in the device output.

The device can be compensated internally using the Temperature
Compensation (TC) circuitry. TC coefficients can be programmed
for Sensitivity and magnetic offset. The effect of temperature is
referred to as drift.

For magnetic offset, compensation for 15t Order Magnetic Offset
TC, TC1_OFFSET, is a linear algorithm accounting for effects of
ambient temperature changes during device operation (see Fig-
ure 4). It can be programmed using the TC1 _OFFSET parameter

Table 1: Bandwidth-Related Tradeoffs

Bandwidth Selection

DSP Output Resolution
[Internal Update Rate] P

Sensitivity
Multiplier
/Fine QOUT

/\/ Cp
Adjustment

TC

A

—

bit
(kHz) (bit)
Other 11to 12
3.000 [16.0] 10 to 11
Linear- Clamos —»
ization [ "] P

| t f
(5) (6]

» f !
® ’s)

\ Output

TC Codes Sensitivity A Linearization Clamps

‘ Applied IO" and Offset Coefficients Are Set
Ta=25°C Applied Applied ,
— —» —_— e /

‘ |

) U

Figure 3: Signal path for digital subsystem
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in a range of +0.48 G/°C . This compensation is applied in DSP,

A

after bandwidth selection. 5y

o QouT
Sensitivity drift compensation is customer-programmed 0) o
(described below), within a framework of programmed tempera- = - T\CLOFF oS-
ture com i i i - b SN%r S

pensation. Optional temperature compensation for Sen N ~ MYin A o >
sitivity can be applied using built-in first-order and second-order L TC1_OFFSET Code 0 ~-o¢ | 1277
algorithms. Both approaches adjust the device gain in response OI .- “1 >~ -
to input signal drift by adding or subtracting a value. The coef- S _.- - >~ -
ficients are programmed separately for temperatures above 25°C = - =
and below 25°C, as shown in Table 2. The resulting functions are >
illustrated in Figure 5. ) Ta
Figure 4: The 1st Order Magnetic Offset Temperature

Either first-order or second-order, or both TC algorithms can Compensation Coefficient (TC1_OFFSET) is used for
be applied. To apply an algorithm, select non-zero coefficients linear adjustment of device output for temperature
for the corresponding EEPROM parameters (TC1_SENS CLD changes.

and TC1_SENS HOT for first-order, TC2_ SENS CLD and
TC2 _SENS HOT for second order). If a method should not be

used, set the corresponding EEPROM parameter values to zero. If  Taple 2: Sensitivity Temperature Compensation op-
both are selected, the A1341 applies the first-order, and then the tions

second-order algorithm during this stage. Tx Range

The programmed values set the temperature compensation, Y ¢, < 25°C > 25°C

according to the following formula: 15t Order TC1_SENS_CLD TC1_SENS_HOT
2nd Order TC2_SENS_CLD TC2_SENS_HOT

Yye (%FSO) = Yyp (%FSO) + [ (TC1_SENS (m%/°C)
X AT, (°C)) + (TC2_SENS (m%/°C2) x ATZ (°C)) ]
% (Yyp (%FSO) — SIG_OFFSET (%FSI) )

+ TC1_OFFSET (G/°C) x 0.09 (%FSO/G)

»
>

x SENS_COARSE_COEF x AT, (°C) 2) S 25°C

§ Tcy
where: £ ~Seng

7] Loy,
Y,p 1s the input from the analog subsystem via the A-to-D con- & TC1_SENS_CLD Code 0 ~~ade TC1_SENS_HOT Code 0

n
verter, _ » SeOP Min Cod TC1_sEng HOT s

TC1 = in Coge

TC1_SENS is the first-order coefficient: either TC1 SENS HOT = :
or TC1_SENS_CLD depending on T, — >

TC2 SENS is the second-order coefficient: either TC2 SENS
HOT or TC2_SENS_CLD depending on Ty,

N
(@)
AT, is the change in ambient temperature from 25°C (for exam- 2
ple: at 150°C, AT, = 150°C —25°C = 125°C, or at —40°C, (%
AT, =-40°C —25°C =-65°C), z
n
SIG_OFFSET (set to 0) is the factory programmed addition to the <
magnetic offset parameter (sets the centerpoint of Y,py), and 2

SENS_COARSE_COEF = SENS_COARSE e o)/
SENS_COARSE (f,ctory code) (sets the factory-programmed sensi-
tivity of the Y, function).

Figure 5: Sensitivity TC Functions
(upper) first order, (lower) second order
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SENSITIVITY (GAIN) ADJUSTMENT

Sensitivity is applied in the DSP subsystem, after bandwidth
selection and temperature compensation. Note: If Sensitivity
must be adjusted more than 20% from the nominal value, please
consider switching input magnetic range for the optimization of
A-to-D input.

OUTOUT FINE OFFSET ADJUSTMENT

The Fine Offset adjustment is the segment of the DSP signal used
to trim the device output, OUT (%FSO).

QOUT _FINE is a customer-programmable parameter that sets the
Quiescent Output, QOUT, which is device output when there is

no significant applied magnetic field. The programmed value sets
the DSP output, Yp, , taking into account the selected Sensitivity:

Y (%FSO) = SENS_ MULT % Yy (%FSO)

+ QOUT FINE (%FSO) 3)
SENS_OUT (%FSO/G) = SENS_ MULT
x SENS (%FSO/G) )

where SENS MULT is the multiplication factor from 0 to 2.

QOUT _FINE is set as a percentage of OUT. It can be set to add
up to 50% of FSO to the output of the DSP stage, or subtract up
to 50% of FSO from the DSP output.

100

LINEARIZATION OF OUTPUT

Magnetic fields are not always linear throughout the full range

of target positions, such as in the case of ring magnet targets
rotated in front of a non-back-biased linear Hall sensor IC, shown
in Figure 6. The A1341 provides a programmable linearization
feature that allows adjustment of the transfer characteristic of the
device so that, as the actual position of the target changes, the
resulting changes in the applied magnetic field can be output as
corresponding linear increments.

In order to achieve this, an initial set of linearization coefficients
has to be created. The user takes 33 samples of Byy: at the start
and at every 1/32 interval of the full input range. The user then
enters these 33 values into the Allegro ASEK programming util-
ity for the A1341, or an equivalent customer software program,
and generates coefficients corresponding to the values. The user
then uses the software load function to transmit the coefficients to
the EEPROM (LINPOS_COEFF parameter). The user then sets
the LIN. TABLE DONE parameter to 1. When the A1341 is in
operation, it applies a built-in algorithm to linearize output based
on the stored coefficients.

Each of the coefficient values can be individually overwritten
during normal operation. Figure 7 shows an example input-output
curve. The y axis represents the 32 equal full scale position
segments, and the x axis represents the the range of movement.
When the A1341 is in operation, it applies a linearization curve
built from the 33 coefficients provided by the user. For example,

90

80

70

60

T
Initial Output _~"_~"
o

Wz

Linearized Output

50
40

P

30

Device Output (%)

7
20 /

0

4 3 2 41

0 1 2 3 4

Ring Magnet Rotation (°)

Figure 6: Example of Linearization of a Sinusoidal Magnetic Signal Generated by a Rotating Ring Magnet
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at position 5 the device originally would output 384 LSB of
magnetic field. This 384 LSB is treated as input to the inverse
linearization function, after rescaling to the x axis as follows:

(384 — 128(offset)) x [32/ (3968(LSBmax)
— 128(LSBmin))] + 1 = 3.2

For x = 3.2, the inverse function will give output of 570 LSB
which is right on the curve of the linear output signal.

OUTPUT POLARITY

Device Output Polarity can be changed using the

LIN OUTPUT _INVERT bit set to 1. If the goal is to change
output polarity and apply linearization, the output polarity should
be changed by setting the gain of the linearization function to 1
(linearization table coefficients are decimal values from 0 to 4096
with steps of 128 codes) and setting the LIN_INPUT INVERT
bit to 1. Then user can collect 33 points for linearization and

4096
3968
3840
3712
3584
3456
3328
3200
3072
2944
2816
2688
2560
2432
2304
2176
2048
1920
1792
1664
1536
1408
1280
1152
1024

896

768

640

512

384

256

(2) Rescaled x = 3.2,
yields LSB = 570

Device Digital Output (LSBs)

calculate the coefficients. After the coefficients are loaded
into the device, successful linearization will be applied by
leaving the LIN_INPUT _INVERT bit set to 1 and setting the
LIN TABLE DONE bit to 1.

OUTPUT CLAMPS SETTING

To eliminate the effects of outlier points, the A1341 Clamp
Range, OUT( p, is initially set to 100% of FSO for high clamp
and 0% of FSO for low clamp, and can be adjusted using the
CLAMP_HIGH and CLAMP_LOW parameters.

OUTPUT PROTOCOL SELECTION

The A1341 supports a linear voltage output in either PWM or
SENT format. The PWM_MODE parameter in EEPROM sets the
format. (Output format programming is described in the Linear
Output Protocols section.)

Output Signal \

Input Signal

Linearization
Function

(3) Final result is LSB = 570 for the input point 5

128 (1) x at 5, preprocessing LSB = 384

1.2 3 4 5 6 7 8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Positions

Figure 7: Sample of Linearization Function Transfer Characteristic.
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Protection Features

Lockout and clamping features protect the A1341 internal cir-
cuitry and prevent spurious output when supply voltage is out of
specification. Open circuit detection is also provided.

OPERATING VOLTAGE AND LOW VOLTAGE DETEC-
TION

Supply voltage detection features protect the A1341 internal
circuitry and prevent spurious output when V¢ is out of speci-
fication. Diagnostic circuitry reuses the output pin (OUT) to
provide feedback to the external controller. The A1341 provides
protection for both overvoltage and undervoltage on the supply
line. The A1341 has two active circuits to identify when the sup-
ply voltage is below the minimum operating level. The internal
power-on reset circuitry, POR, controls when an internal reset is
triggered. If the supply voltage drops below POR; oy , an internal
reset occurs and the output is forced to a high impedance state.
When the supply voltage rises above PORygy , the device comes
out of reset and the output response is dependent on the Low
Voltage Detection feature.

The Low Voltage Detection, LVD, feature provides feedback to
the external controller when V¢ is below minimum operating
level, but above the POR threshold. This feature is enabled by
default and is disabled by setting LVD_DIS to logic 1. When
configured for SENT output, if the supply voltage drops below
VecavpyLow » @ status bit is set in the SENT message to indicate
a low supply voltage condition. When configured for PWM out-
put, if the supply voltage drops below Vcypyow > the output
is forced to a Logic low state. As the supply voltage rises above
Vecavpymigh » the output returns to normal operating state.

The Overvoltage Lockout Threshold, Veeov) is customer
programmable to either 6.5 or 19.3 V typical, by setting the
OVLO_LO parameter. By default, the part will produce an error
at the output if Vo > 19.3 V. Setting OVLO_LO = 1 changes this
condition to V> 6.5 V. When OVLO_LO = 1, using program-
ming pulses higher than V- will cause the part to enter in and
out of overvoltage lockout mode, causing intermittent errors at

OPEN CIRCUIT DETECTION

Diagnostic circuitry reuses the output pin (OUT) to provide
feedback to the external controller. A sense resistor, Rgcp, can be
placed between OUT and a separate Vg reference, as shown in
Table 3.

Typical Application

Multiple A1341 linear devices can be connected to the external
controller as shown in Figure 8. However, EEPROM program-
ming in the A1341 occurs when the external control unit excites
the A1341 OUT pin by EEPROM pulses generated by the ECU.
Whichever A1341s are excited by EEPROM pulses on their OUT
pin will accept commands from the controller.

Table 3: Open Circuit Diagnostic Truth Table

| Node A | Node B | Node C | OUT State
Vgar Referenced
Vee Vear Open Closed  Closed 0V to Vgar
TA B Closed Open Closed GND/Float
vece
A1341 Rocp Open Open Closed GND/Float
out Open Closed Open VieaT
GND
iC Closed Open Open Vee
= Closed Closed Open Vee to Veat
T VeCt ® ECU
RPULLUP!
vce
0.01 pF
= A1341  voUT S
GND
T VCCZ ? RPULLUPQ

the output. This behavior is not fatal, but the output is not valid. 001 vee out2
If overvoltage conditions are reached, the PWM output will be = A1341  vout ®
brought to GND or the SENT_STATUS bits will be set to indi- GND
cate the condition. ﬂ
Figure 8: Typical Application
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EEPROM Lock Features

MEMORY LOCKING MECHANISMS

The A1341 is equipped with two distinct memory locking mecha-
nisms:

Default Lock

At power up, all registers of the A1341 are locked by default.
EEPROM and volatile memory cannot be read or written. To
disable Default Lock, a very specific 30-bit customer access code
is written to address 0x24 in less than 70 ms from power-up;

see Write Access code. After this, device registers are accessible
through the programming interface. If V- is power cycled, the

Default Lock automatically reenables. This ensures that during
normal operation, memory content will not be altered due to
unwanted glitches on V¢ or the output pin.

Lock Bit

This is used after EEPROM parameters are programmed by the
customer. The customer programmable EELOCK feature disables
the ability to write to any EEPROM register. This feature takes
effect after writing the EELOCK bit and resetting power to the
device. This prevents the ability to disable Default Lock using the
method described above. Please note that after EELOCK bit is set
and V¢ pin power cycled, the customer will not have the ability
to clear the EELOCK bit or to write any register. Customer will
still have ability to read any EEPROM register.

Allegro MicroSystems, LLC 1 8
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PROGRAMMING SERIAL INTERFACE

The A1341 incorporates a serial interface that allows an external
controller to read and write registers in the A1341 EEPROM and
volatile memory. The A1341 uses a point-to-point communication
protocol, based on Manchester encoding per G. E. Thomas (a ris-
ing edge indicates 0 and a falling edge indicates 1), with address
and data transmitted MSB first.

Transaction Types

Each transaction is initiated by a command from the controller;
the A1341 does not initiate any transactions. Two commands are
recognized by the A1341: Write and Read. There also are three
special function Write commands: Write Access Code, Write Dis-
able Output, and Write Enable Output. One response frame type
is generated by the A1341, Read Acknowledge.

If the command is Read, the A1341 responds by transmitting the
requested data in a Read Acknowledge frame. If the command is
any other type, the A1341 does not acknowledge.

As shown in Figure 9, The A1341 receives all commands via the
VCC pin. It responds to Read commands via the OUT pin. This
implementation of Manchester encoding requires the commu-
nication pulses be within a high (Vyanar) and low (Vian)

range of voltages for the VCC line and the OUT line. The Write
command pulses to EEPROM are supported by two high voltage
pulses on the OUT line.

Writing the Access Code

If the external controller will write to or read from the A1341
memory during the current session, it must establish serial com-
munication with the A1341 by sending a Write command includ-
ing the Access Code within 70 ms after powering up the A1341. If
this deadline is missed, all write and read access is disabled until
the next power-up.

Writing to EEPROM

When a Write command requires writing to non-volatile
EEPROM (all standard Writes), after the Write command the
controller must also send two Programming pulses, well-sepa-
rated, long high-voltage strobes via the OUT pin. These strobes
are detected internally, allowing the A1341 to boost the voltage
on the EEPROM gates.

The required sequence is shown in Figure 10.

Write/Read Command -

Manchester Code

VCC

High Voltage pulses to
activate EEPROM cells

ECU

A1341 <
ouT

GND

_—
Read Acknowledge
- Manchester Code

Figure 9: Top-level Programming Interface
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Reading from EEPROM

A Read command with the register number is sent from the con-
troller to the A1341. The device responds with a Read Acknowl-
edge frame. Output is automatically disabled after the Read com-

mand from the controller is received and output is enabled after a

Read Acknowledge command is sent.

Error Checking

547 Input Data

The serial interface uses a cyclic redundancy check (CRC) for 1x0

data-bit error checking (synchronization bits are ignored during

the check).

The CRC algorithm is based on the polynomial

gx)=x3+x+1,

and the calculation is represented graphically in Figure 11.

The trailing 3 bits of a message frame comprise the CRC token.

The CRC is initialized at 111.

1x1

0x2

1x3 =x3+x+1

Figure 11: CRC Calculation

VCC Write Access Write EEPROM Write
Command Command Programming |_Command
' Pulses
\ | —lt
| | | WRITE(E)
Write to L } |
EEPROM | ‘
\ ) \ High .
VOUT ‘ Normal Operation ‘ Impedance Normal Operation
GNDf b — — — 1 e —
[ I I !
j==| <70 ms from power-on i [ — F—tWOUT N
tWOUTﬁDIS tsPULSE(E) h
vCcC Write Access Read
Command Command
Read from | |
EEPROM f=={ <70 ms from power-on ‘
|
- | Read -
VOUT Normal Operation | Acknowledge Normal Operation
eDFf———————— — — — — — — — — — — — -+ ————- -t — —
t N
START_READ T — = tROUT N

tROUTﬁLOW — |

Figure 10: Programming Read and Write Timing Diagrams
(see Serial Interface Reference section for definitions)
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Serial Interface Reference
Table 4. Serial Interface Protocol Characteristics!

Characteristics | Symbol Note Min. Typ. Max. Unit
Input/Output Signal Timing
Customer Access Code should be fully entered
Access code Time Out tace in less than tycc, measured from when V¢ - - 70 ms
crosses VCC(UVﬁhigh)'
Bit Rate Defined by the input message bit rate sent from 4 _ 100 Kbps
the external controller
L Data bit pulse width at 4 kbps 243 250 257 us
Bit Time tB|T - -
Data bit pulse width at 100 kbps 9.5 10 10.5 us
Bit Time Error errrgr | Deviation in tg;r during one command frame -1 - +11 %
Required delay from the trailing edge of certain 9us —
Write Output Disable Delay twout pis | Write command frames to output entering the - W 60 us
- . . 0.25 X tB'T
high impedance state
Required delay from the trailing edge of the
Write Delay twriteE) | Second EEPROM Programming pulse to the 2 xtg1 - - us
leading edge of a following command frame
Delay from the trailing edge of the final
Write Output Enable Delay twout en | EEPROM programming pulse to output entering - 6 60 us
the normal operation state
Required delay from the trailing edge of a Read
Read Acknowledge Delay tREAD Acknowledge frame to the leading edge of a 2 xtgr - - us
following command frame
. Time the output is pulled low by device before _
Read Output Disable Delay tRouT Low | Read Acknowledge message 45 60 s
Delay from the trailing edge of a Read _ _ _
Read Delay? tstarT READ| COMmMand frame to the leading edge of the Read 25 ps 50 Hs 150 ps us
i Acknowledge frame 0.25xtgr | 0.25%tgr | 0.25%tgy
Required delay from the trailing edge of the final
Read Output Enable Delay trout en | Read Acknowledge pulse to output entering the - 45 60 us
normal operation state
Delay from the trailing edge of a Disable Output 1us — 5us — 15 us —
Disable Output Delay? tois_out | command frame to the device output going from 0 ZéJXt 0 25“><t 0 25“><t us
normal operation to the high impedance state : BIT | BIT | = BIT
Delay from the trailing edge of an Enable Output 1us — 5us — 15 us —
Enable Output Delay? tens_out | command frame to the device output going from 0 2;><t 0 25p><t 0 25”)(,[ us
the high impedance state to normal operation : BIT | & BIT | ™ BIT
EEPROM Programming Pulse
EEPROM Programming Pulse t Delay from last edge of write command to start 40 B _ s
Setup Time SPULSE(E) | of EEPROM programming pulse H
Input/Output Signal Voltage
) Applied to VCC line 7.3 - - \%
Manchester Code High Voltage VMAN(H) -
Read from OUT line Vec—0.2 - - \Y
Applied to VCC line - - 5.7 Vv
Manchester Code Low Voltage Vvanw) -
Read from OUT line - - Vsar \%

1Determined by design.

2In the case where a slower baud rate is used, the output responds before the transfer of the last bit in the command message is completed.
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Serial Interface Message Structure

The general format of a command message frame is shown in
Figure 12. Note that, in the Manchester coding used, a bit value
of 1 is indicated by a falling edge within the bit boundary, and
a bit value of zero is indicated by a rising edge within the bit
boundary.

The bits are described in Table 5.

Read/Write
Memory Address

:
1
1
! 1
Synchronize i Data i CRC

| 0 0 01071010101 010101 0101...01 0101 01
MSB MSB

Manchester Code per G. E. Thomas

! Bit boundaries

Figure 12: General Format for Serial Interface Commands

Table 5: Serial Interface Command General Format

Bits Parameter Name Values Description

2 Synchronization 00 Used to identify the beginning of a serial interface command

) 0 [As required] Write operation
1 Read/Write - -

1 [As required] Read operation
6 Address 0/1 [Read/Write] Register address (volatile memory or EEPROM)
Variable Data (/4] [As required] variable length, for data

3 CRC oM Incorrect value indicates errors
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The following command messages can be exchanged between the
device and the external controller:

* Read

* Read Acknowledge

e Write

*  Write Access Code

»  Write Disable Output
*  Write Enable Output

For EEPROM address information, refer to the EEPROM
Structure section.

Table 6: Read

Provides the address in A1341 memory to be accessed to transmit the contents to the external controller in the next
Function Read Acknowledge command.
A timely Write Access Code command is required once, at power-up of the A1341.

Syntax Sent by the external controller on the A1341 VCC pin.
Related Commands Read Acknowledge
Read/Write | i
I I I
Synchronize; | Memory Address | CRC
Pulse Sequence e
0 0 1 01 010101010101 01 01
MSB

Options None

Address in non-volatile memory: OXXXXX

Examples Address in volatile memory: 100100 (Register 0x24)
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Table 7: Read Acknowledge

Function

Transmits to the external controller data retrieved from the A1341 memory in response to the most recent Read
command.

Syntax

Sent by the A1341 on the A1341 OUT pin.
Sent after a Read command.

Related Commands

Read

Pulse Sequence

i
i Data
1
1

Synchronize . (30 bits) CRC

0 0 010101 0M1...01 01 01 01 01

MSB
Options If EEPROM Error Checking and Correction (ECC) is not disabled by factory programming, the 6 MSBs are EEPROM
P data error checking bits. Refer to the EEPROM Structure section for more information.
Examples -
Table 8: Write
Function Transmits to the A1341 data prepared by the external controller.
Sent by the external controller on the A1341 VCC pin.
Syntax A timely Write Access Code command is required once, at power-up of the A1341.

For writing to non-volatile memory.

Related Commands

Disable Output, Enable Output, Write Access Code

Pulse Sequence

Read/Write Data

Memory Address (30 bitS) CRC

0/1 01 0/1 0/1

I
Synchronize I

0. 00 0/1 0/1 0/1 01 0/1 0/1 0/1 0/1 0/1
MSB MSB

Options

Examples

Address in non-volatile memory: 0XXXXX
Address in volatile memory: 100100 (Register 0x24)
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Table 9: Write Access Code

Function

Transmits the Access Code to the A1341; data prepared by the external controller, but must match the internal 30-bit
code in the A1341 memory.

Syntax

Sent by the external controller on the A1341 VCC pin.
Sent within 70 ms of A1341 power-on, and before any other command.

Related Commands

Read/Write | | !
Ll ! Data !
Synchronize| | MemoryAddress | (30bits) | CRC
Pulse Sequence N S [ E—
oo0oo01o0O0OM1TO0UO0OM1TO0UO... 1 0 01
MSB MSB
Options None
Examples Standard Customer Access Code: 0x2781_1F77 to address 0x24

Table 10: Write Disable Output

Function

Places OUT in a high impedance state. It is not required, but it can be used to disable normal output for longer time
than the time that device applies to disable the output after a Read command from the controller.

Syntax

Sent by the external controller on the A1341 VCC pin.
For writing to non-volatile memory.

Related Commands

Write Enable Output

Pulse Sequence

Read/Write Data

Memory Address (30 bits)

I
Synchronize I

0001001000...010000010
MSB MSB

Options

None

Examples

0x10 to address 0x24
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Table 11: Write Enable Output

Function Restores normal output from the OUT pin after a high impedance state has been imposed by a Disable Output
command.
Sent by the external controller on the A1341 VCC pin.
Syntax For writing to non-volatile memory: Sent after a Write command and corresponding EEPROM Programming pulses.
For reading: Sent after a Read Acknowledge command.
Related Commands Write Disable Output
Lo i i
Read/erlte i i Data i
Synchronize| | Memory Address | (30 bits) i CRC
Pulse Sequence L B EE—————————S————
o o0o01o0O010O0OTO0...00 0O0OO0OOTO0O 1 1
MSB MSB
Options None
Examples 0x0 to address 0x24
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LINEAR OUTPUT PROTOCOLS

The operating output of the A1341 is digital voltage signal that
transfers information proportionally to the applied magnetic input
signal. Two customer-selectable options are provided for output
signal formatting: pulse-wave modulated (PWM), and single
edge nibble transmission encoding scheme (SENT, SAEJ2716).

PWM Output Mode

PWM involves converting the output voltage amplitude to a
series of constant-frequency binary pulses, with the percentage of
the of high portion of the pulse varied in direct proportion to the

direct proportion to the applied magnetic field.

The PWM output mode is configured by setting the following
parameters in EEPROM:

* PWM_MODE set to 1 to select the PWM option (for program-
ming parameters, sce EEPROM Structure section)

* FPWM sets the PWM carrier frequency

* CALIBRATE PWM parameter can be set to enable calibration
of the output 50% duty cycle level at power-on

A D=5% D =50% D =95%

b e — = —-
E
S
nE

Do
= Z

om

&
= L CLAMP_LOW |

—
\ \ \

< Dot | Dir D2t Dar D4t Dst Der Dzt Dgr Dot Dior

E gt B B s I e M O | | I ‘

2 \

(0]

‘;“ ‘ D) = tpuise(x) / Tperiod
= tpulse(5)

z \ \ \ \ Tperiod \ \ \ \

.
OT AT 2T 3T 4T 5T 6T 7T & 9T 10T T '™

Figure 13: PWM Mode

27

Allegro MicroSystems, LLC

115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com



A1 3 4 1 High Precision, Programmable Linear Hall Effect Sensor IC
With EEPROM, SENT and PWM Output Protocols, and Advanced Output Linearization

SENT Output Mode

The SENT output mode converts the input magnetic signal to a
binary value mapped to the Full Scale Output, FSO, range of 0
to 4095, shown in Figure 14. This data is inserted into a binary
pulse message, referred to as a frame, that conforms to the SENT
data transmission specification (SAEJ2716 JAN2010). Certain
parameters for configuration of the SENT messages can be set in
EEPROM.

The SENT output mode is configured by setting the following
parameters in EEPROM:

* PWM_MODE set to 0 (default) to select the SENT option

* SENT x programming parameters (see EEPROM Structure
section)

MESSAGE STRUCTURE

A SENT message is a series of nibbles, with the following char-
acteristics:

* Each nibble is an ordered pair of a low-voltage interval fol-
lowed by a high-voltage interval

* Either interval can be the delimiting state, which only sets a

Magnetic Signal,

——————————————— 0000 (0000 0000 0000 0000)

************** — | 4095 (1111 1111 1111 1111)

fffffffff 2048 (1000 0000 0000 0000)

boundary for the nibble; to assign the delimiting state, select a
fixed duration for the interval (the SENT LOVAR parameter
selects the interval, and SENT FIXED sets the duration)

* The other interval in the pair becomes the information state and
is variable in duration in order to contain the data payload of the
nibble

The duration of a nibble is denominated in clock ticks. The period
of a tick is set by dividing a 4-MHz clock by the value of the
SENT TICK parameter. The duration of the nibble is the sum of
the low-voltage interval plus the high-voltage interval.

The nibbles of a SENT message are arranged in the following
required sequence (see Figure 15):

1. Synchronization and Calibration: flags the start of the SENT
message

2. Status and Communication: provides A1341 status and the
format of the data

3. Data: magnetic field and optional data
4. CRC: error checking

5. Pause Pulse (optional): sets timing relative to A1341 updates

SENT Data Value
(LSB)

Figure 14: SENT Mode Outputs a Digital Value that can be Read by the External Controller

SENT_FIXED SENT FIXED SENT_| FIXED SENT FIXED SENT_| FIXED SENT_| FIXED

> - -

|

-
‘12t027 12t027 12 to 27 12t027‘ ‘
i \
\
\

| 56 ticks ticks ; ticks ticks ; ticks
r -~ "
ot Status and Pause
Nibble Name | Sygcgr‘;.';)'zat‘.m ‘ Commun- | Datat | | baas | cre | Puise
| and Lalibration ication ‘ (MSB) | | ‘ | (optional)
e > < > >
—_ 56 ticks Ty ~- 121027 — o | 1210 27
SENT LOVAR = 1 |_| ticks |_| ticks | | _| ticks H ticks H
e o = ] = > e ] e | e
SENT_FIXED SENT_FIXED SENT_FIXED SENT_FIXED SENT_FIXED SENT_FIXED
= -
tsenT |
Figure 15: General Format for SENT Message Frame
(upper panel) low state fixed, (lower panel) high state fixed
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OPTIONAL SERIAL OUTPUT PROTOCOL

In the Status and Communication section, the data format selec-
tion can be:

* Normal device output (voltage proportional to applied
magnetic field) in SENT protocol (SENT SERIAL = 0).

* Augmented data on the magnetic parameters and
device settings, in an optional Serial Output protocol
(SENT _SERIAL =1, 2, or 3). Any of these three protocols
enables transmission of values from the following EEPROM
parameters, in the following order:

Table 12: Serial Output Protocols

Message ID Data
(4 or 8 bits) (8, 12, or 16 bits)

0 Corrected temperature

SENS_COARSE

SIG_OFFSET

QOUT_FINE

SENS_MULT

CLAMP_HIGH

CLAMP_LOW

N[fojloa(dh|lw| >~

DEVICE_ID (always 1341;,)

O Additional Short serial protocol (SENT_SERIAL = 1).
Has a message payload of 12 bits: 8 bits are for value data,
and 4 bits for the message ID (identification). A total of 16
separate SENT messages are required to transmit the entire
data group.

O Additional Enhanced 16-bit serial protocol (SENT SERIAL
= 2). Has 12 bits for value data, and 4 bits for the message
ID. A total of 18 SENT messages are required to transmit
the entire data group.

O Additional Enhanced 24-bit serial protocol (SENT SERIAL
= 3). Has 16 bits for value data, and 8 bits for the message
ID. A total of 18 SENT messages are required to transmit
the entire data group.

DATA NIBBLE FORMAT

When transmitting normal operation data, information about the
magnetic field is embedded in the first three Data nibbles. Each
Data nibble consists of 4 bits with values ranging from 0 to 15.

In order to present an output with the resolution of 12 bits, 3 Data
nibbles are required. The Data nibble containing the MSB of the
whole Data section is sent first.

Three additional optional Data nibbles can be associated with
other parameters, by setting the parameter SENT DATA:

* Counter — Each message frame has a serial number in each
Counter nibble

» Temperature — Temperature data from the A1341 internal
temperature sensor, in two’s complement format, with MSB
first:

o All zeros =25°C
0 Always is 0.8 LSB/°C except for serial output protocol
o For serial output protocol, temperature slope = 0.5 LSB/°C.

* Inverted — The last nibble in the message frame is the first
nibble, inverted (as an additional error check)

PAUSE PULSE TIMING SYNCHRONIZATION

In the Pause Pulse section, additional time can be added at the
end of a SENT message frame to ensure all message frames are
of equal length. The SENT UPDATE parameter selects one of
these options:

* Allow message frame duration to vary according to the
contents; no Pause pulse is applied. (SENT UPDATE = 0)

* The device sends messages with constant duration. If a
particular message is shorter, a Pause pulse is inserted with a
length that completes the message period. (SENT UPDATE
=1)

» Synchronize the message frame transmission rate with the
A1341 internal update rate (set by BW value) by inserting a
calculated Pause pulse to complete required period. (SENT _
UPDATE =2)

Figures 16, 17, and 18 show examples of the timing relationship
between SENT message Pause pulse configurations and the inter-
nal update rate of the A1341.
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internal " ntl ne2 n3 ned neo ne
update I I I I I I I
L (skipped) L (skipped) L (skipped)
R R Y Y
; § § g ;gg ;, § g ;%; ;, § g ;%; ;, § g
sevt [/ VVVVVVVYY VW Vi vivrvvvvy T
message | SENT message 1 I SENT message 2 I SENT message 3 I SENT message 4

Figure 16: Messages Do not Contain a Pause Pulse (SENT_UPDATE = 0)
Messages do not contain a Pause pulse (SENT_UPDATE = 0), so the SENT message frame rate is not constant. The value transmitted in a
message is taken from the last internal update ready before the first Data nibble of the message is composed. Therefore, individual internal
updates may be skipped or repeated, depending on the BW bandwidth and SENT_TICK time settings.

internal n+l nt2 n*3 ned ns ne
update | (skipped) , J(skipped)  J(skipped) !‘ J(skipped) ,
—_ ! ~ ‘ﬁ -
\g pause \Y v @
SR © Q g < @) S 2 =! 3 ) S e
c += c +-= c 1 +-= c
| & |8 3 Sy a3 8 85 8 3Bl o8 8 8 13
st [/ VYV VY VYV YwwWwnwy v iy 1l
message I SENT message 1 | SENT message 2 I SENT message 3 I

Figure 17: Pause Pulse Used to Extend the Message to Match the Frame Rate (SENT_UPDATE = 1)

A constant message frame rate is used, and for each message, a Pause pulse is used to extend the message to match the frame rate (SENT_
UPDATE = 1). Internal updates may be skipped or repeated depending on the BW bandwidth and SENT_TICK time settings. The quantity of
skipped or repeated internal updates can vary from message to message.

Note: Although the frame transmission rate is constant, discrete SENT messages do not represent equal time interval sampling of the mag-
netic field.
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. | n n+1 n+2 n+3 internal " n+1 n+2
'Tpe(;;‘fe | | (skipped) | (skipped) update | (skipped)
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SENT I|/ |/ |/ |/ l/ |/ l/ |/ |/ |/ v / Lbbb SENT Y/ I/ |/ |/ l/ l/ |/ l/ I/ l/ v |/ Lbbb
message | SENT message 1 message SENT message 1

Panel 18(a): The longest possible SENT message is synchronized at
three times the internal update rate. The first update is ready before
the synchronization nibble is composed, and is transmitted. Three
more updates occur before the next SENT message, so only the
third update data is included, and the two intervening updates are

skipped.

Panel 18(b): The filter bandwidth is reduced by twice relative to the
bandwidth in panel (a), which doubles the internal update interval.
The longest possible SENT message is now synchronized at two

times the internal update rate. The first update is ready before the

synchronization nibble is composed, and is transmitted. Two more

updates occur before the next SENT message, so only the second
update data is included, and the one intervening update is skipped.

. n n+1 . n n+1 n+2
internal internal Kipped
update update I(S ipped)
o L ) U?”:J o L ) 2 = o] uf‘,,:‘ g = ]
58 5 S8 58 5 &5 5 S8 E S B
sent V- VVVVV VYV VM sent V- VYV VYV YV VY VI
message SENT message 1 message SENT message 1 SENT

Panel 18(c): The internal update rate is the same as in panel (b), but
the tick duration is reduced slightly. The longest possible SENT mes-
sage is now synchronized at the internal update rate. Each update is

ready before the synchronization nibble is composed, and is trans-

mitted. No updates are skipped.

Panel 18(d): The faster update rate of panel (a) and the shorter tick
duration of panel (c) are applied. Because the panel (d) higher band-
width setting also applies, the overall A1341 response time is faster
than that shown in panel (c). However, the panel (c) settings reduce
front-end noise better than those of panel (d), because of the lower

bandwidth.

Figure 18: SENT Message Rate Synchronized with the Internal A1341 Internal Update Rate.
For each message, a Pause pulse is used to extend the message to match the internal update rate (SENT_UPDATE = 2). A consistent number
of updates are skipped or repeated from message to message. The internal update value transmitted is from the last update ready before the
Synchronization and Calibration nibble of the message is composed.
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The SENT UPDATE parameter has two other options, which
allow direct control of when magnetic field data is sent to the
external controller:

» Tandem data latching and sending (SENT_UPDATE = 3)

* Immediate data latching with a controllable delay before
sending (SENT_UPDATE = 4)

When SENT UPDATE = 3 (upper panel in Figure 19), while

the A1341 has a Pause pulse on the device output, the controller
triggers a latch-and-send sequence by pulling the A1341 output
low. When the controller releases the output, the current magnetic
field data is latched, and after a delay of tygpnt the latched data
is sent to the controller. This option is useful when the controller

Controller pulls OUT low N

—

Waiting
period, tyait

pause

VouTx —|_
SENT -
messages (previous message)
Controller pulls OUT low; —~
magnetic data latched , o
R —
g | Waiting
Vourx _ﬂ‘)dl twait |
r?qul\gages (previous message)

requires a prompt response on the current magnetic field.

When SENT UPDATE = 4 (lower panel in Figure 19), while
the A1341 has a Pause pulse on the device output, the control-
ler triggers a latch-and-send sequence by pulling the output

low. With this option, the current magnetic field data is latched
immediately. This allows the controller to postpone receiving the
data. When the output is eventually released, the data is sent to
the controller after a delay of tyggnT - This option is useful where
multiple A1341s are connected to the controller (see Typical
Application, Figure 8). All the A1341s can be instructed at the
same time to latch magnetic field data, and the controller can then
retrieve the data from each A1341 individually.

Y Controller releases OUT; magnetic data latched

| «— tqsen (6 ticks)

i/~ Sensor IC starts message containing latched data

sync
stat
data
CRC
pause
sync

| SENT message |

Controller releases OUT
<— tgsent (6 ticks)

i~ Sensor IC starts message containing latched data
| 3

ST © 18} 4 S}

1 [ © - P c

58 R & 8 i E

| SENT message |

Figure 19: Device Output Behavior where Normal Operation Magnetic Field Data is Latched at a Defined Time
(upper panel) if SENT_UPDATE = 3, latched and sent at end of a low pulse, or (lower panel) if SENT_UPDATE = 4, latched at the beginning of a
low pulse, but not sent until the end of the pulse. The total delay from the beginning of the low pulse until the data message begins is: t,,,;; +
tasent-
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The general format of a command message frame is shown
in Figure 15. The individual sections of a SENT message are
described in Table 13.

Table 13: SENT Message Frame Section Definitions

Section Description

Synchronization and Calibration

Provide the external controller with a detectable start of the message frame. The large quantity of ticks distinguishes this section,

Function for ease of distinction by the external controller.
Nibbles: 1
Syntax Quantity of ticks: 56

Quantity of bits: 1

Status and Communication

Function Provides the external controller with the status of the A1341 and indicates the format and contents of the Data section.
Nibbles: 1
Quantity of ticks: 12 to 27

Syntax Quantity of bits: 4

1:0 Device status (set by SENT_STATUS parameter)
3:2 Message serial data protocol (set by SENT_SERIAL parameter)

Data
Function Provides the external controller with data selected by the SENT_DATA parameter.
Nibbles: 3 to 6
Syntax Quantity of ticks: 12 to 27 (each nibble)
Quantity of bits: 4 (each nibble)
CRC
Function Provides the external controller with cyclic redundancy check (CRC) data for certain error detection routines applied to the Data
nibbles.
Nibbles: 1
Syntax Quantity of ticks: 12 to 27 (each nibble)

Quantity of bits: 4

Pause Pulse

(Optional) Additional time can be added at the end of a SENT message frame to ensure all message frames are of appropriate

Function
length. The SENT_UPDATE parameter sets format.
Nibbles: 1

Syntax Quantity of ticks: 12 minimum (length determined by SENT_UPDATE option and by the individual structure of each SENT
message)

Quantity of bits: n.a.
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EEPROM STRUCTURE

Programmable values are stored in an onboard EEPROM,
including both volatile and non-volatile registers. Although it is
separate from the digital subsystem, it is accessed by the digital
subsystem EEPROM Controller module.

The EEPROM is organized as 30-bit wide words, and by default
each word has 24 data bits and 6 ECC (Error Checking and Cor-
rection) check bits, stored as shown in Figure 20.

EEPROMBIit | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18 | 17 | 16 | 15
Contents D23 | D22 | D21 | D20 | D19 | D18 | D17 | D16 | D15| D14 | D13 | D12 | D11 | C5 | D10

mp | 14| 1312 11|10 9 | 8|7 |6 |5 | 4|3 ][2]|1]0
D9 | D8 | D7 | D6 | D5 | D4 | C4 | D3 | D2 | D1 | C3 | DO | C2 | C1 | CO

Figure 20: EEPROM Word Bit Sequence; C# — Check Bit, D# — Data Bit
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Table 14: EEPROM Register Map of Customer-Programmable Parameters

Address Bits Parameter Name Description DAC profile
0x07 23:21 Reserved
0x07 20:18 OUTDRV_CFG Output Driver Setting
Oo7 | 170 | SENTPWMLCFG | Ll T emmined by P MODE b
17:11 SENT_TICK Sets Tick Rate Coefficient (PWM_MODE = 0)
10:9 SENT_FIXED Sets Fixed State interval (PWM_MODE = 0)
8 SENT_LOVAR Sets Fixed State Assignment (PWM_MODE = 0)
75 SENT_UPDATE Sets Pause Pulse and Message Frame Rate (PWM_MODE = 0)
4:3 SENT_DATA Sets Data Nibble Format (PWM_MODE = 0)
2 SENT_STATUS Sets Error Condition (PWM_MODE = 0)
1:0 SENT_SERIAL Sets Message Series Format (PWM_MODE = 0)
3 CALIBRATE_PWM Enables 50% Duty Cycle Calibration (PWM_MODE = 1)
2:0 FPWM Sets PWM Carrier Frequency (PWM_MODE = 1)
0x08 23:15 TC2_SENS_HOT 2nd Order Sensitivity Temperature Coefficient, AT (from 25°C) > 0 Two’s complement
0x08 14:6 TC2_SENS_CLD 2nd Order Sensitivity Temperature Coefficient, AT (from 25°C) < 0 Two’s complement
0x08 5:2 SENS_COARSE Factory Trimmed Magnetic Input Signal Range Non-uniform
0x08 10 Reserved cl?::;rt\i/::)for system use (bits written here will not affect device Non-uniform
0x09 23:16 TC1_SENS_HOT 1st Order Sensitivity Temperature Coefficient, AT (from 25°C) > 0 Non-uniform
0x09 15:8 TC1_SENS_CLD 1st Order Sensitivity Temperature Coefficient, AT (from 25°C) < 0 Non-uniform
0x09 7:0 TC1_OFFSET 1st Order Magnetic Offset TC Compensation Two’s complement
0x0A 23:12 SCRATCH_C Customer Scratchpad
0x0A 11:0 SENS_MULT Output Sensitivity/ Sensitivity Multiplier
0x0B to Ox1A | 23:12 (LINEWE%?E?.O.,ELT:\:I_M) Linearization Coefficients (odd-numbered sampling positions) Two’s complement
0x0B to Ox1B 11:0 (LINE(;’?IIZ(EEE??ELT:\:I_SZ) Linearization Coefficients (even-numbered sampling positions) Two’s complement
0x1B 23 LIN_TABLE_DONE Linearization Coefficients Loaded Flag
0x1B 22 LIN_OUTPUT_INVERT | Linearization Output Polarity Inversion
0x1B 21 LIN_INPUT_INVERT Linearization Input Polarity Inversion
0x1B 20:12 ID Customer Identification Number
0x1C 23:18 CLAMP_HIGH Clamp Upper Limit
0x1C 17:12 CLAMP_LOW Clamp Lower Limit
0x1C 11 EEPROM_LOCK! Customer EEPROM Lock
0x1C 10 OVLO_LO Overvoltage Lockout Threshold
0x1C 9 LvD_DIS Low Voltage Detection Disable
0x1C 8:4 SIG_OFFSET Factory Trimmed Magnetic Offset Compensation (Coarse) Two’s complement
0x1C 3 PWM_MODE Normal Operation Output Mode (SENT / PWM)
0x1C 2:0 BW Bandwidth
0x1D 23:12 SCRATCH_C Customer Scratchpad
0x1D 11:0 QOUT_FINE Fine Quiescent Output Duty Cycle Two’s complement

1Customer EEPROM lock allows the customer to lock the EEPROM registers from any further changes for the life of the device. Memory reading is still possible after the
EEPROM lock bit is set. In the case that a write command is sent to the device by accident after the EEPROM lock, the device needs to be repowered to be accessible

again for memory read.
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EEPROM Customer-Programmable Parameter Reference

Table 15: BW (Register Address: 0x1C, bits 2:0)

Filter Bandwidth
Selects the filter bandwidth (3-dB frequency) for the digitized applied magnetic field signal, applied when passed to

Function the digital system after analog front-end processing.
This selection also sets the internal update rate.
Syntax Quantity of bits: 3
Related Commands -
A-to-D Converter Output Rate Filter 3 dB Bandwidth
(Typical) (Typical)
Code (kHz) (Hz)
000 (Default) 8 1500
Val 001 16 3000
alues 010 (Same) 8 1500
011 4 750
100 2 375
101 1 188
110 Factory Use Only -
111 Factory Use Only -
Options -
Examples -

Table 16: CALIBRATE_PWM (Register Address: 0x07, bit 3)

PWM Calibration
Function Sent at power-on, commands the device to calculate the PWM 50% duty cycle to the centerpoint of the Full Scale
Output range.

Syntax Quantity of bits: 1
Related Commands PWM_MODE (see EEPROM Structure Section)

0: Disable calibration (Default)
1: Enable calibration

Values

Options None

Examples -

Table 17: CLAMP_HIGH (Register Address: 0x1C, bits 23:18)

Clamp Upper Limit
Function Sets the percentage of the upper half of the Full Scale Output signal passed through at the end of the Digital Signal
Processing stage.

Syntax Quantity of bits: 6

Related Commands CLAMP_LOW

Values 000000: 100%FSO (PWM: 95% maximum duty cycle, SENT: 4095) (Default)
111111: 50.78%FSO (PWM: 50% duty cycle, SENT: 2047)

Options The factory-programmed default, OUT¢  p(yinit, is used if this parameter is not set.

Examples -
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Table 18: CLAMP_LOW (Register Address: 0x1C, bits 17:12)

Clamp Lower Limit
Function Sets the percentage of the lower half of the Full Scale Output signal passed through at the end of the Digital Signal
Processing stage.

Syntax Quantity of bits: 6
Related Commands CLAMP_HIGH
000000: 0% FSO (PWM: 5% duty cycle, SENT: 0) (Default)

Values 111111: 49.22% FSO (PWM: 50% duty cycle, SENT: 2047)
Options The factory-programmed default, OUT¢; p yinit, is used if this parameter is not set.
Examples -

Table 19: EEPROM LOCK: Address 0x1C, bit 11

Function Disables writing into the device memory

Syntax Quantity of bits: 1

Related Commands -

0 (default) Default memory lock mechanism

Values 1 Prevents any Read or Write transaction with the device
Options Lock bit feature is enabled following a reset of the device power after setting the EEPROM LOCK bit.
Examples Refer to Memory Locking Mechanisms section for more information.

Table 20: Customer_ID (Register Address: 0x1B, bits 20:12)

Function Cus_tomer Id(-:_‘ntificatiqn Nl.!m_ber _ _ o
Available register for identifying the A1341 for multiple-unit applications.

Syntax Quantity of bits: 12

Related Commands SCRATCH_C

Values Free-form

Options -

Examples -

EEPROM Lock
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Table 21: FPWM (Register Address: 0x07, bits 2:0)

PWM Carrier Frequency

Function Sets the carrier frequency for PWM mode normal output (voltage response to applied magnetic field). Selected
frequency determines maximum output resolution.
Syntax Quantity of bits: 3

Related Commands

PWM_MODE (see EEPROM Structure Section)

PWM Frequency (Typical) Maximum Output Resolution
Code (kHz) (bits)
000 (Default) 0.125 12
001 0.25 12
Values 010 0.5 12
011 1 11
100 2 10
101 4 9
110 0.125 12
111 0.125 12
Options -
Examples —

Table 22: LIN_INPUT_INVERT (Register Address: 0x1B, bit 21)

Function

Inverts the polarity of the input signal before it is sent into the linearization block. This
setting is effective only if LIN_TABLE_DONE is set to 1.

Syntax

Quantity of bits: 1

Related Commands

LIN_x, LIN_OUTPUT_INVERT

Values

0: No inversion of signal before input into the linearization block. (Default)
1: Input signal inverted before it is sent into the linearization block.

Options

Examples

Table 23: LIN_OUTPUT_INVERT (Register Address: 0x1B, bit 22)

Function

Inverts the polarity of the input signal after the linearization block. (Can be used to invert the output polarity without
populating the linearization table.)

Syntax

Quantity of bits: 1

Related Commands

LINPOS_COEFF, LIN_INPUT_INVERT

Values

0: No inversion of signal after processing in the linearization block. (Default)
1: Input signal inverted after processing in the linearization block.

Options

Examples
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Table 24: LINPOS_COEFF

(LIN_O, LIN_2, ..., LIN_32) (Register Address: 0x0B to 0x1B, bits 11:0)
(LIN_1, LIN_3, ..., LIN_31) (Register Address: 0x0B to 0x1A, bits 23:12)
Linearization Coefficients
Function These addresses are available to store customer-generated and loaded coefficients used for linearization of the
temperature-compensated and offset digital signal. Note: These are not used by the device unless the LIN_TABLE_
DONE bit is set.
Quantity of bits: 12 (each)
Syntax LIN_x corresponds to Input Sample By
y Coefficient data stored in two’s complement format
Values must be monotonically increasing
Related Commands LIN_INPUT_INVERT, LIN_OUTPUT_INVERT, LIN_TABLE_DONE
Values Calculated according to applied magnetic field
Output Output
Input Position EEPROM Input Position EEPROM
Sample (%FSI) Address Bits Sample (%FSI) Address Bits
Bino 100 0x0B 11:00 Bin1s 16/32 0x13 11:00
BNt 31/32 0x0B 23:12 Bin17 15/32 0x13 23:12
Bino 30/32 0x0C 11:00 Bin1s 14/32 0x14 11:00
Bins 29/32 0x0C 23:12 Bin1o 13/32 0x14 23:12
Bina 28/32 0x0D 11:00 Bin2o 12/32 0x15 11:00
Bins 27/32 0x0D 23:12 Bin21 11/32 0x15 23:12
Bine 26/32 0x0E 11:00 Bin22 10/32 0x16 11:00
Options Bin7 25/32 0x0E 23:12 Bin23 9/32 0x16 23:12
Bins 24/32 0xOF 11:00 Binoa 8/32 0x17 11:00
Bing 23/32 O0xOF 23:12 Binos 7/32 0x17 23:12
Bin1o 22/32 0x10 11:00 Binos 6/32 0x18 11:00
Bin11 21/32 0x10 23:12 Bino7 5/32 0x18 23:12
Bin12 20/32 0x11 11:00 Binos 4/32 0x19 11:00
Bin1s 19/32 0x11 23:12 Binog 3/32 0x19 23:12
Bin14 18/32 0x12 11:00 Bin3o 2/32 0x1A 11:00
Binis 17/32 0x12 23:12 Binz1 1/32 0x1A 23:12
B|N32 0 0x1B 11:00
Examples -
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Table 25: LIN_TABLE_DONE (Register Address: 0x1B, bit 23)

Linearization Table Loaded
Set by the customer to indicate custom coefficients have been loaded (into the LINPOS_COEFF area of EEPROM).

Function When this flag is set, the device uses the customer coefficients for output linearization. Allows correction for targets
that generate non-linear magnetic fields.
Syntax Quantity of bits: 1

Related Commands

LINPOS_COEFF

Values

0: Linearization algorithm applies default coefficients to the processed signal (Default)
1: Linearization algorithm applies customer-loaded coefficients to the processed signal

Options

Examples

Table 26: LVD_DIS: Address 0x1C bit 9

Function

Low Voltage Detection Disable
Disable the low voltage detection feature.

Syntax

Quantity of bits: 1

Related Commands

Values 0: Default, Low Voltage Detection enabled.
1: Low Voltage Detection disabled.

Options -

Examples -

Table 27: OUTDRV_CFG (Register Address: 0x07, bits 20:18)

Output Signal Configuration

Function Sets configuration of the output signal slew-rate control. Sets the ramp rate on the gate of the output driver, thereby
changing slew rate at the output.
Syntax Quantity of bits: 3

Related Commands

Fall Time (Typical)
(s)
Code CLoap = 100 pF Cioap = 10F CiLoap = 10 nF

000 (Default) 0.048 0.149 1.324

Val 001 0.114 0.217 1.323

alues 010 0.202 0.309 1.404

011 0.290 0.400 1.492

100 0.760 0.854 1.948

101 1.539 1.555 2.669

110 3.161 2.978 4.118

111 4.819 4.442 5.557
Options -
Examples -
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Table 28: OVLO_LO (Register Address: 0x1C, bit 10)

Function

Overvoltage Lockout Threshold
Sets the typical threshold value.

Syntax

Quantity of bits: 1

Related Commands

Values

0: 19.3 V typical (Default)
1: 6.5 V typical

Options

Examples

Table 29: PWM_MODE (Register Address: 0x1C, bit 3)

Function

Normal Operation Output Mode
Changes normal output (voltage response to applied magnetic field) from SENT to PWM.

Syntax

Quantity of bits: 1

Related Commands

CALIBRATE_PWM, FPWM

Values

0: SENT (Default)
1: PWM

Options

Examples

Table 30: QOUT_FINE (Register Address: 0x1D, bits 11:0)

Quiescent Output (QOUT)

Function Adjusts the device normal output (digital response to applied magnetic field) to set the baseline output level: for a
quiescent applied magnetic field (Bjy =0 G).

Syntax Quantity of bits: 12

Code stored in two’s complement format

Related Commands

SIG_OFFSET

0111 1111 1111: +49.98% of output full scale range (Default)

Values 1000 0000 0000: —50% of output full scale range
Options The factory-programmed default, QOUT, is used if this parameter is not set.
Examples -

Allegro MicroSystems, LLC 41
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
M\croSyslems LLC 1.508.853.5000; www.allegromicro.com

lM.




A1341

High Precision, Programmable Linear Hall Effect Sensor IC
With EEPROM, SENT and PWM Output Protocols, and Advanced Output Linearization

Table 31: SCRATCH_C (Register Address: 0x1D, bits 23:12)

Function

Customer Scratchpad
For optional customer use in storing values in the device.

Syntax

Quantity of bits: 12
Two independent locations

Related Commands

IC

Values

Free-form field

Options

Examples

Table 32: SENS_COARSE (Register Address: 0x08, bits 5:2)
Offset drifts with temperature changes will be altered from the factory programmed values after the Coarse Sensitivity is changed. If a change
in Coarse Sensitivity is unavoidable, please contact Allegro for detailed information.

Coarse Sensitivity
Sets the nominal (coarse) sensitivity of the device, SENS_COARSE, which can be defined as OUT/ABy .

Function Selection determines the RANGE, the extent of the applied magnetic flux intensity, B,y , sampled for signal
processing. (Use SIG_OFFSET to adjust the By level at which RANGE is centered.)
Syntax Quantity of bits: 4
Related Commands SIG_OFFSET, SENS_MULT
Coarse Sensitivity at Voc =5V RANGE
Code (Typical) (Typical)
(%FSO/G) (G)
0000 (Default) 0.100 +500
0001 0.333 +150
0010 0.250 +200
0011 0.200 +250
0100 0.167 +300
0101 0.125 +400
Values 0110 0.080 1625
0111 0.067 1750
1000 0.057 +875
1001 0.050 +1000
1010 0.040 +1250
1011 0.033 +1500
1100 0.029 +1750
1101 0.025 +2000
1110 0.5 +100
1111 0.022 +2250
The default, SENS = 0.1%FSO/G for SENS_COARSE and B,y = #500 G for RANGE are used if this parameter is
Options not set.
Output accuracy is reduced with codes 1110 and 1111.
Examples To set a sampled By range of 500 G, set RANGE = 250 G (SENS_COARSE = 0011). That would also set Coarse

Sensitivity to 0.2%FSO/G (SENS_COARSE = 0011).
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Table 33: SENS_MULT (Register Address: 0x0A, bits 11:0)

Sensitivity Multiplier

Function After temperature compensation, establishes the gain of the device in normal output (response to a change in the
applied magnetic field) by indicating a multiplier value.
Quantity of bits: 12
The SENS_MULT values are mapped to the programming code values as follows:
20
Syntax SENS_MULT 10

Value

0

0 0x800 OxFFF
SENS_MULT Code

Related Commands

RANGE (SENS_COARSE), TC1_SENS_CLD, TC1_SENS_HOT, TC2_SENS_CLD, TC2_SENS_HOT

Values -

Options SENS_OUT = SENS_COARSE, that is, SENS_MULT = 1 (code 0) if this parameter is not set.
At: RANGE = +500 G,
SENS_COARSE code and available range:

Examples

0000: 0.1%FS/G nominal
SENS_MULT maximum code gives 0.2%FSO/G nominal
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Table 34: SENT_DATA (Register Address: 0x07, bits 4:3)

Data Nibble Format

Function Quantity and contents of Data nibbles in message. (Does not relate to data contained in the Status and
Communication nibble.)
Syntax Quantity of Bits: 2

Related Commands

0 0: Nibbles 1,2,3: magnetic field data; nibbles 4,5: counter data;
nibble 6: inverted nibble 1 (Default)
0 1: Nibbles 1,2,3: magnetic field data; nibbles 4,5: counter data;

Values ) .
nibble 6: all zeros
1 0: Nibbles 1,2,3: magnetic field data; nibbles 4,5,6: current temperature data
1 1: Nibbles 1,2,3: magnetic field data (nibbles 4,5,6 skipped)
Options -
Examples -

Table 35: SENT_FIXED (Register Address: 0x07, bits 10:9)

Fixed Interval Duration

Function Indicates the quantity of ticks in fixed-duration intervals.
Syntax Quantity of Bits: 2
Related Commands SENT_LOVAR
0 0: 5 ticks (Default)
Values 0 1: 4 ticks
10: 7 ticks
11: 8ticks
Obptions SENT_FIXED = 1 ( 4 ticks) does not meet the SENT spec, but is provided for custom fast or improved-EMI
P communication.
Examples -

Table 36: SENT_LOVAR (Register Address: 0x07, bit 8)

Function

State Assignments
Assigns fixed duration state (becomes delimiting state; other interval becomes the information state)

Syntax

Quantity of Bits: 1

Related Commands

SENT_FIXED

0: Low interval of every nibble is fixed in duration, and the high interval becomes the information state (Default)

Values 1: High interval of every nibble is fixed in duration, and the low interval becomes the information state
SENT_LOVAR = 0 meets the SENT specification.
Obtions SENT_LOVAR = 1 does not meet the SENT spec, but is provided for custom improved-EMI communication.
P For SENT_UPDATE = 3 or 4, the Pause pulse has a fixed low time regardless of
the SENT_LOVAR setting.
Examples -
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Table 37: SENT_SERIAL (Register Address: 0x07, bits 1:0)

Function

Status and Communication Nibble Format
Defines values of bits 2 and 3 inside the Status and Communication nibble.

Syntax

Quantity of Bits: 2

Related Commands

0 0: Bits 2 and 3 are 0 (Default)

0 1: Bits 2 and 3 are 0 part of the Short Serial protocol: 8-bit value data, 4-bit message ID,

16 SENT frames are required to send an entire serial message

Values 1 0: Bits 2 and 3 are part of the Enhanced 16-bit Serial protocol: 12-bit value data, 4-bit
message ID, 18 SENT frames are required to send an entire serial message
1 1: Bits 2 and 3 are part of the Enhanced 24-bit Serial protocol: 16-bit value data, 8-bit
message ID, 18 SENT frames are required to send an entire serial message
Options -
Examples -

Table 38: SENT_STATUS (Register Address: 0x07, bit 2)

Error Condition Status

Function Defines values of bits 0 and 1 inside the Status and Communication nibble.
Defines data inside the Status and Communication nibble on device error status.
Syntax Quantity of Bits: 1

Related Commands

SENT_SERIAL

(SENT_STATUS = 0)
0 0: No error (Default)
0 1: Not used
1 0: Overvoltage condition

Values 1 1: Nonrecoverable EEPROM error, bad Linearization table or other error
(SENT_STATUS =1)
0 0: No error (Default)
0 1: Error condition
Options -
Examples A Status and Communication nibble value of 0010 indicates an overvoltage condition.

lM.
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Table 39: SENT_TICK (Register Address: 0x07, bits 17:11)

Tick Duration

Function Sets the SENT tick rate coefficient: 4 MHz / SENT_TICK = tick (s)
Syntax Quantity of Bits: 7
y Any value from 0 to 127 can be used
Related Commands -
Code PWM Frequency (Typical) Coefficient
(us) (MHz/SENT_TICK)
000 0000 3.0 (Default) 4/12
000 0001 0.25 4/1
Values 000 0010 0.5 4/2
000 0111 0.75 4/3
111 1111 32 4/125
111 1110 315 4/126
111 1111 31.75 4/127
Options SENT_TICK = 1 through 11 do not meet the SENT spec, but are provided for custom fast communication.
Examples —

Table 40: SENT_UPDATE (Register Address: 0x07, bits 7:5)

Function

Pause Pulse and Frame Rate
Pause pulse usage and message frame rate.

Syntax

Quantity of Bits: 3

Related Commands

SENT_LOVAR

000: No Pause pulse; new frame immediately follows previous frame (Default)

001: Pause pulse used for minimum constant frame rate (Length of other message
sections, plus length of Pause Pulse nibble, is constant. For the maximum message
length, Pause pulse information state is the minimum size of 12 ticks.)

010: Pause pulse used for constant frame rate, synchronized with A1341 internal update
rate. (Handshaking occurs such that the Synchronization and Calibration nibble starts

Values immediately after the next new data word is ready.)
011: Pause pulse held indefinitely until receipt of trigger pulse (OUT pulled low) from the
controller, data latched after output released and message is sent.
100: Pause pulse held indefinitely until receipt of trigger pulse (OUT pulled low) from the
controller, data latched immediately and sent when output is released.
101, 110, 111: Same function as 000.
Options -
Examples -
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Table 41: SIG_OFFSET (Register Address: 0x1C, bits 8:4)

If changing Coarse Magnetic Offset cannot be avoided because of application requirements, please contact Allegro for detailed information.

Function Magnetic Offset Compensation (Coarse)
Adjusts the center of the selected B,y range (SIG_OFFSET) to adapt to the application magnetic field.
Syntax Quantity of bits: 5
Code stored in two’s complement format.
Related Commands RANGE, TC1_OFFSET
SIG_OFFSET
Code (% of Full-Scale RANGE)
00000 (Default) 0.00
00001 6.25
00010 12.50
00011 18.75
00100 25.00
00101 31.25
00110 37.50
00111 43.75
01000 50.00
01001 56.25
01010 62.75
01011 68.75
01100 75.00
01101 81.25
01110 87.50
Values 01111 93.75
10000 -100.00
10001 -93.75
10010 -87.50
10011 -81.25
10100 -75.00
10101 -68.75
10110 -62.50
10111 -56.25
11000 -50.00
11001 —43.75
11010 -37.50
11011 -31.25
11100 -25.00
11101 -18.75
11110 -12.50
11111 -6.25
Options The default, QOUT, is used if this parameter is not set.
To set the input range from 0 to 1000 G, with a centerpoint at +500 G:
1. Leave SENS_COARSE at 0.1%FSO/G (SENS_COARSE code = 0000). This establishes a full scale input RANGE
of 1000 G.
Examples 2. The full scale input value, 1000 G, is used as the start point of the offset, so:
SIG_Offset = (Centerpoint — Full scale input) / Full scale input
=100 x (500 — 1000) / 1000 = -50%
3. Set the SIG_OFFSET code to 11000 (24), to select SIG_OFFSET = -50%.
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Table 42: TC1_OFFSET (Register Address: 0x09, bits 7:0)

Function

1st Order Magnetic Offset Temperature Compensation coefficient

Syntax

Quantity of bits: 8
Code stored in two’s complement format.

Related Commands

SIG_OFFSET, TC1_SENS_CLD, TC1_SENS_HOT, TC2_SENS_CLD, TC2_SENS_HOT

0000 0000: Default

Values 0111 1111: +0.48 G/°C

1000 0000: —-0.48 G/°C
Options No fine magnetic offset is applied if this parameter is not set.
Examples -

Table 43: TC1_SENS_CLD (Register Address: 0x09, bits 15:8)
TC1_SENS_HOT (Register Address: 0x09, bits 23:16)

1st Order Sensitivity Temperature Coefficient.
Specifies a compensation factor for drift in device Sensitivity resulting from changes in ambient temperature during
operation. Applies a 1st order, linear compensation algorithm. Two different parameters are set, one for increasing

Function values relative to T, = 25°C, and the other for decreasing values, as follows:
* TC1_SENS_HOT: AT, (from 25°C) > 0
* TC1_SENS_CLD: AT, (from 25°C) < 0

Syntax Quantity of bits: 8 (each parameter)

Related Commands

SENS_MULT, TC2_SENS_HOT, TC2_SENS_CLD

0000 0000: =98 m%/°C

Values 1111 1111: +291 m%/°C

Increments (step size) of £1.53 m%/°C
Options Set all bits to 0 if TC1_SENS_HOT and TC1_SENS_CLD are not used.
Examples Refer to Temperature Compensation section.

Table 44: TC2_SENS_CLD (Register Address: 0x08, bits 14:6)
TC2_SENS_HOT (Register Address: 0x08, bits 23:15)

2nd Order Sensitivity Temperature Coefficient.
Specifies a compensation factor for drift in device Sensitivity resulting from changes in ambient temperature
during operation. Applies a 2nd order, quadratic compensation algorithm. Two different parameters are set, one for

Function increasing values relative to T, = 25°C, and the other for decreasing values, as follows:
* TC2_SENS_HOT: AT (from 25°C) > 0
* TC2_SENS_CLD: AT (from 25°C) <0

Syntax Quantity of bits: 9 (each parameter)

Related Commands

SENS_MULT, TC1_SENS_HOT, TC1_SENS_CLD

0 0000 0000: —1.53 m%/°C

Values 11111 1111: +1.53 m%/°C

Increments (step size) of £0.00596 m%/°C
Options Set all bits to 0 if TC2_SENS_HOT and TC2_SENS_CLD are not used.
Examples Refer to Temperature Compensation section.
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DEFINITION OF TERMS

Full Scale (FSI and FSO)

Full Scale Input, FSI, is the range of the applied magnetic field
processed by the device. Full Scale Output, FSO, is the range of
output values that device output can have for the applied mag-
netic field. If device output is configured as PWM, output will
be 5% and 95%. If device output is configured as SENT, device
output will obtain LSB values from 0 to 4095. See Figure 21.

Power-On Time (tpg)

The time required for device output to generate either the first
valid output message frame (SENT mode) or the first valid duty
cycle (PWM mode), after the power supply has reached its mini-
mum specified operating voltage, Vc(min). When the supply is
ramped to its operating voltage, the device requires a finite time
to power internal circuits before supplying a valid output value.

Signal Propagation Delay (tprop)

The time necessary for the device to respond to an input magnetic
change and to create a valid output message.

Signal Response Time (trgsp)

Typically Signal Response Time is defined as propagation

delay plus length of the SENT/PWM message. However if filter
bandwidth is chosen such that the corresponding internal output
update rate (see BW parameter in EEPROM) is slower than the
output digital message length, it might take a couple of output
messages to update the user.

Output Mode

PWM SENT
(D %) (LSB)
__100 95 | 1111 111 1111 111
S t (4095)
=
Lo — 28;2 1000 0000 0000 0000
<Z( i (2048)
] !
0 5 0000 0000 0000 0000
(0)
B- 0 B+
Applied Magnetic
Field, By (G)

Figure 21: Full Scale Input (FSI) and Full Scale Output
(FSO)

Quiescent Output (QOUT)

The output value in the quiescent state (when no magnetic field is
applied, By =0 G).

The central portion of the programmable range for Quiescent
Output, QOUT, range lies within the QOUT limits. The
Quiescent Output, QOUT, can be customer-programmed around
its typical value, which is 0 LSB (SENT mode) or 50% duty
cycle (PWM mode).

Quiescent Output Drift Through Temperature
Range

Due to internal component tolerances and thermal considerations,
the temperature coefficient used to determine Quiescent Output
may drift from its typical initial value, OUT (), when changes
occur in the operating ambient temperature, T,. For purposes of
specification, the Quiescent Output Drift Through Temperature
Range, AOUT g, is defined as:

AOUT(Q) = OUT(Q)TA - OUT(Q)25°C (5)

where OUT 14 is the OUT ) at a given T, and OUT p50( 18
the OUT ¢ at a T, of 25°C. Note that AOUT ¢, should be calcu-
lated using actual measured values, rather than target values used
when programming.

The Offset Temperature Coefficient can be seen as representation

of the offset drift over temperature in units %/C:

(OUT gy1a~ OUT gpsec ) / OUT gpasec
x 100
AT, (6)

where AT, =T, —25°C.

Sensitivity (Sens)

The proportion of the output voltage to the magnitude of the
applied magnetic field. This proportionality is specified as the
Sensitivity, Sens (ALSB/G for SENT mode, AD/G for PWM
mode), and is effectively the gain of the device.

An individual A1341 device may be unipolar, and respond to the
presence of either a south (positive) polarity magnetic field, or a
north (negative) polarity magnetic field (but not both). Or it may
be bipolar, and respond to both polarities. If responsive to a south
field, a south field opposite and perpendicular to the branded face
of the package will increase the output from its quiescent value
toward the maximum output limit. If responsive to a north field, a
north field opposite and perpendicular to the branded face of the
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package will decrease the output from its quiescent value.

For bipolar configurations, Sensitivity is defined as:

’ (7

Bpos = Bnk
and for unipolar configurations (south field responsive) as:
OUT - OUuT
Sens = (BPOS) Q ’ )

Bpos

where Bpgg and Byg are two magnetic fields with the indicated
opposite polarities.

Sensitivity Drift Through Temperature Range

Due to internal component tolerances and thermal considerations,
the temperature coefficient used to determine Sensitivity may
drift from its typical initial value, Sensyci,;;» and the expected
value after customer programming (EEPROM parameters TC1
SENS CLD, TC1_SENS HOT, TC2 SENS CLD, TC2 SENS
HOT) when changes occur in the operating ambient temperature,
T,. For purposes of specification, the Sensitivity Drift Through
Temperature Range, ASensc, is defined as:

Sensty — SensgxpECTED(TA)

ASenstc =

X100 (%) (9)

SensgxpECTED(TA)

where Sensr, is the actual Sens at the current ambient tem-
perature, and SensgxpgcTEp(Ta) 1S the Sens calculated based on
programmed parameters.

Sensitivity Temperature Coefficient can be seen as a representa-
tion of the Sensitivity drift in %/°C when a temperature divider,
AT =T, —25°C, is inserted into equation 9.

Sensitivity Drift Due to Package Hysteresis
(ASenspyg)

Package stress and relaxation can cause the device sensitivity at
T, =25°C to change during and after temperature cycling. For

purposes of specification, the Sensitivity Drift Due to Package
Hysteresis, is defined as:

Sens(ys50cy2 — Sensasecy

(10)

ASenspkg = x 100 (%)

Sensysocy1

where Sens 5o is the programmed value of Sensitivity at Ty =
25°C, and Sensys(), is the value of Sensitivity at Ty =25°C,
after temperature cycling.

Linearity Sensitivity Error

The A1341 is designed to provide a linear output in response to
a ramping applied magnetic field. Consider two magnetic field
strengths, B1 and B2. Ideally, the sensitivity of a device is the
same for both field strengths, for a given supply voltage and
temperature. Linearity error is present when there is a difference
between the sensitivities measured at B1 and B2.

Linearity Error is calculated separately for the positive
(LinERRPOS) and negative (LInERRNEG) applied magnetic
fields. Linearity error is measured and defined as:

NSpy
Sensgy

J <100 (%) (11)

Lingrrpos = [1

) Sens_gp,
LlnERRNEG =|1- SGTB/Z X 100 (%)
where: o

(12)

B

X

Sensg, =

and By and —By are positive and negative magnetic fields

Final Linearity Sensitivity Error (Linggg) is the maximum value
of the absolute positive and absolute negative linearization errors.
Note that unipolar devices only have positive linearity error

(Lingrrpos)-

Allegro MicroSystems, LLC 50
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com



A1 3 41 High Precision, Programmable Linear Hall Effect Sensor IC
With EEPROM, SENT and PWM Output Protocols, and Advanced Output Linearization

PACKAGE OUTLINE DRAWING

For Reference Only - Not for Tooling Use
(Reference DWG-9202)
Dimensions in millimeters - NOT TO SCALE
Dimensions exclusive of mold flash, gate burs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown

| e——

"

+0.08
«—s521° ) —— €100 g

<—2A60A—> A_» |
B
T 1.00A Mold Ejector

3

P 1= ey 1 Pin Indent
343+0.08 / \ j / in Inden
*°_0.05 N ] !
Ny H
¥A Branded —— |
\ 4 Face | ]
Pee T -
A 054REF—P» [
NNNN
YYWw
0.08 +0.08
> [€«—os” > [€—020
-0.05 -0.05
i u o o
\ \ . .
12.14.40,05 | | /o\ Standard Branding Reference View
—P“ "4— 1.27 NOM N = Device part number
| | Y = Last two digits of year of manufacture
| | W = Week of manufacture
I I
\ \
A Dambar removal protrusion (16X)
054REF—P [ Gate and tie burr area
0.89 MAX ] A Branding scale and appearance at supplier discretion
\ A 1
+0.08 $ | A Thermoplastic Molded Lead Bar for alignment during shipment
150 =
-0.05 AN )
Active Area Depth, 0.37 REF
A L A ctive Area Dep mm
A Hall element, not to scale
s o3

Package KT, 4-Pin SIP

_ammn - Allegro MicroSystems, LLC 51
i lle mw. 115 Northeast Cutoff
’ o Worcester, Massachusetts 01615-0036 U.S.A.
| »

MicroSystems, LLC 1.508.853.5000; www.allegromicro.com




A1 3 4 1 High Precision, Programmable Linear Hall Effect Sensor IC
With EEPROM, SENT and PWM Output Protocols, and Advanced Output Linearization

Revision History

Revision Revision Date Description of Revision
- November 13, 2014 | Initial Release

1 May 25, 2017 Updated Table 13: SENT Message Frame Section Definitions, CRC Function description (page 33).

Copyright ©2012-2017, Allegro MicroSystems, LLC

Allegro MicroSystems, LLC reserves the right to make, from time to time, such departures from the detail specifications as may be required to
permit improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify that
the information being relied upon is current.

Allegro’s products are not to be used in any devices or systems, including but not limited to life support devices or systems, in which a failure of
Allegro’s product can reasonably be expected to cause bodily harm.

The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems, LLC assumes no responsibility for its
use; nor for any infringement of patents or other rights of third parties which may result from its use.

For the latest version of this document, visit our website:
www.allegromicro.com

pri L o Allegro MicroSystems, LLC 52
e m " 115 Northeast Cutoff
’ o Worcester, Massachusetts 01615-0036 U.S.A.
T

L MicroSystems, LLC 1.508.853.5000; www.allegromicro.com



