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Release Note:

Revision bars indicate significant changes to the previous edition.

Introduction

1.1. General Information
The hardware and software description in this document is valid for the Application
Board HAL-APB V1.x.
Fig. 1-1: Application Board HAL-APB V1.x

1.2. Introduction

The Application Board HAL-APB V1.x (HAL-APB) is an board for programming the
Micronas Hall-effect sensor families with analog and digital output formats. The board
is equipped with a Micronas Flash micro controller CDC 3207G. It provides an applica-
tion software supporting a command interface for the communication with a PC. This
allows the implementation of specific PC software for engineering purposes or in-line
calibration. The HAL-APB can be ordered with a housing or as a PCB version.

In the case of a housing, an additional extension board with two sockets for the connec-
tion of up to two Hall sensors (depending on the sensor type) is supplied.

Two versions of the Application Board HAL-APB are in use: version 1.3 and the
updated version 1.5. Both versions are free to be used in laboratories for engineering
purposes.

Note: For usage in the production, board version 1.5 is mandatory.

Oct. 8, 2012; APN000055_003EN Micronas



APPLICATION NOTE

HAL 1820, HAL24xy, HAL 28xy, HAL 36xy, HAL 38xy

Application Board HAL-APB V1.x

1.2.1.

1.2.2.

Supported HAL Sensors

The HAL-APB supports the sensors listed in Table 1-1.

Table 1-1: Supported sensors
Sensor Remark
HAL 1820 Linear sensor with analog output
HAL 242x Linear sensor with analog output
HAL 2810 Linear sensor with LIN 2.0 Interface
HAL 283x Linear sensor with SENT Interface
HAL 2850 Linear sensor with fast PWM output
HAL 3625 Direct angle sensor with analog output
HAL 3675 Direct angle sensor with PWM output
HAL 385x 2D position sensor with analog output
HAL 387x 2D position sensor with PWM output

Please refer to the corresponding Programming Guides Application Notes for detailed
information on the sensors listed or contact the Application Support Sensors
(support_sensor@micronas.com).

Sensor-specific PC Software

Micronas GmbH provides easy-to-use PC software (LabView) for each supported sen-

SOor.

Micronas
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1.3. Board Block Diagram

V_Board

[,

5V-MCU OLED LIN
usB — Extension 5V-ANA Module
5V-PER (optional) (optional)
EEPROM
MCU Hall
Interface
RS232 CDC3207
GND
D—AL JTAG
Fig. 1-2: HAL-APB block diagram
V_Board @
TP VDD Hall device
[m] -
VDD_Hall Driver r B
Voltage | | |
—+ 0 VDD
Reference I . | I
Switch
I I
I I
Slew AD I I
Control Voltage Level Sens | |
(Optional) Control VDD/3
I I
I I
I I
I I
A/D | |
Sens 0 VOUT_1
vouTt Switch : :
MCU
I I
Digital I I
) 1TP8 - IDD | |
Transceiver O VOUT 2
I I
GND O ’ OGND |
= I I
[
Fig. 1-3: Detailed view of HAL Interface
8 Oct. 8, 2012; APN000055_003EN Micronas



APPLICATION NOTE

HAL 1820, HAL24xy, HAL28xy, HAL36xy, HAL 38xy
Application Board HAL-APB V1.x

Getting started

2.1. First Steps

2.1.1. Check HAL-APB V1.x
— Connect the HAL-APB to the supply voltage.
— Check if the power-on self-test was passed successfully. (ERROR LED is switched

off after power on. Exception: LIN mode)

Board Supply
The HAL-APB requires a stabilized power supply. For this purpose, either when using it
without housing, the connector X2 (DC jack) or the terminal beneath it can be used.
Power-On Self-Test
The HAL-APB firmware provides a power-on self-test. The self-test is started after con-
necting the board supply. During the self-test, the status LEDs including the Error LED,
will flash.
In case of a detected error, the ERROR LED remains illuminated after the self-test. In
LIN mode the ERROR LED is switched on as long as the Vsupply of the sensor is not
setto 12 V.

2.1.2. Check Communication with PC and Hall Sensor Connection

Connect a Hall sensor with the HAL-APB.
(a) directly into the socket HAL 1
or

(b) into one of the sockets of the HAL-APB extension board (housing version).

Note: For the first communication check, we recommend using the sensor specific
Programming Environment LabView software provided by Micronas for the spe-
cific HAL sensor.

you can also

— set up a Hyperterminal connection (see Section 6 on page 18)

— switch Vdd on using the “vho1” command (see Section 7.2 on page 21).

— try to read out a register (see chapter of the used sensor type).

Micronas
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3. Board Configuration

3.1. Jumper Settings

For changing between LIN-Bus and Biphase-M communication, jumpers need to be set
differently. For non-housed (optional) application boards it may be necessary to switch
jumper for USB/RS-232 connection. The following pictures show how to set the jump-
ers correctly.

+18 VDC X3 +18 VDC
X3
X4-RS232 |SW | — — xa-rs2s2 HSWH Jos
(SUB-D-9) | JP3 L(’E?)B X2 (SUB-D-9) ||JP3|| (B) X2
— Reset
©0,JP2
loo]JP5
Reset
e R
© S © K5
o L% 5 2
N Y
@ ™
Q 0
3 o
OO OO0 0O0C] Status LEDs OO0 00000 status LEDs
HAL-APB HAL-APB
Version 1.3 Version 1.5
<
foreifd
[l & o & x
©°9a = = = =
Yo}
fore £ @) @) O O
=g =
Doooggo HAL R 0OOOoopO HAL (R4S
Status LEDs on housing HAL1/2 Status LEDs on housing HAL1/2

Fig. 3-1: Jumper settings HAL-APB V1.x

The default jumper position Pos1 is indicated by black bars in Fig. 3—1.

Note: For board versions higher than v1.3, no manual adjustment is required. The
HAL-APB firmware automatically detects the appropriate protocol to be used for
the Hall sensor.

10
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Table 3—2: Jumper settings

open (default)

close

Jumper Setting Function
JP1 pos1 (default) debug
pos2 normal operation
JP2 V1.5 communication via RS232
open (default) manual MCU reset during firm-
ware flash
automatic MCU reset during
close :
firmware flash
V1.3
pos1 (default) normal operation
pos2 reserved
JP3 close (default) USB
open RS-232
JP4 close (default) VDD_Hall equals GND when
Vsup is switched off
open VDD_Hall is floating when
Vsup is switched off
JP5 V1.5 communication via USB

manual MCU reset during firm-
ware flash

automatic MCU reset during
firmware flash

V1.3
close (default)

open

normal operation

only for LIN Bus applications

JP6 (only V1.3)

close (default)

open

normal operation

only for LIN Bus applications

JP7 (only V1.3)

open (default)

close

normal operation

only for LIN bus applications

Note: JP7 must not be set in combination with JP4 and JP5 (only V1.3)

Micronas
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Table 3—-3: Board LED description

LED Name Function

ERROR On, in case of communication error

READY On, after power-on of board

PCCOM On, in case of communication between PC and HAL-
APB

HAL_RD Telegram on VOUT

HAL_PR reserved

HAL_WR Telegram high level on Hall VDD

HAL_ON Hall VDD on

12 Oct. 8, 2012; APN000055_003EN Micronas
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3.2. HAL Interface Connector
Depending on the sensor type, up to two sensors can be connected to the board. For
this purpose, a 6-pin connector HAL1/2 is provided. Alternatively, one Hall Sensor can
be inserted in the 3-pin socket HAL beneath the connector HAL1/2 (only available for
boards without housing).
The following pin’s are connected in parallel Pin No. 1(VgypSensorl) and 4
(VsypSensor2) and Pin No. 2 (Common Sensor GND) and Pin No. 5 (Common Sensor
GND). The male plug (modular RJ-12, OST (MMJ) coding) corresponding to the fawn
connector HAL1/2 can be ordered from every electronics store. The pinning of the inter-
face is described in Table 3—4.
Table 3—4: Pinning of the HAL interface HAL1/2
Pin No. Description
1 Sensor input
Vgyp Sensor 1
2 Common Sensor GND
3 Sensor output Voy1/p10 Sensor 1
4 Sensor input
Vgup Sensor 2
5 Common Sensor GND
6 Sensor output Voyt/p10 Sensor 2
23 45686
Fig. 3—-2: Modular connector HAL1/2, front view
3.3. Firmware update

The procedure for a firmware update of the HAL-APB V1.x is provided in the Applica-
tion Note “Firmware Update HAL-APB V1.x”

Micronas
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4. Specification

4.1. Recommended Operating Conditions

All voltages are referenced to GND (-VB pin at X1 = GND at X2)

Table 4-5: Board conditions

Symbol Parameter Connector Limit Values Unit | Test Conditions
Min. Typ. Max.

Isup Supply Current X2 - 180 - mA

Vsup Supply Voltage X2 16 18 20 \%

CL Load Capacitance HAL1/2 - - 100 nF

4.2. 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 4—6.

14 Oct. 8, 2012; APN000055_003EN Micronas



APPLICATION NOTE

HAL 1820, HAL24xy, HAL 28xy, HAL 36xy, HAL 38xy

Application Board HAL-APB V1.x

4.3. Maintenance and Calibration

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 1.x, nor readjust
any trimming potentiometer. Otherwise, the board may be damaged, the
sensor programming may be insufficient, and the reliability of the sensor

reduced.

Vbb 0

GND

},

Customer Application |——————)

Programmer Board V 1.x

1
| Vour 17 3
1
- : -
Fig. 4-3: Recommended wiring - schematic sketch
Table 4-6: 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
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4.4. Characteristics

All voltages are referenced to GND (-VB pin at X1 = GND at X2)

Table 4-7: Board characteristics

Symbol Parameter Connector | Limit Values Unit | Test Conditions

Min. Typ. Max.

IsupP_HAL Output Load Current HAL1/2 - - 40 mA | Supply current per
device
VouT_HAL Output Voltage of Hall HAL1/2 0 - 5 \'% Standard configuration
Device (default)
0 18 \ LIN configuration only!
VSUP_HAL_NORM NORM Level of HAL Supply HAL 1/2 4.9 5 5.1 \%
Voltage

Vsup HAL Low | LOW Level of HAL Supply HAL 1/2 5.8 6.0 6.6 \%
Voltage

VSUP_HAL_HIGH HIGH Level of HAL Supply HAL 1/2 6.8 7.3 7.8 \%
Voltage

Note: The voltage levels are trimmed by the manufacturer. If any of the levels listed are
found to be outside the specification limits, please contact the manufacturer or
the Application Support Sensors Team.

The RS232 cable should be a standard serial cable. Also called straight cable.

16 Oct. 8, 2012; APN000055_003EN Micronas
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USB Driver Installation

5.1.

Note: When using the serial cable you do not need to install this drivers. They are only
necessary for connecting the Application Board HAL-APB V1.x via USB cable to
the PC.

Installing the USB VCP Drivers

Plug in the Application Board HAL-APB V1.x (Power supply also connected) into a
spare USB port and plug in the power supply.

Windows 7 will automatically search latest driver if the PC is connected to the internet.
If there are problems with the installation follow the application note:
“AN_119_FTDI_Drivers_Installation_Guide_for_Windows7.pdf”

The application note: “AN_104_FTDI_Drivers_Installation_Guide_for_WindowsXP.pdf”
can be used to install the driver on a windows xp system.

The application note can be either found on the Micronas Service Portal
(https://service.micronas.com/workgroups/) or on the FTDI homepage.

Note: Sometimes the installer repeats the whole procedure. If this happens please do
the same as explained above again.

Micronas
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6.

Board Functions

6.1.

Serial Command Interpreter

6.1.1.

6.1.2.

6.1.3.

This board provides a serial command interpreter for the interaction with a PC, con-
nected via USB or RS232.

The serial communication protocol applies a software handshake:

— The PC acts as a master, the HAL-APB V1.x as slave,

— The HAL-APB V1.x responds to each master COMMAND frame with a RESPONSE
frame.

Serial Interface Configuration

When using a hyperterminal communication please set the following parameters.

Table 6—8: parameter settings of serial interface

Parameter Value

Bits per second 38400

Data bits 8

Parity Even

Stop bits 1

Flow control none

Definition of the COMMAND Frame

The command frame is of variable length. There are basically two types of commands:

1. for board configuration

2. for communication with connected Hall device

The command string has to end with <CR> (ASCII character 0x0D), optionally with
<CR><LF> (ASCII characters 0x0D, 0x0A).

Definition of the RESPONSE Frame

The response frame consists of 7...10 characters plus 1 finishing <LF>
<ST>:<R9><R8>....<R2><R1><R0> <LF>

ST is non-zero in case of errors (see Table 6-9)

18
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6.1.4.

The Rx-characters contain the received data depending on the command (see device-
dependent command lists in section 9, 10,...).

Analog Measurements

Its also possible to measure analog voltages, as the HAL_VDD or the HAL_VOUT with

the ADC of the HAL-APB. The HAL_OUT is only correctly measurable when HAL_VDD
equals 5 V.

Example

ftvdlO (set VDD to 5 V)
ftanal (measure HAL_VDD)
ftana2 (measure HAL_VOUT)

Vpp = DATA / 1024 x 3 x 5V
VOUT = DATA /1024 x 5V

DATA is measured by ftana command as explained in Table 7—11.

Micronas
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6.1.5. Error Codes

Table 6-9: Error codes

STATUS Error

0 no error

1 acknowledge error

2 2'nd Acknowledge error

3 invalid command for selected
Mode

4 PID in running table cannot be
modified (LIN)

5 LIN communication Error

6 LIN interface connection Error

7 no PWM (at PWM Duty Cycle
read command)

8 reserved

9 reserved

10 (0xA) reserved

11 (0xB) reserved

12 (0xC) reserved

13 (0xD) data read error

14 (OxE) invalid command parameter

15 (OxF) invalid command

20
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7. Board Mode Settings

7.1.

Board Operation Modes

In order to meet the different requirements of the various Hall devices, the board can be
run in different operation modes. When a particular device is used, the corresponding
board mode has to be selected first. The mode list can be displayed by sending the
board command “?m”.

Table 7-10: Board modes

Mode

Description

8

HAL 2810 — LIN Mode

9

HAL 283x/50 — Biphase via DIO- Pin

HAL 1820 — Biphase via Vgp Pin
HAL 24xy — Biphase via Vgyp Pin
HAL 3625 — Biphase via Vgyp Pin
HAL 3675 — Biphase via Vgyp Pin
HAL 38xy — Biphase via Vgyp Pin

HAL 24xy — Biphase via OUT - Pin
HAL 3625 — Biphase via OUT - Pin
HAL 3675 — Biphase via OUT - Pin
HAL 38xy — Biphase via OUT - Pin

7.2. Board Configuration Commands

The board configuration commands shall be used to

— select the board mode

— set/read configuration data like the bit time or firmware version

— control the power supply Vpp yaL of the connected sensor

Table 7-11: Board configuration

Action Command | Parameter Remarks
get firmware version v return <ST>:[Version] firmware release version
Example
=> v
<=0:v2.32
show available board ?m returns a list of board modes available
modest

Micronas
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Table 7-11: Board configuration

Action Command | Parameter Remarks
set board mode smN N see Table 7-10 on page 21 for details | switch board to device specific mode
return value: <ST>:0000N Example
=>smA
<= 0:0000A
Switch Vgyp paL on vho1 return value: <ST>:00001 supply voltage on (default 6 V; see volt-
age levels for details)
Example
=> vho1
<= 0:00001
Switch Vgyp_par off vhoO return value: <ST>:00000 supply voltage off
=> vhoO
<= 0:00000
For factory tests only
set low voltage level ftvdIX X =0: Vgyp=5V normal Vgyp
X=1:Vgyp =6V low level for Biphase-M protocol, if pro-
gramming via Vgyp-Pin
set high voltage level ftvdhX X=0:Vgyp =5V
X =1: Vgyp = 7.5V (if ftvdlO)
X =1: Vgyp = 8V (if ftvdl1) high level for Biphase-M protocol, if pro-
gramming via Vgp-Pin
set programming voltage | ftvdpX X = 0: Vgyp= 5V (if ftvdl0 and ftvdhO)
X =1: Vgyp = 12V (if ftvdl0 and ftvdhO) for LIN-Mode
X =1:Vgyp = 12.5V (if ftvdl1 and ftvdh0)
X =1: Vgyp = 14.5V (if ftvdl0 and ftvdh1)
X=1:Vgyp = 15V (if ftvdl1 and ftvdh1)
force output voltage ftsmeX X = 1: force output voltage to high state
X = 0: release output
switch output pull-up ftponX X = 0: pull-up off for open-drain devices you need the pull-
resistor on/off . up resistor
X =1: pull-up on
select 1/0 channel ftsesN N=1or2 N =1 HAL1
N =2HAL2
return value: <ST>:0000N only possible in combination with pro-
gramming via OUT-Pin.
set Bit time sbtBT BT = 000A... 0D48 (10us...3.4ms) bit time in ps as 4-digit hex No.
return value: <ST>:00000 (defaul=0x03E8)
measure Vgyp ftana1l ftanal "\n" return value: <ST>:000000 measure the supply voltage with HAL-

APB’s ADC

Example

=> ftanat

<=0:00177

0x00177 = 375(dec) * 15/1024 =5.49 V

22
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Table 7-11: Board configuration

Action Command

Parameter

Remarks

measure VOUT_HAL ftana2

ftana1l "\n" return value: <ST>:000000

measure the analog output voltage of sen-
sor 1 with HAL-APB'’s ADC

Example

=> ftana2

<= 0:00200

0x00200 = 512(dec) *5/1024 =25V

only for Sensor 1 available

read PWM-Period and

prN
Pulse width")

N=0/1

return value:
<ST>:<P4><P3><P2><P1><P0><W4><W3><
W2><W1><W0>

N trigger on falling/rising PWM edge

<ST> board status

<P> 5 digit Period

<W> 5 digit Pulse width

Example

=> pr1 (OP-bit=0)

<= <ST>:013AE00A00

- Conversion of PWM-Period:
0x013AE = 50384,/ 10000 = 0,5ms
- Conversion of Pulse width:
0x00A00 = 25604,/ 10000 = 0,26ms
- Calculation of Duty-Cycle:

2560/ 5038 = 50,8%

get Bit time ?bt

return value: <ST>:BT

BT as a 5-digit hex No.

get last acknowledge ?ack

time

return value: <ST>:0xACK

ACK as a 4-digit hex No.

returns the width of last acknowledge
pulse

DAvailable with firmware versions greater then 2.32. With firmware versions less then 2.32 this command is only available in

mode 9.

<ST> = Board Status character see from Section 6.1.5 on page 20 onwards for details
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8.

HAL 1820

8.1.

The HAL 1820 is a universal magnetic field sensor with a linear output, based on the
Hall effect. Magnetic field, perpendicular to the branded side of the sensor provides a
output voltage direct proportional to the applied magnetic flux through the Hall plate
and proportional to the supply voltage (ratiometric behavior). Details on features and
specification are described in the data sheet.

Programming interface

The sensor is programmed via supply voltage modulation. After detecting a command,
the sensor reads or writes the memory and answers with a digital signal on the output

pin.

A logical “0* is coded as no level change within the bit time. A logical “1“ is coded as a
level change of typically 50% of the bit time. After each bit, a level change occurs (see

Fig. 8-1).

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

tbit tobit

B
oo | _F

tbbit tobit

I |
logical 1 J I I \_

— - ——>
thb  Tonb tonb  tonb

Fig. 8-1: Definition of logical 0 and 1 bit
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8.2. Command Structures of Protocol

COM: command bit SYNC: start bit (always 0) ACK: acknowledge
ADR: address bit DAT: data bit

: Analog Output
parity: command and address check bit nalog Lufpu
dummy: dummy bit (always 0) CRC: CRC bit

Communication via Vgp-Pin (Biphase-In = Vg,p-Pin / Biphase-Out = OUT-Pin)

Write O AV RADEX 45 40 NA A D 04X A AU AN AD
S RIS KL LK LOLD LB LKV AN KO ROV oD
command S PPPP PP R R TR RF R F IR RF FRFFFFXERLE

VSUP-Pin

OUT-Pin

READ
command

VSUp-Pin

OUT-Pin

N 0% D Q
SINUNUNTUALANNUD K KA 40 KD &A% 424U kN KLV O
S /\o‘é\oéo‘é\o‘é\o‘é\o‘é\o‘;\o‘é\o‘;\o‘é\o‘é\o‘;\o‘;\o‘é\o‘b%&o@%*o

Detail A / \
VsupL

Detail B

tspace tspace

OUT-Pin

Analog Output

tack
")One Acknowledge if a register is written (except the NVPROG register)

Detail B

tspace tpmg tspace

. B M|
OUT-Pin \ / \__
Analog Output

tAck tack

22nd Acknowledge only if the NVPROG register is written and the erasing or programming was successful
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8.3. Telegram Parameters

Table 8-12: Telegram parameters for programming via Vgyp-Pin (all voltages are referenced to GND)

Symbol Parameter Pin No. Limit Values Unit Comment
Min. | Typ. | Max.
VsupProgram | Vsup Voltage for EEPROM & 1 5.7 6 6.5 \
NVRAM programming (during
Programming)
Biphase frame characteristic of the host
th_bbit Host biphase bit time 972 | 1024 | 1075 | ps
th_bhb Host biphase half bit time 0.45 | 0.5 0.55 | ty pbit
th_bifsp Host biphase interframe space 3 th_bbit
Slew rate - 2 - V/us
Biphase frame characteristic of the Sensor
ts_pbit Sensor biphase bit time 820 | 1024 | 1225 | ps
ts_bhb Sensor biphase half bit time - 0.5 - ts_bbit
ts_pifsp Sensor biphase interframe space 2 - - ts_pbit
ts_bresp Sensor biphase response time 1 - 5 ts_pbit
Slew rate - 2 - V/us
Detail A
VsupL Supply Voltage for Low Level 1 5.8 6.3 6.6 \'
during Programming through
Sensor Vgyp Pin
VsupH Supply Voltage for High Level 1 6.8 7.3 7.8 \
during Programming through
Sensor Vgyp Pin
Detail B
tspace Time before and after acknowl- - 1 - ts_bbit
edge
tack Acknowledge time - 1 - ts_bbit
torog Programming time - 1 - ms
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8.4.

Available sensor commands

The sensor supports 2 commands which provide read and write access to the NVRAM
and register. Then mentioned commands allows for example to read the hall value, and
to program the NVRAM.

The used write data frame and read data frame contains of 5 address bits.

In case of a unknown command, the sensor does neither transmit an acknowledge nor
a body.

Table 8-13: Available Commands

Command COM b[2:0] frame type | ADR b[4:0] DAT b[15:0] (RD/WD)
Read 1 read offset address data read from address = ADR
(0 to 31)
Write 6 write offset address data which is written to address = ADR
(0 to 31)
8.4.1. Read

8.4.2.

8.4.3.

The read telegram uses the read data frame. The sensor transmits the data of the
address (A b[4:0]) after the header has been successful received and the address is
permitted. Otherwise, the sensor does not respond.

Write

The write telegram uses the write data frame. The sensor saves the received address
to the calculated effective address and transmits an acknowledge after the header and
body has been successful received and the effective address is permitted. Otherwise,
the command is discarded and the sensor transmits no acknowledge.

A write telegram is also discarded while NVRAM programming.

Protocol Error Handling

The sensor is detecting and logging protocol errors and command errors. The com-
mand errors are specified in section 1.

The sensor is detecting following communication errors

— invalid parity

— invalid checksum

— command error
A command error occurs when the command is either unknown or the execution has
failed.

In case of an error, the sensor transmits no acknowledge nor a body. If the protocol is
understood an ACK is sent no matter if the command can/may be processed
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8.4.4.

8.4.5.

8.4.6.

Data check

To allow data transmission in rough environments, two separate check mechanisms are
implemented.

The command bits and the address bits are followed by a common parity bit as per
description

CRC

The data bits are always followed by 4 CRC bits. For all commands but read the CRC
result is calculated of all protocol bits, including command, address, parity and data
bits.

For read command, the CRC result is calculated of dummy bit and data bits only (16).

The polynomial for the CRC calculation is always XA4X+1.

In case of correct command detection (parity, CRC and command address if applica-
ble), ACK is sent.

Disrupted transfers can be retried by the master.

Parity check

For the command and address bits, an “odd” parity check is used. In the case of an
even number of “1”s, the parity bit has to be “1”. In the case of on odd nhumber of “1”s,
the parity bit has to be “0”. With the parity bit, global parity is always even.
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8.5. HAL 1820 - Board commands

Note: For general board commands see Table 7—11 on page 21

Table 8-14: HAL 1820 - Board commands

Action

Command

Parameter

Data

write data to address

xxwSTR

STR = <A1><A0><D3><D2><D1> <D0><CRC>

return value:
<ST>:<R5><R4><R3><R2><R1><R0>

<A> address as 2-digit hex No.
<D> data as 4-digit hex No.
<CRC> checksum as 1-digit hex No.

<ST> = Status of Board (see
Table 6-9 on page 20 for details)

<R> received data as 4-digit hex No.

Example:
write C000 (hex) into register 8

=> xxw08C0008
<= 0:000000"
<= 2:0000002

read data from address

xxrSTR

STR = <ADR1><ADRO>
Return value:
<ST>:<R3><R2><R1><R0><CRC>

<A> address as 2-digit hex No.
<CRC> checksum as 1-digit hex No.

<ST> = Status of Board (see
Table 6-9 on page 20 for details)

<R> received data as 4-digit hex No.

Example:
read address 8

=> xxr08
<= 0:C000B

1)

response for firmware versions less then 2.32
2) response for fimware versions greater or equal then 2.32
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8.6.

Locking of the Sensor

For reliability in service, it is mandatory to set the LOCK bit after final adjustment and
programming.

The success of the LOCK process should be checked by reading the status of the
LOCK bit after locking.

It is also mandatory to check the status of the received data or to read/check the status
of the DIAGNOSIS register after each store sequence to verify if the programming of
the sensor was successful. VER, PER and OVP (bits <2:0>) should be 0 after each set/
erase command. NVE (bit 11) should be 0 only after enough succesive set or erase
command (after 10 erase or 10 set).

Electro-static discharges (ESD) may disturb the supply voltage during programming.
Please take precautions against ESD.

For the programming during product development and also for production purposes, a
programming tool including hardware and software is available on request. It is recom-
mended to use the Micronas tool kit for an easy product development. It is also recom-
manded for production to always first program the “0” (erase command) the the “1” (set
command).

Note: Itis possible to read the registers of the HAL 1820 after locking. Changing of the
memory after locking is not possible.
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HAL24xy

9.1.

The HAL 24xy is a universal magnetic field sensor with a linear output, based on the
Hall effect. Magnetic field, perpendicular to the branded side of the sensor provides a
output voltage direct proportional to the applied magnetic flux through the Hall plate
and proportional to the supply voltage (ratiometric behaviour). Details on features and
specification are described in the data sheet.

Programming interface

The sensor can be programmed via supply voltage modulation or via output voltage
modulation. The default mode is the programming via the output voltage modulation.
The sensor answers with a modulation of the output voltage.

A logical “0* is coded as no level change within the bit time. A logical “1“ is coded as a
level change of typically 50% of the bit time. After each bit, a level change occurs (see

Fig. 9-1).

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

tbit tobit

B
oo | _F

tbbit tobit

I |
logical 1 J I I \_

— - ——>
thb  Tonb tonb  tonb

Fig. 9-1: Definition of logical 0 and 1 bit
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9.2. Command Structure of Protocol for communication via
Vsup

command structure

COM: command bit SYNC: start bit (always 0) ACK: acknowledge
ADR: address bit DAT: data bit

: Anal tput
parity: command and address check bit nalog outpu
dummy: dummy bit (always 0) CRC: CRC bit

Communication via Vgyp-Pin (Biphase-In = Vg,p / Biphase-Out = OUT-Pin)

WRITE OAV RO X 6D 6L N A4 D35 4d 1D 50, AN 5O 020, /N QO
SV MLV IS NN ANLR QDK K0 L0 AX DAV L G2V >
command S P PP R PP R P SRR FR R R R P X F X R P X RRR

A

//\
veurPin /LD L L

~ o —
OUT-Pin ] / \/_\#[‘Lﬁ

N /
~. £ —
B
READ CEROP L AND o
command S PPPELIOR & RS

vaern | LLELLEUOEREADARL
UTRN LA EAA

Q

N0 DU A
SININIAURNUNINAD 4D 4N 40 404 X 4D xUAN 4/ RV D
SROIVTKILINU DL LOLOLX LY K PV O (S
T F FFFFRFRR TR R PR RS

\
Detail A SuPH /—
V -Pin
sup~! VsupL

Detail B tspace torog Lspace

OUT-Pin

analog output

tack tAck
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9.3. Command Structure of Protocol for communication via
OUT-Pin

command structure

COM: command bit SYNC: start bit (always 0) ACK: acknowledge
ADR: address bit DAT: data bit

: Anal
parity: command and address check bit nalog output

dummy: dummy bit (always 0) CRC: CRC bit

Communication via Out-Pin / Bidirectional on Out-Pin

WRITE
OUT-Pin ~ 7™ ~
/ N RN
= UCEEEECECE b E DD KKK
\ AN - ) ~ - /
- = <~ -3
<" <&
cl?oEnAmDand B éij@%)%\oﬁ)@:g@:@‘z\:&:@i@
OUT-Pin / g b AN
f U KD R
N -
- C
Detail B 8 ot t, t
OUT-Pin :CXjﬂg i - FP_’IL
Analog output
tAck tack
Detail C
OUT-Pin toverc towitch

SYNC

OOOOO
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9.4. Telegram Parameter

Symbol Parameter Pin No. Limit Values Unit Comment
Min. | Typ. | Max.
VSUPProgram VSUP Voltage for EEPROM & 1 5.7 6 6.5 \Y
NVRAM programming (during
Programming)
Biphase frame characteristic of the host
th_bbit Host biphase bit time 972 1024 | 1075 | ps
th_bhb Host biphase half bit time 0.45 | 0.5 0.55 | th ppit
th_bifsp Host biphase interframe space 3 th_pbit
Slew rate - 2 - V/us
Biphase frame characteristic of the Sensor
ts_bbit Sensor biphase bit time 820 1024 | 1225 | ps
ts_bhb Sensor biphase half bit time - 0.5 - ts_bbit
ts_bifsp Sensor biphase interframe space 2 - - ts_pbit
ts_bresp Sensor biphase response time 1 - 5 ts_bbit
Slew rate - 2 - V/us
Detail A (programming via Vgyp)
VsupL Supply Voltage for Low Level dur- | 1 5.8 6.3 6.6 \
ing Programming through Sensor
VSUP Pin
VsupH Supply Voltage for High Level dur-| 1 6.8 7.3 7.8 \
ing Programming through Sensor
VSUP Pin
Detail B
tspace Time before and after acknowl- 3 - 1 - ts_pbit
edge
tack Acknowledge time 3 - 1 - ts_pbit
torog Programming time 3 - 4.5 - ms
Detail C (programming via OUT-Pin)
toverc Over current pulse duration 3 - 2 - ms
tswitch Time to switch sensor from appli- | 3 - 4 - ms
cation mode into programming
mode
loth Over current threshold 3 +/-10 mA

Note: Only with programming via OUT-Pin is it possible to connect and program two sensors to the same Vgp and
same GND line.
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9.5.

Available sensor commands

The sensor supports 3 commands which provide read and write access to the whole memory
(NVRAM;ROM, RAM, register).

The used write data frame and read data frame contains of 5 address bits only. A set base
address command which defines a base address, expands the accessible address range to 8 bit.

In case of a unknown command, the sensor does neither transmit an acknowledge nor a body.

Table 9—-15: Available sensor commands

Command COM b[2:0]| frame ADR b[4:0] DAT b[15:0] (RD/WD)
type
Read 1 read offset address data read from address = ADR
(0 to 31)
Set base address 3 write don’t care base address 0,1,2,3
Write 6 write offset address data which is written to address = ADR
(0to 31)
9.5.1. Set base address

9.5.2.

9.5.3.

9.5.4.

The set base address telegram functions as preparation for the write telegram and the read tele-
gram. It uses the write data frame. Bit [15:2] are don’t care bit 0 and bit1 are concatenated to the
address.The sensor transmits an acknowledge if a communication error has not been detected.

Read

The read telegram uses the read data frame. The sensor transmits the data of the effective
address after the header has been successful received and the effective address is permitted.
Otherwise, the sensor does not respond.

The effective address is calculated by the base address plus offset address. The offset address
is defined by the address bits of the header (A b[4:0]).

Write

The write telegram uses the write data frame. The sensor saves the received address to the cal-
culated effective address and transmits an acknowledge after the header and body has been
successful received and the effective address is permitted. Otherwise, the command is discarded
and the sensor transmits no acknowledge.

A write telegram is also discarded while EEPROM programming. During the NVPROM program-
ming sequence, a write command is discarded.

CRC

The data bits are always followed by 4 CRC bits. For all commands but read the CRC result is
calculated of all protocol bits, including command, address, parity and data bits.

For read command, the CRC result is calculated of data bits only (16).
The polynomial for the CRC calculation is always X*+X+1.

In case of correct command detection (parity, CRC and command address if applicable), an ACK
is sent as an answer.
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9.5.5. Parity check

For the command and address bits, an “odd” parity check is used. In the case of an even number
of “1”s, the parity bit has to be “1”. In the case of an odd number of “1”s, the parity bit has to be

“0”.

9.5.6. Protocol Error Handling

The sensor is detecting protocol errors and command errors.

The sensor is detecting following communication errors:
— invalid parity
— invalid checksum

— command error
A command error occurs when the command is either unknown or the execution has failed.
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9.6. HAL 24xy - Board commands

Table 9-16: HAL 24xy commands

<ST>:<R5><R4><R3><R2><R1><R0>

Action Command | Parameter Remarks
set base xxsbSTR | STR = <A1><A0><D3><D2><D1> <D0><CRC> | <A> address as 2-digit hex No.
address return value: <D> data as 4-digit hex No.

<CRC> checksum as 1-digit hex No.

<ST> = Status of Board (see
Table 6-9 on page 20 for details)

<R> received data as 4-digit hex No.

Example:
set base address 1

=> xxsb000001d
<= 0:000000

write data xxwSTR STR = <A1><A0><D3><D2><D1> <D0><CRC>
return value:
<ST>:<R5><R4><R3><R2><R1><R0>

<A> address as 2-digit hex No.
<D> data as 4-digit hex No.
<CRC> checksum as 1-digit hex No.

<ST> = Status of Board (see
Table 6-9 on page 20 for details)

<R> received data as 4-digit hex No.

Example:
write 3333 to address b

=> xxw0b33333
<= 0:000000

read data xxrSTR STR = <A1><A0>
return value:
<ST>:<R3><R2><R1><R0><CRC>

<A> address as 2-digit hex No.
<D> data as 4-digit hex No.
<CRC> checksum as 1-digit hex No.

<ST> = Status of Board (see
Table 6-9 on page 20 for details)

<R> received data as 4-digit hex No.

Example:
read address b

=> xxrOb
<= 0:3333E
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9.7.

Locking of the Sensor

For reliability in service, it is mandatory to set the LOCK bit after final adjustment and
programming.

The success of the LOCK process should be checked by reading the status of the
LOCK bit after locking.

It is also mandatory to check the acknowledges of the sensor or to read/check the sta-
tus of the PROG register after each store sequence to verify if the programming of the
sensor was successful.

Electro-static discharges (ESD) may disturb the supply voltage during programming.
Please take precautions against ESD.

For the programming during product development and also for production purposes, a
programming tool including hardware and software is available on request. It is recom-
mended to use the Micronas tool kit for an easy product development.

Note: It is not possible to write or to read a register after locking.
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10.

HAL 2810 — Board Commands

The HAL 28xy family consists of members with different digital interfaces like LIN,
PWM and SENT. All members within this family can be programmed without any addi-
tional programming pin. Programming is done via LIN frames or Biphase-M telegrams
depending on the family member.

10.1. LIN Interface
Note: For the LIN2.0 Mode, the hardware configuration of the HAL-APB V1.x must be
changed. For details (see Section 3 on page 10).
The LIN Interface on the HAL-APB V1.x is intended to be used with one HAL 2810 sen-
sor as a point to point communication. The firmware comprises a master driver for LIN
protocol 2.0. A slave mode is not implemented.
10.1.1. LIN Interface Mode Configuration
Note: In case of LIN configuration the bus voltage level is equal to Vggaq (normally
18 V).
For using this mode correct the Vpp a1 has to be set to 12V too. This is done by send-
ing the two commands
=> ftvdp1(setting programming voltage = 12V)
=> vho1(switching on Vpp pal)
10.1.2. Schedule Tables

Different schedule tables allow the use of unconditional frames and diagnostic/configu-
ration frames. It is possible to switch between 4 schedule tables, where tables 1 to 3
handle unconditional frames and table 4 handles configuration frames. The PIDs given
in the table are the default settings in the HAL-APB V1.x firmware schedule table set-
tings. The PIDs of the unconditional frames in the schedule tables 1 to 3 can be
changed in the test terminal.

This can be only done while the corresponding table is not scheduled! The number of
response bytes is set to a fixed value for each frame inside a schedule table. If a PID is
changed accordingly, this length is applied to the new PID. Changed PIDs are lost after
powering off the HAL-APB V1.x. Each schedule table includes only two LIN frames!
The scheduling time between frames is set to 20 ms (fixed).

Note: To apply more user friendly behavior, especially for the saving of special PID
settings, the calling application software should implement the preservation of
the PID settings.

Micronas

Oct. 8,2012; APN000055_003EN 39



HAL 1820, HAL24xy, HAL28xy, HAL36xy, HAL 38xy APPLICATION NOTE
Application Board HAL-APB V1.x

Table 10-17:Schedule Tables unconditional frames of the HAL-APB V1.x

Table Number Description

ID_Table_1 Default scheduling table after startup. It comprises a set address to pre-
pare a data access (W/nR=0) and a Read 2 bytes frame. The address
is arbitrary. the default scheduling prevents the sensor from going into
sleep.

Frame1: PID = Ox03 (set address), 3 bytes
Frame2: PID = Oxc4 (Read 2 bytes), 2 bytes

ID_Table_2 This table prepares an address to read from (W/nR=0) and performs a
4 byte read from there.

Frame1: PID = 0x03 (set address), 3 bytes
Frame 2: PID = 0x85, (Read 4 bytes), 4 bytes

ID_Table_3 This table comprises a frame to write a byte to an address (W/nR=1). A
second frame includes only a dummy 4 byte read from this address.

Frame1: PID = 0x03 (set address), 3 bytes
Frame2: PID = 0x85 (Read 4 bytes), 4 bytes

Table 10-18:Schedule table configuration frames of the HAL-APB V1.x

Table Number Description

ID_Table_4 This table contains configuration frames to schedule.

The two frames are a request (PID60) and a response (PID61) frame.
the data bytes to be used with the request frame can be set by the user.

Frame1: PID60 = 0x3C, 8bytes
Frame2: PID61 =0x7D, 8bytes

10.1.3. Error Handling

A global error flag is set if a LIN communication error, e.g. a shorted bus or a discon-
nected slave has been detected. There is no certain fault confinement implemented but
only this global error information. The last error information can be kept alive or reset.

40 Oct. 8, 2012; APN000055_003EN Micronas



APPLICATION NOTE

HAL 1820, HAL24xy, HAL28xy, HAL36xy, HAL 38xy
Application Board HAL-APB V1.x

10.2. HAL 2810 (LIN2.0) — Board commands

Table 10-19:HAL 2810 commands

Note: For general board commands see Table 7—11 on page 21

Action

Command

Parameter

Remarks

switch schedule table

IsstabN

N=1.4
return value:
<ST>:<R7><R6><R5><R4><R3><R2><R1><R0>

N schedule table No.

<ST> board status (see Table 6—
9 on page 20 for details)

<R> received data as 8-digit hex
No.

Example
=> [sstab1

<= <S8T>:00000000

set address

= Prepare Data
Access

lwpaSTR

STR = <A3><A2><A1><A0>
return value:
<ST>:<R7><R6><R5><R4><R3><R2><R1><R0>

<A> address as 4-digit hex No.

<ST> board status (see Table 6—
9 on page 20 for details)

<R> received data as 8-digit hex
No.

Example
=> lwpa3047
=> <ST>:00000000

set address
= Write Byte

lwaSTR

STR = <A3><A2><A1><A0><D1><D0>
return value:
<ST>:<R7><R6><R5><R4><R3><R2><R1><R0>

<A> address as 4-digit hex No.

<D> data as 2-digit hex No
<ST> board status (see Table 6—

9 on page 20 for details)

<R> received data as 8-digit hex
No.

Example
=> Iwa304711

=> <ST>:00000000

send single shot of
schedule table 3

Isos

return value:
<ST>:<R7><R6><R5><R4><R3><R2><R1><R0>

<R> received data as 8-digit hex
No.

<ST> board status (see Table 6—
9 on page 20 for details)

Example
=> |sos
<= <ST>:00000000

read last data

Ird

return value:
<ST>:<R7><R6><R5><R4><R3><R2><R1><R0>

<ST> board status (see Table 6—
9 on page 20 for details)

<R> received data as 8-digit hex
No.

if Isstab1: <R3>... <R0>
if Isstab2: <R7>... <R0O>
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10.3.

Locking of the Sensor

A lock bit directly affects the sensor hardware:

1. Any further write access to the corresponding EEPROM area is blocked.

2. The EEPROM cells are permanently connected to their RAM layer.

If the lock bit COLOC is not set the configuration of the DSP may be controlled by the

data stored in the RAM layer only. The customer must verify and (if necessary) refresh
the configuration data periodically.

Note: It is mandatory to lock the DSP CONIFIG EEPROM when the sensors are used
for qualification tests and in field applications.

If the lock bit C1LOC is not set the configuration of the LIN bus may be controlled by the
data stored in the RAM layer only. The customer must verify and (if necessary) refresh
the configuration data periodically.

Note: Micronas recommends to lock the COM CONFIG area when the sensors are
used for qualification tests and in field applications.

The lock bit does not restrict the read access to the memory. Any permitted address
can be read independent of the lock bit.

— Before setting a lock bit (COLOC or C1LOC) verify the register contents of the corre-
sponding EEPROM area.

— Check for the effectiveness of the lock bit after locking.

This can be done by a write attempt to one of the EEPROM registers.

Note: The lock mechanism gets active with the next reset after setting the lock bit.
Once the lock mechanism is active the corresponding EEPROM area cannot be
reprogrammed. In particular the lock bits COLOC, C1LOC, MLOC cannot be
cleared.
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11.

HAL 283x / HAL 2850

11.1.

The HAL 283x/HAL2850 are universal magnetic field sensors with SENT/PWM output,
based on the Hall effect. Magnetic field, perpendicular to the branded side of the sen-
sor provides a output signal direct proportional to the applied magnetic flux through the
Hall plate. Details on features and specification are described in the data sheet.

Programming interface

The sensor can be programmed via output voltage modulation. The sensor answers
with a modulation of the output voltage.

A logical “0* is coded as no level change within the bit time. A logical “1“ is coded as a
level change of typically 50% of the bit time. After each bit, a level change occurs (see

Fig. 11-1).

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

tbit tobit

B
oo | _F

tbbit tobit

-— ([ t—

I |
logical 1 J I I \_

— - ——>
thb  Tonb tonb  tonb

Fig. 11-1: Definition of logical 0 and 1 bit
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11.2. Command Structure of Protocol for communication via
OUT-Pin

command structure

COM: command bit SYNC: start bit (always 0) ACK: acknowledge
ADR: address bit DAT: data bit -

: I
parity: command and address check bit digital Output
dummy: dummy bit (always 0) CRC: CRC bit

Communication via Out-Pin / Bidirectional on Out-Pin

Mode Switch
VSUP tstartup tms tswitch
- <4 > <

sensor output

OUT-Pin

WRITE

command O VRO 02 oV 60 4 (RO 3D N 3O % QNS
SRR LD L L LA LD L0 LOLX ALV K G2 OeO

t S PP PR P PR PR FFF R R F F XK K FF FFRXRR KR
OUT-Pi s_bifsp

n
J WAL XXX XXX

| tsfbresp

READ | ©
comman RS ‘
OUT-Pin ts_bitsp QKQQOQO%O%Q\:@QS@Q\:QQ;\QQz&@ ts_bresp
« « "
i U VU
Q

N9 ™ AD AU AR N AQ
SRR L RERLRLLL L2 B> AU QG2 O S
O R R R R R RS RA RN RN A DS RN S SO XS A e %
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11.3. Telegram Parameters

Symbol Parameter Pin No. Limit Values Unit Comment

Min. | Typ. | Max.

Vsupprogram | Vsup Voltage for EEPROM pro- | 1 5.5 - 18 \
gramming (during Programming)
tstartup Start up time (HAL2850) 3 - - 8" | ms PERIOD =0 (0.5 ms)
9" | ms PERIOD =1 (1 ms)
10" | ms PERIOD = 3 (2 ms)
10" | ms PERIOD = 7 (4 ms)
20" | ms PERIOD = 11 (8 ms)
40" | ms PERIOD = 15 (16 ms)
80" | ms PERIOD = 19 (32 ms)
Start up time (HAL283x) 12 | ms
tus Mode switch 3 130 | - 560 | ms
tswitch 0 12 ms

Biphase frame characteristic of the host

th_bbit Host biphase bit time 972 1024 | 1075 | ps

th_bhb Host biphase half bit time 0.45 | 0.5 0.55 | ty ppit

th_bifsp Host biphase interframe space 3 th_bbit
Slew rate - 2 - V/us

Biphase frame characteristic of the Sensor

ts_bbit Sensor biphase bit time 820 | 1024 | 1225 | ps
ts_bhb Sensor biphase half bit time - 0.5 - ts_bbit
ts_bifsp Sensor biphase interframe space 2 - - ts_bbit
ts_bresp Sensor biphase response time 1 - 5 ts_bbit
Slew rate - 2 - V/us

1)For POST= 0, 10 ms must be added when POST=1 and 3, 32 ms must be added when POST=2
2)For POST= 0, 10 ms must be added when POST=1, 2 or 3, 7 ms must be added
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11.4.

Available sensor commands

The sensor supports 5 commands which provide read and write access to the whole
memory (ROM, RAM, register). Then mentioned commands allows for example to read
the hall value, the temperature value, and to program the EEPROM.

The used write data frame and read data frame contains of 5 address bits only. A "set
base address" command which defines a base address, expands the accessible
address range to 16 bit.

In case of a unknown command, the sensor does neither transmit an acknowledge nor
a body.

Table 11-20:Supported commands

Command COM b[2:0] | frame | A b[4:0] DAT b[15:8] (RD/WD) DAT b[7:0] (RD/WD)
type
Read with absolute 0 read absolute address data read from address | data read from address
address (0 to 31, byte aligned) | =A+1 =A
Read with base 1 read address offset data read from address | data read from address
address (0 to 31, byte aligned) | =base address + A+1 | =base address + A
Set base address 3 write don’t care base address (16 bit, byte aligned)
Write byte with base 5 write address offset don'’t care data which is written to
address (0 to 31, byte aligned) address
= base address + A

Write word (16-bit) 6 write address offset data which is written to | data which is written to
with base address (0 to 31, byte aligned) | address address

= base address + A +1 = base address + A

11.4.1.

11.4.2.

11.4.3.

Set base address

The “set base address” telegram functions as preparation for write telegrams and the
"read with base address" telegram. It uses the write data frame. The base address is
defined by DAT[15:0]. The sensor transmits an acknowledge if a communication error
has not been detected.

Read with absolute address

The "read with absolute address" telegram uses the read data frame. The sensor trans-
mits the data of the effective address after the header has been successful received
and the effective address is permitted. Otherwise, the sensor does not respond.

The effective address is defined by the address bits of the header (A b[4:0]). Thus, this
telegram can be used for reading the lower 32 byte only.

Read with base address

The "read with base address" telegram uses the read data frame. The sensor transmits
the data of the effective address after the header has been successful received and the
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11.4.4.

11.4.5.

11.4.6.

11.4.7.

effective address is permitted. Otherwise, the sensor does not respond. The effective
address is calculated by the base address plus offset address. The offset address is
defined by the address bits of the header (A b[4:0]).

Write byte with base address

The "write byte with base address" telegram uses the write data frame. The sensor
saves the received byte (DAT b[7:0]) to the calculated effective address and transmits
an acknowledge after the header and body has been successful received and the
effective address is permitted. Otherwise, the command is discarded and the sensor
transmits no acknowledge.

A "write byte with base address" telegram is also discarded while EEPROM program-
ming.

Write word with base address

This telegram is similar to the "write byte with base address" telegram. Unlike the "write

byte with base address" telegram, this telegram is used for writing 16-bit data to the
effective address and the effective address+1.

Special Cases

After reset, the IC does not execute a "read with base address”, "write byte with base
address" or "write word with base address" command till a "set base address" telegram
has been received.

During the EEPROM programming sequence (clear and set), a "write byte with base

address" command or "write word with base address" command is discarded. It is rec-
ommended to pause the communication while the clear and set sequence is operated.

Protocol Error Handling

The sensor is detecting and logging protocol errors and command errors.

The sensor is detecting following communication errors:

- frame error

A frame error can occur due to a too short interframe space, a non valid start bit ("0"), a
non valid dummy bit "0", to less bits of a frame (time-out), or invalid pulse widths.

- invalid parity

- invalid checksum

- command error

A command error occurs when the command is either unknown or the execution has

failed.

In case of an error, the sensor neither transmits an acknowledge nor a body.
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11.5. HAL 283x / HAL 2850 — Board commands

Note: For general board commands see Table 7.2 on page 21

Table 11-21:HAL 283x / HAL 2850 commands

Action Command | Parameter Remarks

read PWM-Period and prN N=0/1 N trigger on falling/rising PWM edge
Pulse width

(only HAL 2850) return value: <ST> board status (see Table 6-9

<ST>:<P3><P2><P1><P0><W3><W2><W1><W0> on page 20 for details)
<P> 4digit Period
<W>4digit Pulse width

Example

=> pr1 (OP-bit=0)

<= <ST>:13AE0A00

- Conversion of PWM-Period:
0x13AE = 50384, / 10000 = 0,5ms
- Conversion of Pulse width:
0Xx0A00 = 25604,/ 10000 = 0,26ms
- Calculation of Duty-Cycle:

2560/ 5038 = 50,8%

mode switch pcms return value: return value: switch HAL 283x/HAL 2850 to
<ST>:<R4><R3><R2><R1><R0> Biphase-M programming mode

<ST> board status (see Table 6—9
on page 20 for details)

<R> received data as 5-digit hex

No.
read from page 0 pxrOSTR STR = <A1><A0> <A> address as 2-digit hex No.
returns data read from
address to address+1 return value: <ST> board status (see Table 69
<ST>:<R3><R2><R1><R0><CRC> on page 20 for details)

<R> received data as 4-digit hex No.
<CRC> checksum as 1-digit hex No.
Example

=> pxr002

=> <ST>:0FFB2

set base address pxsbSTR STR = <A3><A2><A1><A0><CRC> <A> base address as 4-digit hex No.
<CRC> checksum

<ST> board status (see Table 6-9
return value: on page 20 for details)
<ST>:<R4><R3><R2><R1><R0> <R> received data as 5-digit hex No.
Example

=> pxsb30006

=> <ST>:000000
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Table 11-21:HAL 283x / HAL 2850 commands

address to address+1

Action Command | Parameter Remarks

read byte with base pxrbSTR STR = <A1><A0> <A> address as 2-digit hex No.
address return value: <ST> board status (see Table 6-9
returns data from <ST>:<R3><R2><R1><R0><CRC> on page 20 for details)

<R> received data as 4-digit hex No.
<CRC> checksum

Example

=> pxrb00

<= <ST>:D4537

write byte with base
address

pxwbSTR STR = <A1><A0><D1><D0><CRC> <A> address as 2-digit hex No.

<D> data as 2-digit hex No.
<CRC> checksum

return value: <ST> board status (see Table 6-9
<ST>:<R4><R3><R2><R1><R0> on page 20 for details)

<R> received data as 5-digit hex No.

Example
=> pxwb00000

<= <S8T>:000000

write word with base
address

pxwwSTR STR = <A1><A0><D3><D2><D1><D0><CRC> <A> address as 2-digit hex No.

<D> data as 4-digit hex No.
<CRC> checksum

return value: <S8T> board status (see Table 6-9
<ST>:<R4><R3><R2><R1><R0> on page 20 for details)

<R> received data as 5-digit hex No.

11.6.

Locking of the Sensor

For reliability in service, it is mandatory to set the LOCK bit after final adjustment and
programming.

The success of the LOCK process should be checked by reading the status of the
LOCK bit after locking.

It is also mandatory to check the status bit of the received data or read/check the
EEPCTRL register after each store sequence to verify if the programming of the sensor
was successful.

Electro-static discharges (ESD) may disturb the supply voltage during programming.
Please take precautions against ESD.

For the programming during product development and also for production purposes, a
programming tool including hardware and software is available on request. It is recom-
mended to use the Micronas tool kit for an easy product development.

Note: It is not possible to write or to read a register after locking.
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12.

HAL 3625, HAL 3675, HAL 385x and
HAL 387x

12.1.

The HAL 36x5, HAL 385x and HAL 387x are members of a new generation of Hall-
effect sensors with vertical hall plate technology. With the new vertical Hall technology
it is possible to directly measure rotation angles in a range of 0° to 360° and linear
movements with simple magnetic circuits.Details on features and specification are
described in the data sheet.

Programming interface

The sensor can be programmed via supply voltage modulation or via output voltage
modulation. The default mode is the programming via the output voltage modulation.
The sensor answers with a modulation of the output voltage.

A logical “0“ is coded as no level change within the bit time. A logical “1“ is coded as a
level change of typically 50% of the bit time. After each bit, a level change occurs (see

Fig. 12-1).

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

it tobit
| | /7
| |
| or |
logical 0 : !
tbit tobit
| |
or
logical 1 I I
- —p - € —

1
toho ' tonb tonb  tohb

Fig. 12-1: Definition of logical 0 and 1 bit
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12.2. Command Structure of Protocol for communication via
Vsup

command structure

COM: command bit SYNC: start bit (always 0) ACK: acknowledge
ADR: address bit DAT: data bit -

] I digital output
parity: command and address check bit analog or digrtal outpu

dummy: dummy bit (always 0) CRC: CRC bhit

Communication via Vgyp-Pin (Biphase-In = Vg,p / Biphase-Out = OUT-Pin)

WRITE 0

N
command S IO R KOLOAXAD LY A & (VO D

. \\GQ‘?“O?“Q‘?“Q‘?“Q‘?“O?“QVQVO‘?QV‘QV‘QV“OY*QVQ?‘O?*QQ‘OQ‘OQ‘%Q‘
A

//\
v e R
~ -

OUT-Pin _ / m
\ J
~- Z -
B
READ O AR TUNT P SRS
command S PPOP PR ¢ O @

vaoern | \LDCEXEEERDRY
ouren | LR XXX

Q
D95 AN
SINKNANLANYAI AU 4B A 4D <D 4D 4D 4UAN QR D
é*)@o‘;\o‘;\o‘é\o‘é\oéo‘é\o‘é\o‘;\o‘;\o‘é\o‘é\o‘é\o‘é\o‘é\oéo‘é\o‘z%q‘oo‘z‘oo‘z‘o
, Y
Detail A SUPH / |
V -Pin
Sup VsupL
Detail B topace torog Lspace
OUT-Pin
analog or digital output
tACK tACK
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12.3. Telegram Parameters

Symbol Parameter Pin No. Limit Values Unit Comment
Min. | Typ. | Max.
VSUPProgram VSUP Voltage for EEPROM & 1 5.7 6 6.5 \
NVRAM programming (during
Programming)
Biphase frame characteristic of the host
th_bbit Host biphase bit time 972 1024 | 1075 | ps
th_bhb Host biphase half bit time 0.45 | 0.5 0.55 | ty ppit
th_bifsp Host biphase interframe space 3 th_bbit
Slew rate - 2 - V/ps
Biphase frame characteristic of the Sensor
ts_bbit Sensor biphase bit time 820 | 1024 | 1225 | ps
ts_bhb Sensor biphase half bit time - 0.5 - ts_bbit
ts_bifsp Sensor biphase interframe space 2 - - ts_bbit
ts_bresp Sensor biphase response time 1 - 5 ts_bbit
Slew rate - 2 - V/ps
Detail A
VsupL Supply Voltage for Low Level 1 5.8 6.3 6.6 \
during Programming through
Sensor Vgyp Pin
VsupH Supply Voltage for High Level 1 6.8 7.3 7.8 \
during Programming through
Sensor Vgyp Pin
Detail B
tspace Time before and after acknowl- - 1 - ts_bbit
edge
tack Acknowledge time - 1 - ts_pbit
torog Programming time - 4.5 - ms
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12.4. Command Structure of Protocol for communication via
OUT-Pin

command structure

COM: command bit SYNC: start bit (always 0) ACK: acknowledge
ADR: address bit DAT: data bit -
: Anal |
parity: command and address check bit nalog or digital output

dummy: dummy bit (always 0) CRC: CRC bit

Communication via Out-Pin / Bidirectional on Out-Pin

WRITE
OUT-Pin ~ 7™ ~
/ N RN
= UCEEEECECE b E DD KKK
\ AN - ) ~ - /
- = <~ -3
<" <&
cl?oEnAmDand B éij@%)%\oﬁ)@:g@:@‘z\:&:@i@
OUT-Pin / g b AN
f U KD R
N -
- C
Detail B 8 ot t, t
OUT-Pin :CXjﬂg e ) FP_’IL )
Analog or digital output
tAck tack
Detail C
OUT-Pin toverc towitch

SYNC

OOOOO
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12.5. Telegram Parameter

Symbol Parameter Pin No. Limit Values Unit Comment

Min. | Typ. | Max.

VSUPProgram VSUP Voltage for EEPROM & 1 5.7 6 6.5 \
NVRAM programming (during
Programming)

Biphase frame characteristic of the host

th_bbit Host biphase bit time 972 1024 | 1075 | ps

th_bhb Host biphase half bit time 0.45 | 0.5 0.55 | ty ppit

th_bifsp Host biphase interframe space 3 th_bbit
Slew rate - 2 - V/us

Biphase frame characteristic of the Sensor

ts_bbit Sensor biphase bit time 820 | 1024 | 1225 | ps
ts_bhb Sensor biphase half bit time - 0.5 - ts_bbit
ts_bifsp Sensor biphase interframe space 2 - - ts_bbit
ts_bresp Sensor biphase response time 1 - 5 ts_bbit
Slew rate - 2 - V/us

Detail A (programming via Vgyp)

VsupL Supply Voltage for Low Level 1 5.8 6.3 6.6 \
during Programming through
Sensor Vgyp Pin

VsupH Supply Voltage for High Level 1 6.8 7.3 7.8 \
during Programming through
Sensor Vgyp Pin

Detail B

tspace Time before and after acknowl- 3 - 1 - ts_bbit
edge

tack Acknowledge time 3 - 1 - ts_pbit

torog Programming time 3 - 4.5 - ms

Detail C (programming via OUT-Pin)

toverc Over current pulse duration 3 - 2 - ms
tswitch Time to switch sensor from appli- | 3 - 4 - ms
cation mode into programming
mode
loth Over current threshold 3 +/-10 mA

Note: Only with programming via OUT-Pin is it possible to connect and program two sensors to the same Vgp and
same GND line.
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12.6.

Available sensor commands

The sensor supports 3 commands which provide read and write access to the whole memory
(NVRAM;ROM, RAM, register).

The used write data frame and read data frame contains of 5 address bits only. A set base
address command which defines a base address, expands the accessible address range to 8 bit.

In case of a unknown command, the sensor does neither transmit an acknowledge nor a body.

Table 12—-22:Available commands

Command COM b[2:0] frame type | ADR b[4:0] DAT b[15:0] (RD/WD)
Read 1 read offset address data read from address = ADR
(0 to 31)
Set base address 3 write don’t care base address 0,1,2,3
Write 6 write offset address data which is written to address = ADR
(0 to 31)
12.6.1. Set base address
The set base address telegram functions as preparation for the write telegram and the read tele-
gram. It uses the write data frame. Bit [15:2] are don’t care bit 0 and bit1 are concatenated to the
address.The sensor transmits an acknowledge if a communication error has not been detected.
12.6.2. Read
The read telegram uses the read data frame. The sensor transmits the data of the effective
address after the header has been successful received and the effective address is permitted.
Otherwise, the sensor does not respond.
The effective address is calculated by the base address plus offset address. The offset address
is defined by the address bits of the header (A b[4:0]).
12.6.3. Write
The write telegram uses the write data frame. The sensor saves the received address to the cal-
culated effective address and transmits an acknowledge after the header and body has been
successful received and the effective address is permitted. Otherwise, the command is discarded
and the sensor transmits no acknowledge.
A write telegram is also discarded while EEPROM programming. During the NVPROM program-
ming sequence, a write command is discarded.
12.6.4. CRC
The data bits are always followed by 4 CRC bits. For all commands but read the CRC result is
calculated of all protocol bits, including command, address, parity and data bits.
For read command, the CRC result is calculated of data bits only (16).
The polynomial for the CRC calculation is always X*+X+1.
In case of correct command detection (parity, CRC and command address if applicable), an ACK
is sent as an answer.
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12.6.5. Parity check

For the command and address bits, an “odd” parity check is used. In the case of an even number
of “1”s, the parity bit has to be “1”. In the case of an odd number of “1”s, the parity bit has to be

“0”.

12.6.6. Protocol Error Handling

The sensor is detecting protocol errors and command errors.

The sensor is detecting following communication errors:
— invalid parity
— invalid checksum

— command error
A command error occurs when the command is either unknown or the execution has failed.
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12.7. HAL 3625, HAL 3675, HAL 385x and HAL 385x— Board
commands

Table 12-23:HAL 3625, HAL 3675, HAL 385x and HAL 387x board commands

Action

Command

Address

Data

set base address

xxsbSTR

STR = <A1><A0><D3><D2><D1> <D0><CRC>
return value:
<ST>:<R5><R4><R3><R2><R1><R0>

<A> address as 2-digit hex No.
<D> data as 4-digit hex No.
<CRC> checksum as 1-digit hex No.

<ST> = Status of Board (see
Table 6-9 on page 20 for details)

<R> received data as 4-digit hex No.

Example:
set base address 1
=> xxsb000001d
<= 0:000000
write data xxwSTR STR = <A1><A0><D3><D2><D1> <D0><CRC> | <A> address as 2-digit hex No.
return value: <D> data as 4-digit hex No.
<ST>:<R5><R4><R3><R2><R1><R0> <CRC> checksum as 1-digit hex No.
<ST> = Status of Board (see
Table 6-9 on page 20 for details)
<R> received data as 4-digit hex No.
Example:
write 37B7 to address 8
=> xxw0837B76
<= 0:000000
read data xxrSTR STR = <A1><A0> <A> address as 2-digit hex No.

return value:
<ST>:<R4><R3><R2><R1><CRC>

<D> data as 4-digit hex No.
<CRC> checksum as 1-digit hex No.

<ST> = Status of Board (see
Table 6-9 on page 20 for details)

<R> received data as 4-digit hex No.

Example:
read address 8

=> xxr08
<= 0:37B75
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12.8.

Locking of the Sensor

For reliability in service, it is mandatory to set the LOCK bit after final adjustment and
programming.

The success of the LOCK process should be checked by reading the status of the
LOCK bit after locking.

It is also mandatory to check the acknowledges of the sensor or to read/check the sta-
tus of the PROG register after each store sequence to verify if the programming of the
sensor was successful. VER, PER should be 0 after each set/erase command. NVE
should be 0 after set/erase command of the NVRAM.

Electro-static discharges (ESD) may disturb the supply voltage during programming.
Please take precautions against ESD.

For the programming during product development and also for production purposes, a
programming tool including hardware and software is available on request. It is recom-
mended to use the Micronas tool kit for an easy product development.

Note: It is not possible to write or to read a register after locking.
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13. Application Note History

1. HAL1820, HAL28xy, HAL3625 Application Board HAL-APB V1.x, April, 16, 2010;
APNO000055_001EN. First release of the application note.

2. HAL 1820, HAL28xy, HAL3625 Application Board HAL-APB V1.x, March 24, 2011;
APNO000055_002EN. Second release of the application note.
Major Changes:

— HAL-APB version 1.5 added

3. HAL 1820, HAL28xy, HAL3625, HAL3675, HAL385x and HAL387x Application
Board HAL-APB V1.x, Oct. 8, 2012, APN0O00055_003EN. Third release of the appli-
cation note.

Major Changes:

— Section 4.2 Recommended Wiring added.

— Section 4.3 Maintenance and Calibration added.

— Section 5 USB Driver Installation changed.
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Tel. +49-761-517-0 - Fax +49-761-517-2174 - E-mail: docservice @ micronas.com - Internet: www.micronas.com

59

Oct. 8, 2012; APN000055_003EN Micronas



	1. Introduction
	1.1. General Information
	1.2. Introduction
	1.2.1. Supported HAL Sensors
	1.2.2. Sensor-specific PC Software

	1.3. Board Block Diagram

	2. Getting started
	2.1. First Steps
	2.1.1. Check HAL-APB V1.x
	2.1.2. Check Communication with PC and Hall Sensor Connection


	3. Board Configuration
	3.1. Jumper Settings
	3.2. HAL Interface Connector
	3.3. Firmware update

	4. Specification
	4.1. Recommended Operating Conditions
	4.2. Recommended Wiring
	4.3. Maintenance and Calibration
	4.4. Characteristics

	5. USB Driver Installation
	5.1. Installing the USB VCP Drivers

	6. Board Functions
	6.1. Serial Command Interpreter
	6.1.1. Serial Interface Configuration
	6.1.2. Definition of the COMMAND Frame
	6.1.3. Definition of the RESPONSE Frame
	6.1.4. Analog Measurements
	6.1.5. Error Codes


	7. Board Mode Settings
	7.1. Board Operation Modes
	7.2. Board Configuration Commands

	8. HAL 1820
	8.1. Programming interface
	8.2. Command Structures of Protocol
	8.3. Telegram Parameters
	8.4. Available sensor commands
	8.4.1. Read
	8.4.2. Write
	8.4.3. Protocol Error Handling
	8.4.4. Data check
	8.4.5. CRC
	8.4.6. Parity check

	8.5. HAL 1820 - Board commands
	8.6. Locking of the Sensor

	9. HAL24xy
	9.1. Programming interface
	9.2. Command Structure of Protocol for communication via VSUP
	9.3. Command Structure of Protocol for communication via OUT-Pin
	9.4. Telegram Parameter
	9.5. Available sensor commands
	9.5.1. Set base address
	9.5.2. Read
	9.5.3. Write
	9.5.4. CRC
	9.5.5. Parity check
	9.5.6. Protocol Error Handling

	9.6. HAL 24xy - Board commands
	9.7. Locking of the Sensor

	10. HAL 2810 – Board Commands
	10.1. LIN Interface
	10.1.1. LIN Interface Mode Configuration
	10.1.2. Schedule Tables
	10.1.3. Error Handling

	10.2. HAL 2810 (LIN2.0) – Board commands
	10.3. Locking of the Sensor

	11. HAL 283x / HAL 2850
	11.1. Programming interface
	11.2. Command Structure of Protocol for communication via OUT-Pin
	11.3. Telegram Parameters
	11.4. Available sensor commands
	11.4.1. Set base address
	11.4.2. Read with absolute address
	11.4.3. Read with base address
	11.4.4. Write byte with base address
	11.4.5. Write word with base address
	11.4.6. Special Cases
	11.4.7. Protocol Error Handling

	11.5. HAL 283x / HAL 2850 – Board commands
	11.6. Locking of the Sensor

	12. HAL 3625, HAL 3675, HAL 385x and HAL 387x
	12.1. Programming interface
	12.2. Command Structure of Protocol for communication via VSUP
	12.3. Telegram Parameters
	12.4. Command Structure of Protocol for communication via OUT-Pin
	12.5. Telegram Parameter
	12.6. Available sensor commands
	12.6.1. Set base address
	12.6.2. Read
	12.6.3. Write
	12.6.4. CRC
	12.6.5. Parity check
	12.6.6. Protocol Error Handling

	12.7. HAL 3625, HAL 3675, HAL 385x and HAL 385x– Board commands
	12.8. Locking of the Sensor

	13. Application Note History


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


