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Release Note:

Revision bars indicate significant changes to the previous edition.

Introduction

1.1.

The Hall programmer board V 5.1 is a general-purpose programming interface which is
capable of addressing the programmable Micronas Hall-effect sensor families HAL 8xy
and HAL 100x.

The Hall programmer board V 5.1 is fully software compatible to the Hall programmer

board V 4.1. Hence, it is possible to replace older boards by V 5.1 while keeping the
software programmer.

Features

Communication with a PC by serial interface (RS232)

Data transfer to/from PC board at a Baud rate of up to 57600

Supervised programming of the Hall-effect sensors

Output voltage level control

Up to four Hall-effect sensors can be connected in parallel

Easy firmware upgrade possible

Micronas
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1.2. Supported Micronas Hall-Effect Sensors

The board supports all programmable Micronas Hall sensors, each having its own spe-
cial requirements with respect to the programmer board.

Therefore, the board can be run in different operation modes (board modes), which are
addressed separately in subsequent sections of this application note.

Table 1—-1: Overview Hall sensors and operation modes

Type Operation Mode Reference
HAL805 0 (Emulation V 4.1) Section 4
1 Section 5
HAL810 0 (Emulation V 4.1) Section 4
1 Section 5
HAL815 0 (Emulation V 4.1) Section 4
1 Section 5
HAL817 0 (Emulation V 4.1) Section 4
1 Section 5
HAL82x 1 Section 5
HAL83x 1 Section 5
HAL855 2 Section 6
HAL856 3 Section 7
HAL880 1 Section 5
HAL1000 0 (Emulation V 4.1) Section 4
1 Section 5
HAL1002 1 Section 5
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Fig. 1-1: Top view of the Hall programmer board V 5.1

Micronas Sept. 19, 2013; APN000046_03EN 7
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2.

Functional Description

The Hall programmer board V 5.1 serves as a communication interface between a PC
and the programmable Hall sensor connected to the board.

With a specific programming software, command strings are sent to the board, which
generate the serial protocol pattern for the sensor. After sending the protocol, the board
reads back the answer of the Hall sensor or —in case of a communication error— gener-
ates an error flag.

Depending on the command, the board can send the answer of the Hall sensor back to
the PC.

The Hall programmer board V 5.1 can be connected to a serial port of a PC (COM1,
COM2, COM3, or COM4) using a 1:1 cable with SUB-D-9 plugs.

2.1. Software
For each of the programmable Hall sensor families, a specific PC software exists. This
software provides a graphical user interface based on Microsoft Visual Basic or Lab-
View.
For detailed information on the software, please refer to the software documentation
enclosed in the software installation CD.

2.2. Firmware
The firmware of the board is stored in an on-board flash memory. The current version
number of the firmware can be read out by sending a “v” command followed by a “t”
command (see Table 4-2).
If the Micronas VB software is used, the firmware version number is read out by select-
ing the menu item:
Help — About.
It is easily possible to do a firmware update (see Section 3.4.1).

2.3. Power-On Self-Test

Firmware version 1.27 or higher provides a power-on self-test procedure:

— After setting the supply voltage or pushing the reset button, the board performs a
self-test and measures all voltage levels.

— In case of an error, the status flag is set and the error LED ignites.

— If this happens, disconnect all sensors and try again. If the error persists, please
contact your supplier.

Sept. 19, 2013; APN000046_03EN Micronas
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2.4. The COM Port Parameters
The basic parameters for the setup of the serial communication are described in
Table 2—1.
Table 2-1: COM port parameters
Parameter Value Remarks
Baud rate 9600 Jumper ‘BaudRate’ set
57600 Jumper ‘BaudRate’ open
Data bits 8
Stop bits 1
Parity EVEN
Flow control NONE
2.5. Connectors

Up to four sensors can be connected to the programmer board V 5.1. For this purpose,
two 6-pin connectors, HAL 1/2 and HAL 3/4, are supplied.

Note: In case of HAL 810, HAL 856 and HAL 1000 only one sensor can be connected
to the board. These sensors do not support the required multi-programming
function.

Alternatively, one Hall sensor can be inserted in the three-pin socket HAL beneath the
connector HAL 1/2. The pins of this socket are connected parallel to pins 1, 3, and 5 of
the connector HAL 1/2.

The male plug (Amp 215083) corresponding to the red connectors HAL 1/2 and HAL 3/
4 can be ordered from Burklin with the order no. 58F462.

SIONON0
OJON0

Fig. 2-1: Interface connector HAL 1/2 (HAL 3/4).

Micronas
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2.5.1. Pinning of the Interface Connector

The pinning of the interface connector is described in Table 2-2.

Table 2-2: Pinning HAL Interface

Pin No. Description

1 Sensor input

HAL 1/2: Vpp Sensor 1
HAL 3/4: Vpp Sensor 3

2 Sensor input

HAL 1/2: Vpp Sensor 2
HAL 3/4: Vpp Sensor 4

3,4 Common sensor ground

5 Sensor output

HAL 1/2: VoyT Sensor 1
HAL 3/4: VoyT Sensor 3

6 Sensor output

HAL 1/2: Voyt Sensor 2
HAL 3/4: Voyt Sensor 4

2.6. LED Description

Table 2-3: LED description

LED Description Remarks
NORM Normal operating voltage (Vpp) 5.0 V calibrated
LOW Low level of telegram (Vpp) 5.5V calibrated
HIGH High level of telegram (Vpp) 8.0V calibrated
PROG Programming voltage level 12.5 V calibrated
READY On when board ready for operation

DATA High level of telegram (VgoyT)

PCCOM Receive data from PC

ERROR Error flag Status =1

10 Sept. 19, 2013; APN000046_03EN Micronas
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2.7. Error Flag Codes

Each response sent from the programmer board to the PC contains a status or error
flag.

Table 2-4: Error flag description

Error Flag Description

0 No error; status OK

1 Unspecified system error

2 Output low-level detection failure
3 Missing acknowledge (ACK)

4 ACK time-out failure

5 Bit time <1 ms

6 VPROG out of range

Note: For safe programming, the evaluation of the error flags is mandatory.

Micronas Sept. 19,2013; APN000046_03EN 11
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3.

Usage of the Hall Programmer V 5.1

3.1.

Tips for Safe Programming of the Sensors

VproG
external generation

VeroG
internal generation

The Hall programmer board V 5.1 generates all voltage levels according to the specifi-
cation of the serial protocol.

In case of the sensors HAL805, HAL815, HAL817, HAL810, HAL824, HALS825,
HAL830, HAL835, HAL880, HAL1000 and HAL 1002 the programming voltage Vprog
(which is necessary for the permanent storing of the data in the EEPROM memory) has
to be generated externally, i.e. by the programmer board. If Vprog is out of the specifi-
cation limits, the programming of the EEPROM memory may be insufficient and the
reliability of the sensor may be reduced. Hence, the Hall programmer board V 5.1 is
equipped with an on-board A/D-converter which reads back the programming voltage
VpRrog- The A/D-converter is polled every 80 ps.

If Vprog drops below 12.4 V, an error flag is set and the ERROR LED on the program-
mer board ignites. Please ensure that your software evaluates the error flags (see
Section 2.7).

In case of the sensors HAL855 and HAL856, the programming voltage is generated
internally. The supply voltage of the Hall sensor during programming must be 5.0 V.

The width of both pulses (erase and prom) is defined by the programmer board. In case
a customer-specific software is implemented, please ensure that the programming time
is set to 100 ms.

We recommend supervising the programming process and verification of the results
after programming the sensors (see Table 3—1).

Note: The programming voltage Vprog is measured at the output of the Hall program-
mer board. However, this measurement cannot consider any voltage drop which
may occur between the Hall programmer board and the Hall sensor.

The voltage drop between the programmer board and the Hall sensor must not
exceed 50 mV.

Please ensure that the Hall sensor and the programmer board are connected
low resistively to a common ground.

Note: Electrostatic discharges (ESD) may disturb the programming pulses. Please
take precautions against ESD.

12
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Table 3—-1: Check list

Check Item

When

Status/error flag

After transmission of each write, read, or
store command

Programming voltage

After sending a store command
(ERASE and PROM)

Programming pulse width

Evaluation of software after implementation

Verify written data

After finishing the programming sequence

Lock function

After lock

(Note: The Lock function is active after the
next power-on reset.)

Analog test (functional test)

After locking

3.2. Recommended Operating Conditions

Functional operation at conditions other than those listed below is not implied and may
result in insufficient programming of the connected sensor and may cause damage to

the Hall programmer board.

Symbol | Parameter Min. Typ. Max. Unit | Conditions
Vsup Supply Voltage (DC) 17.0 18.0 20.0 \Y

Vacp-p Supply Voltage AC Ripple - 0 0.150 Voo

Isup Supply Current 50 120 300 mA

CL Load Capacitance - - 2000" | nF

louT Continuous Output Current - - 60 mA

Ta Ambient Temperature Range 10 25 50 °C

R Example: If four sensors are connected to the programmer board, blocking capacitors of 500 nF between Vpp

and GND of each sensor can be applied.

Micronas Sept. 19,2013; APN000046_03EN
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3.3. Recommended Wiring

We recommend connecting the application to the board using shielded wires.

In order to minimize the risk of electromagnetic disturbances, the cable should be as
short as possible.

Note: Especially in noisy environments beneath power switches, electromagnetic
actuators, and the like, EMI-compliant layout of the wiring is mandatory.

For recommended cable parameters, please refer to Table 3—-2.

Note: The programmer board reads back the programming voltage every 80 ps in
order to be able to detect short spikes on the output voltage line. If cables other
than those specified in Table 3-2 are used, such spikes may not be detected by
the board.

14 Sept. 19, 2013; APN000046_03EN Micronas
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3.4.

Maintenance and Calibration

<

Vbp
g —
Customer Application |——————) S~ Programmer Board V 5.1
V,
&@ DI

We recommend sending the programmer board back to the supplier for maintenance
and calibration of the voltage levels after one year of operation.

The Hall programmer board must not be maintained or repaired by the customer. In
case of any problems or defects, please contact your supplier.

WARNING: Do not modify any part of the Hall programmer board V 5.1, nor readjust
any trimming potentiometer. Otherwise, the board may be damaged, the
sensor programming may be insufficient, and the reliability of the sensor
reduced.

},

GND

},

},

Fig. 3—-1: Recommended wiring — schematic sketch

Table 3-2: Recommended cable parameters

Symbol | Parameter Min. Typ. Max. Unit | Conditions
Ro Ohmic Resistance per Wire - 1 5 Q <10 mA
Co Capacitance - 80 120 pF
Z Impedance - 50 - Q
L Length - - 1 m
Micronas Sept. 19,2013; APN0O00046_03EN 15
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3.4.1. Firmware Update

The HAL Programmer V5.1 is equipped with a flash-memory. Thus, firmware-upgrades
can be done easily by flashing the new firmware into this memory. For this purpose the
software-tool-kit ‘FLASH IT is provided.

1. Unzip the package ‘Flashit.zip’ into a suitable working directory. When unzipping with
‘WinZip’ a sub-folder \Flashit’ will be generated.

. Close the jumper ‘BOOT’ beneath the ‘Reset’-button of the HAL Programmer Board.

. Push the ‘Reset’-button.

. Open the jumper ‘BOOT’ again.

. Start the executable ‘Bootload.exe’ by double-clicking the icon in \Flashit.

. After hitting the EI icon, the flash process starts.

i

File Help Info

7| B [

o O A~ W DN

[ PPt ]

Busconfigurations

T arget bemony

Contraller
After Loading...
Before Loading. ..
Flazh Algarithm

Select Hexfile

HALFLASH HEE

Fig. 3—2: Flash procedure

Note: The flash process lasts for about 10 — 15 min. After the process has finished,
the board will be reset automatically and the new firmware will start working.

Note: The firmware to be loaded into the flash-memory is called ‘HALFLASH.H86'. It
must be stored in the same folder where the executable is located.

16 Sept. 19, 2013; APN000046_03EN Micronas
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Operation Mode 0

Communication:
PC — prog. board

Communication:
prog. board — sensor

Data formats

Programming
procedure

Emulation of the Programmer Board V 4.1:
HAL 805, HAL815, HAL817, HAL810, and HAL 1000

This operation mode is the default mode. It is invoked after power-on or pushing the
reset button. Alternatively, this operation mode can be set by sending the “0” com-
mand.

Section 4.1 and Section 4.2 contain a detailed description of communication between
the PC and the programmer board V 5.1. In particular, all board commands available in
the operation mode “j0” are listed.

The communication between the programmer board and the Hall sensor is described in
Section 4.3
The data formats for communication between both the PC and the board, and the

board and the sensor are summarized in Section 4.4

Finally, Section 4.5 depicts the programming procedure and gives an example of a
complete programming sequence.

Micronas
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4.1.

Definition of the Protocol

The protocol and the commands in the emulation mode are exactly the same as those
of the programmer board V 4.1.

The general syntax is as follows (blanks are given for better readability only):

PC — Board:
STX BCMD [CMD CP ADR AP] [DAT3 DAT2 DAT1 DATO DP] ETX

Board — PC:
STX STATUS DAT3 DAT2 DAT1 DATO DP ETX

The characters in brackets [...] are optional, depending on the board command BCOM.

Table 4—1: Description of the characters

Character Description

STX ASCII character 2
ETX ASCII character 3
BCMD Board command
CMD Command

CP Command parity
ADR Address

AP Address parity
DAT3 Data characters, each encoding 4 bit in HEX format.
DAT2 Example:

DATA 01f0 (HEX) = 496
DATO

DP Data parity
STATUS Status/error flag

18
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4.2.

The Board Commands BCMD

The board commands activate functions of the firmware. The characters following the
BCMD are the parameters of this function. Some functions serve to control the board
operation and do not address the Hall device.

The read, write, program, and lock functions communicate with the Hall device. The
parameters of these functions are converted into a serial telegram and is sent to the

connected sensor.

Table 4-2: Description of the board commands
BCMD | Parameters Description
n - Switch Vpp on
o} - Switch Vpp off
z[t] t = 10...255 (as ASCII character) Set bit time slow mode
bit time =t x 0.02 ms
default t = 162 default bit time = 3.24 ms
HAL8x5, HAL810, HAL1000: sett =85 HAL8x5, HAL810, HAL1000: set bit time = 1.7 ms
uft] t =10...255 (as ASCII character) Set programming pulse width
width =t x 0.50 ms
HAL8x5, HAL810, HAL1000: set t = 200 HAL8x5, HAL810, HAL1000: set width = 100 ms
aft] t =10...255 (as ASCII character) Select sensor A,
select pulse width =t x 4.0 ps
recommended t = 25 recommended pulse width = 100 ps
b[t] t =10...255 (as ASCII character) Select sensor B,
select pulse width =t x 4.0 pys
recommended t = 25 recommended pulse width = 100 us
elp] p = CMD CP ADR AP DAT3 DAT2 DAT1 DATO DP | Write HAL and echo data to PC
alp] p = CMD CP ADR AP Read HAL and echo data to PC
m[p] p = CMD CP ADR AP Program HAL and echo program voltage to PC
I[p] p =CMD1 CP1 ADR1 AP1 CMD2 CP2 ADR2 AP2| Lock HAL and echo program voltage to PC
v - Request firmware version
t - Request status and echo data to PC
ilp] p =0...3 (as HEX) Switch board operation mode
0 = EMU Board V 4.1 (default)
1 = HAL805, HAL815, HAL817, HAL810,
HAL82x, HAL83x, HAL880, and HAL 100x
2 =HAL855
3 = HAL856
Micronas Sept. 19,2013; APN000046_03EN 19
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Examples: (Blanks are given for better readability only)
— power on:
STX n ETX
— set bit time slow CHR$(85) =’U’":
STX z U ETX

— read register no. 2:
STXq2021ETX

— write register no. 2:
STXe3121000A1ETX

— store sequence:

STX u CHR$(200) ETX (set programming time)

STXm5111ETX (ERASE)
STXm 401 1ETX (PROM)

— deactivate sensors:
STXe31FO0O080FOETX

— select sensor A:
STX a CHR$(25) ETX

— lock sensors

STX u CHR$(200) ETX (set programming time)

STX170605111ETX (LOCK-ERASE)

4.2.1. Monitoring of the Programming Voltage

In case of ERASE, PROM, and LOCK, the programming pulse voltage is measured by
the board, and a data string is sent back to the PC. The relation between the data and

the programming voltage is

DAT
Verog = 2095 6-2.485V

If the programming pulse voltage is out of the specification limits, the status bit is set to

::111.

Examples: — Vppog = 12.15 V, Data board — PC:
STX10DOAOETX
(DAT=0DO0A)

— Vprog = 12.50 V, Data board — PC:
STXO00D690ETX
(DAT=0D69)

20 Sept. 19, 2013; APN000046_03EN
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4.3.

Programming of the Sensor

4.3.1.

4.3.2.

Write a register

Read a register

Programming the
EEPROM cells

Activate a sensor

Definition of Programming Pulses

The sensor is addressed by modulating a serial telegram on the supply voltage. The
sensor answers with a serial telegram on the output pin.

The bits in the serial telegram have a different bit time for the Vpp-line and the output.
The bit time for the Vpp-line is defined through the length of the Sync bit at the begin-
ning of each telegram. The bit time for the output is defined through the Acknowledge
bit.

A logical “0” is coded as no voltage change within the bit time. A logical “1” is coded as
a voltage change between 50% and 80% of the bit time. After each bit, a voltage
change occurs.

Definition of the Telegram

Each telegram starts with the Sync bit (logical 0), 3 bits for the Command (COM), the
Command Parity bit (CP), 4 bits for the Address (ADR), and the Address Parity bit (AP).

There are 4 kinds of telegrams:

After the AP bit, follow 14 Data bits (DAT) and the Data Parity bit (DP). If the telegram is
valid and the command has been processed, the sensor answers with an Acknowledge
bit (logical 0) on the output (see Fig. 4-2).

After evaluating this command, the sensor answers with the Acknowledge bit, 14 Data
bits, and the Data Parity bit on the output (see Fig. 4-3).

After evaluating this command, the sensor answers with the Acknowledge bit. After the
delay time t,,, the supply voltage rises up to the programming voltage (see Fig. 4-4).

If more than one sensor is connected to the supply line, selection can be done by first
deactivating all sensors. The output of all sensors will be pulled to ground by the inter-
nal 10 kQ2 resistors. With an activate pulse on the appropriate output pin, an individual
sensor can be selected. All following commands will only be accepted from the acti-
vated sensor (see Fig. 4-5).

Micronas
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VboH

logical 0 n or tpo

Voo

VDDH P - >

logical 1 » fpo ‘/7 or » o\
VbpL b1 J __/ \_

Fig. 4-1: Definition of logical 0 and 1 bit

Table 4-3: Telegram parameters

Symbol Parameter Pin Min. Typ. Max. Unit Remarks
VoL Supply voltage for low level 1 5 5.6 6 \Y
during programming
VbpH Supply voltage for high level 1 6.8 8.0 8.5 \
during programming
t Rise time 1 0.05 ms
t Fall time 1 0.05 ms
too Bit time on Vpp 1 1.7 1.75 1.8 ms too is defined through the Sync bit
thouT Bit time on output pin 3 2 3 4 ms toouT is defined through the Acknowl-
edge bit
tp1 Voltage change for logical 1 1,3 50 65 80 % % of tpg or tyouTt
VbpPrOG Supply voltage for 1 12.4 125 12.6 \
programming the EEPROM
trrOG Programming time for EEPROM 1 95 100 105 ms
tp Rise time of programming voltage 1 0.2 0.5 1 ms
tp Fall time of programming voltage 1 0 1 ms
tw Delay time of programming voltage 1 0.5 0.7 1 ms
after Acknowledge
Vact Voltage for an Activate pulse 3 3 4 5 \
tact Duration of an Activate pulse 3 0.05 0.1 0.2 ms

22 Sept. 19, 2013; APN000046_03EN Micronas
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WRITE
Sync COM CP ADR

Acknowledge
VOUT\ [

Fig. 4-2: Telegram for coding a Write command

READ
Sync cOoM CP ADR AP

veo | D000 OO0
Acknowledge DAT DP
VOUT\ | Mxxxxxxxxxxxxxxxxxxxxxxxxxx &*

Fig. 4-3: Telegram for coding a Read command

Vopprog | | .. .....-..-
ERASE, PROM, and LOCK

Sync COM CcP ADR AP

veo |\ OODODOL DODCDA0T
Acknowledge
VOUT\ [

ty

Fig. 4-4: Telegram for coding the EEPROM programming

t tact

Vact
Vour

Fig. 4-5: Activate pulse
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4.3.3.

Sync Bit

Command Bits (COM)

Command Parity Bit
(CP)
Address Bits (ADR)

Address Parity Bit (AP)

Data Bits (DAT)

Data Parity Bit (DP)

Acknowledge

Telegram Codes

Each telegram starts with the Sync bit. This logical “0” pulse defines the exact timing for
tho-
p0

The Command code contains 3 bits and is a binary number. Table 4-4 shows the avail-

able commands and the corresponding codes for the HAL805, HAL815, HAL817 and
HAL1000.

This Parity bit is “1” if the number of zeros within the 3 Command bits is uneven. The
Parity bit is “0”, if the number of zeros is even.

The Address code contains 4 bits and is a binary number. Table 4-5 shows the avail-
able addresses for the HAL805, HAL815, HAL817 and HAL 1000 registers.

This Parity bit is “1” if the number of zeros within the 4 Address bits is uneven. The Par-
ity bit is “0” if the number of zeros is even.

The 14 Data bits contain the register information.

The registers use a different number formats for the Data bits. These formats are
explained in Section 4.3.4

In the Write command, the last bits are valid. If, for example, the TC register (6 bits) is
written, only the last 6 bits are valid.

In the Read command, the first bits are valid. If, for example, the TC register (6 bits) is
read, only the first 6 bits are valid.

This parity bit is “1” if the number of zeros within the binary number is even. The parity
bit is “0” if the number of zeros is uneven.

After each telegram, the output answers with the Acknowledge signal. This logical “0”
pulse defines the exact timing for t,oyr:

Table 4-4: Available commands

Command Code Explanation
READ 2 read a register
WRITE 3 write a register
PROM 4 program all nonvolatile registers (except the lock bits)
ERASE 5 erase all nonvolatile registers (except the lock bits)
LOCK 7 lock the whole device and switch permanently to the analog-mode
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Binary number:

4.3.4.

Signed binary number:

Two’s-complementary

Number Formats
The most significant bit is given as first, the least significant bit as last digit.

Example:

101001 represents 41 decimal.

The first digit represents the sign of the following binary number (1 for negative, 0 for
positive sign).

Example:

0101001 represents +41 decimal
1101001 represents —41 decimal

The first digit of positive numbers is “0”, the rest of the number is a binary number. Neg-

number: ative numbers start with “1”. In order to calculate the absolute value of the number, cal-
culate the complement of the remaining digits and add “1”.
Example:
0101001 represents +41 decimal
1010111 represents —41 decimal
Table 4-5: Available register addresses
Register Code | Data Format Customer Remark
Bits
CLAMP LOW 1 10 binary read/write/program low clamping voltage
CLAMP HIGH 2 11 binary read/write/program high clamping voltage
vOoQ 3 11 two compl. read/write/program
binary
SENSITIVITY 4 14 signed binary | read/write/program
MODE 5 6 binary read/write/program range and filter settings
LOCK 6 1 binary lock lock bit
ADC-READOUT | 7 14 two compl. read
binary
TC 11 6 signed binary | read/write/program
TCSQ 12 5 binary read/write/program
DEACTIVATE 15 12 binary write deactivate the sensor
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HAL8xy, HAL100x

Programmer Board

APPLICATION NOTE

CLAMP LOW

CLAMP HIGH

voQ

SENSITIVITY

TC and TCSQ

4.3.5.

Register Information (HAL805/HAL815/HAL817)

Terminology:
REGISTER: Name of the register or register value
Register: Name of the parameter

— The register range is from 0 up to 1023.

— The register value is calculated by:

Low Clamping Voltage

CLAMP LOW = - 2048

VDD

— The register range is from 0 up to 2047.

— The register value is calculated by:

High Clamping Voltage

CLAMP HIGH = . 2048

VDD

— The register range is from —1024 up to 1023.

— The register value is calculated by:

v
VOQ = =22 1024
VDD

— The register range is from —-8192 up to 8191.

— The register value is calculated by:

SENSITIVITY = Sensitivity - 2048

— The TC register range is from —31 up to 31.
— The TCSAQ register range is from 0 up to 31.

Please refer to the data sheet for the recommended values.

26
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MODE

ADC-READOUT

— The register range is from 0 up to 63 and contains the settings for FILTER and
RANGE:

MODE = FILTER -8+ RANGE

Please refer to the data sheet for the available FILTER and RANGE values.

This register is read only.

The register range is from —8192 up to 8191.

DEACTIVATE — This register can only be written.
— The register has to be written with 2063 decimal (80F hexadecimal) for the deactiva-
tion.
— The sensor can be reset with an Activate pulse on the output pin or by switching off
and on the supply voltage.
Note: The register information of the HAL810 is slightly different. However, it is quite
easy to transform voltage values (HAL8x5/HAL817) into output duty cycle
(HAL810) by multiplication with
100%
5V
For detailed register information of the HAL810, please refer to the data sheet.
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4.3.6.

Programming Information

If the content of any register (except the lock registers) is to be changed, the desired
value must first be written into the corresponding RAM register. Before reading out the
RAM register again, the register value must be permanently stored in the EEPROM.

Permanently storing a value in the EEPROM is done by first sending an ERASE com-
mand followed by sending a PROM command. The address within the ERASE and
PROM commands is not important. ERASE and PROM act on all registers in parallel.

If all HAL805, HAL815, HAL817 and HAL 1000 registers are to be changed, all writing
commands can be sent one after the other, followed by sending one ERASE and
PROM command at the end.

During all communication sequences, the customer has to check if the communication
with the sensor was successful. This means that the acknowledge and the parity bits
sent by the sensor have to be checked by the customer. If the Micronas programmer
board is used, the customer has to check the error flags sent from the programmer
board.

Note: For production and qualification tests, it is mandatory to set the Lock bit after
final adjustment and programming. The Lock function is active after the next
power-up of the sensor. Micronas also recommends sending an additional
ERASE command after sending the LOCK command (This is done automati-
cally when the board command “I” is used for locking the sensor.).

The success of the Lock process should be checked by reading at least one
sensor register after locking and/or by an analog check of the sensor’s output
signal.

Electrostatic Discharges (ESD) may disturb the programming pulses. Please
take precautions against ESD.

28
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4.4.

Data Formats

Table 4-6: Data formats

The protocol between the programmer board and the Hall sensor defines fixed lengths
for the data, command, and address words to be transmitted:

— Command (CMD): 3 bit
Address (ADR): 4 bit

Data (DAT): 14 bit
Command Parity (CP): 1 bit
Address Parity (AP): 1 bit
Data Parity (DP): 1 bit

Reminder: For communication with the programmer board, the 14 data bits are
encoded in four ASCII characters: DAT3, DAT2, DAT1, and DATO.

As every register has a different length, not all of the 14 bits are used. Furthermore,
there is a difference between the write format (transfer board — IC) and the read format
(transfer IC — board). Table 4—6 shows which of the 14 bits are valid for each register
(write format and read format).

Register Char DAT3 DAT2 DAT1 DATO
Bit |15 |14 [13 |12 |11 |10 |09 (08 |07 |06 | 05 | 04 | 03 | 02 | 01 | 00
CLAMP LOW wite | - |- |- |- |- |- Vv v |Vv | v v v ]V |V |V |V
Read |- |- |V v |[v |v |Vv |v ]|V I Vv I Vv | v |- |- |- |-
CLAMP HIGH wite |- |- |- |- |- Vv I Vv v ]|Vv | Vv Vv v ]Vv |V | Vv |V
Read |- |- |V v |[v v |Vv |[v ]|V Vv Vv | v ]|V |- |- |-
voQ wite | - |- |- |- |- v I v v ]|v | v v v ]Vv |V |V |V
Read |- |- |V |[v |[v |V |V |[v ]|V Vv Vv | v ]|V |- |- |-
SENSITIVITY wite |- |- |V |[v |v v Vv v ]|Vv | v Vv v ]Vv |V | Vv |V
Read |- |- |[v |[v |[v |V |V |[v ]|Vv |V Vv | v ]|V Vv | v | vV
MODE wite | - |- |- |- |- |- |- |- — v v | v v |v |V
Read |- |- |V v v v Vv v |- |- |- |=-1|-1-1|-]-
ADC-READOUT Read |- |- |[v |[v |[v |v v |v ]|v Vv Vv | v ]|Vv Vv v | vV
TC wite |- |- |- |- |- |- |- |-|-|-|v|v]Vv | Vv | Vv |V
Read |- |- [V [V Vv Vv |V v |- |- |- |=1]-1-1|-1]-
TCSQ wite | - |- |- |- |- [- |- |- |- |- viIivi v v |v
Read |- |- [V [V v Vv |V |- |- |- |- |=1]-1- |- |-
DEACTIVATE wite | - |- |- |- |1 o o oo o o o |1 [1 |1 |1

V: valid, —: ignore, bit order:

MSB first

Micronas
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4.5.

The Programming Procedure

The general programming procedure is described in detail for the HAL805 (HAL815/
HAL817).

The procedure for the HAL810 is quite similar. However, the multiprogramming (i.e. the

programming of more than one sensor connected to the same supply voltage) does not
apply for the HAL810. Additionally, some register names are different for the HAL810.

Table 4-7: Cross reference register names

Register HAL8x5 Register HAL810
CLAMP LOW MIN DUTY
CLAMP HIGH MAX DUTY
SENSITIVITY DC SENSITIVITY
voQ DCOQ

An example of a programming procedure is given in Fig. 4—6.

First, the programmer board has to be initialized. If more than one sensor is connected
to the same supply line, the sensors have to be addressed sequentially. This is done by
the multiprogramming loop: After deactivating all sensors, the sensor to be pro-
grammed is activated again by sending a pulse on the corresponding output line, fol-
lowed by a dummy read command.

Note: The flow chart shown in Fig. 4—6 is intended as a simple example. The multipro-
gramming loop can also be done within the calibration procedure.

» o« LI}

Please keep in mind that the board commands “e..”, “q..”, “m..”, and “t” cause the
board to send back an eight character string to the PC. This string must be read out of
the serial port before sending the next command.

30
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Example:

BEGIN

v

INITIALIZE BOARD

STXjOETX

STX z CHR$(85) ETX
STXnETX

DELAY 20 ms

[Set Board Mode]
[Set Protocol Bittime]
[Switch Vdd on]

v
MULTIPROGRAMMING

FOR SENSOR ='a' OR 'b"

STXw31f0080f0ETX
DELAY 100 ms
STXSENSOR CHR$(25) ETX
STXq2011ETX

[Deactivate Sensors]

[Select SENSOR]
[Dummy Read]

CALIBRATE SENSOR

END MULTIPROGRAMMING LOOP

END

Fig. 4-6: General procedure

Micronas
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4.5.1.

The Calibration Procedure

The output characteristic is determined by four parameters:

— Clamp Low specifies the lower clamping voltage of the output curve.
— Clamp High specifies the higher clamping voltage of the output curve.
— Vpq corresponds to the output voltage at zero ADC-Readout.

— Sensitivity corresponds to the increase of the output voltage with magnetic field. A
sensitivity of “1” is equivalent to a voltage increase of 5 V at an increase of 2048 of
the ADC-Readout.

The following simple formula relates the analog output voltage to the ADC-Readout
(Vpp is considered to be 5.0 V):

_ Sensitivity - ADC-Readout - 5 V +

Y
ouTt 2048

Voo

The calibration procedure is shown in Fig. 4—7. The register values are intended as
example:

Step 1: Programming of the parameters which do not require individual adjustment:
— Clamp Low, Clamp High, Filter Frequency, Magnetic Range, TC, and TCSQ.
Step 2: Get the ADC-Readout value in the first calibration point and assign a nominal output
voltage (Voyr 1) to that point.
Step 3: Get the ADC-Readout value in the second calibration point and assign a nominal out-
put voltage (Voyt2) to that point.
Step 4: Calculate and program the values of SENSITIVITY and VOQ.
o (Vout2 = Vout1) 2048
SeNSItvIY = (B CReadout, - ADCReadout;) 5V
SENSITIVITY = Sensitivity - 2048
Voo =V ADCReadout, - Sensitivity - SV
0Q = YouT1~ 1 Y 5048
1024
VOQ = Voo T
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STXe311100cdO0ETX
STXe312107331ETX
STXe315000111ETX
STXe31b100120ETX
STXe31c0000AOQETX

WRITE COMMON REGISTER SETTINGS

[Write Clamp Low 0.5 V]
[Write clamp High 4.5 V]
[Write Mode 75 mT / 500 Hz]
[Write TC 18]

[Write TCSQ 10]

'

STORE

v

READ ADC-READOUT 1
AT CALIBRATION POINT 1

STXq2071ETX

'

READ ADC-READOUT 2
AT CALIBRATION POINT 2

STXq2071ETX

v

CALCULATE Sensitivity AND Voq

v

STX e 3130 DATA DP ETX
STX e 314 1DATADP ETX

WRITE SENSITIVITY AND VOQ

[Write VOQ]
[Write SENSITIVITY]

'

STORE

Fig. 4-7: Calibration procedure

Micronas
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Step 5:

Store the registers permanently.

The “Store” sequence is given in Fig. 4-8. The permanent storing of data into the
EEPROM memory is a two-step process. First, all zero bits (ERASE), then all one bits

(PROM) are written.

BEGIN

v

SET PROGRAMMING PULSE WIDTH

STX u CHR$(200) ETX [Pulse Width 100 ms]

v

ERASE

STXm5111ETX [acts on all EEPROM registers]

v

PROM

STXm4011ETX [acts on all EEPROM registers]

END

Fig. 4-8: Store sequence
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Operation Mode 1

Communication:
PC — prog. board

Communication:
prog. board — sensor

Data formats

Programming
procedure

HAL 805, HAL815, HAL817, HAL810, HAL82x, HAL83x, HAL 880, HAL 1000 and
HAL 1002

This operation mode is set by sending the “1” command. Unlike the emulation mode
described in the previous section, this operation mode allows the use of additional fea-
tures which are not implemented in the Hall Programmer Board V 4.1.

Section 5.1 and Section 5.2 contain a detailed description of communication between
the PC and the programmer board V 5.1. Particularly, all board commands available in
the operation mode “j1” are listed.

The communication between the programmer board and the Hall sensor is described in
Section 5.3
The data formats for communication between both the PC and the board, and the

board and the sensor are summarized in Section 5.4

Finally, Section 5.5 depicts the programming procedure and gives an example of a
complete programming sequence.

Micronas
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5.1.

Definition of the Protocol

The general syntax is as follows (blanks are given for better readability only):

PC — Board:
STX BCMD [CMD CP ADR AP] [DAT3 DAT2 DAT1 DATO DP] ETX

Board — PC:
STX STATUS DAT3 DAT2 DAT1 DATO DP ETX

The characters in brackets [...] are optional, depending on the board command BCOM.

Table 5-1: Description of the characters

Character Description

STX ASCII character 2
ETX ASCII character 3
BCMD Board command
CMD Command

CP Command parity
ADR Address

AP Address parity
DAT3 Data characters, each encoding 4 bit in HEX format.
DAT2 Example:

DATA 01f0 (HEX) = 496
DATO

DP Data parity
STATUS Status/error flag

36
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Table 5-2:

5.2.

The Board Commands BCMD

The board commands activate functions of the firmware. The characters following the
BCMD are the parameters of this function. Some functions serve to control the board
operation and do not address the Hall device.

The read, write, program, and lock functions communicate with the Hall device. The
parameters of these functions are converted into a serial telegram and sent to the con-

nected sensor.

Description of the board commands

BCMD

Parameters

Description

n

Switch Vpp on

(o]

Switch VDD off

Z[t]

t = 10...255 (as ASCII character)

default: t = 85

Set bit time slow mode
bit time =t x 0.02 ms

default: bit time = 1.7 ms

uft]

t =10...255 (as ASCII character)

sett=100

Set programming pulse width
width =t x 1.00 ms

set pulse width = 100 ms

hnt]

n=1..4(as HEX)
t = 10...255 (as ASCII character)

recommended t = 25

Select sensor n, (default = 1)
select pulse width =t x 4.0 ps

recommended pulse width = 100 ps

elp]

p = CMD CP ADR AP DAT3 DAT2 DAT1 DATO DP

Write HAL and echo data to PC

qlp]

p =CMD CP ADR AP

Read HAL and echo data to PC

m[p]

p = CMD CP ADR AP

Program HAL and echo program voltage to PC

I[p]

p =CMD1 CP1 ADR1 AP1 CMD2 CP2 ADR2 AP2

Lock HAL and echo program voltage to PC

This command is not valid for HAL 82x, HAL 83x,
and HAL880 and HAL 1002!

Request firmware version

Before reading back the firmware version this
command needs to be followed by the “t“ com-
mand.

Request status and echo data to PC

ilp]

p = 0...3 (as HEX)

Switch board operation mode

0 = EMU board V 4.1 (default)

1 = HAL805, HAL815, HAL817, HAL810,
HAL82x, HAL83x, HAL880, HAL 1000, HAL 1002
2 =HALS855

3 =HALB856
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| Examples: Note: Blanks are given for better readability only

| 5.2.0.1. HALBS805, HAL815, HAL817, HAL810 and HAL1000

I
STXj1ETX // set board operation mode
STX n ETX // power on
STXz UETX // set bit time slow CHR$(85) ='U’
STXq2021ETX // read register no. 2
STXe3121000A1ETX // write register no. 2
/I store sequence start
STX u CHR$(100) ETX // set programming time
STXm5111ETX // ERASE
STXm4011ETX // PROM
// store sequence end
STXe31FO0080FOETX // deactivate sensors
STX h 1 CHR$(25) ETX // select sensor 1
// lock sequence start
STX u CHR$(100) ETX // set programming time
STX170605111ETX // LOCK-ERASE
//' lock sequence end
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Examples:

5.2.0.2.

5.2.1.

HAL82x, HAL83x, HAL880, HAL 1002

STX j1 ETX// set board operation mode

STX n ETX// power on

STX z U ETX // set bit time slow CHR$(85) =’U’
STX q2021ETX// read register no. 2

STXe3121000 A 1ETX// write register no. 2

/I store sequence start
STX u CHR$(100) ETX // set programming time
STXm5100ETX/ ERASE
STXm4000ETX/ PROM

/I store sequence end

STXe31F0080F 0ETX// deactivate sensors
STX h 1 CHR$(25) ETX// select sensor 1

STX q2021ETX/ dummy read

// lock sequence start
STX u CHR$(100) ETX// set programming time
STXe316000010ETX// set LOCK bit
STXm5100ETX/ ERASE

STXm4000ETX/ PROM

Monitoring of the Programming Voltage

In case of ERASE, PROM, and LOCK, the programming pulse voltage is measured by
the board, and a data string is sent back to the PC. The relation between the data and
the programming voltage is

DAT
Vorog = 2095 6-2.485V

If the programming pulse voltage is out of the specification limits, the status bit is set to
H1 !1.

— Vprog = 12.15 V, Data Board — PC:
STX10DOAOETX
(DAT=0DO0A)

— Vprog = 12.50 V, Data Board — PC:
STXO00D690ETX
(DAT=0D69)

Micronas
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5.3.

Programming of the Sensor

5.3.1.

5.3.2.

Write a register

Read a register
Programming the

EEPROM cells

Activate a sensor

Lock a sensor

Definition of Programming Pulses

The sensor is addressed by modulating a serial telegram on the supply voltage. The
sensor answers with a serial telegram on the output pin.

The bits in the serial telegram have a different bit time for the Vpp-line and the output.
The bit time for the Vpp-line is defined through the length of the Sync bit at the begin-
ning of each telegram. The bit time for the output is defined through the Acknowledge
bit.

A logical “0” is coded as no voltage change within the bit time. A logical “1” is coded as
a voltage change between 50% and 80% of the bit time. After each bit, a voltage
change occurs.

Definition of the Telegram

Each telegram starts with the Sync bit (logical 0), 3 bits for the Command (COM), the
Command Parity bit (CP), 4 bits for the Address (ADR), and the Address Parity bit (AP).

There are 4 kinds of telegrams:

After the AP bit, follow 14 Data bits (DAT) and the Data Parity bit (DP). If the telegram is
valid and the command has been processed, the sensor answers with an Acknowledge
bit (logical 0) on the output (see Fig. 5-2).

After evaluating this command, the sensor answers with the Acknowledge bit, 14 Data
bits, and the Data Parity bit on the output (see Fig. 5-3).

After evaluating this command, the sensor answers with the Acknowledge bit. After the
delay time t,, the supply voltage rises up to the programming voltage (see Fig. 5-4).

If more than one sensor is connected to the supply line, selection can be done by first
deactivating all sensors. The output of all sensors will be pulled to ground. With an Acti-
vate pulse on the appropriate output pin, an individual sensor can be selected. All fol-
lowing commands will only be accepted from the activated sensor (see Fig. 5-5).

Note: In case of HAL 82x, HAL83x, HAL 880 and HAL1002 an additional 10 kQ pull-
down resistor is required during programming. Firmware rev. 1.33 can be used
alternatively.

To lock the EEPROM registers, the lock bit has to be set. In case of HAL 82x, HAL83x,
HAL880 and HAL1002 it is necessary to write the lock bit into the lock register (see
Fig. 5-2). If the telegram is valid and the command has been processed, the sensor
answers with an Acknowledge Bit (logical 0) on the output. In order to store the lock bit
permanently, an erase and program command have to be sent to the sensor. The is the
same procedure as mentioned above (see Programming the EEPROM cells and
Fig. 5-4). The EEPROM registers are locked after a power on reset. For HAL 805,
HAL 815, HAL817, HAL 810 and HAL1000 the lock command must be used.

40

Sept. 19, 2013; APN000046_03EN Micronas



APPLICATION NOTE

HAL8xy, HAL100x

Programmer Board

VboH

logical 0

Voo

VooH

logical 1

VboL

Fig. 5-1:

tr tf

to1 J

or

» tpo ‘/7 or

tho J

Definition of logical 0 and 1 bit

Table 5-3: Telegram parameters
Symbol Parameter Pin Min. Typ. Max. Unit Remarks
Vool Supply voltage for low level 1 5 5.6 6 \
during programming
VbpH Supply voltage for high level 1 6.8 8.0 8.5 \
during programming
t Rise time 1 - - 0.05 ms
t Fall time 1 - - 0.05 ms
too Bit time on Vpp 1 1.7 1.75 1.8 ms too is defined through the Sync bit
thouT Bit time on output pin 3 2 3 4 ms toouT is defined through the
cknowledge bit
tp1 Voltage change for logical 1 1,3 50 65 80 % % of tpg or tyouTt
VbpPrOG Supply voltage for 1 12.4 125 12.6 \
programming the EEPROM
trrOG Programming time for EEPROM 1 95 100 105 ms
tp Rise time of programming voltage 1 0.2 0.5 1 ms
tp Fall time of programming voltage 1 0 - 1 ms
tw Delay time of programming voltage 1 0.5 0.7 1 ms
after Acknowledge
Vact Voltage for an Activate pulse 3 3 4 5 \
tact Duration of an Activate pulse 3 0.05 0.1 0.2 ms
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WRITE
Sync COM CP ADR

Acknowledge
VOUT\ | \

Fig. 5-2: Telegram for coding a Write command

READ
Sync cOoM CP ADR AP

veo | D000 OO0
Acknowledge DAT DP
VOUT\ | L[xxxxxxxxxxxxxxxxxxxxxxxxxx[*

Fig. 5-3: Telegram for coding a Read command

Vopprog | | .. .....-..-
ERASE, PROM, and LOCK

Sync COM CcP ADR AP

veo |\ OODODOL DODCDA0T
Acknowledge
VOUT\ [

ty

Fig. 5-4: Telegram for coding the EEPROM programming

t tact

Vact
Vour

Fig. 5-5: Activate pulse
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Sync Bit

5.3.3.

Command Bits (COM)

Command Parity Bit

(CP)

Address Bits (ADR)

Address Parity Bit (AP)

Data Bits (DAT)

Data Parity Bit (DP)

Acknowledge

Telegram Codes

Each telegram starts with the Sync bit. This logical “0” pulse defines the exact timing for
tho-
p0

The Command code contains 3 bits and is a binary number. Table 5-4 shows the avail-
able commands and the corresponding codes for the HAL805, HAL815, HAL817 and
HAL1000 and Table 5-5 for the HAL82x, HAL83x, HAL880 and HAL 1002 registers.

This parity bit is “1” if the number of zeros within the 3 Command bits is uneven. The
parity bit is “0”, if the number of zeros is even.

The Address code contains 4 bits and is a binary number. Table 5-5 and Table 5-6
shows the available addresses for the HAL805, HAL815, HAL817 and HAL 1000 regis-
ters and Table 5-5 for the HAL82x, HAL83x, HAL880 and HAL 1002 registers.

This parity bit is “1” if the number of zeros within the 4 address bits is uneven. The par-
ity bit is “0” if the number of zeros is even.

The 14 Data bits contain the register information.

The registers use a different number formats for the Data bits. These formats are
explained in Section 5.3.4

In the Write command, the last bits are valid. If, for example, the TC register (6 bits) is
written, only the last 6 bits are valid.

In the Read command, the first bits are valid. If, for example, the TC register (6 bits) is
read, only the first 6 bits are valid.

This parity bit is “1” if the number of zeros within the binary number is even. The parity
bit is “0” if the number of zeros is uneven.

After each telegram, the output answers with the Acknowledge signal. This logical “0”
pulse defines the exact timing for t,oyr:

Table 5-4: Available commands

Command Code Explanation

READ 2 read a register

WRITE 3 write a register

PROM 4 program all nonvolatile registers (except the lock bits)
ERASE 5 erase all nonvolatile registers (except the lock bits)

Please note: For HAL82x, HAL83x, HAL880 and HAL 1002 the LOCK bit is set by using the WRITE command
followed by a PROM and ERASE (store) sequence.

LOCK 7 lock the whole device and switch permanently to the analog-mode
(only for HAL805, HAL815, HAL817 and HAL 1000)
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5.3.4. Number Formats
Binary number: The most significant bit is given as first, the least significant bit as last digit.

Example:

101001 represents 41 decimal.

Signed binary number: The first digit represents the sign of the following binary number (1 for negative, 0 for
positive sign).

Example:

0101001 represents +41 decimal
1101001 represents —41 decimal

Two’s-complementary The first digit of positive numbers is “0”, the rest of the number is a binary number. Neg-
number: ative numbers start with “1”. In order to calculate the absolute value of the number, cal-
culate the complement of the remaining digits and add “1”.

Example:

0101001 represents +41 decimal
1010111 represents —41 decimal

| Table 5-5: Available register addresses of HAL805, HAL815, HAL817 and HAL 1000

Register Code | Data Format Customer Remark
Bits

CLAMP LOW 1 10 binary read/write/program low clamping voltage
CLAMP HIGH 2 11 binary read/write/program high clamping voltage
vOoQ 3 11 two compl. read/write/program

binary
SENSITIVITY 4 14 signed binary | read/write/program
MODE 5 6 binary read/write/program range and filter settings
LOCK 6 1 binary lock lock bit
ADC-READOUT | 7 14 two compl. read

binary
TC 11 6 signed binary | read/write/program
TCSQ 12 5 binary read/write/program
DEACTIVATE 15 12 binary write deactivate the sensor
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Table 5-6: Available register addresses of HAL82x, HAL83x, HAL880 and HAL 1002

Register Code | Data Format Customer Remark
Bits
CLAMP LOW 1 8 binary read/write/program | low clamping voltage
CLAMP HIGH 2 9 binary read/write/program | high clamping voltage
voQ 3 11 two compl. read/write/program
binary
SENSITIVITY 4 14 signed binary | read/write/program
MODE (only HAL82x 5 8 binary read/write/program | range, filter, output mode,
and HAL880) interface bit time settings
MODE (only HAL83x) | 5 10 binary read/write/program | range, filter, output mode,
offset correction settings
LOCK 6 2 binary read/write/program | lock bit
GP1..3 8 13 binary read/write/program | Itis only possible to program
this register if the mode reg-
ister bit zero is setto 1.
D/A-READOUT 9 14 binary read Bit sequence is reversed
during read sequence.
TC 11 10 binary read/write/program | bit 0 to 2 TCSQ
bit3to 7 TC
bit 7 to 9 TC-RANGE
GPO 12 13 binary read/write/program | Itis only possible to program
this register if the mode reg-
ister bit zero is setto 1.
DEACTIVATE 15 12 binary write deactivate the sensor
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5.3.5. Register Information (HAL805/HAL815/HAL817)

Terminology:
REGISTER: Name of the register or register value
Register: Name of the parameter

CLAMP LOW — The register range is from 0 up to 1023.

— The register value is calculated by:

Low Clamping Voltage 2048

CLAMP LOW =
VDD

CLAMP HIGH — The register range is from 0 up to 2047.

— The register value is calculated by:

High Clamping Voltage

- 2048
Vbp

CLAMP HIGH =

voQ — The register range is from —1024 up to 1023.

— The register value is calculated by:

v
VOQ = =22 1024
VDD

SENSITIVITY — The register range is from —-8192 up to 8191.

— The register value is calculated by:

SENSITIVITY = Sensitivity - 2048

TC and TCSQ — The TC register range is from —=31 up to 31.
— The TCSAQ register range is from 0 up to 31.

Please refer to the data sheet for the recommended values.
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MODE

ADC-READOUT

— The register range is from 0 up to 63 and contains the settings for FILTER and
RANGE:

MODE = FILTER -8+ RANGE

Please refer to the data sheet for the available FILTER and RANGE values.

This register is read only.

The register range is from —8192 up to 8191.

DEACTIVATE — This register can only be written.

— The register has to be written with 2063 decimal (80F hexadecimal) for the deactiva-

tion.

— The sensor can be reset with an Activate pulse on the output pin or by switching off

and on the supply voltage.

Note: The register information of the HAL810 is slightly different. However it is quite
easy to transform voltage values (HAL8x5) into output duty cycle (HAL810) by
multiplication with
100%

5V
For detailed register information of the HAL810, please refer to the data sheet.
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CLAMP LOW

CLAMP HIGH

voaQ

SENSITIVITY

5.3.6.

Register Information (HAL82x / HAL83x / HAL880 / HAL1002)

Terminology:

REGISTER: Name of the register or register value

Register: Name of the parameter

— The register range is from 0 up to 1023.

— The register value is calculated by:

Low Clamping Voltage x 2 y

255
VDD

CLAMP LOW =

— The register range is from O up to 511.

— The register value is calculated by:

High Clamping Voltage « 51

CLAMP HIGH = 1

VDD

— The register range is from —1024 up to 1023.

— The register value is calculated by:

Vv
VOQ = 29 .1024
VDD

— The register range is from —-8192 up to 8191.

— The register value is calculated by:

SENSITIVITY = Sensitivity - 2048
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TC

MODE (HAL82x,
HAL880)

MODE (HALB83x,
HAL1002)

D/A-READOUT

— The TC register range is from 0 up to 1023.

— The register value is calculated by:

TC = GROUP x 256 + TCValue x 8 + TCSQValue

Please refer to the data sheet for the recommended values.

— The register range is from 0 up to 255 and contains the settings for FILTER and
RANGE:

MODE = OUTPUTMODE x 32 + BITRATE x16 + FILTER x 8 + RANGE x 2 +
EnableProgGPRegisters

Please refer the data sheet for the available FILTER and RANGE values.

— The register range is from 0 up to 1023 and contains the settings for FILTER,
RANGE, OUTPUTMODE and OFFSET CORRECTION:

MODE = RANGE x 512 + SIGNOC x 256 + OUTPUTMODE x 32 + FILTER x 8 +
RANGE x 2 + OFFSETCORRECTION

Please refer the data sheet for the available RANGE, OUTPUTMODE, FILTER and
OFFSETCORRECTION values.

This register is read only.

The register range is from 0 up to 16383.

DEACTIVATE — This register can only be written.
— The register has to be written with 2063 decimal (80F hexadecimal) for the deactiva-
tion.
The sensor can be reset with an Activate pulse on the output pin or by switching off and
on the supply voltage.
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5.3.7.

Programming Information

If the content of any register (except the lock registers) is to be changed, the desired
value must first be written into the corresponding RAM register. Before reading out the
RAM register again, the register value must be permanently stored in the EEPROM.

Permanently storing a value in the EEPROM is done by first sending an ERASE com-
mand followed by sending a PROM command. For HAL 82x, HAL83x, HAL880 and
HAL 1002 the address within the ERASE and PROM commands must be zero. ERASE
and PROM act on all registers in parallel.

Note: To store data in the GP register (only HAL82x, HAL83x, HAL880 and HAL 1002)
it is necessary to set bit number 0 of the MODE register to one, before sending
an ERASE and PROM command. Otherwise the data stored in the GP register
will not be changed.

If all HAL805, HAL815, HAL817, HAL82x, HAL83x, HAL880, HAL 1000 and HAL 1002
registers are to be changed, all writing commands can be sent one after the other, fol-
lowed by sending one ERASE and PROM command at the end.

During all communication sequences, the customer has to check if the communication
with the sensor was successful. This means that the acknowledge and the parity bits
sent by the sensor have to be checked by the customer. If the Micronas programmer
board is used, the customer has to check the error flags sent from the programmer
board.

Note: For production and qualification tests, it is mandatory to set the Lock bit after
final adjustment and programming. The Lock function is active after the next
power-up of the sensor. In case of HAL 805/815/817/810/1000 Micronas also
recommends sending an additional ERASE command after sending the LOCK
command (This is done automatically when the board command “I” is used for
locking the sensor.).

The success of the Lock process should be checked by reading at least one
sensor register after locking and/or by an analog check of the sensor’s output
signal.

Electrostatic Discharges (ESD) may disturb the programming pulses. Please
take precautions against ESD.
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5.4.

Data Formats

The protocol between the programmer board and the Hall sensor defines fixed lengths

for the data, command, and address words to be transmitted:
Command (CMD): 3 bit

Address (ADR): 4 bit
Data (DAT): 14 bit
Command Parity (CP): 1 bit
Address Parity (AP): 1 bit
Data Parity (DP): 1 bit

Reminder: For communication with the programmer board, the 14 data bits are

encoded in four ASCII characters: DAT3, DAT2, DAT1, and DATO.

As every register has a different length, not all of the 14 bits are used. Furthermore,
there is a difference between the write format (transfer board — IC) and the read format
(transfer IC — board). Table 5-7 and Table 5-7 show which of the 14 bits are valid for
each register (write format and read format).

| Table 5-7: Data formats of HAL805, HAL810, HAL815, HAL817 and HAL1000
Register Char DAT3 DAT2 DAT1 DATO
Bit 15 (14 |13 |12 |11 ({10 | 09 |08 |07 [ 06 | 05 | 04 | 03 | 02 | 01 | 00
CLAMP LOW Write | — - - - - - vV [V |V |V |V |V ]|V |V |V |V
Read | - - \" vV |V \Y \" \Y, Vv \Y Vv \Y; - - - -
CLAMP HIGH Write | — - - - - vV |V vV |V vV |V vV |V vV |V \Y
Read | - - \Y vV IV |V |V |V |V |V |V |V ]V |- - -
voQ Write | — - - - - vV [V |V ]|V |V ]|V |V |V |V |V |V
Read | - - Vv VIV |V |V |V |V |V |V |V ]V |- - -
SENSITIVITY Write | — - Vv vi|Vv |V |V | V]V |V |V |V ]|V |V |V |V
Read | - - \Y, vV |V vV |V vV |V vV |V vV |V vV |V \Y
MODE Write | — - - - - - - - - Y \Y Y \Y Y \Y
Read | - - \" V|V |V |V [V |- - - - - - - -
ADC-READOUT Read | - - \" vV |V \" vV [V |V |V |V |V |V |V
TC Write | — - - - - - - - - - V [V |V |V |V |V
Read | - - Vv VIV |V |V [V |- - - - - - - -
TCSQ Write | — - - - - - - - - - V|V |V |V |V
Read | - - \Y, V |V |V vV | - - - - - - - - -
DEACTIVATE Write | — - - - 1 0 0 0 0 0 0 0 1 1 1 1
V: valid, —: ignore, bit order: MSB first.
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| Table 5-8: Data formats of HAL82x, HAL83x, HAL880 and HAL 1002
Register Char DAT3 DAT2 DAT1 DATO
Bit 15|14 (13 |12 |11 |10 | 09 | 08 | 07 | 06 | 05 | 04 | 03 | 02 | O1 | OO
CLAMP LOW Write | — - - - - - - - \ \' Y \ Y \ Y \
Read | - - \Y Y \Y \Y \Y \Y \Y \Y - - - - - -
CLAMP HIGH Write | — - - - - - - \Y Y \Y Y \Y Y \Y Y \Y
Read | - - \Y \ \Y \ \ \ Vv \Y Vv - - - - -
voQ Write | — - - - - \Y \ \ \ \ \ \ Y \ Vv \
Read | - - Vv Y Vv \Y Y, \Y Y, \Y Y, \Y Y, - - -
SENSITIVITY Write | — - Vv Y Vv \Y Y \Y Y \ Y \ Y \Y Y \
Read | - - \Y, Y \Y, \ Y \ Y \ Y \ Y \ Y \
MODE (onlyHAL82x and | Write | — - - - - - - - Y \Y Y \Y Y \Y Y \Y
HAL880) Read | - - \Y \ \Y \ \ \ \ \ - - - - - -
MODE (only HAL83x) Write | — - - - - \ \ \ \ \ \ Y \ Y \
I Read | - - Vv Y Vv \Y Y, \ Y, \ Y, \ - - - -
LOCKR Write | — - - - - - - - - - - - - - Y \
Read | - - \Y, Y - - - - - - - - - - - -
GP1..3 Write | — - - Y \Y, \Y Y \Y Y \Y Y \Y Y \Y Y \Y
Read | - - \Y \ \Y \ \ \ \ \ Y, \ Vv \ Y, -
D/A-READOUT Read | - - \Y \ \Y \Y \ \Y \ \Y \ \Y Vv \Y Vv \Y
TC Write | — - - - - - \ \ \ \ \ \ Vv \Y Vv \
Read | - - Vv Y Vv \Y Y \Y Y \Y Y \Y - - - -
GPO Write | — - - Y Vv \Y Y \Y Y, \ Vv \ Vv \ Vv \
Read | - - \Y, Y \Y, \Y \Y \Y \Y \Y \Y \Y \Y \Y \Y -
DEACTIVATE Write | — - - - 1 0 0 0 0 0 0 0 1 1 1 1
V: valid, —: ignore, bit order: MSB first
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5.5.

The Programming Procedure

5.5.1.

Programming Procedure for HAL805, HAL810, HAL815, HAL817
and HAL1000

The general programming procedure is described in detail for the HAL805 (HAL815/
HAL817).

The procedure for the HAL810 is quite similar. However, the multiprogramming (i.e. the

programming of more than one sensor connected to the same supply voltage) does not
apply for the HAL810. Additionally, some register names are different for the HAL810.

Table 5-9: Cross reference register names

Register HAL 8x5/ Register HAL810
HAL817

CLAMP LOW MIN DUTY
CLAMP HIGH MAX DUTY
SENSITIVITY DC SENSITIVITY
voQ DCOQ

An example of a programming procedure is given in Fig. 5-6.

First, the programmer board has to be initialized. If more than one sensor is connected
to the same supply line, the sensors have to be addressed sequentially. This is done by
the multiprogramming loop: After deactivating all sensors, the sensor to be pro-
grammed is activated again by sending a pulse on the corresponding output line, fol-
lowed by a dummy read command.

Note: The flow chart given in Fig. 56 is intended as a simple example. The multipro-
gramming loop can also be done within the calibration procedure.

Please keep in mind that the board commands “e..”, “q..”, “m..”, and “t” cause the
board to send back an eight character string to the PC. This string must be read out of
the serial port before sending the next command.
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Example:

INITIALIZE BOARD

STXj1ETX [Set Board Mode]
STX z CHR$(85) ETX [Set Protocol Bittime]
STXnETX [Switch Vdd on]

DELAY 20 ms

MULTIPROGRAMMING

FOR SENSOR =1TO 4:

STXw31f0080f0ETX
DELAY 100 ms

STX h SENSOR CHR$(25) ETX
STXq2011ETX

[Deactivate Sensors]

[Select SENSOR]
[Dummy Read]

CALIBRATE SENSOR

v

END MULTIPROGRAMMING LOOP

Fig. 5-6: General procedure
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5.5.2.

The Calibration Procedure

The output characteristic is determined by four parameters:

— Clamp Low specifies the lower clamping voltage of the output curve.
— Clamp High specifies the higher clamping voltage of the output curve.
— Vpq corresponds to the output voltage at zero ADC-Readout.

— Sensitivity corresponds to the increase of the output voltage with magnetic field. A
sensitivity of “1” is equivalent to a voltage increase of 5 V at an increase of 2048 of
the ADC-Readout.

The following simple formula relates the analog output voltage to the ADC-Readout
(Vpp is considered to be 5.0 V):

_ Sensitivity - ADC-Readout - 5 V +

Y
ouTt 2048

Voo

The calibration procedure is shown in Fig. 5=7. The register values are intended as an
example:

Step 1: Programming of the parameters which do not require individual adjustment:
— Clamp Low, Clamp High, Filter Frequency, Magnetic Range, TC, and TCSQ.
Step 2: Get the ADC-Readout value in the first calibration point and assign a nominal output
voltage (Voyr 1) to that point.
Step 3: Get the ADC-Readout value in the second calibration point and assign a nominal out-
put voltage (Voyt2) to that point.
Step 4: Calculate and program the values of SENSITIVITY and VOQ.
o (Vout2 = Vout1) 2048
SeNSItvIY = (B CReadout, - ADCReadout;) 5V
SENSITIVITY = Sensitivity - 2048
- 5V
Vog = Vout1 —ADCReadout, - Sensitivity - 5048
1024
VOQ = Voo T
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STXe311100cdOETX
STXe312107331ETX
STXe315000111ETX
STXe31b100120ETX
STXe31c0000A0ETX

WRITE COMMON REGISTER SETTINGS

[Write Clamp Low 0.5 V]
[Write clamp High 4.5 V]
[Write Mode 75 mT / 500 Hz]
[Write TC 18]

[Write TCSQ 10]

»

STORE

v

READ ADC-READOUT 1
AT CALIBRATION POINT 1

STXq2071ETX

v

READ ADC-READOUT 2
AT CALIBRATION POINT 2

STXq2071ETX

v

CALCULATE Sensitivity AND Voq

v

STX e 3130DATADP ETX
STXe3141DATADP ETX

WRITE SENSITIVITY AND VOQ

[Write VOQ]
[Write SENSITIVITY]

»

STORE

Fig. 5-7: Calibration procedure
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Step 5:

Store the registers permanently.
The “Store” sequence is given in Fig. 5-8. The permanent storing of data into the

EEPROM memory is a two-step process. First, all zero bits (ERASE), then all one bits
(PROM) are written.

BEGIN

SET PROGRAMMING PULSE WIDTH

STX u CHR$(100) ETX [Pulse Width 100 ms]

ERASE

STXm5111ETX [acts on all EEPROM registers]

PROM

STXm4011ETX [acts on all EEPROM registers]

END

Fig. 5-8: Store sequence
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I 5.5.3.

Example:

Programming Procedure for HAL82x, HAL83x, HAL880 and HAL 1002

The general programming procedure is described in detail for the HAL82x, HAL83x,
HAL880 and HAL 1002.

An example of a programming procedure is given in Fig. 5-6.

First, the programmer board has to be initialized. If more than one sensor is connected
to the same supply line, the sensors have to be addressed sequentially. This is done by
the multiprogramming loop: After deactivating all sensors, the sensor to be pro-
grammed is activated again by sending a pulse on the corresponding output line, fol-
lowed by a dummy read command.

Note: The flow chart given in Fig. 56 is intended as a simple example. The multipro-
gramming loop can also be done within the calibration procedure.

LT}

Please keep in mind that the board commands “e..”, “q..”, “m..”, and “t” cause the
board to send back an eight character string to the PC. This string must be read out of
the serial port before sending the next command.

WRITE COMMON REGISTER SETTINGS

STXe315000141ETX [Write MODE 80 mT/500 Hz/Analog 12 bif]
STXe316101791ETX [Write TC=15,TCSQ =1, TC-Range = 1]
STXe315000010ETX [Write GPO]

]

INITIALIZE DSP

STXe312101FFOETX [Write Clamp-High 4.999 V]
STXe314104000ETX [Write Sensitivity 0.5]
STXe313002000ETX [Write Vog2.5V]
STXe311100001ETX [Write Clamp-Low 0 V]

|

READ D/A-READOUT 1
AT CALIBRATION POINT 1

STXq2090ETX

]

READ D/A-READOUT 2
AT CALIBRATION POINT 2

STXq2090ETX

;

CALCULATE Sensitivity AND Voq

;

WRITE SENSITIVITY, VOQ, CLAMP-LOW, AND CLAMP-HIGH

STXe3130DATADPETX [Write VOQ]

STXe 314 1DATADPETX [Write SENSITIVITY]
STXe3111DATADPETX [Write CLAMP-LOW]
STXe3121DATADPETX [Write CLAMP-HIGH]

;

STORE

!

Fig. 5-9: General procedure
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5.5.4.

The Calibration Procedure

The output characteristic is determined by four parameters:

— Clamp Low specifies the lower clamping voltage of the output curve.
— Clamp High specifies the higher clamping voltage of the output curve.
— Vpq corresponds to the output voltage at zero magnetic field.

— Sensitivity describes the magnetic sensitivity of the sensor.

The following simple formula relates the analog output voltage to the D/A-Readout
(Vpp is considered to be 5.0 V):

SENSITIVITY
AVgyt = -—W-z-ADA-Readout-S

The calibration procedure is shown in Fig. 5=7. The register values are intended as an
example:

Step 1: Programming of the parameters which do not require individual adjustment:
— Filter Frequency, Magnetic Range, Output Mode, TC (TC, TCSQ and TC-Range)
and GP.
Step 2: Initialize DSP
As the D/A-READOUT register value depends on the settings of SENSITIVITY,
VOQ and CLAMP LOW/HIGH, these registers have to be initialized with defined val-
ues, first:
- VOQNTiaL =25V
- Sensitivity|N|-|-|A|_ =05
— Clamp Low =0V
— Clamp High =4.999 V
Step 3: Get the DA-Readout value in the first calibration point and assign a nominal output volt-
age (Vourt,1) to that point.
Step 4: Get the DA-Readout value in the second calibration point and assign a nominal output
voltage (Voyrt2) to that point.
Step 5: Calculate and program the values of SENSITIVITY and VOQ.
Sensitivity = L x (Vout2 — Voutl) , 16384
Y = 5> (D/IA-Readout? — D/A-Readoutl) 5
Voo = % x [\L%‘E-;—lﬁﬁﬁ _ [(D/A-Readout2 — 8192) x Sensitivity x 2]} x
Write and program values for Clamp High and Clamp Low
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BEGIN

4

STXe315000141ETX
STXe316101791ETX
STXe315000010ETX

WRITE COMMON REGISTER SETTINGS

[Write MODE 80 mT/500 Hz/Analog 12 bit]
[Write TC = 15, TCSQ = 1, TC-Range = 1]
[Write GPO]

4

STXe312101FFOETX
STXe314104000ETX
STXe313002000ETX
STXe311100001ETX

INITIALIZE DSP

[Write Clamp-High 4.999 V]
[Write Sensitivity 0.5]
[Write Voq 2.5 V]

[Write Clamp-Low 0 V]

STORE

4

AT CALIBRAT

STXq2090ETX

READ D/A-READOUT 1

ION POINT 1

4

STXq2090ETX

READ D/A-READOUT 2
AT CALIBRATION POINT 2

4

CALCULATE Sensitivity AND Voq

4

WRITE SENSITIVITY, VOQ, CLAMP-LOW, AND CLAMP-HIGH

STX e 313 0DATADP ETX [Write VOQ]

STX e 314 1DATADP ETX [Write SENSITIVITY]
STXe 311 1DATADP ETX [Write CLAMP-LOW]
STX e 3121DATADP ETX [Write CLAMP-HIGH]

STORE

END

Fig. 5-10: Calibration procedure
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Step 6: Store the registers permanently.

The “Store” sequence is given in Fig. 5-8. The permanent storing of data into the
EEPROM memory is a two-step process. First, all zero bits (ERASE), then all one bits
(PROM) are written.

BEGIN

4

SET PROGRAMMING PULSE WIDTH
STX u CHR$(100) ETX [Pulse Width 100 ms]
4
ERASE
STXm5100ETX [acts on all EEPROM registers]
4
PROM
STXm4000ETX [acts on all EEPROM registers]
A 4
END

Fig. 5-11: Store sequence

Micronas Sept. 19,2013; APN000046_03EN 61



HAL8xy, HAL100x APPLICATION NOTE

Programmer Board

6. Operation Mode 2

HAL 855
This operation mode is set by sending the “j2” command.
Communication: Section 6.1 and Section 6.2 contain a detailed description of communication between

PC — prog. board the PC and the programmer board V 5.1. Particularly, all board commands available in
the operation mode “2” are listed.

Communication: The communication between the programmer board and the Hall sensor is described in
prog. board — sensor Section 6.3
Data formats The data formats for communication between both the PC and the board, and the

board and the sensor are summarized in Section 6.4

Programming Finally, Section 6.5 depicts the programming procedure and gives an example of a
procedure complete programming sequence.
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6.1.

Definition of the Protocol

The general syntax is as follows (blanks are given for better readability only):

PC — Board:

STX BCMD [CMD CP ADR AP] [DAT3 DAT2 DAT1 DATO DP] ETX

Board — PC:

STX STATUS DAT3 DAT2 DAT1 DATO DP ETX

The characters in brackets [...] are optional, depending on the board command BCOM.

Table 6-1: Description of the characters
Character Description
STX ASCII character 2
ETX ASCII character 3
BCMD Board command
CMD Command
CP Command parity
ADR Address
AP Address parity
DAT3 Data characters, each encoding 4 bit in HEX format.
DAT2 Example:
DATA 01f0 (HEX) = 496
DATO
DP Data parity
STATUS Status/error flag
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6.2.

The Board Commands BCMD

The board commands activate functions of the firmware. The characters following the
BCMD are the parameters of this function. Some functions serve to control the board
operation and do not address the Hall device.

The read, write, program, and lock functions communicate with the Hall device. The
parameters of these functions are converted into a serial telegram and sent to the con-

nected sensor.

Table 6-2: Description of the board commands
BCMD | Parameters Description
n - Switch Vpp on
o} - Switch Vpp off
z[t] t = 30...255 (as ASCII character) Set bit time slow mode
bit time =t x 0.02 ms
default: t = 85 (HAL855) default bit time = 1.7 ms (HAL855)
uft] t = 30...255 (as ASCII character) Set programming pulse width
width =t x 1.00 ms
HAL855: sett =100 HALB855: set pulse width = 100 ms.
yit] t=10...255 Delay Acknowledge
width =t x 64.0 ps
HALB855: sett =11 HALB855 set width = 0.7 ms
h[nt] n=1...4 (as HEX) Select sensor n, (default = 1)
t =10...255 (as ASCII character) select pulse width =t x 4.0 ps
recommended t = 25 recommended pulse width = 100 ps
elp] p = CMD CP ADR AP DAT3 DAT2 DAT1 DATO DP | Write HAL and echo data to PC
alp] p = CMD CP ADR AP Read HAL and echo data to PC
clp] p=CMD1 CP1ADR1 AP1 CMD2 CP2 ADR2 AP2 | Program HAL and echo answer to PC
CMD3 CP3 ADR3 AP3
k[p] p = CMD1 CP1 ADR1 AP1 CMD2 CP2 ADR2 AP2| Program LOCK bit and echo answer to PC
i Read Biphase M sequence
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Table 6-2: Description of the board commands, continued
BCMD | Parameters Description
mp] p=0..7(as HEX) Read PWM sequence
p = PWM period (2P in ms).
\ - Request firmware version
t - Request status and echo data to PC
ilp] p =0...3 (as HEX) Switch board operation mode
0 = EMU Board V 4.1 (default)
1 =HALB805, HAL815, HAL817, HAL810,
HAL 82x, HAL83x, HAL 880, HAL 100x
2 = HAL855
3 =HALB856
Examples: (Blanks are given for better readability only)
— set board operation mode:
STXj2 ETX
— power on:
STXn ETX
— set bit time slow CHR$(85) =U":
STXzUETX
— read register no. 2:
STXg0121ETX
— write register no. 2:
STXe3121000A1ETX
— write output characteristic setpoint O:
STXe100000001ETX
— write output characteristic setpoint 16:
STXe200001000ETX
— read output characteristic setpoint 15:
STXe61f0ETX
— read output characteristic setpoint 31:
STXgq70f0ETX
— store sequence:
STX u CHR$(100) ETX (set programming time)
STX y CHR$(11) ETX (set delay of Acknowledge)
STXc513040306100ETX
(ERASE-PROM-READ)
— deactivate sensors:
STXe31FO0080FOETX
— select sensor 1:
STX h 1 CHR$(25) ETX
— lock sensors
STXe3160000 10 ETX (set Lock bit)
STX u CHR$(100) ETX (set programming time)
STXy CHR$(11) ETX (set delay of Acknowledge)
STXk40600130ETX (PROM-READ)
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6.2.1. Monitoring of the Supply Voltage

In case of ERASE, PROM, and LOCK, the supply voltage is measured by the board,
and a data string is sent back to the PC. The relation between the data and the supply
voltage is

DAT
VeRoG = zggg 6 2485V

If the supply voltage is out of the specification limits, the status bit is set to “1”.

Examples: — Vprog = 4.80 V, Data board — PC:
STX105260ETX
(DAT=0526)

— Vprog = 5.00 V, Data board — PC:
STX0055DO0ETX
(DAT=055D)
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6.3.

Programming of the Sensor

6.3.1.

6.3.2.

Write a register

Read a register

Programming the
EEPROM cells

Activate a sensor

Lock a sensor

Definition of Programming Pulses

The sensor is addressed by modulating a serial telegram on the supply voltage. The
sensor answers with a serial telegram on the output pin.

The bits in the serial telegram have a different bit time for the Vpp-line and the output.
The bit time for the Vpp-line is defined through the length of the Sync bit at the begin-
ning of each telegram. The bit time for the output is defined through the Acknowledge
bit.

A logical “0” is coded as no voltage change within the bit time. A logical “1” is coded as
a voltage change between 50% and 80% of the bit time. After each bit, a voltage
change occurs.

Definition of the Telegram

Each telegram starts with the Sync bit (logical 0), 3 bits for the Command (COM), the
Command Parity bit (CP), 4 bits for the Address (ADR), and the Address Parity bit (AP).

There are 4 kinds of telegrams:

Write a register

After the AP bit, follow 14 Data bits (DAT) and the Data Parity bit (DP). If the telegram is
valid and the command has been processed, the sensor answers with an Acknowledge
bit (logical 0) on the output (see Fig. 6-2).

After evaluating this command, the sensor answers with the Acknowledge bit, 14 Data
bits, and the Data Parity bit on the output (see Fig. 6-3).

In order to permanently store the written data into the EEPROM cells, an erase and
program command have to be sent to the sensor. After the recognition of the erase and
program commands, the HAL855 answers with an acknowledge pulse on its output sig-
nal. After the acknowledge pulse, a pulse on the Vpp-line is created to start the charg-
ing of the EEPROM cells. Then, the supply voltage is kept constant during the charging
time. To stop the charging, a further command is sent to the HAL855. This stopping
command can be a further programming command or a read command (see Fig. 6-5).

If more than one sensor is connected to the supply line, selection can be done by first
deactivating all sensors. With an Activate pulse on the appropriate output pin, an indi-
vidual sensor can be selected. All following commands will only be accepted from the
activated sensor (see Fig. 6-4).

To lock the EEPROM registers, the lock bit has to be programmed. Write the lock bit
into the lock register (see Fig. 6-2). If the telegram is valid and the command has been
processed, the sensor answers with an Acknowledge Bit (logical 0) on the output. In
order to store the lock bit permanently, an erase and program command have to be
sent to the sensor. This is the same procedure as mentioned above (see Programming
the EEPROM cells and Fig. 6-5). The EEPROM registers are locked after a power on
reset.
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VboH

logical 0

Voo

VooH

logical 1

VboL

Fig. 6-1:

n or

» tpo ‘/7 or »

- /

Definition of logical 0 and 1 bit

Table 6-3: Telegram parameters

Symbol Parameter Pin Min. Typ. Max. Unit Remarks
VoL Supply voltage for low level 1 5 5.6 6 \Y
during programming
VbpH Supply voltage for high level 1 6.8 8.0 8.5 \"
during programming
VbpPrOG Supply voltage for permanent 1 4.9 5.0 5.1 \Y
storing of the data
t Rise time 1 - - 0.05 ms
t Fall time 1 - - 0.05 ms
tho Bit time on Vpp 1 1.7 1.75 1.8 ms tpo is defined through the Sync bit
thouT Bit time on output pin 3 2 3 4 ms tyour is defined through the
cknowledge bit
th1 Voltage change for logical 1 1,3 50 65 80 % % of tyg Or thouT
trrOG Programming time for EEPROM | 1 95 100 105 ms
trp Rise time of charging pulse 1 0.2 0.5 1 ms
tp Fall time of charging pulse 1 0 - 1 ms
tw Delay time of charging pulse after | 1 0.5 0.7 1 ms
Acknowledge
Vact Voltage for an Activate pulse 3 0 0 0.5 \
tact Duration of an Activate pulse 3 0.05 0.1 0.2 ms
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Sync COM CP ADR AP DAT DP

HAL855:

Vour
HAL856:

Ipp

Fig. 6-2: Telegram for coding a Write command

READ
Sync COM CP ADR AP
S I Vannesavaveeesess;
HAL855: Acknowl‘edge DAT DP

Vour
HAL856:
Ipp

Fig. 6-3: Telegram for coding a Read command

VOUT j VACT
tt tacT

Fig. 6-4: Activate pulse
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6.3.3.

Sync Bit

Command Bits (COM)

Command Parity Bit

(CP)

Address Bits (ADR)

Address Parity Bit (AP)

Data Bits (DAT)

Data Parity Bit (DP)

Acknowledge

Telegram Codes

Each telegram starts with the Sync bit. This logical “0” pulse defines the exact timing for
tho-
p0

The Command code contains 3 bits and is a binary number. Table 6—4 shows the avail-
able commands and the corresponding codes for the HAL855.

This parity bit is “1” if the number of zeros within the 3 command bits is uneven. The
parity bit is “0”, if the number of zeros is even.

The Address code contains 4 bits and is a binary number. Table 6-5 shows the avail-
able addresses for the HAL855 registers.

This parity bit is “1” if the number of zeros within the 4 address bits is uneven. The par-
ity bit is “0” if the number of zeros is even.

The 14 Data bits contain the register information.

The registers use different number formats for the Data bits. These formats are
explained in Section 6.3.4

In the Write command, the last bits are valid. If, for example, the TC register (6 bits) is
written, only the last 6 bits are valid.

In the Read command, the first bits are valid. If, for example, the TC register (6 bits) is
read, only the first 6 bits are valid.

This parity bit is “1” if the number of zeros within the binary number is even. The parity
bit is “0” if the number of zeros is uneven.

After each telegram, the output answers with the Acknowledge signal. This logical “0”
pulse defines the exact timing for t,oyr:

Table 6-4: Available commands

Command Code Explanation

READ 0 read a Setup EEPROM register (like TC, TCSQ, magnetic range, etc.)
READL 6 read a Characteristics EEPROM register (setpoints 0 to 15)

READH 7 read a Characteristics EEPROM register (setpoints 16 to 31)

WRITE 3 write a Setup EEPROM register (like TC, TCSQ, Magnetic range, etc.)
WRITEL 1 write a Characteristics EEPROM register (setpoints 0 to 15)

WRITEH 2 write a Characteristics EEPROM register (setpoints 16 to 31)

PROM 4 program all non-volatile registers

ERASE 5 erase all non-volatile registers

Please note: The Lock bit is set by using the WRITE command followed by a PROM.
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Binary number:

6.3.4.

Signed binary nhumber:

Two’s-complementary

Number Formats
The most significant bit is given as first, the least significant bit as last digit.
Example:

101001 represents 41 decimal.

The first digit represents the sign of the following binary number (1 for negative, 0 for
positive sign).

Example:

0101001 represents +41 decimal
1101001 represents —41 decimal

The first digit of positive numbers is “0”, the rest of the number is a binary number. Neg-

number: ative numbers start with “1”. In order to calculate the absolute value of the number, cal-
culate the complement of the remaining digits and add “1”.
Example:
0101001 represents +41 decimal
1010111 represents —41 decimal
Table 6-5: Available register addresses
Register Code Data Bits | Format Customer Remark
CURRENT- 1 10 binary read/write/program | In case of HAL855:
SOURCE used to define output slew rate
In case of HAL856:
used to define output
current levels
(Iop_rigH and Ipp_Low)
PARTNUMBER 2 11 binary read/write/program | only with Biphase-M mode
SHIFT 3 11 two’s compl. | read/write/program
SLOPE 4 14 signed binary | read/write/program
MODE 5 14 binary read/write/program | range, filter, and output format settings
LOCK 6 1 binary write/program lock bit
DIGITAL 7 12 binary read digital value after signal processing
READOUT
OFFSET 8 5 two’s compl. | read/write/program | compensation of system offsets
CORRECTION (4 LSBs)
SPECIALCUST. 9 6 binary read/write/program | special customer register to define
Biphase-M bittime and Partnumber Enable
TC 11 6 signed binary | read/write/program | linear temperature coefficient
(6 LSBs)
TCSQ 12 5 binary read/write/program | quadratic temperature coefficient
DEACTIVATE 15 11 binary write deactivate the sensor
CURVE LOW 0...15 9 binary write/read/program | setpoints 0 to 15
CURVE HIGH 0...15 9 binary write/read/program | setpoints 16 to 31
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6.3.5. Register Information

Terminology
REGISTER: Name of the register or register value

Register: Name of the parameter

PARTNUMBER — The register range is from 0 up to 2047.
SHIFT — The register range is from —1024 up to 1023.
— The register value is calculated by:
_ Shift
SHIFT = 100% 1024
SLOPE — The register range is from —-8192 up to 8191.
— The register value is calculated by:
SLOPE = Slope - 2048
TC and TCSQ — The TC register range is from —31 up to 31.

The TCSAQ register range is from 0 up to 31.

Please refer to the data sheet for the recommended values.

Note: The word length of the TC register is 7 bit. The six LSBs represent a signed
binary number. The MSB has to be ignored.
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MODE

DIGITAL-READOUT

— The register range is from 0 up to 16383 and contains the settings for PERIOD,
FORMAT, FILTER, and RANGE:

MODE = PERIOD - 512 + FORMAT - 64 + FILTER - 8 + RANGE

Please refer to the data sheet for the available PERIOD, FORMAT, FILTER, and
RANGE values.

— This register is read only.

— The register range is from 0 up to 4095.

OFFSET CORRECTION  — The register range is from 0 to 31
— The MSB is set to activate the offset correction.
CURRENTSOURCE — The register range is from 0 to 1023 and contains the settings for LOW CURRENT,
HIGH CURRENT, and SLEW RATE:
CURRENTSOURCE = SLEW RATE x 256 + LOW CURRENT x 8 + HIGH CURRENT
SPECIAL CUSTOMER — The register range is from 0 to 63 and contains the settings for OUTPUT BITTIME
and PARTNUMBER ENABLE:
SPECIAL CUSTOMER = PARTNUMBER ENABLE x 16 + OUTPUT BITTIME
DEACTIVATE — This register can only be written.
— The register has to be written with 2063 decimal (80F hexadecimal) for the deactiva-
tion.
— The sensor can be reset with an Activate pulse on the output pin or by switching off
and on the supply voltage.
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6.3.6.

Programming Information

If the content of any register is to be changed, the desired value must first be written
into the corresponding RAM register. Before reading out the RAM register again, the
register value must be permanently stored in the EEPROM.

Permanently storing a value in the EEPROM is done by first sending an ERASE com-
mand followed by sending a PROM command and a read command. The address
within the ERASE and PROM commands is not important. ERASE and PROM act on
all registers in parallel.

If all HAL 855 registers are to be changed, all writing commands can be sent one after
the other, followed by sending one ERASE and PROM command at the end.

During all communication sequences, the customer has to check if the communication
with the sensor was successful. This means that the acknowledge and the parity bits
sent by the sensor have to be checked by the customer. If the Micronas programmer
board is used, the customer has to check the error flags sent from the programmer
board. It is recommended to use the programmer board version 5.1.

Note: For production and qualification tests, it is mandatory to set the Lock bit after
final adjustment and programming of HAL855. The Lock function is active after
the next power-up of the sensor.

The success of the Lock process should be checked by reading at least one
sensor register after locking and/or by an analog check of the sensor’s output
signal.

Electrostatic Discharges (ESD) may disturb the programming pulses. Please
take precautions against ESD.
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6.4. Data Formats

The protocol between the programmer board and the Hall sensor defines fixed lengths

for the data, command, and address words to be transmitted:

Command (CMD): 3 bit
Address (ADR): 4 bit

Data (DAT): 14 bit
Command Parity (CP): 1 bit
Address Parity (AP): 1 bit
Data Parity (DP): 1 bit

Reminder: For communication with the programmer board, the 14 data bits are
encoded in four ASCII characters: DAT3, DAT2, DAT1, and DATO.

As every register has a different length, not all of the 14 bits are used. Furthermore,
there is a difference between the write format (transfer Board — IC) and the read for-
mat (transfer IC — Board). Table 6—6 shows which of the 14 bits are valid for each reg-

ister (write format and read format).

Table 6-6: Data formats

Register Char DAT3 DAT2 DAT{ DATO
Bit |15 |14 |13 |12 |11 |10 |09 |08 |07 (06 | 05 | 04 | 03 | 02 | 01 | 00
PART NUMBER wite |- |- |- |- |- |v |V |v]|Vv I v v ] |v ]|V | Vv Vv |V
Read [- |- [V |V |[v |V |[v |V Vv Vv |V |V ]|V -
SHIFT wite | - |- |- |- |- |v Vv |v |Vv I v Vv | v ]v Vv |V |V
Read |- |- [V |V |V |V |V Vv ]|v ] Vv | v | Vv |Vv |- |- |-
SLOPE wite | - |- |V |V [V |V |V |V |V |V |V Vv ]|Vv Vv |V |V
Read |- |- |V |[v |V |V |V |V |v |V | Vv | Vv Vv | Vv ] |Vv |V
MODE wite |- |- |v v |V |[v |V |v ]|V I v Vv ] |v ]|V | Vv Vv ]|V
Read [~ |- [V |V |V |v |V Vv ]|V |V |V |V ]V |V |V |V
DIGITAL OUTPUT Read [~ |- [V |V |V |[v |V |V ]|V |V |V |V ]V |V |V |V
SPECIAL CUSTOMER | Write | - | - |- |- |- - ~ (v |v |V |V |V |V
Read [~ |- [V |V |V |V |V |V |- |- |- 1|=-1]-1-|-/]-
TC Wite |- |- |- |- |- |- |- |-|-|wm]|vV Vv Vv
Read [~ |- ||V |V v Vv Vv ]|V |[-"|-|-1]-1]-|-]-
TCSQ Write | - |- |- |- |- |- |- |- |- |- 1= |v]v | v |v |vVv
Read [~ |- [V |V |V |V |V |- |- |- |- |-1]-1- |- |-
DEACTIVATE write | - |- |- |- |1 o o |o |o |o [o |o |1 |1 |1 |1
CURVE LOW wite | - |- |- |- |- |- |- |v |Vv I v v | v ]v | Vv |V |V
Read |- |- |V [V |V |Vv |v | Vv |Vv |V |Vv |- - - |-
CURVE HIGH wite | - |- |- |- |- |- |- |v|v | Vv ] |v ] v ]|V |V | Vv |V
Read [~ |- [V |V |V |V |V |V ]|V | Vv |V |- |- |- |- |-
OFFSET CORRECTION | Write | - |- |- |- |- |- |- |- - V| v | v | v |v
Read |- |- [V |V |V |V |V |- |- |- |- 1|-1]-1- |- |-
CURRENT SOURCE wite | - |- |- |- |- |- v |v |Vv v Vv | v ]v | Vv |V |V
Read [~ |- [V |V |V |V |V |V ]|V |V ]|V |V |- |- |- |-

V: valid, (V): This bit must be ignored, —: ignore, bit order: MSB first.
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6.5. The Programming Procedure

The general programming procedure is described in detail for the HAL855.
An example for a programming procedure is given in Fig. 6-6.

First, the programmer board has to be initialized. If more than one sensor is connected
to the same supply line, the sensors have to be addressed sequentially. This is done by
the multiprogramming loop: After deactivating all sensors, the sensor to be pro-
grammed is activated again by sending a pulse on the corresponding output line, fol-
lowed by a dummy read command.

Note: The flow chart given in Fig. 66 is intended as a simple example. The multipro-
gramming loop can also be done within the calibration procedure.

< BEGIN >

A
INITIALIZE BOARD

Example:

STXj2 ETX [Set Board Mode]
STX z CHR$(85) ETX [Set Protocol Bittime]
STXnETX [Switch Vdd on]
DELAY 20 ms

A
MULTIPROGRAMMING

FOR SENSOR =1TO 4:

STXw31f0080f0ETX [Deactivate Sensors]
DELAY 100 ms

STX h SENSOR CHR$(25) ETX [Select SENSOR]
STXq0111ETX [Dummy Read]

CALIBRATE SENSOR

END MULTIPROGRAMMING LOOP

Fig. 6-6: General procedure
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6.5.1. The Programmable Output Characteristic
The output characteristic defines the shape of the sensor output signal. It consists of 32
setpoints. Each setpoint can be set to values between 0 and 511 LSB. The output char-
acteristic has to be monotonic increasing (Setpoint0 < Setpoint1 < ... < Setpoint31)

An example of how the setpoints are programmed is given in Fig. 6-7.

Note: In case of a non-linear output characteristic, the parameters SHIFT and SLOPE
are related to the (virtual) straight line connecting the first and the last setpoints
(setpoint 0 and setpoint 31, respectively).

Example:

BEGIN

A

SETPOINT LOOP

FOR SETPOINT =0TO 15

CALCULATE SETPOINTS

DAT_LOW = HEX(SETPOINT x 16)
DAT_HIGH = HEX(SETPOINT x 16 + 256)

WRITE SETPOINTS

STX e 10 DAT_LOW DP ETX [Lower Part]
STX e 20 DAT_HIGH DP ETX [Higher Part]

A

END SETPOINT LOOP

END

Fig. 6-7: Definition of the Output Characteristic “Linear (Standard)”
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Step 1:

6.5.2.

Step 2:

Step 3:

Step 4:

The Calibration Procedure

The output characteristic is determined by the following parameters:
— Shift corresponds to the output voltage at an ADC value of zero.

— Slope corresponds to the increase of the output signal with magnetic field. A Slope
of “1”is equivalent to an output signal increase of 100% at an increase of 2048 of the
ADC value.

The HALB855 provides no ADC-Readout register. Therefore, the ADC value cannot be
read out. Instead, a digital readout DOUT is provided. The digital readout is captured at
the end of the signal processing.

The DOUT value can be used in the calibration process provided the register settings
are programmed to known initial settings. Hence, the calibration process must start
with a initialization of all relevant registers.

The calibration procedure is shown in Fig. 6-8. The register values are intended as an
example:

Programming of the parameters which do not require individual adjustment:

— Filter Frequency, Magnetic Range, Output Format, Output Period, TC, and TCSQ.

Initialize the registers SLOPE and SHIFT:

— The SHIFT register should be programmed to 50%.

— As the ADC value depends on the low pass filter frequency, it is recommended to
program the SLOPE register to the values listed in Table 6-7.

Table 6—7: Initial SLOPE values

3 dB Filter Frequency SLOPE|NTIAL

80 0.2578

160 0.2578

500 0.1938

1000 0.1938

2000 0.3398

Get the digital readout value DOUT1 in the first calibration point and assign a nominal
output voltage (Voyr 1) to that point.

Get the digital readout value DOUT2 in the second calibration point and assign a nomi-
nal output voltage (Voyr2) to that point.
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Step 5: Calculate and program the new values of Shift and Slope.

— The SHIFT register is calculated as:

Shift =

100% (3968 — ((DOUT2 - 2048) - 3968))
4096 (DOUT2-DOUTL)

Shift

SHIFT = 100%

- 1024

— The SLOPE register is calculated as:

SlopeytiaL
(DOUT2 - DOUTI)

Slope = - 3968

SLOPE = Slope - 2048
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BEGIN
4 A
WRITE COMMON REGISTER SETTINGS READ DOUT 1
AT CALIBRATION POINT 1
STXe315000800ETX [Write Mode: 30 mT /80 Hz/ STXq0171ETX

Format PWM / Period 128 ms]
STXe31b100121ETX [Write TC 18]

STXe31c0000A1ETX [Write TCSQ 10] A
READ DOUT 2
v AT CALIBRATION POINT 2
INITIALIZE DSP FOR CALIBRATION STXq0171ETX

STXe313002000ETX [Write Shift 50 %]
STXe314102101ETX [Write Slope 0.2578, because A
3 dB Filter Frequency = 80 Hz]

CALCULATE Sensitivity AND Voq

A

WRITE OUTPUT CHARACTERISTIC
LINEAR (STANDARD) WRITE SHIFT AND SLOPE

STX e 3130DATADP ETX [Write SHIFT]
STX e3141DATADP ETX [Write SLOPE]

STORE STORE

END

Fig. 6-8: Calibration procedure
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Step 6: The “Store” sequence is given in Fig. 6-9. The permanent storing of data into the
EEPROM memory is a two-step process. First, all zero bits (ERASE), then all one bits
(PROM) are written.

BEGIN

v

SET PROGRAMMING PULSE WIDTH

STX u CHR$(100) ETX [Pulse Width 100 ms]

v

SET DELAY OF ACKNOWLEDGE

STX y CHR$(18) ETX

v
ERASE - PROM - READ

STXc513040306100ETX
[acts on all EEPROM registers]

END

Fig. 6-9: Store sequence
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Operation Mode 3

Communication:
PC — prog. board

Communication:
prog. board — sensor

Data formats

Programming
procedure

HAL 856

This operation mode is set by sending the “j3” command.

Note: The HALB856 is a two-wire device. It is programmed by modulating the supply
voltage, and it responds by modulating its current consumption. In order to
detect the current levels of the sensor, the Hall Programmer Board V 5.1 mea-
sures the sensor’s supply current. Hence, only one HAL856 can be connected
to the board.

Section 7.1 and Section 7.2 contain a detailed description of communication between
the PC and the programmer board V 5.1. Particularly, all board commands available in
the operation mode “3” are listed.

The communication between the programmer board and the Hall sensor is described in
Section 7.3

The data formats for communication between both the PC and the board, and the
board and the sensor are summarized in Section 7.4

Finally, Section 7.5 depicts the programming procedure and gives an example of a
complete programming sequence.
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7.1.

Definition of the Protocol

The general syntax is as follows (blanks are given for better readability only):

PC — Board:
STX BCMD [CMD CP ADR AP] [DAT3 DAT2 DAT1 DATO DP] ETX

Board — PC:
STX STATUS DAT3 DAT2 DAT1 DATO DP ETX

The characters in brackets [...] are optional, depending on the board command BCOM.

Table 7-1: Description of the characters

Character Description

STX ASCII character 2
ETX ASCII character 3
BCMD Board command
CMD Command

CP Command parity
ADR Address

AP Address parity
DAT3 Data characters, each encoding 4 bit in HEX format.
DAT2 Example:

DATA 01f0 (HEX) = 496
DATO

DP Data parity
STATUS Status/error flag
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7.2.

The Board Commands BCMD

The board commands activate functions of the firmware. The characters following the
BCMD are the parameters of this function. Some functions serve to control the board
operation and do not address the Hall device.

The read, write, program, and lock functions communicate with the Hall device. The
parameters of these functions are converted into a serial telegram and sent to the con-

nected sensor.

Table 7-2: Description of the board commands
BCMD | Parameters Description
n - Switch Vpp on
o} - Switch Vpp off
z[t] t = 30...255 (as ASCII character) Set bit time slow mode
bit time =t x 0.02 ms
default: t = 85 (HAL856) default bit time = 1.7 ms (HAL856)
uft] t = 30...255 (as ASCII character) Set programming pulse width
width =t x 1.00 ms
HALB856: sett =100 HAL856: set pulse width = 100 ms
yit] t=10...255 Delay Acknowledge
width =t x 64.0 ps
HAL856: sett =11 HAL856 set width = 0.7 ms.
elp] p = CMD CP ADR AP DAT3 DAT2 DAT1 DATO DP | Write HAL and echo data to PC
qlp] p = CMD CP ADR AP Read HAL and echo data to PC
c[p] p=CMD1 CP1 ADR1 AP1 CMD2 CP2 ADR2 AP2 | Program HAL and echo answer to PC
CMD3 CP3 ADR3 AP3
kp] p =CMD1 CP1 ADR1 AP1 CMD2 CP2 ADR2 AP2| Program LOCK bit and echo answer to PC
i Read Biphase M sequence
m[p] p=0...7(as HEX) Read PWM sequence
p = PWM period (2° in ms).
\ - Request firmware version
t - Request status and echo data to PC
ilp] p =0...3 (as HEX) Switch board operation mode
0 = EMU Board V 4.1 (default)
1 =HAL805, HAL815, HAL817, HAL810,
HAL 82x, HAL83x, HAL 880, HAL1000 and
HAL 1002
2 =HALS855
3 =HALB856
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Examples:

Examples:

7.2.1.

(Blanks are given for better readability only)

— set board operation mode:
STXj3ETX

— power on:
STXnETX

— set bit time slow CHR$(85) =’U’":
STXzUETX

— read register no. 2:
STXq0121ETX

— write register no. 2:
STXe3121000A1ETX

— write output characteristic setpoint 0:
STXe100000001ETX

— write output characteristic setpoint 16:
STXe200001000ETX

— read output characteristic setpoint 15:
STXe61f0ETX

— read output characteristic setpoint 31:
STXq70f0ETX

— store sequence:
STX u CHR$(100) ETX (set programming time)
STX y CHR$(11) ETX (set delay of Acknowledge)
STXc513040306100ETX
(ERASE-PROM-READ)

— lock sensors
STXe3160000 10 ETX (set Lock bit)
STX u CHR$(100) ETX (set programming time)
STX y CHR$(11) ETX (set delay of Acknowledge)
STXk40600130ETX (PROM-READ)

Monitoring of the Supply Voltage

In case of ERASE, PROM, and LOCK, the supply voltage is measured by the board,
and a data string is sent back to the PC. The relation between the data and the supply

voltage is

DAT
Vorog = 2095 6-2.485V

If the supply voltage is out of the specification limits, the status bit is set to “1”.

— Vprog = 4.80 V, Data board — PC:
STX105260ETX
(DAT=0526)

— Vprog = 5.00 V, Data board — PC:
STX0055DO0ETX
(DAT=055D)
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7.3.

Programming of the Sensor

7.3.1.

7.3.2.

Write a register

Read a register

Programming the
EEPROM cells

Lock a sensor

Definition of Programming Pulses

The sensor is addressed by modulating a serial telegram on the supply voltage. The
sensor answers with a serial telegram on the output pin.

The bits in the serial telegram have a different bit time for the Vpp-line and the output.
The bit time for the Vpp-line is defined through the length of the Sync bit at the begin-
ning of each telegram. The bit time for the output is defined through the Acknowledge
bit.

A logical “0” is coded as no voltage change within the bit time. A logical “1” is coded as
a voltage change between 50% and 80% of the bit time. After each bit, a voltage
change occurs.

Definition of the Telegram

Each telegram starts with the Sync bit (logical 0), 3 bits for the Command (COM), the
Command Parity bit (CP), 4 bits for the Address (ADR), and the Address Parity bit (AP).

There are 4 kinds of telegrams:

After the AP bit, follow 14 Data Bits (DAT) and the Data Parity bit (DP). If the telegram is
valid and the command has been processed, the sensor answers with an Acknowledge
bit (logical 0) on the output (see Fig. 7-2).

After evaluating this command, the sensor answers with the Acknowledge bit, 14 Data
bits, and the Data Parity bit on the output (see Fig. 7-3).

In order to permanently store the written data into the EEPROM cells, an erase and
program command have to be sent to the sensor. After the recognition of the erase and
program commands, the HAL856 answers with an acknowledge pulse on its output sig-
nal. After the acknowledge pulse, a pulse on the Vpp-line is created to start the charg-
ing of the EEPROM cells. Then the supply voltage is kept constant during the charging
time. To stop the charging, a further command is sent to the HAL856. This stopping
command can be a further programming command or a read command (see Fig. 7-4).

To lock the EEPROM registers, the lock bit has to be programmed. Write the lock bit
into the lock register (see Fig. 7-2). If the telegram is valid and the command has been
processed, the sensor answers with an Acknowledge Bit (logical 0) on the output. In
order to store the lock bit permanently, an erase and program command have to be
sent to the sensor. This is the same procedure as mentioned above (see Programming
the EEPROM cells and Fig. 7—4. The EEPROM registers are locked after a power on
reset.
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IppH

logical 0

IppL

IpDH

logical 1

IppL

Fig. 7-1:

n or

» tpo ‘/7 or »

- /

Definition of logical 0 and 1 bit

Table 7-3: Telegram parameters

Symbol Parameter Pin Min. Typ. Max. Unit Remarks
VoL Supply voltage for low level 1 5 5.6 6 \Y
during programming
VbpH Supply voltage for high level 1 6.8 8.0 8.5 \
during programming
VbpPrOG Supply voltage for permanent 1 4.9 5.0 5.1 \Y
storing of the data
t Rise time 1 0.05 ms
t Fall time 1 0.05 ms
tho Bit time on Vpp 1 1.7 1.75 1.8 ms tpo is defined through the Sync bit
thouT Bit time on output pin 3 2 3 4 ms tyour is defined through the
cknowledge bit
th1 Voltage change for logical 1 1,3 50 65 80 % % of tyg Or thouT
trrOG Programming time for EEPROM | 1 95 100 105 ms
trp Rise time of charging pulse 1 0.2 0.5 1 ms
tp Fall time of charging pulse 1 0 1 ms
tw Delay time of charging pulse after | 1 0.5 0.7 1 ms
Acknowledge
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Sync COM CP ADR AP DAT DP

HAL855:

Vour
HAL856:

Ipp

Fig. 7-2: Telegram for coding a Write command

READ
Sync COM CP ADR AP
veo [ \LOODOOO OO0ODA0T
HAL855: Acknowledge DAT DP

|
Vour
HAL856:
Ipp

Fig. 7-3: Telegram for coding a Read command
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7.3.3.

Sync Bit

Command Bits (COM)

Command Parity Bit

(CP)

Address Bits (ADR)

Address Parity Bit (AP)

Data Bits (DAT)

Data Parity Bit (DP)

Acknowledge

Telegram Codes

Each telegram starts with the Sync bit. This logical “0” pulse defines the exact timing for
tho-
p0

The Command code contains 3 bits and is a binary number. Table 7—4 shows the avail-
able commands and the corresponding codes for the HAL856.

This parity bit is “1” if the number of zeros within the 3 command bits is uneven. The
parity bit is “0”, if the number of zeros is even.

The Address code contains 4 bits and is a binary number. Table 7-5 shows the avail-
able addresses for the HAL856 registers.

This parity bit is “1” if the number of zeros within the 4 address bits is uneven. The par-
ity bit is “0” if the number of zeros is even.

The 14 Data bits contain the register information.

The registers use different number formats for the Data bits. These formats are
explained in Section 7.3.4

In the Write command, the last bits are valid. If, for example, the TC register (6 bits) is
written, only the last 6 bits are valid.

In the Read command, the first bits are valid. If, for example, the TC register (6 bits) is
read, only the first 6 bits are valid.

This parity bit is “1” if the number of zeros within the binary number is even. The parity
bit is “0” if the number of zeros is uneven.

After each telegram, the output answers with the Acknowledge signal. This logical “0”
pulse defines the exact timing for t,oyr:

Table 7-4: Available commands

Command Code Explanation

READ 0 read a Setup EEPROM register (like TC, TCSQ, magnetic range, etc.)
READL 6 read a Characteristics EEPROM register (setpoints 0 to 15)

READH 7 read a Characteristics EEPROM register (setpoints 16 to 31)

WRITE 3 write a Setup EEPROM register (like TC, TCSQ, Magnetic range, etc.)
WRITEL 1 write a Characteristics EEPROM register (setpoints 0 to 15)

WRITEH 2 write a Characteristics EEPROM register (setpoints 16 to 31)

PROM 4 program all non-volatile registers

ERASE 5 erase all non-volatile registers

Please note: The Lock bit is set by using the WRITE command followed by a PROM.
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7.3.4.

Binary number:

Signed binary number:

Two’s-complementary
number:

Number Formats

The most significant bit is given as first, the least significant bit as last digit.

Example:
101001 represents 41 decimal.

The first digit represents the sign of the following binary number (1 for negative, 0 for
positive sign).

Example:

0101001 represents +41 decimal
1101001 represents —41 decimal

The first digit of positive numbers is “0”, the rest of the number is a binary number. Neg-
ative numbers start with “1”. In order to calculate the absolute value of the number, cal-
culate the complement of the remaining digits and add “1”.

Example:

0101001 represents +41 decimal
1010111 represents —41 decimal

Table 7-5: Available register addresses

Register Code Data Format Customer Remark
Bits

CURRENT- 1 10 binary read/write/program Used to define output slew rate

SOURCE and output current levels
(Iop_rigH and Ipp_Low)

PARTNUMBER 2 11 binary read/write/program Only with BiPhase-M mode

SHIFT 3 11 two’s compl. read/write/program

SLOPE 4 14 signed binary read/write/program

MODE 5 14 binary read/write/program range, filter and output format
settings

LOCK 6 1 binary write/program lock bit

DIGITAL 7 12 binary read digital value after signal

READOUT processing

OFFSET 8 5 two’s compl. read/write/program compensation of system offsets

CORRECTION (4 LSBs)

SPECIALCUST. 9 6 binary read/write/program special customer register to
define Biphase-M bittime and
Partnumber Enable

TC 11 6 signed binary read/write/program linear temperature coefficient

(6 LSBs)

TCSQ 12 5 binary read/write/program quadratic temperature
coefficient

CURVE LOW 0...15 9 binary write/read/program setpoints 0 to 15

CURVE HIGH 0...15 9 binary write/read/program setpoints 16 to 31
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PARTNUMBER

SHIFT

SLOPE

TC and TCSQ

MODE

7.3.5.

Register Information

Terminology
REGISTER: Name of the register or register value

Register: Name of the parameter

The register range is from 0 up to 2047.

The register range is from —1024 up to 1023.

The register value is calculated by:

Shift
SHIFT = 100% 1024

The register range is from —8192 up to 8191.

The register value is calculated by:

SLOPE = Slope - 2048

The TC register range is from —31 up to 31.

The TCSAQ register range is from 0 up to 31.

Please refer to the data sheet for the recommended values.

Note: The word length of the TC register is 7 bit. The six LSBs represent a signed
binary number. The MSB has to be ignored.

— The register range is from 0 up to 16383 and contains the settings for PERIOD,
FORMAT, FILTER and RANGE:

MODE = PERIOD - 512 + FORMAT - 64 + FILTER - 8 + RANGE

Please refer to the data sheet for the available PERIOD, FORMAT, FILTER and RANGE
values.
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DIGITAL-READOUT

OFFSET CORRECTION

CURRENTSOURCE

SPECIAL CUSTOMER

7.3.6.

— This register is read only.

— The register range is from 0 up to 4095.

— The register range is from 0 to 31

— The MSB is set to activate the offset correction.

— The register range is from 0 to 1023 and contains the settings for LOW CURRENT,
HIGH CURRENT, and SLEW RATE:

CURRENTSOURCE = SLEW RATE x 256 + LOW CURRENT x 8 + HIGH CURRENT

— The register range is from 0 to 63 and contains the settings for OUTPUT BITTIME
and PARTNUMBER ENABLE:

SPECIAL CUSTOMER = PARTNUMBER ENABLE x 16 + OUTPUT BITTIME

Programming Information

If the content of any register is to be changed, the desired value must first be written
into the corresponding RAM register. Before reading out the RAM register again, the
register value must be permanently stored in the EEPROM.

Permanently storing a value in the EEPROM is done by first sending an ERASE com-
mand followed by sending a PROM command and a read command. The address
within the ERASE and PROM commands is not important. ERASE and PROM act on
all registers in parallel.

If all HAL 856 registers are to be changed, all writing commands can be sent one after
the other, followed by sending one ERASE and PROM command at the end.

During all communication sequences, the customer has to check if the communication
with the sensor was successful. This means that the acknowledge and the parity bits
sent by the sensor have to be checked by the customer. If the Micronas programmer
board is used, the customer has to check the error flags sent from the programmer
board. It is recommended to use the programmer board version 5.1.

Note: For production and qualification tests, it is mandatory to set the Lock bit after
final adjustment and programming of HAL856. The Lock function is active after
the next power-up of the sensor.

The success of the Lock process should be checked by reading at least one
sensor register after locking and/or by an analog check of the sensor’s output
signal.

Electrostatic Discharges (ESD) may disturb the programming pulses. Please
take precautions against ESD.
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7.4.

Data Formats

Table 7-6: Data formats

The protocol between the programmer board and the Hall sensor defines fixed lengths
for the data, command, and address words to be transmitted:

— Command (CMD): 3 bit
Address (ADR): 4 bit

Data (DAT): 14 bit
Command Parity (CP): 1 bit
Address Parity (AP): 1 bit
Data Parity (DP): 1 bit

Reminder: For communication with the programmer board, the 14 data bits are
encoded in four ASCII characters: DAT3, DAT2, DAT1, and DATO.

As every register has a different length, not all of the 14 bits are used. Furthermore,
there is a difference between the write format (transfer board — IC) and the read format
(transfer IC — Board). Table 7—6 shows which of the 14 bits are valid for each register
(write format and read format).

Register Char DAT3 DAT2 DAT1 DATO
Bit 15|14 (13 |12 |11 |10 | 09 | 08 | 07 | 06 | 05 | 04 | 03 | 02 | O1 | OO
PART NUMBER Write | — - - - - \ \ \ \ \ \ \ \ \ Vv \Y
Read | - - Vv Y Vv \Y Y \Y Y \Y Y, \Y Y, -
SHIFT Write | — - - - - \Y Y \ Y \ Y \Y Y \Y Y \Y
Read | - - \Y, Y \Y \Y Y \Y Y \Y Y \Y Y - - -
SLOPE Write | — - \Y \ \Y Y \Y Y \Y Y \ \Y, Vv \Y, Vv \Y,
Read | - - \Y \ \Y \ \ \ \ \ \ \ Y, \ Vv \
MODE Write | — - \Y \ \Y \ \ \ \ \ \ \ Y \ Y \
Read | - - Vv Y Vv \ Y, \ Vv \ Y, \Y Y \Y Y \Y
DIGITAL OUTPUT Read | - - Vv Y Y \Y Y \Y Y \Y Y, \ Y \ Y, \
SPECIAL CUSTOMER Write | — - - - - - - Y \Y Y \Y Y \Y
Read | - - \Y, Y \Y, \Y \Y \Y - - - - - - - -
TC Write | — - - - - - - - - V)|V \Y Vv
Read | - - V)|V \Y \ Y, \ Y, - - - - - - -
TCSQ Write | — - - - - - - - - - - \ Vv \ Vv \
Read | - - Vv Y Vv \Y Y - - - - - - - - -
CURVE LOW Write | — - - - - - - \ Vv \ Y \ Vv \ Y \
Read | - - \Y, Y \Y, V Y V Y V Y - - - - -
CURVE HIGH Write | — - - - - - - \ \ \ \ \ Vv Vv Vv Vv
Read | - - \Y \ \Y \ \ \' Y, \ Vv - - - - -
OFFSET CORRECTION | Write | — - - - - - - - \ \ \Y Y \Y
Read | - - Vv Y Vv \Y Y - - - - - - - - -
CURRENT SOURCE Write | — - - - - - Y, \ Y, \Y Y \Y Y \ Y \Y
Read | - - \Y, Y \Y, \Y Y \Y Y \Y Y \Y - - - -
V: valid, —: ignore, bit order: MSB first, (V): This bit must be ignored.
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7.5. The Programming Procedure

The general programming procedure is described in detail for the HAL856.
An example for a programming procedure is given in Fig. 7-5.

First, the programmer board has to be initialized. Then, the sensor can be calibrated.
Please keep in mind that only one HAL856 can be connected to the board!

< BEGIN >

v

Example:

INITIALIZE BOARD

STX |3 ETX [Set Board Mode]
STX z CHR$(85) ETX [Set Protocol Bittime]
STX n ETX [Switch Vdd on]
DELAY 20 ms

A 4

CALIBRATE SENSOR
A 4
END

Fig. 7-5: General procedure
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7.5.1.

The Programmable Output Characteristic

The HALB856 allows programming of a user-defined output characteristic by 32 set-
points.

Each setpoint corresponds to a defined output signal between 0% and 99.8%
The sequence of setpoints must be defined monotonously.

An example of how the setpoints are programmed is given in Fig. 7—6.

Note: In case of a non-linear output characteristic, the parameters SHIFT and SLOPE
are related to the (virtual) straight line connecting the first and the last setpoints
(setpoint 0 and setpoint 31, respectively).

Example:
BEGIN
A
SETPOINT LOOP
FOR SETPOINT =0 TO 15
A
CALCULATE SETPOINTS
DAT_LOW = HEX(SETPOINT x 16)
DAT_HIGH = HEX(SETPOINT x 16 + 256)
A
WRITE SETPOINTS
STXe 10 DAT_LOWDP ETX [Lower Par]
STX e 2 0 DAT_HIGH DP ETX [Higher Part]
A
END SETPOINT LOOP
A
END
Fig. 7-6: Definition of the Output Characteristic “Linear (Standard)”
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Step 1:

7.5.2.

Step 2:

Step 3:

Step 4:

The Calibration Procedure

The output characteristic is determined by the following parameters:
— Shift corresponds to the output voltage at an ADC value of zero.

— Slope corresponds to the increase of the output signal with magnetic field. A Slope
of “1” is equivalent to a output signal increase of 100% at an increase of 2048 of the
ADC value.

The HAL856 provides no ADC-Readout register. Therefore, the ADC value cannot be
read out. Instead, a digital readout DOUT is provided. The digital readout is captured at
the end of the signal processing.

The DOUT value can be used in the calibration process provided the register settings
are programmed to known initial settings. Hence, the calibration process must start
with a initialization of all relevant registers.

The calibration procedure is shown in Fig. 7-7. The register values are intended as
example:

Programming of the parameters which do not require individual adjustment:

— Filter Frequency, Magnetic Range, Output Format, Output Period, TC, and TCSQ.

Initialize the registers SLOPE and SHIFT:

— The SHIFT register should be programmed to 50%.

— As the ADC value depends on the low pass filter frequency, it is recommended to
program the SLOPE register to the values listed in Table 7-7.

Table 7-7: Initial SLOPE values

3 dB Filter Frequency SLOPE|NTIAL

80 0.2578

160 0.2578

500 0.1938

1000 0.1938

2000 0.3398

Get the digital readout value DOUT1 in the first calibration point and assign a nominal
output voltage (Voyr 1) to that point.

Get the digital readout value DOUT2 in the second calibration point and assign a nomi-
nal output voltage (Voyr2) to that point.
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Step 5: Calculate and program the new values of Shift and Slope.

— The SHIFT register is calculated as:

Shift =

100% (3968 — ((DOUT2 - 2048) - 3968))
4096 (DOUT2-DOUTL)

Shift

SHIFT = 100%

- 1024

— The SLOPE register is calculated as:

SlopeytiaL
(DOUT2 - DOUTI)

Slope = - 3968

SLOPE = Slope - 2048
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BEGIN

4

WRITE COMMON REGISTER SETTINGS

STXe315000800ETX [Write Mode: 30 mT /80 Hz /
Format PWM / Period 128 ms]

STXe31b100121ETX [Write TC 18]

STXe31c0000A1ETX [Write TCSQ 10]

4

INITIALIZE DSP FOR CALIBRATION

STXe313002000ETX [Write Shift 50 %]
STXe314102101ETX [Write Slope 0.2578, because
3 dB Filter Frequency = 80 Hz]

A

READ DOUT 1
AT CALIBRATION POINT 1

STXq0171ETX

A

READ DOUT 2
AT CALIBRATION POINT 2

STXq0171ETX

WRITE OUTPUT CHARACTERISTIC
LINEAR (STANDARD)

CALCULATE Sensitivity AND Voq

A

STORE

WRITE SHIFT AND SLOPE

STX e 3130DATADP ETX [Write SHIFT]
STX e3141DATADP ETX [Write SLOPE]

Fig. 7-7: Calibration procedure

STORE

END
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Step 6:

The “Store” sequence is given in Fig. 7-8. The permanent storing of data into the
EEPROM memory is a two-step process. First, all zero bits (ERASE), then all one bits
(PROM) are written.

BEGIN

v

SET PROGRAMMING PULSE WIDTH

STX u CHR$(100) ETX [Pulse Width 100 ms]

v

SET DELAY OF ACKNOWLEDGE

STX y CHR$(18) ETX

v
ERASE - PROM - READ

STXc513040306100ETX
[acts on all EEPROM registers]

END

Fig. 7-8: Store sequence

Micronas
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8. Application Note History

1. Application Note Kits/Boards: “HAL8xx, HAL1000, HAL 1500 Programmer Board”,
Aug. 12, 2004, 6251-632-1-1AK. First release of the application note kits/boards.

2. HAL 8xy, HAL100x Programmer Board, May 14, 2009; APN000046_001EN. First
release of the application note. Major changes:
¢ Specification for HAL1500 removed
¢ Specification for HAL824, HAL825, and HAL880 added
e Section 3.4.1. Firmware Update added

e Section 4.3.6. Programming Information updated
e Section 5.3.7. Programming Information updated

e Section 6.3. Programming of the Sensor updated
e Section 6.4. Data Formats updated

e Section 7.3. Programming of the Sensor updated
* Section 7.4. Data Formats updated

¢ Section 8. Operation Mode 5 added

3. HAL8xy, HAL 100x Programmer Board, April 21, 2010; APN000046_02EN. Second
release of the application note.
Major changes: Section 8. Operation Mode 5 removed

4. HAL8xy, HAL100x Programmer Board, Sept. 19, 2013; APN000046_03EN.
Third release of the application note.
Major changes:

* Sensor types HAL817, HAL83x and HAL 1002 added
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102 Sept. 19, 2013; APN000046_03EN Micronas



Mouser Electronics

Authorized Distributor

Click to View Pricing, Inventory, Delivery & Lifecycle Information:

TDK:
HAL APB V5.1


https://www.mouser.com/
https://www.mouser.com/access/?pn=HAL APB V5.1

CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!

[HaLLIM KOHTAKTbI: \

TenedoH: +7 812 627 14 35

dNeKTpPOHHaA nouTa: sales@st-electron.ru

Appec: 198099, CaHkT-MNeTepbypr,
MpomblwneHHasa yn, gom Ne 19, nutepa H,
nometleHune 100-H Oduc 331
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