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Copyright, Warranty, 
and Limitation of 
Liability

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

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

By this publication, TDK-Micronas does not assume responsibility for patent infringements
or other rights of third parties which may result from its use. Commercial conditions, prod-
uct availability and delivery are exclusively subject to the respective order confirmation.

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

All operating parameters must be validated for each customer application by custom-
ers’ technical experts. Any new issue of this document invalidates previous issues.
TDK-Micronas reserves the right to review this document and to make changes to the
document’s content at any time without obligation to notify any person or entity of such
revision or changes. For further advice please contact us directly.

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

No part of this publication may be reproduced, photocopied, stored on a retrieval sys-
tem or transmitted without the express written consent of TDK-Micronas. 

TDK-Micronas 
Trademarks 

– HAL

TDK-Micronas Patents Sensor programming with VDD-Modulation protected by TDK-Micronas Patent 
No. EP 0 953 848.

Third-Party Trademarks All other brand and product names or company names may be trademarks of their
respective companies.
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Release Note: Change bars indicate significant changes to the previous edition.

1. General Information

1.1. Certification

The TDK-Micronas GmbH fulfills the requirements of the international automotive stan-
dard ISO/TS 16949 and is certified according to ISO 9001:2000. This ISO standard is a
worldwide accepted quality standard.

1.2. Support

We advise you to register on https://service.micronas.com in order to obtain access to
the workgroups for our various product families. Here you are able to get support by
opening a support ticket in the customer support system. Additionally, once registered,
you will receive notifications on software and Application Notes updates.

You are also able to contact the TDK-Micronas Support (product.support@micronas.com)
in case of questions or problems.

TDK-Micronas GmbH - Application Engineering

Hans-Bunte-Strasse 19

D-79108 Freiburg im Breisgau

E-mail: product.support@micronas.com

https://service.micronas.com
https://service.micronas.com
mailto:product.support@micronas.com
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2. 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 different bit times for the VSUP-line and the output.
The bit time for the VSUP-line is defined by the length of the Sync Bit at the beginning of
each telegram. The bit time for the output is defined by 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 (0.5 < tp1/tp0 < 0.8). After each
bit, a voltage level change occurs.

Fig. 2–1: Definition of logical 0 and 1 bit. 
(See Table 3–1 for definitions of the parameters.)
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3. Definition of the Telegram 

Each telegram starts with the Sync bit (logical 0), followed by 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 (see Fig. 3–2)
The AP Bit is followed by 14 Data Bits (DAT) and the Data Parity Bit (DP). If the tele-
gram is valid and the command has been processed, the sensor answers with an
Acknowledge Bit (logical 0) on the output.

– Read a register (see Fig. 3–3)
After evaluating this command, the sensor answers with the Acknowledge Bit, 14 Data
Bits, and the Data Parity Bit on the output.

– Programming the EEPROM cells (see Fig. 3–4)
After evaluating this command, the sensor answers with the Acknowledge Bit. After
the delay time tw, the supply voltage rises up to the programming voltage.

– Activate a sensor (see Fig. 3–5)
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 have to be pulled to ground.
With an Activate pulse on the appropriate output pin, an individual sensor can be
selected. All following commands will only be accepted from the activated sensor.

Table 3–1: Telegram parameters

Symbol Parameter Pin Min. Typ. Max. Unit  Remarks

VSUPL Supply Voltage for Low Level
during Programming

1 5 5.6 6 V

VSUPH Supply Voltage for High Level
during Programming

1 6.8 8.0 8.5 V

tr Rise time 1   0.05 ms

tf Fall time 1   0.05 ms

tp0 Bit time on VSUP 1 1.7 1.75 1.9 ms tp0 is defined by the Sync Bit 

tpOUT Bit time on output pin 3 2 3 4 ms tpOUT is defined by the Acknowledge Bit 

tp1 Duty-Cycle Change for logical 1 1, 3 50 65 80 % % of tp0 or tpOUT

VSUPPROG Supply Voltage for 
Programming the EEPROM

1 12.4 12.5 12.6 V

tPROG Programming Time for EEPROM 1 95 100 105 ms

trp Rise time of programming voltage 1 0.2 0.5 1 ms

tfp Fall time of programming voltage 1 0  1 ms

tw Delay time of programming voltage after 
Acknowledge

1 0.5 0.7 1 ms

Vact Voltage for an Activate pulse 3 3 4 5 V

tact Duration of an Activate pulse 3 0.05 0.1 0.2 ms

VOUT,deact Output voltage after deactivate command 3 0 0.1 0.2 V

tdelay Time between the end of a read/write frame 
and the Acknowledge

3 0.7  1.2 ms
TDK-Micronas GmbH March 6, 2018; APN000128_01EN 6



APPLICATION NOTE HAL 1002
Programming Guide
Fig. 3–2: Telegram for coding a Write command

Fig. 3–3: Telegram for coding a Read command

Fig. 3–4: Telegram for coding the EEPROM programming

Fig. 3–5: Activate pulse
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4. Telegram Codes

Sync Bit

Each telegram starts with the Sync Bit. This logical “0” pulse defines the exact timing for tp0.

Command Bits (COM)

The Command code contains 3 bits and is a binary number. Table 6–2 shows the available
commands and the corresponding codes for the HAL1002.

Command Parity Bit (CP)

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. 

Address Bits (ADR)

The Address code contains 4 bits and is a binary number. 

Address Parity Bit (AP)

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

Data Bits (DAT)

The 14 Data Bits contain the register information.

The registers use different number formats for the Data Bits.

In the Write command, the last bits are valid. If, for example, the TC register (10 bits) is
written, only the last 10 bits are valid. 

In the Read command, the first bits are valid. If, for example, the TC register (10 bits) is
read, only the first 10 bits are valid.

Data Parity Bit (DP)

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

Acknowledge

After each telegram, the sensor answers with the Acknowledge signal on the output. This
logical “0” pulse defines the exact timing for tpOUT.
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5. 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-complement number:

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

Example: 0101001 represents +41 decimal
1010111 represents 41 decimal
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6. Programming Information

If the content of any register (except the lock register) has to be changed, first the
desired value must be written into the corresponding RAM layer of the EEPROM cell.
Before reading the 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 a PROM command. The address within the ERASE and PROM
commands must be zero. ERASE and PROM act on all registers in parallel.

If all HAL1002 registers have to be changed, all writing commands can be sent consec-
utively, followed by an ERASE and a 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 of the HAL1002. The LOCK function is active after
the next power-on of the sensor. 
The success of the lock process shall be checked by attempting to read at least one
sensor register after locking and/or by a check of the output voltage.
Electrostatic discharges (ESD) may disturb the programming pulses. Please take
precautions against ESD.

6.1. Available Commands

Table 6–2: 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)
TDK-Micronas GmbH March 6, 2018; APN000128_01EN 10
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6.1.1. Acknowledge check (checkACK)

The logic used to detect the occurrence of the ACK is described in Fig. 6–6.

Fig. 6–6: Flowchart - checkACK

6.1.2. Read

An exemplary flowchart for a read-out is given in Table 6–7.

Fig. 6–7: Flowchart - read from address 1

1) 0d: stands for decimal value

checkACK

END

ACK
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yes

i=0

checkACK = i

i=1no

Read Clamp Low

END

DATA = 0d3264
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check ACK = 0 ? no
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COMMAND = 0d2
COMMAND PARITY = 0d0

ADDRESS = 0d1
ADDRESS PARITY = 0d1

1)

Tx Sensor

Rx Sensor
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6.1.3. Write

An exemplary flowchart for a write sequence is given in Table 6–8.

Fig. 6–8: Flowchart - write to address 1

6.1.4. ERASE and PROM

Exemplary flowcharts for Erase and Prom sequences are given in Fig. 6–9.

Fig. 6–9: Flowchart - write ERASE and PROM command
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7. Application Note History

1. HAL 1002 Programming Guide, Jan. 20, 2014; APN000094_001EN. First release of 
the application note.

2. HAL 1002 Programming Guide, March 6, 2018; APN000094_002EN. Second 
release of the application note.

Changes: 

• Programmable switch parallel tab in the software added

Note: The document has been converted into two separate documents due to
internal formalities. New Documents: 
APN000127_001EN HAL 1002 User Manual
APN000128_001EN HAL 1002 Programming Guide.

1. HAL 1002 Programming Guide, March 6, 2018; APN000128_01EN. First release of 
the application note.

Major Changes: 

– Section 1.2 (Support) updated

– Section 2, 3, 4, 5, 5.1., 5.1.1., 5.2., 5.2.5 and 6 removed

– Section 5.2.1. switched to Section 2. Definition of Programming Pulses

– Section 5.2.2. switched to Section 3. Definition of the Telegram

– Section 5.2.3 switched to Section 4. Telegram Codes

– Section 5.2.4. switched to Section 5. Number Formats

– Section 5.2.6. switched to Section 6. Programming Information

– Section 6.1, Section 6.1.1, Section 6.1.2, Section 6.1.3 and Section 6.1.4 added
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