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Copyright, Warranty, and Limitation of Liability

The information and data contained in this document
are believed to be accurate and reliable. The software
and proprietary information contained therein may be
protected by copyright, patent, trademark and/or other
intellectual property rights of Micronas. All rights not
expressly granted remain reserved by Micronas.

Micronas assumes no liability for errors and gives no
warranty representation or guarantee regarding the
suitability of its products for any particular purpose due
to these specifications.

By this publication, Micronas does not assume respon-
sibility for patent infringements or other rights of third
parties which may result from its use. Commercial con-
ditions, product availability and delivery are exclusively
subject to the respective order confirmation.

Any information and data which may be provided in the
document can and do vary in different applications,
and actual performance may vary over time.

All operating parameters must be validated for each
customer application by customers’ technical experts.
Any new issue of this document invalidates previous
issues.

Micronas reserves the right to review this document
and to make changes to the document’s content at any
time without obligation to notify any person or entity of
such revision or changes. For further advice please
contact us directly.

Do not use our products in life-supporting systems,
military, aviation, or aerospace applications! Unless
explicitly agreed to otherwise in writing between the
parties, Micronas’ products are not designed, intended
or authorized for use as components in systems
intended for surgical implants into the body, or other
applications intended to support or sustain life, or for
any other application in which the failure of the product
could create a situation where personal injury or death
could occur.

No part of this publication may be reproduced, photo-
copied, stored on a retrieval system or transmitted
without the express written consent of Micronas.

Micronas Trademarks
— HAL
— varioHAL

Third-Party Trademarks

All other brand and product names or company names
may be trademarks of their respective companies.
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Linear Hall-Effect Sensor Family with SENT Inter-
face

Release Note: Revision bars indicate significant
changes to the Advance Information.

1. Introduction

HAL 283x is a Micronas family of programmable linear
Hall-effect sensors with SENT output. The family con-
sists of the four members described in Table 1-1:

Table 1-1: Family Overview

Type Resolution | Pause | SENT version
Period

HAL2830 | 12 bit No SAE-J2716 release
2010-01

HAL2831 | 16 bit No SAE-J2716 release
2010-01

HAL 2832 | 12 bit Yes SAE-J2716 release
2010-01

HAL2833 | 16 bit Yes SAE-J2716 release

2010-01

HAL 283x features a temperature-compensated Hall
plate with spinning-current offset compensation, an
A/D converter, digital signal processing, an EEPROM
memory with redundancy and lock function for the cali-
bration data, and protection devices at all pins. The
internal digital signal processing is of great benefit
because analog offsets, temperature shifts, and
mechanical stress do not degrade digital signals.

The easy programmability allows a 2-point calibration
by adjusting the output signal directly to the input sig-
nal (like mechanical angle, distance, or current). Indi-
vidual adjustment of each sensor during the cus-
tomer’s manufacturing process is possible. With this
calibration procedure, the tolerances of the sensor, the
magnet, and the mechanical positioning can be com-
pensated in the final assembly.

In addition, the temperature-compensation of the Hall
IC can be fit to all common magnetic materials by pro-
gramming first- and second-order temperature coeffi-
cients of the Hall sensor sensitivity. It is also possible
to compensate offset drifts over temperature gener-
ated by the customer application with a first-order tem-
perature coefficient of the sensor offset. This enables
operation over the full temperature range with high
accuracy.

For programming purposes, the sensor features a pro-
gramming interface with a Biphase-M protocol on the
DIO pin (output).

In the application mode, the sensor provides a continu-
ous SENT data stream.

1.1. Features

— High-precision linear Hall-effect sensor
— Spinning current offset compensation
— 20 bit digital signal processing

— Output resolution up to 16 bit

— Magnetic measurement range over temperature
adjustable from 24 mT up to +96 mT

— Sample period programmable from 0.5 ms to 33 ms

— Various sensor parameter are programmable: off-
set, sensitivity, temperature compensation for sensi-
tivity (2" order) and offset (15 order), etc.

— Programming and operation of multiple sensors at
the same supply line

— Biphase-M interface (programming mode)
— Non-volatile memory with lock function

— SENT clock tick time programmable between 2 ps
and 17.75 ps

— Pulse low time programmable between 3 and
6.75 clock ticks

— Sample accurate transmission of magnetic field
information

— Transmission of temperature and device information
by serial data messages in the status nibble

— Open-drain output with slew rate control (load inde-
pendent)

— On-board diagnostics (overvoltage, output current,
overtemperature, signal path overflow)

— Power-on self-test covering all memories and full
signal path from Hall plates to SENT output

— ESD protection at DIO pin
— Reverse voltage and ESD protection at VSUP pin

— High immunity against mechanical stress, ESD, and
EMC

— AECQ-100 rev. G qualified

1.2. Major Applications

Steering torque

Suspension level

Throttle position

Pedal position

Valve position
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2. Ordering Information

XXXNNNN PA-T-C-P-Q-SP

T— Further Code Eleme
Temperature Range

Package
Product Type
Product Group

Fig. 2—1: Ordering Code Principle

For a detailed information, please refer to the bro-
chure: “Micronas Sensors and Controllers: Ordering
Codes, Packaging, Handling”.

2.1. Device-Specific Ordering Codes

HAL 283x is available in the following package and
temperature variants.

Table 2—1: Available package

Package Code (PA) Package Type

uTt TO92UT

Table 2-2: Available temperature range

Temperature Code (T) | Temperature Range

A Tyj=-40°Cto+170°C

The relationship between ambient temperature (T,)
and junction temperature (T;) is explained in
Section 5.4. on page 29.

For available variants for Configuration (C), Packaging
(P), Quantity (Q), and Special Procedure (SP) please
contact Micronas.

Table 2-3: Available ordering codes and
corresponding package marking

Available Ordering Codes Package Marking
HAL2830-A-[C-P-Q-SP] 2830A
HAL2831-A-[C-P-Q-SP] 2831A
HAL2832-A-[C-P-Q-SP] 2832A
HAL2833-A-[C-P-Q-SP] 2833A

Micronas Jan. 18, 2016; DSH000165_002EN 5
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3. Functional Description
3.1. General Function

The HAL 283x is a monolithic integrated circuit, which
provides an output signal proportional to the magnetic
flux through the Hall plate.

The external magnetic field component, perpendicular
to the branded side of the package, generates a Hall
voltage. The Hall IC is sensitive to magnetic north and
south polarity. This voltage is converted to a digital
value, processed in the digital signal processing Unit
(DSP) according to the settings of the EEPROM regis-
ters.

The function and the parameters for the DSP are
explained in Section 3.2. on page 7.

Internal temperature compensation circuitry and the
spinning current offset compensation enables opera-
tion over the full temperature range with minimal
changes in accuracy and high offset stability. The cir-
cuitry also rejects offset shifts due to mechanical
stress from the package.

The HAL 283x provides two operation modes, the
application mode and the programming mode.

Application Mode

The output signal is provided as continuous SENT
data stream.

Programming Mode

For the programming of the sensor parameters, a
Biphase-M protocol is used.

The HAL 283x provides non-volatile memory which is
divided in different blocks. The first block is used for
the configuration of the digital signal processing, the
second one is used by the various customer settings.
The non-volatile memory employs inherent redun-
dancy.

VSUP|

GND

Internally
stabilized Temperature o .
- otection
Supply and Dependent Oscillator Devices
Protection Bias
Devices
L Open-Drain
Switched A/D g.'g"a: SENT Output DIO
L ) L 5
Hall Plate Converter Plgna ) Module with
rocessing Slew Control
EEPROM Memory )
Temperature A/D Programming
Sensor Converter v ! Interface
Lock Control

) B

Fig. 3—1: HAL 283x block diagram
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3.2. Digital Signal Processing

All parameters and the values y, yt¢| are normalized to
the interval (-1, 1) which represents the full scale mag-
netic range as programmed in the RANGE register.

Example for 40 mT Range

-1 equals -40 mT
+1 equals +40 mT

For the definition of the register values, please refer to
Section 3.2.2. on page 9

The digital signal processing (DSP) is the major part of
the sensor and performs the signal conditioning. The
parameters of the DSP are stored in the DSP CONFIG
area of the EEPROM.

The device provides a digital temperature compensa-
tion. It consists of the internal temperature compensa-
tion, the customer temperature compensation, as well
as an offset and sensitivity adjustment. The internal
temperature compensation (factory compensation)
eliminates the temperature drift of the Hall sensor
itself. The customer temperature compensation is cal-
culated after the internal temperature drift has been
compensated. Thus, the customer has not to take care
about the sensor’s internal temperature drift.

The output value y is calculated out of the factory-com-
pensated Hall value yt¢, as:

Y = [Y1c +d(TVAL)] - c(TVAL)

Parameter d is representing the offset and ¢ is the
coefficient for sensitivity.

The signal path contains a digital low-pass filter up to
second order with a programmable sampling fre-
quency from 32 Hz up to 2 kHz (see Table 3-2 on
page 11).

The current Hall value y is stored in the data register
HVD immediately after it has been temperature com-
pensated.

A new SENT message transmits the recent tempera-
ture compensated Hall sample HVAL stored in the
HVD register.

After power-up, HVAL and TVAL, respectively stored in
the registers HVD and TVD, are set to the negative
overflow value until valid data are available.

Hardware _ _
| |
| |
Dg, A internal temp. |YTCI tom. t ffset & Yy 20 120 1310 16
| p. [YTC | custom. temp. | offset & sens. . ,
| p|PEC|, FILTER comp. comp. adjustm. 16 I
| |
L - - 4 T 4 range conversion to 16 bit
HVD
T(temp) A { TVAL Note: HVAL is stored in HVD register
13to 16
31 to 2000 Hz
TICK, LT
D /0
SENT logic | sample rate
depends on
SENT
Fig. 3—2: Block diagram of digital signal path including digital filter.
Micronas Jan. 18, 2016; DSH000165_002EN 7
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3.2.1. Temperature Compensation

Terminology:

DO: name of the register or register value

do:  name of the parameter

The customer programmable parameters “c” (sensitiv-
ity) and d (offset) are polynomials of the temperature.

The temperature is represented by the adjusted read-
out value TVAL of a built-in temperature sensor.

The update rate of the temperature value TVAL is less
than 100 ms.

The sensitivity polynomial ¢c(TVAL) is of second order
in temperature:

C(TVAL) = ¢+, - TVAL + ¢, - TVAL?

For the definition of the polynomial coefficients please
refer to Section 3.2.2. on page 9.

The Offset polynomial d(Tpp) is linear in temperature:

d(TVAL) = dy+d, - TVAL

For the definition of the polynomial coefficients, please
refer to Section 3.2.2. on page 9.

For the calibration procedure of the sensor in the sys-
tem environment, the two values HVAL and TADJ are
provided. These values are stored in volatile registers.

HVAL

The number HVAL represents the digital output value y
which is proportional to the applied magnetic field.

HVAL is a 16-bit two’s complement binary ranging from
—32768 to +32767.

It is stored in the HVD register.

_ HVAL

Y= 32768

In case of internal overflows, the output will clamp to
the maximum or minimum HVAL value.

Please take care that during calibration, the output sig-
nal range does not reach the maximum/minimum
value.

TVAL

The number TVAL provides the adjusted value of the
built-in temperature sensor.

TVAL is a 16-bit two’s complement binary ranging from
-32768 to 32767.

It is stored in the TVD register.

Note: The actual resolution of the temperature sensor
is 12 bit. The 16-bit representation avoids
rounding errors in the computation.

The relation between TVAL and the junction tempera-
ture T is

Ty =apg+TVAL- oy

Table 3—1: Relation between T, and Tp, (typical
values)

Coefficient Value Unit
GO 71 65 OC
o4 1/231.56 °C

8 Jan. 18, 2016; DSH000165_002EN
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3.2.2. DSP Configuration Registers

This section describes the function of the DSP configu-
ration registers. For details on the EEPROM, registers
and memory mapping please refer to the Application
Note “HAL 283x Programming Guide”.

Magnetic Range: RANGE
The RANGE register defines the magnetic range of the

A/D converter. The RANGE register has to be set
according to the applied magnetic field range.

EEPROM. | Nominal Range | Usable range over
RANGE temperature(!)

0 reserved -

1 +40 mT +24 mT

2 +60 mT +36 mT

3 +80 mT +48 mT

4 +100 mT +60 mT

5 +120 mT +72 mT

6 +140 mT +84 mT

7 +160 mT +96 mT

() Values of magnetic range over temperature are defined
according to the parameter RANGE g listed in
Section 4.9. on page 22. The minimum value has to be
used in order to guarantee no clipping over temperature

Micronas Jan. 18, 2016; DSH000165_002EN
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Fig. 3—3 shows the magnitude of the transfer function
for all recommended settings of FS at the pass band
and stop band. Fig. 3—4 is a zoom-in of the magnitude

at the pass band.

Micronas
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Transfer function

low-pass filter (see Table 3-2 on

The FS register defines the sampling frequency of the

built in digital

Filter Settings: FS and resolution of HVAL
page 11).
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Table 3-2: Available sample frequencies, low pass filter settings and corresponding HVAL resolution.

Sample Frequency FS Resolution of HVAL"
Typ. HAL 2831/3 HAL 2830/2

[Hz] [ms] [Hex] [LSB] [LSB]
2000 0.5 0x00 13 12
1000 1 0x01 15 12
500 2 0x03 16 12
250 4 0x07

125 8 0x0B

62 16 OxOF

31 32 0x13

) HVAL is MSB aligned.

Magnetic Offset D

The D (offset) registers contain the parameters for the adder in the DSP.
The added value is a first order polynomial of the temperature.

DO Register D1 Register
Table 3—-3: Temperature independent coefficient Table 3—4: Linear temperature coefficient

Parameter | Range Resolution Parameter | Range Resolution

do -0.5508 ... 0.5497 10 bit dy -3.076 x 1070 ... 3.028 x 107 | 7 bit

DO -512 ... 511 D1 —64 ... 63
DO is encoded as two’s complement binary. D1 is encoded as two’s complement binary.

_ 0.5508 _ 0.1008 -5
do = =51, DO dy = =5~ D1-3.0518-10

Micronas Jan. 18, 2016; DSH000165_002EN 11
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Magnetic Sensitivity C
The C (sensitivity) registers contain the parameters for

the multiplier in the DSP. The multiplication factor is a
second order polynomial of the temperature.

CO0 Register

Table 3-5: Temperature independent coefficient

Parameter | Range Resolution

Co —2.0810 ... 2.2696 12 bit

co —2048 ... 2047

CO is encoded as two’s complement binary:

_ 2.1758
¢o = Sgpg  (CO+89.261)

C1 Register

Table 3-6: Linear temperature coefficient

Parameter | Range Resolution

¢ ~7.955x107...1.951 x 105 | 9 bit

C1 —256 ... 255

C1 is encoded as two’s complement binary.

¢, = % -(C1+108.0)-3.0518 - 10"

C2 Register

Table 3-7: Quadratic temperature coefficient

Parameter | Range Resolution

o -1.87x10710..1.86x 10710 | 8 bit

c2 -128 ... 127

C2 is encoded as two’s complement binary.

0.2008 -10
Cy = 108 C2.9.3132-10

3.3. Power-on Self Test (POST)

The HAL 283x features a built-in power-on self test to
support in system start-up test to enhanced the sys-
tem failure detection possibilities.

The power-on self test comprises the following sensor
blocks:

- RAM

- ROM

EEPROM

Full signal path included (Hall-Plates, ADC, low
pass filter, temperature compensation and the
SENT output)

The power-on self test can be activated by setting cer-
tain bits in the sensor's EEPROM. Also the test com-
plexity is customer selectable. The following table
shows the available test combinations.

Table 3—-8: Power-On Self Test Modes

EEPROM.POST

21 | [11 | [0]

X X 0

Mode / Function

POST disabled.

Memory test enabled (RAM, ROM,
EEPROM).

Memory test and signal path stimu-
lation enabled.

POST errors will be reported at the
register PTE and transmitted by the
serial data channel of the SENT
interface. In case of failed POST, the
SENT interface transmits Hall val-
ues after the POST. This hall values
might not be reliable.

POST errors will be reported at the
status register PTE and transmitted
by the serial data channel of the
SENT interface. In case of failed
POST, the HVAL is set to -32768
(underflow value) and the SENT
interface transmits the underflow
value after the POST.

12 Jan. 18, 2016; DSH000165_002EN
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3.3.1. Description of POST Implementation

HAL 283x starts the internal POST as soon as the
external supply voltage reaches the minimum supply
voltage (Vsypon)- The sensor output is disabled during
the memory test. It is enabled after the memory test
has been finished.

3.3.2. RAM Test

The RAM test consists of an address test and a RAM
cell test. The address test checks if each byte of the
RAM can be singly accessed. The RAM cell test
checks if the RAM cells are capable of holding both 0
and 1.

3.3.3. ROM Test

The ROM test consists of a checksum algorithm. The
checksum is calculated by a byte by byte summation of
the entire ROM. The 8-bit checksum value is stored in
the ROM.

The checksum is calculated at the ROM test using the
entire ROM and is then compared with the stored
checksum. An error will be indicated in case that there
is a difference between stored and calculated check-
sum.

3.3.4. EEPROM Test

The EEPROM test is similar to the ROM test. The only
difference is that the checksum is calculated for the
EEPROM memory and that the 8-bit checksum is
stored in one register of the EEPROM.

3.4. Sensor Behavior in Case of External Errors

HAL 283x shows the following behavior in case of
external errors:

— Short of output against VSUP: The output is thermal
protected and the current limited by the output driver
strength (see Vg in Section 4.8.). Due to the SENT
message characteristic of short low pulses and a
large high to low level ratio, the mean energy in case
of a short output to Vsup is low.

— Break of Vsup or GND line: A sensor with open-
drain output and digital interface does not need a
wire-break detection logic. The wire-break function
is covered by the pull-up resistor on the receiver. An
output always high indicates a GND or VSUP line
break. This error can be detected right at its occur-
rence.

— Under or over voltage: The sensor output is
switched off (high impedance) after under or over
voltage has been detected by the sensor.

— Over temperature detection: The sensor output is
switched off (high impedance) after a too high tem-
perature has been detected by the sensor
(typ.180°C). It is switched on again after the chip
temperature has reached a normal level. A build in
hysteresis avoids oscillation of the output (typ. 25°C)

3.5. Detection of Signal Path Errors

HAL 283x can detect the following overflows within the
signal path:

— A positive overflow of the A/D converter, a positive
overflow within the calculation of the low pass filter
or the temperature compensation will set the hall
value HVAL to +32767

— A negative overflow of the ADC or a negative over-
flow within the calculation of the low pass filter or the
temperature compensation will set the hall value
HVAL to -32768

— A positive or negative overflow of the A/D converter
of the temperature sensor or a positive or negative
overflow within the calculation of the calibrated tem-
perature value TVAL will set the temperature value
TVAL to -32768 or +32767, and the hall value HVAL
to -32768

Signal processing errors are recorded at the SPE sta-
tus register and transmitted by the serial data channel
of the SENT interface (see register definition in
Section 5.1.).

Micronas
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4. Specifications

4.1. Outline Dimensions

A2
E1
${Bd A3
Center of sensitive area A4 4
: — i
> ! !
D r—! T C 0 D) I~ \ | C
|~ —Ht—+ 1+
L = L [ a
: [a] -
|
i
!
L | | | |
- 1 | T
i ! i !
! i '
! i '
! i '
! i '
| . |
- ! i !
! i '
| : |
i ! L
1 ; | —
e | ’i/’ +1]
el |
4T . |
| : |
]|
— o
C
\mrUjMJ
physical dimensions do not include moldflash. 0 25 5mm
solderability is guaranteed between end of pin and distance F1. : ’ sclale ’ :
Sn-thickness might be reduced by mechanical handling.
A4, Bd, y= these dimensions are different for each sensor type and are specified in the data sheet.
min/max of D1 are specified in the datasheet.
UNIT A2 A3 b c D1 e E1 F1 F2 L (€]
1.55 4.11 1.2 0.60 14.5 o
mm 14 0.7 0.42 0.36 4.05 1.27 401 08 0.42 min 45
JEDEC STANDARD
ANSI S ATE DRAWING-NO. ZG-NO.
ISSUE ITEM NO.
-@—6 15-01-09 06615.0001.4 BI. 1 2G001015_Ver.08
© Copyright 2007 Micronas GmbH, all rights reserved
Fig. 4-1:

TO92UT-2 Plastic Transistor Standard UT package, 3 pins

Weight approximately 0.12 g
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A2
£l led] A3
Center of sensitive area A4
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!
| )
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|
2 —
I -
i gt
| 1
b
d
!
!
|
!
!
l —
C
physical dimensions do not include moldflash. 0 25 5mm
L i 1 i )
solderability is guaranteed between end of pin and distance F1. scale
Sn-thickness might be reduced by mechanical handling.
A4, Bd, y= these dimensions are different for each sensor type and are specified in the data sheet.
min/max of D1 are specified in the datasheet.
UNIT A2 A3 b c D1 e E1 F1 F2 F3 L L1 (€]
1.55 4.11 1.2 0.60 4.0 14.5 14.0 o
mm 1.45 0.7 0.42 0.36 4.05 2.54 4.01 0.8 042 20 min min 45
JEDEC STANDARD
ANSI RovrvrAl DRAWING-NO. ZG-NO.
ISSUE ITEM NO.
.@_g 10-04-29 06609.0001.4 ZG001009_Ver.07
© Copyright 2007 Micronas GmbH, all rights reserved
Fig. 4-2:

TO92UT-1 Plastic Transistor Standard UT package, 3 leads, spread

Weight approximately 0.12 g

Micronas
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Ah AP

Ah AP

w2

]
Wo
Wi1

i
o
Tl

P2 Iﬂ
F1 feed direction
—_—
PO Fo
view A-B
— [
all dimensions in mm —
other dimensions see drawing of bulk
max. allowed tolerance over 20 hole spacings +1.0
H1= this dimension is different for each sensor type and is specified in the data sheet
UNIT DO F1 F2 H Ah L PO P2 Ap T T w Wo W1 w2
1.47 1.47 20.0 11.0 13.2 7.05
mm 4.0 107 107 180 +1.0 max 120 5.65 +1.0 0.5 0.9 18.0 6.0 9.0 0.3
STANDARD
ANSI AL DRAWING-NO. ZG-NO.
ISSUE ITEM NO.
IEC 60286-2 «@—6 15-01-09 06631.0001.4 BI. 1 ZG001031_Ver.04
© Copyright 2007 Micronas GmbH, all rights reserved
Fig. 4-3:

TO92UA/UT: Dimensions ammopack inline, not spread, standard lead length
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Ah AP
Ah AP
il '
I
I o
- =
i j
T [
1 . 1 ! !
4 ) I I I 1 § ( g =
L | 1 I L ;
/f}___+ Loy >
N ! |
! !
| |
i
P2 IEO.
F1 feed direction
—_—
PO Fo
view A-B
— [
'_
all dimensions in mm
other dimensions see drawing of bulk
max. allowed tolerance over 20 hole spacings +1.0
H1= this dimension is different for each sensor type and is specified in the data sheet
UNIT DO F1 F2 H Ah L PO P2 Ap T T w Wo W1 w2
2.74 2.74 20.0 11.0 13.2 7.05
mm 4.0 234 234 180 +1.0 max 120 5.65 +1.0 0.5 0.9 18.0 6.0 9.0 0.3
JEDEC STANDARD
ANSI e AL DRAWING-NO. ZG-NO.
ISSUE ITEM NO.
ICE 60286-2 «@—6 15-01-09 06632.0001.4 BI. 1 ZG001032_Ver.05
© Copyright 2007 Micronas GmbH, all rights reserved
Fig. 4-4:

TO92UA/UT: Dimensions ammopack inline, spread, standard lead length

Micronas
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4.2, Soldering, Welding and Assembly

Information related to solderability, welding, assembly, and second-level packaging is included in the document
“Guidelines for the Assembly of Micronas Packages”.

It is available on the Micronas website (http:/www.micronas.com/en/service-center/downloads) or on the service
portal (http://service.micronas.com).

4.3. Pin Connections and Short Descriptions

Pin Pin Name| Type | Short Description
No.
1 VSUP Supply Voltage
2 GND Ground
3 DIO IN/ Digital 10
OUT | SENT Output

DIO

Fig. 4-5: Pin configuration

4.4. Dimensions of Sensitive Area

0.213 mm x 0.213 mm

4.5. Positions of Sensitive Area

TO92UT-1/-2
A4 0.4 mm
Bd 0.3 mm

D1 4.05 £0.05 mm

H1 min. 22.0 mm, max. 24.1 mm

y 1.55 mm nominal

18 Jan. 18, 2016; DSH000165_002EN Micronas
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4.6. Absolute Maximum Ratings

Stresses beyond those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This
is a stress rating only. Functional operation of the device at these conditions is not implied. Exposure to absolute
maximum rating conditions for extended periods will affect device reliability.

This device contains circuitry to protect the inputs and outputs against damage due to high static voltages or electric
fields; however, it is advised that normal precautions be taken to avoid application of any voltage higher than abso-
lute maximume-rated voltages to this high-impedance circuit.

All voltages listed are referenced to ground (GND).

Symbol Parameter Pin Name Min. Max. Unit | Comment

T, Junction Operating Temperature | — -40 190" °C not additive

Vsup Supply Voltage VSUP -18 26.5 2 \Y not additive
409 Vv not additive

Vbio IO Voltage DIO -05 | 2652 Vv not additive

Brax Magnetic field - - unlimited | T

VEsp ESD Protection VSUP, DIO | -8.0% | 8.0% KV

1 for 96h. Please contact Micronas for other temperature requirements

2) t < 5 min.

3) t <5 x 500 ms

4) AEC-Q100-002 (100 pF and 1.5 kQ)

4.6.1. Storage and Shelf Life

Information related to storage conditions of Micronas sensors is included in the document “Guidelines for the
Assembly of Micronas Packages”. It gives recommendations linked to moisture sensitivity level and long-term stor-

age.

It is available on the Micronas website (http://www.micronas.com/en/service-center/downloads) or on the service

portal (http://service.micronas.com).

Micronas
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4.7. Recommended Operating Conditions

Functional operation of the device beyond those indicated in the “Recommended Operating Conditions/Characteris-
tics” is not implied and may result in unpredictable behavior, reduce reliability and lifetime of the device.

All voltages listed are referenced to ground (GND).

Symbol Parameter Pin Name Min. Max. Unit Remarks
Vsup Supply Voltage VSUP 4.5 17 \
Vpio Output Voltage DIO 0 18 \
lout Continuous Output Current DIO - 20 mA for Vpjo=0.6 V
Vpul-up Pull-Up Voltage DIO 3.0 18 \ In typical applications
VPuII—Up, max = 55V
Rpui-up Pull-Up Resistor DIO (see Section 7.3. on page 32)
R Depends on the temperature profile of the application. Please contact Micronas for life time calculations.
CL Load Capacitance DIO 180 (see pF
Section 7
.3.0n
page 32)
Npra Number of EEPROM - - 100 cycles 0°C <Tamb <55 °C
Programming Cycles
T, Junction Operating - -40 125 °C for 8000h (not additive)
Temperature1) -40 150 °C for 2000h (not additive)
-40 170 °C < 1000h (not additive)

R Depends on the temperature profile of the application. Please contact Micronas for life time calculations.

4.8. Characteristics

at T;=40 °C to +170 °C (for temperature type A), Vgup=4.5V1t017V,GND =0V,
at Recommended Operation Conditions if not otherwise specified in the column Conditions.

Typical Characteristics for T; = 25 °C and Vgyp =5 V..

Symbol Parameter Pin Name | Min. Typ- Max. Unit Conditions
Isup Supply Current VSUP - 12 17 mA
IbioH Output Leakage Current DIO - - 10 HA
Vsupon Power-On Reset Level VSUP 3.7 4.15 4.45 \
VsuponHyst | Power-On Reset Level VSUP - 0.1 - \
Hysteresis
Vsupov Supply Over Voltage Reset VSUP 17 19.5 21 \
Level
VsupovHyst | Supply Over Voltage Reset VSUP - 0.4 - \
Level Hysteresis

20
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Symbol

Parameter

Pin Name

Min.

Typ.

Max.

Unit

Conditions

Digital I/O (D

10) Pin

VoL

Output Low Voltage

DIO

0.6

0.09

IOL =20 mA
IOL =5mA
IOL =2.2mA

Output Resolution

DIO

16

bit

Depending on programming
of the sensor and on sensor
type

Outnoise

Output noise (rms)

DIO

LSBy,

B =0 mT, £100 mT range,
FS = 2kHz,
T,=25°C

tstar’(up_SP

Power-Up Time of the signal
processing (VSUP on till end
of CRC nibble)

DIO

10.2

15

18

36

40

6.6

7.5

12.5

14

36

40

ms

HAL2830 or HAL2831,
POST =0,
TICK =3, FS=2kHz

HAL2830 or HAL2831,
POST =1 or5,
TICK =3, FS =2 kHz

HAL2830 or HAL2831,
POST=3o0r7,
TICK =3, FS =2 kHz

HAL 2832 or HAL2833,
POST = 0,HAL 2832
TICK=3,FS=2kHz

HAL 2832 or HAL2833,
POST =1 or5,
TICK =3, FS =2 kHz

HAL 2832 or HAL2833,
POST =3 o0r7,
TICK=3,FS=2kHz

SENT Interface

AV/Atey

Falling Edge Slew Rate

DIO

1.4

2.6

0.7

1.3

V/ps

tiick = 2.00 ps to 2.5 ps
Measured between 70%
and 30%, VPuII-U =5 V,
RPU”-UP =1 kQ, 8|_ =470 pF

ttick = 2.75 ps to 17.8 ps
Measured between 70%
and 30%, VPuII-U =5 V,
RPU”-UP =1 kQ, 8L =1nF

AV/Mtise

Rising Edge Slew Rate

DIO

1.4

2.6

0.35

0.5

0.65

V/us

tiick = 2.00 ps to 2.5 ps
Measured between 30%
and 70%, VPuII-U =5 V,
RPU”-UP =1 kQ, 8|_ =470 pF

ttick = 2.75 ps to 17.8 ps
Measured between 30%
and 70%, VPuII-U =5 V,
Rpur-up = 1kQ, G =1nF

tstartup SENT

Power-Up Time of the SENT
Interface

DIO

0.1

0.2

8.4

9.5

ms

POST=0

POST >0

tick

Clock Tick Time

DIO

2.00"

17.75 1)

ys

tnlow

Nibble Low Time?

DIO

3.00

6.75

tick

Due to truncation errors, the
max. low time may be
slightly smaller at some
clock tick times.

Micronas

Jan. 18, 2016; DSH000165_002EN

21



HAL 283x

DATA SHEET

Symbol Parameter Pin Name | Min. Typ. Max. Unit Conditions
TO92UT Package

Thermal resistance -
Rihja Junction to Ambient - - 235 K/W measured on 1s0p board
Rhjc Junction to Case - - 61 K/wW measured on 1s0p board
Rihjs Junction to Solder Point - - 128 K/W measured on 1s1p board

1) Clock tolerance of +10 % is not included
2) The values do not consider the fall and rise time at the output

4.9. Magnetic Characteristics

atT;=40°Cto +170 °C, Vgup=4.5V1t017V,GND =0V,
at Recommended Operation Conditions if not otherwise specified in the column Conditions.
Typical Characteristics for T; =25 °C and Vgyp=5 V.

Symbol Parameter Pin Name Min. Typ. Max. Unit Conditions
RANGEjgg | Absolute Magnetic Range of | — 60 100 110 % % of nominal RANGE
A/D Converter Nominal RANGE
programmable from
+40 mT up to 2160 mT
INL Full Scale Non-Linearity DIO -025 | 0 0.25 % of full-scale
RANGE =1 (40 mT)
-0.15 | 0 0.15 % of full-scale
RANGE > 2 (> £60 mT)
ES Sensitivity Error over Junction | DIO -1 0 1 % T,=—40t0 120 °C
Temperature Range (see Section 4.9.1.)
-1.5 0 1.5 % Ty=1201t0 170 °C
(see Section 4.9.1.)
BoFFSET Magnetic Offset DIO -0.4 0 0.4 mT B=0mT, Tp=25°C
RANGE 80 mT
ABorrset | Magnetic Offset Drift over DIO -5 0 5 uT/°C | B=0mT
Temperature Range RANGE 80 mT
Borrset(T) — Borrset(25 °C)
22 Jan. 18, 2016; DSH000165_002EN Micronas
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4.9.1. Definition of Sensitivity Error ES

ES is the maximum of the absolute value of the quo-
tient of the normalized measured value! over the nor-
malized ideal linear? value minus 1:

1) normalized to achieve a least-squares method
straight line that has a value of 1 at 25 °C

2) normalized to achieve a value of 1 at 25 °C

1.03 1

—

o

(¥
]

relative sensitivity related to 25 °C value

meas

ideal !

ES = max(abs(

[TImin, TImax]

In the example shown in Fig. 4-6 the maximum error

occurs at -10 °C:

_ 1.001

ES = 0.993

-1 =08%

ideal 200 ppm/k

of normalized measured data

least-squares method straight line

measurement example of real
sensor, hormalized to achieve a
value of 1 of its least-squares
method straight line at 25 °C

50 75 100
temperature [°C]

Fig. 4-6: Definition of sensitivity error (ES)

125 150 175
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5. The SENT Module

Sensors of the HAL 283x family transmit information
by means of SENT data frames. SENT is a unidirec-
tional communication from the sensor to a receiver
module (e.g an Electronic Control Unit). It occurs inde-
pendently of any action of the receiver module, does
not require any synchronization signal from the

Table 5—1: Nibble / period description

receiver module and does not include a coordination
signal from the controller/receiving device. The signal
is transmitted by the sensor as a series of pulses and
data is measured as falling to falling edge times. SENT
data frames are formatted according to Table 5-1.

# Period Number of Description
Clock Ticks
min. max.
1 Synchronization/ 56 It is mandatory to measure the synchronization / calibration period for
Calibration calibration of the clock tick time t;jg at the ECU.
2 4-bit Status & 12 27 Bit 0: SPS.RDBL (Hall sample has been already transmitted)

Communication

Bit 1: MDS.PTO (Power on test is operating)
Nibble Bit 2: Serial message data bit (See SAE-J2716)
Bit 3: Serial message start (See SAE-J2716)

3 4-bit Data Nibble 1 HVAL[15:12]
4 4-bit Data Nibble 2 HVAL[11:8]
5 4-bit Data Nibble 3 HVAL[7:4]
-/6 4-bit Data Nibble 4 HVAL[3:0]

(optional)

Only in case of HAL2831/HAL2833

6/7 4-bit CRC

Checksum of data nibble 1 to data nibble 4.
See SAE-J2716 2010-01 for more information.

Pause Period 121) 768"
(optional)

-/7/8

Only for HAL 2832/HAL2833

") Value depends on the selected sample frequency. Mentioned values are the limits of the SAE J2716 2010-01

5.1. Serial data messages (short format)

In addition to the magnetic field information, transmit-
ted by 3 or 4 data nibbles according to sensor’s resolu-
tion, other information is transmitted in the status nib-
ble by serial data messages (short format). Serial
messages, communicated in a 16-bit sequence, are
transmitted by bit 2 and 3 of the Status and Communi-
cation nibble (slow channel signals).

Bit 3 is used to notify the start of a serial message (set
to 1 at the start of the message, reset to 0 in the suc-
cessive 15 frames). Bit 2 reproduces the serial trans-
mitted data in the order Most Significant Bit to Least
Significant Bit.

The 16-bit serial message is made of a 4-bit Message
ID nibble, 2 nibbles (1 byte) of data, and a 4-bit CRC
checksum nibble (derived from the Message ID and
the 2 data nibbles according to the same checksum
algorithm as used to calculate the SENT CRC). The
Message ID identifies the type of data being communi-

cated in the Data Byte. Table 5-2 lists the IDs and the
related data content. The IDs are continuously trans-
mitted from the lowest ID to highest ID. Refers to SAE-
J2716 for more information about the short serial data
message format.

Table 5-2: Serial message content

ID | Content Remark

0 | SN[7:0] Serial Number, byte 1

1 | SN[15:8] Serial Number, byte 2

2 | SN[23:16] Serial Number, byte 3

3 | SN[31:24] Serial Number, byte 4

4 | TVAL[7:0] Temperature value data register.

High byte must be captured when

5 | TVAL[15:8] low byte is read for transmission.
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Micronas




DATA SHEET

HAL 283x

Table 5-2: Serial message content OVR Overvoltage Reset
1: An overvoltage reset has occurred.
0: No reset
ID | Content Remark
: - OTR Overtemperature Reset
6 | SPE Signal path status register 1: An overtemperature reset has occurred.
- - 0: No reset
7 | DS Device status register
STUP Startup
8 | PTE Power-on test error register 1: A reset has occurred.
0: No reset has occurred.
9 | SYSCLK][7:0] System clock, byte 1
10 | SYSCLK[15:8] | System clock, byte 2 PTE Power On Test Error Register
15 14 13 3 2 1 0
Registers are commonly defined within the Application | rom ‘ RAM | EEPR ‘ FTE ‘ reserved
Note “HAL 283x Programming Guide”. For better
understanding the description of the serial message -32768 Init
related registers SPE, DS and PTE is repeated below. FT Fluxless Test Error
1: The fluxless test has failed.
0: No error
SPE Signal Path Error Register EEPR EEPROM Error
7 6 5 4 3 P 1 0 1: The EEPROM test has failed.
0: No error
r’'w reserved ‘ TCO ‘ LPO ‘ HAO | TVO ‘ TAO ‘
RAM RAM Error
0 0 0 0 0 0 0 0 Init 1: A RAM test has failed.
0: No error
TA Temperature Sensor ADC Overflow
1: An overflow has occurred. ROM ROM Error
0: No error 1: A ROM test has failed.
0: No error
TVO TVAL Calculation Overflow
1: An overflow has occurred.
: No error
HAO Hall ADC Overflow
1: An overflow has occurred.
0: No error
LPO Low Pass Filter Overflow
1: An overflow has occurred.
: No error
TCO Temperature Compensation Overflow
1: An overflow has occurred.
0: No error
DS Device Status Register
7 6 5 4 3 2 1 0
riw ‘ UDM | STUP | OTR ‘ OVR ‘ CMDE ‘ CSE | PE ‘ FE ‘
1 1 X X 0 0 0 0 Init
FE Frame Error
1: A frame error has occurred.
: No error
PE Parity Error
1: A parity error has occurred.
0: No error
CSE Checksum Error
1: A checksum error has occurred.
0: No error
CMDE Command Error
1: A command error has occurred.
0: No error
Micronas Jan. 18, 2016; DSH000165_002EN 25
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5.2. SENT Message Timing

Fig. 5-1 shows the SENT interface startup timing.
After reset the sensor’s output is high. The transmis-
sion of SENT messages starts immediately after the
SENT transmitter is ready (see tsiariyp senT in Section
4.8.). The start-up of the signal processing takes lon-
ger than the start-up time of the SENT transmitter,

therefore the first valid Hall value will be calculated
after the transmission has been started (see tsiartyp_sp
in Section 4.8.). Thus with the first messages the initial
value of HVAL (0x800 = low clamp) is transmitted.
Valid hall samples are then transmitted as soon as
available.

VSUP/

DIO =— tstartup_SENT _’:\_/

- = Tniow
! .
:

= tsync

calibration / synchronization

Fig. 5-1: SENT interface startup timing of HAL 283x

The message time of a SENT message depends on
the configured tick time, the transmitted data value and
the presence of a pause period.

The SENT clock tick time can be configured by the
EEPROM bit field TICK, being:

tiick = (8 + TICK) X 0.25 us

and
TICK=0...63

The low time can be configured by the EEPROM bit
field LT, being:

tn|ow = trunc(3 + LT/4) ttiCk

The adjusted slew rate depends on the SENT clock
tick time (see Section 4.8. on page 20).

The settings for LT and t,,,, that guaranty compliance
to SAE-J2716 are shown in Table 5-3.

> thibble = thibble —

'status:  D[11:8] -

Table 5-3: Recommended settings for SAE-J2716
compliance.

TICK | ek Min. Max.
Recommended Recommended
Low Time Low Time

typ. LT thiow LT thiow
[LSB]| [us] | [LSB] [ttick] [LSB] | [tickl
3 2.75 4 4.00 11 5.73

4 3.00 13 6.25

5 3.25 14 6.46

6 3.50 15 6.71

8 4.00 6.75
12 5.00 6.75
63 17.75 6.75
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5.2.1. HAL2830/HAL 2831 message timing (no pause period)
Fig. 5-2 represents a SENT data frame with three data the fourth data nibble inserted between the third data

nibbles for sensors with no pause period. The timing of nibble and the CRC nibble.
a SENT message with four data nibbles is similar, with

TS R A i

.
X > = thiow thiow i

I +———tyync — ' thibble = thibble —<*tnibble —=<—thibble —<*—thibble —>

CRC ' calibration / synchronization :status; D[11:8] D[7:4] D[3:0] CRC
(previous ,
telegram) = tmessage >

Fig. 5—2: SENT interface timing in case of HAL2830/HAL 2831

The SENT messages are transmitted asynchronously
to the Hall samples. I Table 5—4: HAL2830 recommended clock time vs.

sample frequency
The tick times must be properly selected: Hall samples

may be lost and aliasing may occur if too sI_OV\_/ tick TICK Dol Recommended Sample
times are chosen. The sample frequency will limit the I Frequency
choices for the clock tick time (see Table 5—4 for
HAL2830 and Table 5.2.2. for HAL2831). | [LSB] [bs] [Hz]
. . ) | 0 2.00 31 to 2000
For devices with no pause period, even when the rec-
ommended tick times is used, samples may be trans- | 1 2.25
mitted twice in series due to the fact that the mean 5 250
message time is shorter than the Hall sample time. A I i
RDBL (read double) flag has been implemented for | 3 2.75 31 to 1000
marking messages which does not contain a new Hall
sample. The RDBL flag is located in the register SPS | 4 3.00
and is transmitted by the status and communication I 8 4.00
nibble.
| 12 5.00
| 13 5.25
| 14 5.50 31 to 500
| 35 10.75
| 36 11.00 31 to 250
| 63 17.75
I | " Clock tolerance of +10% is not included
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Table 5-5: HAL2831 recommended clock time vs.
sample frequency.
TICK tick) Recommended Sample
Frequency
[LSB] [us] [Hz]
0 2.00 31 to 2000
1 2.25
2 2.50 31 to 1000
3 2.75
4 3.00
8 4.00
10 4.50
11 4.75 31 to 500
12 5.00
29 9.25
30 9.50 31 to 250
63 17.75

1) Clock tolerance of +10% is not included

5.2.2. HAL 2832/HAL 2833 message timing (with pause period)

Fig. 5-3 represents a SENT data frame with three data
nibbles for sensors with pause period. The timing of a
SENT message with four data nibbles is similar, with
the fourth data nibble inserted between the third data
nibble and the CRC nibble.

)
. tnlow

il

The delivery of new Hall samples is synchronous with
the SENT messages, i.e. one SENT message is trans-
mitted per Hall sample. Thus, the propagation delay is
very low and the message time is nearly constant. The
RDBL (read double) flag has not meaning for devices
with pause period. The tick times must be properly
selected based on the sample frequency (see Table 5—
6 for HAL 2832 and Table 5-7 for HAL2833). The
usage of tick times slower than recommended may
lead to corrupted SENT messages. The usage of tick
times faster than recommended may lead to a pause
period which exceeds the limit certified in SAE-J2716
2010-01.

e

' ' tsync : tnitlJbIe :‘_t.nibble_’:‘_ tInibble_’:‘_ tynibble_’:‘_t'nibble_’:'_ltpause_’:

. pause ' calibration/synchronization  :status: D[11:8] + D[7:4] + D[3:0] . CRC . pause
(previous ! :
telegram) = tmessage -

Fig. 5-3: SENT interface timing in case of HAL 2832/HAL2833
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Table 5-6: HAL 2832 recommended clock time vs.

sample frequency

TICK tick Recommended
Sample Frequency
[LSB] [us]" [Hz]
0 2.00 1000, 2000
1 2.25
2 2.50 500, 1000
3 2.75
4 3.00
8 4.00
10 4.5
11 4.75 250 to 1000
12 5.00
13 5.25 250, 500
29 9.25
30 9.50 125 to 500
32 10,00
33 10.25 125, 250
63 17.75
") Clock tolerance of +10% is not included

Table 5-7: HAL2833 recommended clock time vs.
sample frequency

TICK tiick Recommended
Sample Frequency
[LSB] [us]" [Hz]
0 2.00 1000, 2000
1 2.25 1000
2 2.50 500, 1000
3 2.75
4 3.00
8 4.00
9 4.25
10 4.50 500
11 4.75 250, 500
12 5.00
27 8.75
29 9.00 250
30 9.25 125, 250
63 17.75
") Clock tolerance of +10% is not included

Note: The length of a message inclusive the pause
pulse is equal the sample period. The minimum
values for the sample frequency are limited by
the maximum pause period length specified in
SAE-J2716.

Micronas
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6. Programming of the Sensor

HAL 283x features two different customer modes. In
Application Mode the sensor provides a continuous
SENT data stream. In Programming Mode it is possi-
ble to change the register settings of the sensor.

After power-up the sensor is always operating in the
Application Mode. It is switched to the Programming
Mode by a defined sequence on the sensor output pin.

6.1. Programming Interface

In Programming Mode the sensor is addressed by
modulating a serial telegram (BiPhase-M) with con-
stant bit time on the output pin. The sensor answers
with a modulation of the output voltage.

A logical “0” of the serial telegram is coded as no level
change within the bit time. A logical “1” is coded as a
level change of typically 50% of the bit time. After each
bit, a level change occurs (see Table 6—1).

The serial telegram is used to transmit the EEPROM
content, error codes and digital values of the magnetic
field or temperature from and to the sensor.

Table 6—1: Biphase-M frame characteristics of the host

DATA SHEET
tbbit tobit
I |
| |
oL |
logical 0 ' '
- tooit - tobit
I |
or
N L
logical 1 I I
" tono | toho " tono | toho

Fig. 6-1: Definition of logical 0 and 1 bit

A description of the communication protocol and the
programming of the sensor is available in a separate
document (Application Note Programming HAL 283x).

Symbol Parameter Min. Typ. Max. Unit Remark
tobit (host) Biphase Bit Time 970 1024 1075 ps
tohb (host) Biphase Half Bit Time | 0.45 0.5 0.55 tobit (host)
thitsp (host) Biphase Interframe 3 - - tobit (host)
Space
Vixth I Receiver low to high 1.2 - 1.5 \
threshold voltage
Vixth_hl Receiver high to low 1.1 - 1.4 \
threshold voltage
VsupPPRG Supply Voltage During | 5.6 - 6.5 \'%
Programming
Table 6-2: Biphase-M frame characteristics of the sensor
Symbol Parameter Min. Typ. Max. Unit Remark
tobit (sensory | Biphase Bit Time 820 1024 1225 ps
tohb (sensor) Biphase Half Bit Time - 0.5 - tobit (sensor)
toresp Biphase Response 1 - 5 tobit (sensor)
Time
Slew Rate 2 V/us

30
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6.2. Programming Environment and Tools

For the programming of HAL 283x during product
development a programming tool including hardware
and software is available on request. It is recom-
mended to use the Micronas tool kit in order to easy
the product development. The details of programming
sequences are also available on request.

6.3. Programming Information

For production and qualification tests, it is mandatory
to set the LOCK bit after final adjustment and program-
ming of HAL 283x. The LOCK function is active after
the next power-up of the sensor.

The success of the LOCK process must be checked by
reading the status of the LOCK bit after locking and/or
by an analog check of the sensors output signal.

Electrostatic Discharge (ESD) may disturb the pro-
gramming pulses. Please take precautions against
ESD and check the sensors error flags.
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7. Application Notes
7.1. Ambient Temperature

Due to the internal power dissipation, the temperature
on the silicon chip (junction temperature T,) is higher
than the temperature outside the package (ambient
temperature Tp).

Ty = To+AT

At static conditions and continuous operation, the fol-
lowing equation applies:

AT = lgyp x Vgyp X Ripgx + Ipio * Vpio X Rinax

For typical values, use the typical parameters. For
worst case calculation, use the max. parameters for
Isyp and Ry,, and the max. value for Vgp from the
application. The choice of the relevant Ry, jx parameter
(Rthjas Rihjes OF Rinjs) depends on the way the device is
(thermally) coupled to its application environment.

For the HAL 283x, the junction temperature T is spec-
ified. The maximum ambient temperature Tpmax Can
be calculated as:

Tamax = Timax—AT

7.2. EMC and ESD

For applications that cause disturbances on the supply
line or radiated disturbances, a series resistor and a
capacitor are recommended. The series resistor and
the capacitor should be placed as closely as possible
to the Hall sensor.

Please contact Micronas for detailed investigation
reports with EMC and ESD results.

7.3. Application Circuit

Micronas recommends the following two application
circuits for the HAL 283x.

The external circuit mentioned in Fig. 7-1 is recom-
mended when Vgar 2 Vpy.yp- It is typically used when
the supply pin is directly connected with the battery
voltage and the DIO pin operates on a regulated power

supply.

Fig. 7-2 shows the recommended circuit according to
the SAE-J2716 2010-01. It can be used when Vgt =
Vpullup < 7 V. The Pull-up resistor Rpy.yp1 must be
place(f close to the sensor to be compliant with the
SENT specification. For saving external components,
the resistors Rpy.yp1 and Rpy.yp2 could be combined
to Rpy..up @nd placed close to the ECU. This might be
possible for some applications only and will not be
compliant with the SENT specification.

The electrical characteristics mentioned in Section 4.
(e.g. Vgyp) has to be considered at the system setup.
They may reduce the operation range.

Values of external components:

CVSUP =47 nF
CDIO =180 pF

The maximum allowed load capacitor and the mini-
mum resistance can be calculated with the following
equation:

CL = Cpio+Cuire + Cinput
R = RPuII-up

R >VPuII—up(max)_VDIOL(max)
L™ 1510 (CL x (AV/Atey)
<0'4XVPuII—uggmin)
L= R x (AV/At

rise)

RPuII—up = RPull—upl I RPull—up2

Rpull-up: \Ijull-up resistor between DIO and
Pull-up
Cvsup: gﬁgaGcll\}%nce between the VSUP pin
Cpio: EMC protection capacitance on the
DIO pin
Cuwire: Capacity of the wire
CinPUT: Input capacitance of the ECU

Vpull-up (max): Max. applied Pull-up voltage, must be
lower than the value specified in
section 4.7.

Vpyll- in).  Min. applied Pull-up voltage, must be
Pull-up (min.) higher than the value speglfied in
section 4.7.
VpioL (max):  Max. DIO low voltage, it is

recommended to use the value
specified in section 4.8.

IDlO: DIO current at VDIOL (max.)

AV/Atige: Selected rising edge slew rate, the
max. value specified in section 4.8.
has to be used

AV/Aty : Selected falling edge slew rate, the

max. value specified in section 4.8.
has to be used
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Example for Calculating R,_and C, (max.) Calculation:
The application operates at following conditions: R > 55V 08V - 2410 R, = 1000Q
falling slew rate = 1 V/us (typ.) L 20mA - 400pF x 1.3V/us -
rising slew rate = 0.5 V/ps (typ.)
Vpull-up = 5.5 V (max.) Check C;:
C_ = 400 pF
C_= 400pF < —2Ax4SV__ 5 77np

1000Q2 x 0.65V/us

The used C, is below the limit.

HAL 283x ECU .
VSUP O -——=———=—=——==== O— Vear =12V (typ) -

== Cvsup : Vpuilup =5 V (typ.) .

GND [ S e S o~ ’ GND :

T Coio Cuire : T Rpull-up % CinpuT :
DIO : o—————I —————— Ot : INPUT

Fig. 7-1: Recommended external circuit for Vgyp > Vpyi.yp

HAL283x ECU .
VSUP g N O Vsup = Veull-up '
: (typ. 5V) :
== Cvsup ! :
GND [ O_""I —————— o~ ’ GND :
L R : Rpuil-up2 J_

= Cpio Pull-up1 Cuire X - 10K T Cinput

DIO - O—————I —————— O . INPUT :

Rpuil-up2 @nd Ciypyr are the equivalent circuit of the ECU.

Fig. 7-2: Recommended external circuit for Vgyp = Vpyjl.yp <7 V

Note: The external components needed to protect against EMC and ESD may differ from the application circuit
shown and have to be determined according to the needs of the application specific environment.
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8. Data Sheet History

1. Advance Information: “HAL283x Linear Hall-Effect
Sensor Family with SENT Interface”, Oct. 9, 2008,
Al000143_001EN. First release of the advance
information.

2. Advance Information: “HAL283x Linear Hall-Effect
Sensor Family with SENT Interface”, Sept. 6, 2010,
Al000143_002EN. Second release of the advance
information.

3. Data Sheet: “HAL 2830, HAL 2831, HAL 2832,
HAL 2833 Linear Hall-Effect Sensor Family with
SENT Interface”, July 4, 2014, DS000165_001EN.
First release of the data sheet.

Major change:

— Chapter 5. "SENT Module” updated

4, Data Sheet: “HAL 283x Linear Hall-Effect Sensor
Family with SENT Interface”, Jan. 18, 2016,
DS000165_002EN. Second release of the data
sheet.

Major change:

— TO92UT-2 package drawing updated
— Ammopack drawing updated

— Magnetic Characteristics: Sensitivity Error over
Junction Temperature Range (ES) values changed
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