MicroSystems, LLC

A1338

Precision, Hall-Effect Angle Sensor IC
with SPI, and SENT or PWM Outputs

FEATURES AND BENEFITS
* Contactless 0° to 360° angle sensor IC, for angular

position and rotation direction measurement

o Circular Vertical Hall (CVH) technology provides
a single-channel sensor system, with air gap
independence

* 12-bit resolution possible in Low RPM mode, 10-bit
resolution in High RPM mode

* Angle Refresh Rate (output rate) configurable between
25 and 3200 ps through EEPROM programming

o Capable of sensing magnetic rotational speeds up to
7600 rpm, and up to 30,000 rpm with reduced accuracy

» SPI, and SENT (Single Edge Nibble Transmission) or
PWM (Pulse-Width Modulation)*

Continued on the next page...

DESCRIPTION

The A1338 is a 0° to 360° angle sensor IC that provides
contactless high-resolution angular position information based
on magnetic Circular Vertical Hall (CVH) technology. It has
a “System on Chip” (SoC) architecture that includes: a CVH
front end, digital signal processing, digital SPI, and SENT or
PWM outputs. It also includes on-chip EEPROM technology,
capable of supporting up to 100 read/write cycles, for flexible
end of line programming of calibration and configuration
parameters. The A1338 is ideal for automotive applications
requiring 0° to 360° angle measurements, such as electronic
power steering (EPS), seatbelt motor position systems, rotary
PRNDLs, and throttle systems.

The A1338 was designed with safety critical application
requirements in mind. It includes user controlled on-chip logic
built-in self-test (L-BIST) and full signal path diagnostics
to enable customers to determine if the IC is operating in a
proper manner.

PACKAGES: The A1338 supports a Low RPM mode for slower rate
14-pin TSSOP (Suffix LE) 24-pin TSSOP (Suffix LE) applications and a High RPM mode for high-speed applications.
High RPM mode is for applications that require higher refresh
rates to minimize error due to latency. Low RPM mode is for
applications that require higher resolution operating at lower
angular velocities.
Not to scale The A1338 is available in single-die 14-pin TSSOP and a
Single SoC Dual Independent SoCs dual-die 24—p1.n TSSOP. Both pgckages are lead (Pb) free with
100% matte-tin leadframe plating.
A1338
gzg;j SoC die 1
P:gcég_nlng?:;o) To all internal circuits —
ECC Error Detection /
= Correction
GNDA _1 Iﬂ_ e
GNDD_1 CVH Self-Test
contel PWMor SENTL_1 6 pywim_1/SENT 1
Interface - -
| | Bandpass
- gl
Circular Vertical Hall
Digital Processing
cs_npo_t SPI Adjustable )
MISO_1 Intel.'faoe le»] |Discontinuity quaugnal Data TC Segment
MOSI_1/1D1_1 7 b"'t"g'RC eF’oint g\';/e/ggal‘chEamw nll Processing
SCLK_1 ! (0%Angle)
BIAS 1
BYP1_2 SoC die 2
BYP2 2
GXEiﬁ O PWM_2/SENT 2
GNDD_2
TS_2/ID0_2
MISO_2
MOSI_2/ID1_2
SCLK_2
BIAS_2

A1338 Magnetic Circuit and IC Diagram

A1338LLE-DS

November 18, 2016



A1338

Precision, Hall-Effect Angle Sensor IC

with SPI, and SENT or PWM Qutputs

FEATURES AND BENEFITS (continued)

o SPI interface provides a robust communication protocol for
fast angle readings*

o SENT output supports four modes: SAEJ2716 (JAN2010)
and Allegro proprietary options of Triggered SENT
(TSENT), Sequential SENT (SSENT), and Addressable
SENT (ASENT)*

o0 Programmable via Manchester Encoding on the VCC line,
reducing external wiring*

o SPI and SENT interfaces allows use of multiple independent
sensors for applications requiring redundancy*

* Advanced diagnostics to support safety-critical applications,
including:
o On-chip, user-controlled logic built-in self-test (L-BIST)
and signal path diagnostics
0 4-bit CRC on SPI messages

o User-Programmable Missing Magnet Error flag for
notifying controller of low magnetic field level

» Diagnostics are initiated over the SPI or SENT interface and
can directly test proper operation of the IC in safety-critical
applications

SELECTION GUIDE

* EEPROM with Error Correction Control (ECC) configuration,

sensor calibration including end-of line adjustments like
programmable angle reference (0°) position and rotation
direction (CW or CCW)

» Available in both single-die and dual-die configurations

o Dual-die devices contain two independent die housed within
a single package

* Absolute maximum V¢ of 26.5 V for increased robustness

and direct connection to automotive vehicle battery

* See Selection Guide for more details.

Part Number System Die Output Protocols Package Packing [1]
A1338LLETR-DD-T Dual SPl and SENT 24-pin TSSOP 4000 pieces per 13-in. reel
A1338LLETR-P-DD-T [2] Dual SPl and PWM 24-pin TSSOP 4000 pieces per 13-in. reel
A1338LLETR-T Single SPland SENT 14-pin TSSOP 4000 pieces per 13-in. reel
A1338LLETR-P-T [2] Single SPl and PWM 14-pin TSSOP 4000 pieces per 13-in. reel

1 Contact Allegro™ for additional packing options.
2 Future product. Contact Allegro for availability.

Allegro MicroSystems, LLC 2
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
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A1338

Precision, Hall-Effect Angle Sensor IC
with SPI, and SENT or PWM Qutputs
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Precision, Hall-Effect Angle Sensor IC

A1338 with SPI, and SENT or PWM Qutputs

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
Characteristic Symbol Notes Rating Unit
Forward Supply Voltage Vee Not sampling angles 26.5 Vv
Reverse Supply Voltage Vree Not sampling angles -18 \Y
All Other Pins Forward Voltage VN 5.5 \Y
All Other Pins Reverse Voltage VR 0.5 \
Operating Ambient Temperature Ta L range —40 to 150 °C
Maximum Junction Temperature T,(max) 165 °C
Storage Temperature Tsig —65t0 170 °C

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

Characteristic Symbol Test Conditions [1] Value | Unit
LE-24 package 117 °C/W

Package Thermal Resistance Reua
LE-14 package 82 °C/W

! Additional thermal information available on the Allegro website.

L 1 L L
:_[0.1 uF :_Em WF :_[0.1 WF :_[0.1 uF

BYP1_1 BYP2_1 VvCC 1 VCC 2 BYP1_2 BYP2_2

cs_1
SCLK_1
MOSI_1
Host MISO_1
Microprocessor BIAS_1

PWM_1/SENT_1 ——

A1338

Cs_2

SCLK_2
MOSI_2
MISO_2
BIAS 2

GNDA_1 GNDA _2 GNDD_1 GNDD_2
L L L L

PWM_2/SENT 2 b——

Typical Application Diagram (dual-die version)

Either or both internal SoCs can be operated simultaneously.
(See “EMC Reduction” Section for application circuits that require a higher level of EMC immunity.)

_ammn Allegro MicroSystems, LLC 4
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Precision, Hall-Effect Angle Sensor IC

A1338 with SPI, and SENT or PWM Qutputs

PINOUT DIAGRAMS AND TERMINAL LIST

BYP1_1 [1] O GNDD_1
GNDD_1 [2] CS_1/1D0_1
GNDA_1 [3] MOSI_1/ID1_1
BYP1_1 O GNDD._1 SENT_1/PWM_1 [4] SCLK_1
GNDD_1 CS_1/IDO_1 vee.t [5] MISO.1
BIAS_2 [6] BYP2_1
GNDA _1 MOSI_1/ID1_1 BYP2 2 [7] BIAS. 1
SENT_1/PWM_1 SCLK_1 Miso_2 [B] vee 2
VCC_1 MISO_1 SCLK_2 [9] SENT_2/PWM_2
NG [6 | [9] BYP2_1 MOsI_2/ID1_2 [i0] GNDA_2
NG BIAS_1 €s_2/1p0_2 [11] GNDD_2
GNDD_2 [12] BYP1 2
14-Pin TSSOP LE Package Pinouts 24-Pin TSSOP LE Package Pinouts
Terminal List Table
Pin Pin Number .
Name LE14 LE24 Function
BYP1_1 1 1 External Bypass Capacitor Terminal for Internal Regulator (die 1)
BYP2_1 9 19 External Bypass Capacitor Terminal for Internal Regulator (die 1)
BYP1_2 - 13 External Bypass Capacitor Terminal for Internal Regulator (die 2)
BYP2_2 - 7 External Bypass Capacitor Terminal for Internal Regulator (die 2)
@/IDOJ 13 2 Option 1: SPI Chip Select Terminal, Active Low Input(die 1)
Option 2: IDO bit to indicate Slave Address for SSENT or ASENT communication modes only (die 1)
Option 1: SPI Chip Select Terminal, Active Low Input(die 2)
CS_2/ID0_2 - 11
Option 2: IDO bit to indicate Slave Address for SSENT or ASENT communication modes only (die 2)
GNDA_1 3 3 Device Analog Ground Terminal (die 1)
GNDA_2 - 15 Device Analog Ground Terminal (die 2)
GNDD_1 2,14 2,24 Device Digital Ground Terminal (die 1)
GNDD_2 - 12,14 Device Digital Ground Terminal (die 2)
MISO_1 10 20 SPI Master Input/Slave Output (die 1)
MISO_2 - 8 SPI Master Input/Slave Output (die 2)
MOSI_11D1_1 12 2 Option 1: SPI Master Output Slave Input (die 1)
Option 2: ID1 bit to indicate Slave Address for SSENT or ASENT communication modes only. (die 1)
MOSI_2/1D1_2 B 10 Option 1: SPI Master Output Slave Input (die 2)
Option 2: ID1 bit to indicate Slave Address for SSENT or ASENT communication modes only. (die 2)
SLCK_1 11 21 SPI Clock Terminal (die 1)
SCLK_2 - 9 SPI Clock Terminal (die 2)
sent et | 4| 4| SO Bl I O Dl SENT i AISLLETR 0D T ATGESLLETR T
SENToPwz | - | e | SENT U IeD: P Oubu D) SENT e ATSSSLETR 00T ATSSSLETRT
BIAS_1 8 18 Bias Connection; connect to ground or pull up to 3.3 V (die 1)
VCC_1 5 5 Power Supply (die 1); also used for EEPROM Programming
VCC_2 - 17 Power Supply (die 2); also used for EEPROM Programming
BIAS_2 - 6 Bias Connection; connect to ground or pull up to 3.3 V (die 2)
NC 6,7 - Not internally connected; tie to GNDD

_ammn Allegro MicroSystems, LLC 5
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Precision, Hall-Effect Angle Sensor IC

A1338 with SPI, and SENT or PWM Qutputs
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Functional Block Diagram
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Precision, Hall-Effect Angle Sensor IC

A1338 with SPI, and SENT or PWM Qutputs

OPERATING CHARACTERISTICS: Valid over the full operating voltage and ambient temperature ranges, unless otherwise noted

Characteristics | Symbol Test Conditions | Min. | Typ. 1] | Max. | Unit[2]

ELECTRICAL CHARACTERISTICS
Supply Voltage Vee 3.7 - 16 \Y
Supply Current lcc Each die, Ty = 150°C - 8.25 10 mA
Undervoltage Lockout Threshold Vuvion | Maximum Ve, dV/dt = 1V/ms, Ty = 25°C - - 36 \

Voltage ] VuvioLow | Maximum Vge, dV/dt = 1V/ms, T, = 25°C 2.9 - - \Y
VCC Low Flag Threshold ] VuvLoTH 3.5 - 3.9 \%
Supply Zener Clamp Voltage Vzsup lcc = lecawakey + 3 MA, Ty =25°C 26.5 40 - \
Reverse-Battery Current Ircc Vree =—18V, Ty = 25°C -5 - 0 mA
Power-On Time %] tro - 300 - us
Bypass1 Pin Output Voltage (€] Veyp1 Tp=25°C, Cgyp = 0.1 yF 25 2.7 2.9 \Y
Bypass2 Pin Output Voltage [ Viyp2 Ta=25°C, Cgyp = 0.1 uF 2.9 3.1 33 \%
WAKEX INPUT SPECIFICATIONS
WAKE Enable High Threshold Voltage | ViyakeHiTH) - 240 - mV
WAKE Enable Low Threshold Voltage | Vwakewoth) - 120 - mV
WAKE Input Resistance Rwake - 1 - MQ
SPI INTERFACE SPECIFICATIONS
Digital Input High Voltage (8] Vi MOSIx, SCLKx, CSx pins 24 - 5.5 \Y
Digital Input Low Voltage [8] Vi MOSIx, SCLKx, CSx pins - - 0.5 \Y
CSx Pin Input Bias Current Isias Vesx =3.3V - 15 - pA
SPI Output High Voltage 1 Von Ef;ff;g?;”j;d‘;{ 20pF Tp=257C, Cypr =011F | 55 2.7 29 v
SPI Output High Voltage 2 Vors E"'SOX_":)”:’ CL=20pF, Ta=25°C, Cavpy =01HF | 54 3.1 33 v

gyp2 = 0.1 uF

SPI Output Low Voltage VoL MISOx pins, C_ = 20 pF - 0.3 - \%
SPI Clock Frequency![7] fscik MISOx pins, C = 20 pF 0.1 - 10 MHz
SPI Clock Duty Cyclel7] DrscLk SPICLKp, 5 V compliant 40 - 60 %
SPI Frame Ratel7] tspi 5V compliant 5.8 - 588 kHz
Chip-Select to First SCLK Edge 8] tcs Time from CSx going low to SCLKx falling edge 50 - - ns
Data Output Valid Time 8] toav Data output valid after SCLKx falling edge - - 40 ns
MOSI Setup Time 8l tsu Input setup time before SCLKXx rising edge 25 - - ns
MOSI Hold Time 8] tHp Input hold time after SCLKXx rising edge 50 - - ns
SCLK to CS Hold Time8] tcHD Hold SCLKXx high time before CSx rising edge 5 - - ns
Capacitive Load 9] c, Lc_)ading on digital output (MISOx) pin _ _ 20 oF

with SPI Clock Frequency = 10 MHz

Continued on the next page...
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Precision, Hall-Effect Angle Sensor IC

A1338 with SPI, and SENT or PWM Qutputs

OPERATING CHARACTERISTICS (continued): Valid over the full operating voltage and ambient temperature ranges,
unless otherwise noted

Characteristics | Symbol | Test Conditions | Min. | Typ. [ | Max. | Unit[2]
PWM INTERFACE SPECIFICATIONS (A1338LLETR-P-DD-T and A1338LLETR-P-T variants only)
PWM Frequency Code = 00, T, in specification - 122 - Hz
PWM Carrier Frequency[10] fowm PWM Frequency Code = 01, T, in specification - 1.024 - kHz
PWM Frequency Code = 10, Ty in specification - 2.048 - kHz
PWM Duty Cycle Minimum Dpwm(min) - 5 - %
PWM Duty Cycle Maximum DpwM(max) - 95 - %
Vewme) | 10 kQ < Rpjyp < 50 kQ - - 0.1 \Y
PWM Output Signal 8] Minimum Ry, = 10 kQ 09x5 - - \Y
VewmH) - ~
Maximum Ry, = 50 kQ 0.7x5 - - \Y
Maximum Sink Current ILmir Output FET on, Ty = 25°C - 30 - mA
SENT PROTOCOL SPECIFICATIONS (A1338LLETR-DD-T and A1338LLETR-T variants only)
SENT Message Duration tovHsT Tick time = 3 s - - 1 ms
Minimum Programmable SENT teenTIIN T_ick time = O.F_) s, 3 data nibbles, SCN, and CRC, _ 9% _ us
Message Duration nibble length = 27 ticks
Vsenty | 10 KQ < Ryyyp < 50 kQ - - 0.1 \Y
SENT Output Signal 8] Minimum Ry, = 10 kQ 0.9x5 - - \Y
VSENT(H) - ~
Maximum Ry, = 50 kQ 0.7x5 - - \Y
SENT Output Trigger Signal Vseniig() — — 14 v
VSENTIrig(H) 2.8 - - \
Min_imum 'I_'ime Frame for SENT fSEnTIIN T_ick time = 0.5_) s, 3 data nibbles, SCN, and CRC, 2 _ _ us
Trigger Signal nibble length = 27 ticks
From end of trigger pulse to beginning of SENT
Triggered Delay Time tysenT message frame. - 7 - tick
TSENT (SENT_MODE 3 and SENT_MODE 4)
Maximum Sink Current v Output FET on, Ty = 25°C - 30 - mA
DIAGNOSTIC SPECIFICATIONS
CVH Self-Test Time tui_piaG - 23 - ms
Logic BIST Coverage vs Time tieisTxx | 90% Coverage - 10 - ms
EEPROM PROGRAMMING PULSES
Pulse High Time tpuLse)y | Time above minimum pulse voltage 8 10 1" ms
Rise Time t, 10% to 90% of minimum pulse level 300 - - us
Fall Time tf 10% to 90% of minimum pulse level 60 - - us
Pulse Voltage VpuLse Applied on VCC line 18 19 19.5 \Y
Separation Time tpuLsE(r-n ;LT?SSZe:g?nznggiglgs\? dropping below 6 V:and 0.002 - 50 ms

Continued on the next page...
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Precision, Hall-Effect Angle Sensor IC

A1338 with SPI, and SENT or PWM Qutputs

OPERATING CHARACTERISTICS (continued): Valid over the full operating voltage and ambient temperature ranges,
unless otherwise noted

Characteristics | Symbol | Test Conditions | Min. | Typ. [1] | Max. | Unit[2]

MAGNETIC CHARACTERISTICS

Magnetic Field | B |Range of input field | - | - | 1500 | g,

ANGLE CHARACTERISTICS

Digital Output Word Length [9] RESNGLE - 12 - bit

Effective Resolution B =300 G, Ty =25°C, ORATE =0 - 10.1 - bit
High RPM mode - 25 - us

Angle Refresh Rate['1] tanG Low RPM mode, AVG = 011 (varies with AVG mode,

. . - 200 - us
refer to the appendix Programming Reference)

Response Time tresponse | Low RPM mode (see Figure 4) - 60 - us
Tp = 25°C, |_dea| magnet alignment, B = 300 G, _ 05 _ degrees
targetrpm =0

Angle Error ERRanG - -

Tp = 150°C, ideal magnet alignment, B = 300 G,
o -1.3 - 1.3 degrees
target rpm =0
Ta = 25°C, B = :'300 G, 3 sigma noise, _ 035 _ degrees
) no internal filtering
Angle Noise NanG - —
T = 150°C, no internal filtering, B = 300 G,
. ; _ - 0.55 - degrees
3 sigma noise, target rom =0
. Tpo=150°C, B=300G -1.4 - 1.4 degrees

Temperature Drift ANGLEpgrt
Tp=-40°C,B=300G - +1 - degrees

Angle Drift Over Lifetime ANGLEpgr. | B =300 G, typical maximum drift observed after _ +0.5 _ degrees

LIFE AEC-Q100 qualification testing

I Typical data is at Ty = 25°C and V¢ =5 V, and it is for design estimates only.

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

3 At power-on, a die will not respond to commands until V¢ rises above Vv o After that, the die will perform and respond normally until V¢ drops below
VuvioLow-

4VCC Low Threshold Flag will be sent via the SPI interface as part of the angle measurement.

5 During the power-on time period, the A1338 SPI transactions are not guaranteed.

6 The output voltage and current specifications are to aid in PCB design. The pin is not intended to drive any external circuitry. The specifications indicate the peak
capacitor charging and discharging currents to be expected during normal operation.

7 Parameter is not guaranteed at final test. Determined by design.

8 Parameter is not guaranteed at final test. Minimum and maximum parameter values for this characteristic are determined by design.

9 RES AnGLE represents the number of bits of data available for reading from the die registers.

10 Other PWM carrier frequencies are available.

1 The rate at which a new angle reading will be ready.

Magnet Position 1 f-—-—-—-—-—-—-m-mrmo o

Position

Position 2

Response Time

Sensor Output 1
Output Output 2

Definition of Response Time
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A1338

Precision, Hall-Effect Angle Sensor IC

with SPI, and SENT or PWM Qutputs

FUNCTIONAL DESCRIPTION

Overview

The A1338 is a rotary position Hall-sensor-based device. It
incorporates up to two electrically independent Hall-based sensor
dies in the same surface-mount package to provide solid-state
consistency and reliability, and to support a wide variety of
automotive applications. Each Hall-sensor-based die measures
the direction of the magnetic field vector through 360° in the x-y
plane (parallel to the branded face of the device) and computes an
angle measurement based on the actual physical reading, as well
as any internal configuration parameters that have been set by the
user. The output of each die is used by the host microcontroller to
provide a single channel of target data.

This device is an advanced, programmable system-on-chip (SoC).
Each integrated circuit includes a Circular Vertical Hall (CVH)
analog frontend, a high-speed sampling A-to-D converter, digital
filtering, digital signal processing, and an SPI, SENT, or PWM
output of the processed angle data.

Each sensor die can be configured in a different RPM mode. The
data output selection is controlled by the address request in the
SPI Read command.

Advanced offset and gain adjustment options are available in the
A1338. These options can be configured in onboard EEPROM
providing a wide range of sensing solutions in the same device.
Device performance can be optimized by enabling individual
functions or disabling them in EEPROM to minimize latency.

Angle Measurement

The A1338 can monitor the angular position of a rotating mag-
net at speeds ranging from 0 to more than 7600 rpm. At lower
rotational speeds, the A1338 is able to measure angle data with
minimal angular latency between the actual magnet and sensor
output. As the RPM increases, the angular latency between the
magnet and sensor output also increases.

The A1338 can be configured to operate in two angular measure-
ment modes of operation: Low RPM mode, and High RPM mode.
For applications that have a speed range from 0 to 500 rpm (can
vary with AVG), the Low RPM mode provides increased resolu-
tion. For applications above 500 rpm, configuring the A1338 in
High RPM mode provides angle measurements with standard
resolution. Above 7600 rpm, the A1338 continues to provide
angle data, however the accuracy is proportionally reduced.

The actual update rate of Low RPM mode can be changed by
setting the AVG bits in the EEPROM. (See the appendix Program-
ming Reference for details.) The selection of Low RPM mode or
High RPM mode can be programmed, via the Angle Meas Mode

bit, for the expected maximum rotational speed of the magnet in
operation, in order to provide the highest corresponding

level of angle measurement accuracy. However, the A1338 pro-
vides valid output data regardless of the selected mode and the
application speed.

The A1338 has a typical output bandwidth of 40 kHz (25 us
refresh rate) in High RPM mode, and 5 kHz (200 us refresh rate)
in Low RPM mode. Thus, for example, in High RPM mode, a new
angle measurement is available at the internal angle output register
to be transmitted over the SPI/SENT or PWM output ports every
25 us, or as fast as allowable over the selected output protocol.
There is also a latency of 60 pus from when there is a change in the
position of the target magnet field to when the new representative
angle is updated in the internal angle output register. This latency
effectively represents the age of the angle measurement.

Although the range of the resolution of the measurement data
output, RES sygLg 1S determined by the selection of either High
RPM or Low RPM mode, the measurement can be affected also
by the intensity (B, in gauss) of the applied magnetic field from
the target. At lower intensities, a reduced signal-to-noise ratio
will cause one or two LSBs to change state randomly due to
noise, and the effective DAC resolution is reduced. These factors
work together, so when High RPM mode is selected, the effec-
tive range of resolution is 8 to 10 bits (from lower to higher field
intensities), and in Low RPM mode, the effective range is 11 to
12 bits, depending on field strength and AVG selection.

Regardless of the field intensity and mode selection, the transmis-
sion protocol and number formatting remains the same. The MSB
is always transmitted first. The entire number should be read.

The Output Angle is always calculated at maximum resolution.
To be more explicit:

Angleyr = 360 () x D[12:0] / (213) (1)

This formula is always true, regardless of the applied field inten-
sity. What changes with the field and speed setting is how “quiet”
the LSBs of the measurement data (D 12:x) will be.

It should be noted that the secondary die (E2) is rotated 180°
relative to the primary die (E1). This results in a difference in
measurement of approximately 180° between the two die, given
perfect alignment of each die to the target magnet.

This phenomenon can be counteracted by subtracting the offset
using a microprocessor. Alternatively, the difference between the
two die can be compensated for using the EEPROM for setting
the Reference Angle.

legro-
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A1338

Precision, Hall-Effect Angle Sensor IC

with SPI, and SENT or PWM Qutputs

Programing Modes

The EEPROM can be programmed through the dedicated SPI
interface pins or via Manchester encoding on the VCC pin, allow-
ing process coefficients to be entered and options selected. (Note:
programming EEPROM also requires the VCC line to be pulsed,
which could adversely effect other devices if powered from the
same line). The EEPROM provides persistent storage at end of
line for final parameters.

SPI System-Level Timing

The A1338 outputs a new angle measurement every t,yg 1. In
High RPM mode, the A1338 outputs a new angle measurement
every tang Ms, with an effective resolution of 10 bits. There

is, however, a latency of t; 41, from when the rotating magnet

is sampled by the CVH to when the sampled data has been
completely transmitted over the SPI interface. Because an SPI
interface Read command is not synchronous with the CVH tim-
ing, but instead is polled by the external host microcontroller, the
latency can vary. For single back-to-back SPI transactions (first
transaction is sending the Read register 0x0 command, second is
retrieving the angle data) the following scenarios are possible:

* Worst case: 2 CVH cycle + 2 SPI cycles
* Best case: 1.5 SPI cycles; 2 pus, assuming a 10 MHz SPI clock

360 F—

Magnetic Field Angle (°)

Dar  Dar

Dot

Dst

Power-Up

Upon applying power to the A1338, the device automatically runs
through an initialization routine. The purpose of this initializa-
tion is to ensure that the device comes up in the same predictable
operating condition every power cycle. This initialization routine
takes a finite amount of time to complete, which is referred to as
Power-On Time, tpg.

The A1338 wakes up in a default state that sets all SPI registers
to their default value. It is important to note that, regardless of the
state of the device before a power cycle, the device will re-power
with default values. For example, on every power-up, the device
will power up in the mode set in the EEPROM bit RPM. The
state of the EEPROM is unchanged.

PWM Output (“-P-” option)

The A1338LLETR-P-DD-T and A1338LLETR-P-T options
provide a pulse-width-modulated output with duty cycle being
proportional to the measured angle. The PWM duty cycle ranges
between 5% (corresponding to 0° angle) and 95% (corresponding
to 360° angle). The 0% and 100% (Pulled Low, and Pulled High)
states are reserved for error condition notifications.

Der D7t Dgr Dgr Dior

< Dot | Dir
£ a1 By B g B B B B P
% \
(0]
§ ‘ 'l " u D(x) = tpulse(x)/ 7-period
= | | = thuise(s)
= \ \ \ \ N \ \ \ \
—
oT 1T 2T 3T 4T 5T 6T 7T 8T 9T 10T MT Time

Figure 1: PWM mode outputs a duty-cycle-based waveform that can be read
by the external controller as a cumulatively changing continuous voltage.
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MANCHESTER SERIAL INTERFACE

To facilitate addressable device programming when using the
unidirectional SENT output mode with no need for additional
wiring, the A1338 incorporates a serial interface on the VCC line.
(Note: The A1338 may be programmed via the SPI interface,
with additional wiring connections. For detailed information on
part programming, refer to the A1338 programming manual).
This interface allows an external controller to read and write reg-
isters in the A1338 EEPROM and volatile memory. The device
uses a point-to-point communication protocol, based on Man-
chester encoding per G.E. Thomas (a rising edge indicates a 0
and a falling edge indicates a 1), with address and data transmit-
ted MSB first. The addressable Manchester code implementation
uses the logic states of the SAO (SPI MOSI Pin) / SA1 (SPI CSN
Pin) to set address values for each die. In this way, individual
communication with up to four A1338 die is possible.

To prevent any undesired programming of the A1338, the serial
interface can be disabled by setting the Disable Manchester bit
(0x19 bit 18) to a 1. With this bit set, the A1338 will ignore any
Manchester input on VCC.

Entering Manchester Communication Mode

Provided the Disable Manchester bit is not set in EEPROM, the
A1338 continuously monitors the VCC line for valid Manchester
commands. The part takes no action until a valid Manchester
Access Code is received.

There are two special Manchester code commands used to
activate or deactivate the serial interface and specify the output
format used during Read operations:

1. Manchester Access Code: Enters Manchester Communica-
tion Mode; Manchester code output on the SENT pin.

2. Manchester Exit Code; returns the SENT pin to normal
(angle data) output format.

Once the Manchester Communication Mode is entered, the SENT

output pin will cease providing angle data, interrupting any data

transmission in progress.

Transaction Types

As shown in Figure 2, the A1338 receives all commands via the
VCC pin, and responds to Read commands via the SENT pin.
This implementation of Manchester encoding requires the com-
munication pulses be within a high (Vyane) and low (Viyane)
range of voltages on the VCC line. Writing to EEPROM is sup-
ported by two high voltage pulses on the VCC line.

Each transaction is initiated by a command from the controller;
the A1338 does not initiate any transactions. Two commands are
recognized by the A1338: Write and Read.

Writing to EEPROM

When a Write command requires writing to non-volatile
EEPROM, after the Write command, the controller must also
send two Programming pulses, high-voltage strobes via the VCC
pin. These strobes are detected internally, allowing the A1338 to
boost the voltage on the EEPROM gates. Refer to the program-
ming manual for specifics on sensor programming and protocol
details.

Write/Read Command -
Manchester Code

<

VvCC ECU

A1338
SENT

Read Manchester Code

GND

Figure 2: Top-Level Programming Interface
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Manchester Interface Reference

Table 1: Manchester Interface Protocol Characteristics [1]

Characteristics | Symbol Note Min. Typ. Max. Unit
INPUT/OUTPUT SIGNAL TIMING

Defined by the input message bit rate sent from

Bit Rate the external controller 4 - 50 kbps
o Data bit pulse width at 4 kbps 243 250 257 us
Bit Time tBlT - -
Data bit pulse width at 100 kbps 9.5 10 10.5 us
Bit Time Error errrgir | Deviation in tgir during one command frame —11 - +11 %
Required delay from the end of the second Vo <
Write Delay twritee) | EEPROM Program pulse to the leading edge of 6COCV - - -

a following command frame

Delay from the trailing edge of a Read
Read Delay tstarT READ| COMmMand frame to the leading edge of the Read | V4 x ty; - Ya %t us
Acknowledge frame

EEPROM PROGRAMMING PULSE
EEPROM Programming Pulse

Delay from last bit cell of write command to start

Setup Time SPULSEE) | of EEPROM programming pulse 40 B - Hs
Pulse High Time tpuLse) | Time above minimum pulse voltage 8 10 1 ms
Rise Time tr 10% to 90% of minimum pulse level 300 - - us
Fall Time t 10% to 90% of minimum pulse level 60 - - us
Pulse Voltage Vpyise | Applied on VCC Line 18 19 19.5 \Y
Separation Time tpuLsE(fn) ;m'g%:iﬁ’\l’::?é::z ggls\?edéo\s) ping below 6 V 0.002 - 50 ms
INPUT SIGNAL VOLTAGE
Manchester Code High Voltage Vyan) | Applied to VCC line 7.8 - - \Y
Manchester Code Low Voltage Vyanw) | Applied to VCC line - - 6.3 \
OUTPUT SIGNAL VOLTAGE (APPLIED ON SENT LINE)

Manchester Code High Voltage VmaN(H) Miniwum Roup = 518 9% Vs — — v
Maximum R, = 50 kQ 0.7 x Vg - - \Y
Manchester Code Low Voltage Vanw) | 5 KQ < Rpyiyp <50 kQ - - 0.1 \
1 Determined by design.
Allegro MicroSystems, LLC 13
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SENT Output Mode

(A1338LLETR-DD-T, A1338LLETR-T options)

The SENT output converts the measured magnetic field angle to
a binary value mapped to the Full-Scale Output (FSO) range of
0 to 4095, shown in Figure 3. This data is inserted into a binary
pulse message, referred to as a frame, that conforms to the SENT
data transmission specification (SAEJ2716 JAN2010).

The SENT frame may be configured via EEPROM. The A1338
may operate in one of three broadly defined SENT modes (see

the A1337/8 Programming Manual for details on SENT modes

and settings).

Angle (°)

SAE J2716 SENT: free-streaming SENT frame in accordance
with industry specification.

Triggered SENT (TSENT): User-defined sampling and
retrieval.

Shared SENT: Allows multiple devices to share a common
SENT line. Devices may either be directly addressed
(Addressable SENT or ASENT) or sequentially polled
(Sequential SENT or SSENT).

A

4095 (1111 1111 1111)

2048 (1000 0000 0000)

SENT Data Value
(LSB)

0000 (0000 0000 0000)

Figure 3: Angle is represented as a 12-bit digital value.

Sensor Sensor Sensor
D=0 ID=1 ID=2

VCC 5V Max
Sensor Host
D=3 (ECU)
I R I

Bus Capacitance

C

i

Figure 4: Allegro’s proprietary SENT protocol allows
multiple parts to share one common output bus.

i Allegro
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SENT MESSAGE STRUCTURE

Data within a SENT message frame is represented as a series of
nibbles, with the following characteristics:

» Each nibble is an ordered pair of a low-voltage interval
followed by a high-voltage interval

» The low-voltage interval acts as the delimiting state which acts
as a boundary between each nibble. The length of this low-
voltage interval is fixed at 5 ticks.

* The high-voltage interval performs the job of the information
state and is variable in duration in order to contain the data
payload of the nibble

* The slew rate of the falling edge may be adjusted using the
C_SENT DRIVE parameter.

The duration of a nibble is denominated in ticks. The period of a
tick is set by the C_TICK TIME parameter. The duration of the
nibble is the sum of the low-voltage interval plus the high-voltage
interval.

The parts of a SENT message are arranged in the following
required sequence (see Figure 6):

Synchronization and Calibration: Flags the start of the
SENT message.

2. Status and Communication Nibble: Provides A1338 status
and the optional serial data determined by the setting of the
SENT SERIAL parameter.

3. Data: Angle information and optional data.

CRC: Error checking.

5. Pause Pulse (optional): Fill pulse between SENT message
frames.

0 5 12 0 5 Table 2: Nibble Composition and Value
1111 s
- Binary Decimal
Low- High- (4-bit) Equivalent
Message Message Voltage Voltage Total Value Value
Signal Signal Interval Interval
Voltage Voltage

5 7 12 0000 0

Low High Low High 5 8 13 0001 1

Interval Interval Interval Interval
5 9 14 0002 2
Nibble Data Value = 0000 Nibble Data Value = 1111
Figure 5: General Value Formation for SENT 21 26 110 14
0000 (left), 1111 (right) 22 27 1111 15
SENT_FIXED SENT_FIXED SENT_FIXED SENT_FIXED SENT_FIXED SENT_FIXED
> | > e | | e ] e e e
. H 12t027u 12t027\~ —|—| 12 to 27 12 to 27 L
B 56 ticks } ticks tlcks ! t|cks < ficks | ‘ ‘
“ o A ‘
At Status and \ Pause
Nibble Name | Syr(‘icgrol,’gzit,'on | Commun- DatSa 1 | | Data 6 ‘ CRC ‘ Pulse |
and Calibration ication (MSB) (optional) ‘
tsenT "
Figure 6: General Format for SENT Message Frame
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A1338 Precision, Hall-Effect Angle Sensor IC
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Table 3: EEPROM Registers Map Table with Defaults (Factory Reserved Registers Not Shown)?

EADR State Bits
22|22 [19]w |17 [6[15][u]3]2][n|n]o]s|7]e][s5]a[3][2]1]0
RES RES
ML o T oo oo oo o]o]ofolo o oo o oo o oo o]0
RES TC1 LP_OFF_TIVER NP_SPEED_TIMER
o5 | LP.CFG
o [oJ o J oo o o ol [ rJoJoJoJoloJolrJoJo i1+ o]
RES NP_ANGLE_THRESHOLD RES LP_ANGLE_THRESHOLD
o6 | LP.CFG2
0 0 0 o | o] o o [l Jol o ool folrJo]r[of1]o]1]o
s | ss | sm | po | s SCN_MODE DATA_MODE SENT_MODE TICK_TIME SENT_DRIVE
oxt7 | SENT.CFG
0 0 0 o | o] o o JoJlofJolofoJoJolofoJoloJoloJo]o]o]o
s | DA MAXID NS | FA MISSING_MAG_THRESHOLD
X8 | CUST_CFG1
0 0 0 o | o | o o JoJoJofolofJoJoJoJololofo[s[a]1]1]o
LOCK | RES | PWM_F | RES | MAND | SCRC |RPMD|  AVERAGE POL ANGLE_OFFSET
oxto | cusT_cre2
o [o [ o Jo oo [ofJofoJoJoloJoJoJoJoJoJoJoJoJoJoJo]o
RES maNz | MaN | wv | LesT [cvhsT|cove| aH | AL | EU | s | TR |TRNO| I |mAcM|BaTD
OIE ERM
o Jo o ool ofofofJolofo[ofJolololofo[oJoJo]Jololol]o
CUST_EEP
o ousr2 o Jof o oo ol oloJoloJolo]lolofolofoJolo[o]ofJo]o]o

1 For more details, see Programming Manual.
2 | ow power configuration.
3 Missing magnet threshold (30).
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Precision, Hall-Effect Angle Sensor IC

A1338 with SPI, and SENT or PWM Qutputs

Diagnostics

The A1338 was designed with ISO 26262 requirements in mind microcontroller the respective die initiates a test mode sequence
and supports a number of on-chip self diagnostics to enable the whereby it sequentially applies an internal constant bias current
host microcontroller to assess the operational status of each die. to every contact element in the Circular Vertical Hall ring. As
For example each die can be user configured for logic built-in each element in the Circular Vertical Hall ring is sequentially
self-test (L-BIST) evaluation to ensure the digital circuits are biased, an angle measurement is calculated.

operational. Upon completion of an L-BIST operation the A1338
will set a pass/fail L-BIST status flag in the device error (ERR)
register.

The time to complete one revolution around the Circular Vertical
Hall ring and calculate and store incremental angle measurements
is teyysT

Each A 1338 die also supports several diagnostic features and sta-

tus flags, accessible via a SPI read of the ERR register, to let the

user know if any issues are present with the A1338 or associated

magnetic system, as shown in Table 4.

In addition, each die on the A1338 supports an on-chip user
initiated diagnostic (CVH Self-Test) mode that tests the entire
signal path, including the front end Circular Vertical Hall sensing
circuitry.

USER INITIATED DIAGNOSTICS

Each die on the A1338 can independently be controlled by a
microcontroller to enter its CVH Self-Test mode via SPI or
SENT.

When a CVH Self-Test mode operation is requested by the
Table 4: Diagnostic Capabilities

Diagnostic/ Protection Description Output State

Loss of V¢ Determine if battery power was lost BATD Error flag is set; see ERR register table.
Reverse V¢ Condition Current Limiting (VCCx pin) Output Below GND.

MISOISENT/PWM Shortto | o oo SO pin) MISO/SENT/PWM Line: Pulled up to V-pullup.
VCC 9 P Should not be tied to VCC if Vg > 5.5 V.

MISO/SENT/PWM Short to
Ground

Logic Built-In Self-Test

Current Limiting (MISOx pin) MISO/SENT/PWM Line: Pulled up to GND.

50% coverage for 10 ms BIST of all digital circuitry Error Flags set in SPI message when errors are

(LBIST) detected; see ERR2 Register table.

Signal Path Diagnostics User controlled advanced CVH and full signal path diagnostics Egt.zrctFel g?:eseeggsg kg;if:?;ggén errors are
Internal Error Monitors digital logic for proper function IERR Error flag is set; see ERR Register table.
Missing Magnet Monitors magnet field level in case of mechanical failure MAGM Error flag is set; see ERR Register table.
EEPROM Error Detection Detection of single and dual bit error, and correction of single Error flags set in SPI message when errors are
and Correction bit error. detected or corrected; see ERR Register table.
Temperature Out of Range Die temperature has exceeded acceptable range See ERR Register table for more details
Redundancy Dual-die version of the A1337 provides redundant sensors in

the same package
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Precision, Hall-Effect Angle Sensor IC
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Table 5: Primary Serial Interface Registers Bits Map (Reserved Registers Not Shown)

Serial Register Addressed Byte (MSB)
Address | Symbol 12 11 10 9 7 6 5 4 3 2 1 0
0x04 ERR - - - - - EEP2 | EEP1 | TMP | TRNO | IERR | MAGM | BATD

0X05 ERR2 - - - -

- MANER | RES3 | LBIST | CVHST | RES2 | RES1 RESO

0x08 CTRL - - - -

- - - STS TRST RPM PWR ERST

ERR (Error) Register Address
Address: 0x04

Address 0x04
Bit 12 11 10 9 8 7 6 5 4 3 2 1 0
Name - - - - - - EEP2 EEP1 TMP TRNO IERR MAGM | BATD
R/W - - - - - - R R R R R R R
Value X X X X X X 0/1 0/1 0/1 0/1 0/1 0/1 0/1
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1

Error register. Indicates various current error conditions. When set, can only be cleared via the CTRL register ERST field, hard reset, or power-on reset
(see BATD for exception). If any of the error bits are asserted, the error flag on the serial interface will be asserted. Masking an error bit will prevent the
bit from asserting the serial interface error flag, but the error bit may still be asserted in this register.

EEP2 [6] EEPROM Error Flag 2
Uncorrectable dual-bit EEPROM error flag.

Bit Value Description
5 0 Error condition not present
1 Error condition present

EEP1 [5] EEPROM Error Flag 1
Corrected single-bit EEPROM error flag.

Bit Value Description
5 0 Error condition not present
1 Error condition present

TMP [4] Temperature Out of Range

This bit indicates an error condition when the die temperature has
exceeded the acceptable range.

Bit Value Description
4 0 Error condition not present
1 Error condition present

TRNO [3] Turns Count Data Overflow (A1337 only)

Indicates an overflow in the turns count output data.

Bit Value Description
3 0 Error condition not present
1 Error condition present

IERR [2] Internal Error

This bit is set to 1 if an internal logic error condition has been detected.
When this bit is set to 1, a general reset is recommended.

Bit Value Description
5 0 No digital logic timer error has been detected.
1 Digital logic timer error has been detected.

MAGM [1] Target Magnet Loss

Monitors target magnet field level to detect field loss due to mechani- cal
failure in the application.

Bit Value Description
] 0 Error condition not present
1 Error condition present

BATD [0] Low Power Mode Supply Loss

Indicates if battery power (VCC supply) was lost during Low Power
mode. By default also indicates at expected low power events: start-up,
power-on reset, and after exiting Transport mode. Before commenc-
ing normal operation, must be set to 0 by asserting the ERST bit of the
CTRL register (unless field is masked in EEPROM by ERM register
BATD field).

Bit Value Description
0 0 Error condition not present
1 Error condition present

;ammn - Allegro MicroSystems, LLC 1 8
i lle m"". 115 Northeast Cutoff
’ o Worcester, Massachusetts 01615-0036 U.S.A.
T

MicroSystems, LLC 1.508.853.5000; www.allegromicro.com



Precision, Hall-Effect Angle Sensor IC

A1338 with SPI, and SENT or PWM Qutputs

ERR2 (Error2) Register
Address: 0x05

Address 0x05
Bit 12 1 10 9 8 7 6 5 4 3 2 1 0
Name - - - - - - MANER | RES3 LBIST | CVHST | RES2 RES1 RESO
R/W - - - - - - R - R R - R R
Value X X X X X X 01 - 01 01 - 01 01
Reset 0 0 0 0 0 0 0 - 0 0 - 0 1

Error register. Indicates various current error conditions. When set, can only be cleared via the CTRL register ERST field, hard reset, or power-on reset
(see BATD for exception). If any of the error bits are asserted, the error flag on the serial interface will be asserted. Masking an error bit will prevent the
bit from asserting the serial interface error flag, but the error bit may still be asserted in this register.

MANER [6] Manchester/SENT Error Flag RES2 [2] Factory Reserved Bit
Indicates Manchester/SENT Error.
Bit Value Description RES1 [1] Factory Reserved Bit
5 0 Error condition not present
1 Error condition present

RESO [0] Factory Reserved Bit

RES3 [5] Factory Reserved Bit

LBIST [4] LBIST Error Flag
This bit indicates that the Logic Built-In Self-Test (LBIST) failed.

Bit Value Description
4 0 Error condition not present
1 Error condition present

CVHST [3] Circular Vertical Hall Self-Test
This bit indicates that the Circular Vertica Hall Built-In Self-Test (CVHST)

failed.
Bit Value Description
0 Error condition not present
3 1 Error condition present

Allegro MicroSystems, LLC 1 9
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Precision, Hall-Effect Angle Sensor IC
with SPI, and SENT or PWM Qutputs

CTRL (Control) Register

Address: 0x08

Address 0x08
Bit 7 6 5 4 3 2 1 0
Name - - - STST TRST RPM PWR ERST
RIW - - - - RW1C R/W R/W RW1C
Value X X X 0/1 01 0/1 01
Reset 0 0 0 0 0 0 0 0

Initialization and operation configuration control command settings.
RW1C: Field is Read, but Write a 1 to clear. When a 1 is written to the field, the command is immediately executed, and the value returns to zero. When
Reading the field, this type of field will always read back 0.

STS [4] Self-Test Start
Commands the A1337/8 to begin Self Test.

Bit Value Description
0 Does not trigger Self-Test
4 1 Self-Test is triggered based on pre-selected
options in EEPROM

TRST [3] Turns Count Reset (A1337 only)
Commands the A1337 to clear the value in the TRN register (0x02).

PWR [1] Low Power Mode Select (A1337 only)
Determines operational mode at power-on reset. Determines whether
device goes into standard Low Power mode or into Transport mode on
next low power cycle request.

Bit

Value

Description

0

Low Power Mode

1

Transport Mode

ERST [0] Error Flags Reset

A feature to clear the values in the ERR register (0x04).

Bit Value Description Bit Value Description
3 0 Turns counter reset 0 0 ERR register not cleared
1 Turns counter not reset 1 ERR register cleared

RPM [2] RPM Operating Mode (see Programming Manual)

This field is populated on power-up by the EEPROM field RPMD.
This field can be written during operation to temporarily override the
EEPROM. On the next power cycle, this field will reset to the value

determined by the EEPROM field RPMD. This bit must be a ‘1’ to enable

internal averaging.

Bit Value Description
) 0 Internal Averaging not allowed
1 Internal Averaging allowed

i Allegro-

MicroSystems, LLC
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Normal
Operation

Diagnostic
Initiated Over

| Logic BIST _i | Signal Path Test I
: v | | v :
| | ICapplies internaltest | | : A1338 enters CVH Self-Test mode |
| vectors to IC. Iog_lc a_nd : I and measures delta angle over |
| dete(r:(tasslc;gr:g:wcmt || all 64 contacts of the CVH ring. I
| (Angle outgut Ioét during | | I (Angle output lost for the duration of test) |
: test for duration of | :
| Logic BIST test.) : : |
| \ 4 || I
: _Bict asserted iP registerftc?I : : :
inform user of pass or fai
: condition. User must read | | | Yes Selt MA” CVH s o :
| register via SPI interface. | | | elta Measurements = |
| I : Theta degrees? I
| __ R R S
A 4 A\ 4
Bit asserted in register to Bit asserted in register to
inform user of pass condition. inform user of fail condition.
User must read flag via User must read flag via SPI
SPl interface, or SENT interface, or SENT interface, or
interface, or PWM interfaces. PWM interfaces.

Figure 7: User-Interface Diagnostic Diagram
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APPLICATION INFORMATION

Serial Interface Description

The A1338 features SPI, SENT, and PWM interfaces. The fol-
lowing figures show some typical application circuits for using
the A1338 with these interfaces.

Calculating Target Zero-Degree Angle

When shipped from the factory, the default zero-degree angle is
defined as in Figure 8. In some cases, the end user may want to
program an angle offset in the A1338 to compensate for variation
in magnetic assemblies, or for applications where absolute system
level readings are required.

The internal algorithm for computing the output angle is as fol-
lows:
Angleqr = Angleg 4y — Reference Angle . (2)

The procedure to “zero out” the A1338 is quite simple. Dur-
ing final application calibration and programming, position

Target alignment for default angle setting

the magnet above the A1338 in the required zero-degree posi-
tion, and read the angle from the A1338 using the SPI interface
(Angleqyt). From this angle, the Reference Angle required to
program the A1338 can be computed as follows:

Reference Angle = Angle oy . 3)
Bypass Pins Usage

The Bypass pins are required for proper operation of the device.
A 0.1 pF capacitor should be placed in very close proximity to
each of the bypass pins.

When using the SPI communication protocol, the A1338 has

the ability to support host micro-controllers inputs with Voltage
Input High (VIH) thresholds of 2 V (minimum). This option only
requires BYP1 to be populated with a 0.1 pF Capacitor.

By using an optional second Bypass capacitor on the BYP2 pins,
the A1338 can also support host micro-controllers inputs with
Voltage Input High (VIH) thresholds of 2.5 V (minimum). This

/— Target rotation axis

Target poles aligned with
A1338 elements

i

¢L>

« Target rotation axis intersects primary die
« Sets primary die 0° default point
« Sets secondary die 180° default point
(Example shows element E1 as primary die
element E2 as secondary die)

KN

24

Hall element
E1 location

Hall element
E2 location

1
Figure 9: Hall Element Located Off-Center within the Device Body

(refer to the Package Outline Drawing for reference dimensions)

Allegro MicroSystems, LLC 22
115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.

MicroSystems, LLC 1.508.853.5000; www.allegromicro.com



A1338

Precision, Hall-Effect Angle Sensor IC

with SPI, and SENT or PWM Qutputs

option requires that both BYP1 and BYP2 pins be populated with
0.1 uF capacitors, and that the appropriate EEPROM configura-
tion bit be enabled.

The Bypass pins are not intended to be used to source external
components. To assist with PCB layout, please see the Operating
Characteristics table for output voltage and current requirements.

Changing Sampling Modes

The A1338 features a High RPM sampling mode, and a Low
RPM sampling mode. The default power-on state of the A1338
is loaded from EEPROM. To configure the A1338 to Low RPM
mode, set the Operating mode to Low RPM mode by writing a
logic 1 to bit 2 (RPM) of the configuration commands (CTRL)
register, via the SPI interface.

Magnetic Target Requirements

The A1338 is designed to operate with magnets constructed with
a variety of magnetic materials, cylindrical geometries, and field
strengths, as shown in Table 7. Contact Allegro for more detailed
information on magnet selection and theoretical error.

Table 6: Target Magnet Parameters

1600
1400 \
1200
800 \\
600

Sm0024\\
400

200 Ceramic
(Ferrite)

-
o
o
o

Magnetic Field (G)

0.5 2.5 4.5 6.5 8.5
Air Gap (mm)

Figure 10: Magnetic Field versus Air Gap for a magnet 6 mm
in diameter and 2.5 mm thick.

Allegro can provide similar curves for customer application magnets
upon request. We recommend larger magnets for applications that
require optimized accuracy performance.

Diameter

*A sintered Neodymium magnet with 10 mm (or greater) diameter and 2.5 mm
thickness is the recommended magnet for redundant applications.

14
Magnetic Material Diameter Thickness 13
(mm) (mm) 12 //
Neodymium (bonded) 15 4 11; 7/
Neodymium (sintered)* 10 25 o9 //
Neodymium (sintered) 8 3 g 8 7
w 7
Neodymium / SmCo 6 25 2 5 /
2 /
//
4
3 -
2
Thickness !
% 05 1.0 1.5 2.0 25 3.0 35

Eccentricity of SOC Chip Relative to Magnet Rotation Axis (mm)

Figure 11: Angle Error versus Eccentricity
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Redundant Applications and Alignment Error

The A1338 is designed to be used in redundant, on-axis, applica-
tions with a single magnet spinning over the two separate dice
that are mounted side-by-side in the same package. One chal-
lenge with this configuration is correctly lining up the magnet
with the device package, so it is important to be aware of the
physical separation of the two dice.

Figure 10 illustrates the behavior of alignment error when using
a @10 mm x 2.5 mm Neodymium magnet that is located 2.7 mm
above the branded face of the package. The curve shows the rela-
tionship between absolute angle error present on the output of the
die versus eccentricity of the die relative to the rotation axis of
the magnet. The curve is the same for both dice in the package.

The curve provides guidance to determine what the optimal mag-
net placement should be for a given application. For example,
given that the maximum spacing between the two dice is 1 mm,
if the center of the magnet rotation is placed at the midpoint
between the two dice, each die will have a maximum eccentricity
of 0.5 mm.

For applications with reduced accuracy requirements, considering
one die the primary and the other die the secondary, the magnet
axis of rotation could be positioned directly above the primary
die, and thus offset 1 mm from the secondary die, yielding zero
alignment error on the primary die, and approximately +1° of
error on the secondary die, relative to the primary die, due to
geometric mismatch.

daAxIAL

| daxiaL2
EELTTERE
T
Example of equal eccentricity: K BN
Target rotation axis {ﬂjﬁ#ﬁf}*
centered between both dice | A
\

AN ELEEERRR

dAXIAL1/= 0 daxiAL2
Example of unequal eccentricity: - o
Target rotation axis B/E/H H H H H EHH H
centered over primary die
(either die may be used / ,4\ \
as primary) [ /K Y \
I s
\ w_ A /
/
RLEEEEEEEGE
~_ __ —

System Timing and Error

The A1338 is a digital system, and therefore takes angle samples
at a fixed sampling rate. When using a sensing device with a
fixed sampling rate to sample a continuously moving target, there
will be error introduced that can be simply calculated with the
sampling rate of the device and the speed at which the magnetic
signal is changing. In the case of the A1338, the input signal is
rotating at various speeds, and the sampling rate of the A1338 is
fixed at ANG. The calculation would be:

ANG (us) % angular velocity (°/us) . (4)

So the faster the magnetic object is spinning, the further behind in
angle the output signal will seem for a fixed sampling rate.

Target rotation axis
s

Target clockwise rotation
(Minus counts)

Eccentricity of secondary die
(measured from target

rotation axis intersect,

“<__ o secondary die)

—~

Figure 12: Demonstration of Magnet to Sensing Element Eccentricity
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CHARACTERISTIC PERFORMANCE DATA
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Figure 14: Angle Error over Temperature (300 G) Figure 15: Angle Drift Relative to 25°C (300 G)
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Figure 13: Angle Error over Field Strength
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EMC Reduction

For applications with stringent EMC requirements, a 100 Q
resistance should be added to the supply for the device in order to
suppress noise. A recommended circuit is shown in Figure 19.

Host
Microprocessor

VCC
RSPLY
0.1 uF
i L 1 L n
TJoawr| Jo1pr| = TJo1uF| Jo.1uF
= = 10021000 = =
BYP1_1 BYP2_1 VCC_1 VCC 2 BYP1_ 2 BYP2_ 2
CS_1
SCLK_1
MOS|_1 PWM_1/SENT _1
________ MISO_1 /\
(Optional) ~ »—{ BIAS_t Target
Tachomater A1338 Magnet
binldtnltl e (Dual-Die Version)
SCLK_ 2
MOS| 2 PWM_2/SENT_2 e
________ MISO_2
(Optional) »— BIAS_2
B sl
'l Tachometer l' GNDA 1 GNDA 2 GNDD_1 GNDD_2
_______ -4 -4 -4 L

Figure 20: Typical application diagram (dual-die version) with EMC suppression resistor, Rgp,y, on supply line

Hall element

location

N
=~

Hall element
E2 location

Hall element
E1 location

[ ]
1

1
1

Figure 21: Hall element located off-center within the device body;
refer to the Package Outline Drawing for reference dimensions
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PACKAGE OUTLINE DRAWINGS

For Reference Only - Not for Tooling Use

(Reference MO-153 AB-1)
Dimensions in millimeters

Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown
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mounting on a multilayer PCB, thermal vias at the exposed thermal pad land
can improve thermal dissipation (reference EIA/JJEDEC Standard JESD51-5)
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Figure 22: Package LE, 14-Pin TSSOP
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N = Device part number
A = Supplier emblem

Y = Last two digits of year of manufacture
W = Week of manufacture

L = Lot number
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For Reference Only - Not for Tooling Use
(Reference MO-153 AD)
Dimensions in millimeters
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown
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Figure 23: Package LE, 24-Pin TSSOP
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