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AKM AK7452

Zero Latency Angle Sensor IC

| 1. General Description

The AK7452 is a monolithic Hall-Effect sensor IC that specializes in detecting rotation angle. A
contactless rotary position sensor is easily designed with a magnet.

The AK7452 is only sensitive to the magnetic flux density applied parallel to the IC surface. This is
obtained through a magnetic concentrator which is mounted on the Hall-Effect elements. It is
advantageous to accurate angular measurements against mechanical displacement.

The AK7452 is the zero latency rotation angle sensor to follow rotation speed up to 25,000rpm by
tracking servo architecture. It is suitable for motor controlled applications with an encoder.

| 2. Applications

Motor Controlled Applications (Robot, Machine tools, Stepping motor, DC brushless motor etc.)
Optical Encoder Replacement

| 3. Features
[J 360° Contactless Angle Sensor
[1 Simple Magnetic Design
[ Extended Industrial Operating Temperature Range : -40°C to +125°C
[J Expanded Operating Voltage Range : 3.0 to 5.5V
[J Angle Resolution : 14 bit
[J Maximum Tracking Rotation Speed : 25,000 rpm
[J Angle Linearity Error : £0.5° (@ 25°C)
(1 Output Propagation Delay : 1.8us (@ ABZ Hysteresis “OFF” setting)
[J Self-diagnostic Functions :
» Under Magnetic Flux Density Detect Function
» Tracking Lost Detect Function
[J Interfaces:

» 4-wire SPI : Absolute Angle Data & User Programming
» ABZ Incremental Output
» UVW Commutation Output
[J User Programming Functions
Zero Degree Point Setting
Magnet Rotation Direction : CCW / CW
ABZ Incremental Output Resolution : up to 4096ppr
Z-phase Pulse Width : 1LSB / 4LSB / 180deg. Point Switch Mode
UVW Commutation Output Resolution : up to 64poles (32 pole pairs)
Angle Error Correction
[1 Environmental Friendly (RoHS Compliant)
» Leadfree
» Halogen free
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5. Block Diagram and Functional Description
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Regulator —— /| POR CSN
i Serial SCLK
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N\
VSS Figure1: Functional Block Diagram
Table1: Functional Block Description
Block name Function
Detect the X/Y-compositions of the magnetic flux density applied parallel to
HE_X/HE_Y the IC package surface by a magnetic concentrator and convert to electric
signal.
Chopper SW Switch the current direction in order to cancel the Hall elements offset.
PreAmp Amplify the signals from the Hall elements.
Swap SW Switch the signal path in order to reduce the error caused by the Hall
P elements sensitivity mismatch.
A/D Analog-to-digital converter.
Type?2 Tracking Loop | Angle data converter that follows the digitally converted input signal.
Serial I/F Interface based on 4-wire SPI protocol.
Encoder Loaic Generate the ABZ incremental signal and the UVW commutation signal from
9 the angle data.
DIAG Self-diagnosis circuit.
POR Generate a reset signal at the time of low supply voltage.
Buffer Buffer the output signals.
Regulator Regulates internal bias voltage.
HE-Driver Drive the constant current for the Hall elements.
0OSC Generate the master clock.
VIREF Generate the reference voltage and current.
EEPROM Non-volatile memory.

018002740-E-01
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6. Pin Configuration and Functional Description

Table2: Pin Configuration and Functional Description

No. Symbol I/O Type Function
1 U O Digital U-phase Commutation Output Pin
2 V ®) Digital | V-phase Commutation Output Pin
3 W O Digital | W-phase Commutation Output Pin
4 NC - - No Connection Pin (Note1)

5 MISO 0 Digital | Serial I/F Data Output Pin
6 MOSI I Digital | Serial I/F Data Input Pin
7 SCLK I Digital | Serial I/F Clock Input Pin
8 CSN I Digital | Serial I/F Chip Select Pin
9 VDD - Power | Power Supply Pin

10 NC - - No Connection Pin (Note1)
11 TESTE | - Test Dedicated Pin (Note2)

12 VSS - Power | Ground Pin
13 ERROR 0 Digital | Error Output Pin
14 Z O Digital | Z-phase Incremental Output Pin
15 B 0 Digital | B-phase Incremental Output Pin
16 A O Digital | A-phase Incremental Output Pin

Note1: NC pins must be open.

Note2: TESTE pin must be connected to VSS.

018002740-E-01
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| 7. _Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit Notes
Supply Voltage Vppa -0.3 +6.5 V | VDD pin
U, V, W, MISO, MOSI, SCLK, CSN,

Terminal Voltage V1erRM -0.3 Vop V TESTE. ERROR, Z, B, A, NC pin
Output Current loa -10 +10 mA | U, V, W, MISO, ERROR, Z, B, A pin
Storage i 0
Temperature Tste 50 +150 C

WARNING: Operation beyond these limits may cause permanent damage to the device. Even if it does
not lead to destruction, reliability and life may be adversely affected. Normal operation is not guaranteed
at these extremes. Each voltage is with respect to VSS pin.

8. Operating Conditions

Parameter Symbol Min. Typ. Max. Unit Notes
Supply Voltage Vpp 3.0 5.0 5.5 V | VDD pin
Operating Ambient T .40 o5 +125 °C
Temperature 2

WARNING: Electrical and magnetic characteristics are not guaranteed when operated beyond these
conditions. Each voltage is with respect to VSS pin.

9. EEPROM Characteristics

(Vpp=3.0 to 5.5V)

Parameter Symbol Min. Typ. Max. Unit Notes
EEPROM This parameter is
Endurance Een 1000 | Cycle guaranteed by design.
Ambient
Temperature in Taw 0 +85 °C
Writing
Writing Time W, 5 ms

018002740-E-01 2018/03
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10. Electrical and Magnetic Characteristics

T,=-40 10 +125 °C , Vpp=3.0 to 5.5V unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
M ic Flux Densi
R:ﬁggtlc ux Density Brance 30 50 20 mT
Angle Detection Range | Arange 0 360 deg.
Angle Resolution ARes 0.022 deg.
Angle Tracking Rate Tra 25000 | rpm
Angle Linearity Error AN T,=25°C -0.5 +0.5 deg.
Angle Hysteresis Auvs T,=25°C 0.3 deg.
Thermal Angle Drift _oro , )
(Note3) Aprrr | Ta=25°C basis 0.5 +0.5 deg.
Angle Output Noise Anoise | ¥3.30 -1 +1 LSB
Angle Output Delay - ” :
(Note4) To ABZ Hysteresis “OFF” setting 1.8 us
Supply Current Iop No output load 20 mA
Startup Time (Noteb) TstaRT 40 ms

Note3: This parameter is derived from IC design and not tested at mass production.

Note4: This parameter changes as follows when the ABZ output hysteresis setting is not OFF.

Output Delay (max) : Tp = 1.8us + (1 + “ABZ Hysteresis”) « 0.18us

Note5: Startup time is defined as the time from when VDD reaches operating voltage level to when the
ERROR pin is set to “H” level.

018002740-E-01 2018/03
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11. Output Electrical Characteristics

11.1. DC Characteristics

(T,=-40 to +125°C, Vpp=3.0 to 5.5V unless otherwise specified)

Parameter Symbol Conditions Min. Typ. Max. | Unit
Output Current lout U, V, W, ERROR, Z, B, A pin -2 +2 mA
U, V, W, ERROR, A, B, A pin
OUtpUt Low Level VoL lour=2mA (Slnk) 0.2Vpp \Y

. U, V, W, ERROR, Z, B, A pin
OUtpUt ngh Level VoH lour=2mA (SOUFCG) 0.8Vpp \Y
Output Load .
Capacitance Cour | U,V,W, ERROR, Z, B, A pin 50 pF
11.2. AC Characteristics
(Ta=-40 to +125 °C, Vpp=3.0 to 5.5V unless otherwise specified)
Parameter Symbol Conditions Min. Typ. Max. Unit
. , U, V, W, ERROR, Z, B, A pin
Output Rise Time Tro lour=2mA(source) 30 ns
, U, V,W, ERROR, Z, B, Apin
Output Fall Time Tro lour=2mA (sink) 30 ns
12. Serial I/F Digital Characteristics
12.1. DC Characteristics
(T,=-40 to +125°C, Vpp=3.0 to 5.5V unless otherwise specified)
Parameter Symbol Conditions Min. Typ. Max. Unit
Input Current Is) MOSI, SCLK, CSN pin -10 +10 MA
Input Low Level Vis MOSI, SCLK, CSN pin 0.3Vpp \
Input High Level Vhsi MOSI, SCLK, CSN pin 0.7Vpp \'
Output Current Iso MISO pin -700 +700 MA
MISO pin
OUtpUt Low Level VLSO ISO=700|JA (Slnk) 0.2Vpp \
. MISO pin
OUtpUt High Level Vuso lso=700uA(source) 0.8Vpp \Y
Output Load .
Capacitance Cso | MISO pin 50 pF
018002740-E-01 2018/03




AsahiKASEI [AK7452]
12.2. AC Characteristics
(T,=-40 to +125°C, Vpp=3.0 to 5.5V unless otherwise specified)
Parameter Symbol Conditions Min. | Typ. | Max. Unit
FSCLK 0.001 8000 kHz
SCLK Frequency FecLkae @ReadEEPROM OPCODE 0.001 100 kHz
(Noteb)
. , Ty 50 ns
SCLK High Time Tone | @ReadEEPROM OPCODE 4 us
. T, 50 ns
SCLK Low Time Tne | @ReadEEPROM OPCODE 4 us
SCLK Rise Time TR Not tested at mass production 10 ns
SCLK Fall Time Tk Not tested at mass production 10 ns
Data Output Rise Time Troo 20 ns
Data Output Fall Time Trpo 20 ns
CS Setup Time Tess 100 ns
CS Hold Time TcsH 100 ns
Data Setup Time Tos 20 ns
Data Hold Time Ton 20 ns
Data Valid Time Tov 50 ns
Data Release Time Tor 100 ns
Tow @ReadAngle OPCODE 200 ns
Tew | @WritetEEPROM OPCODE 5 ms
Trw | @WriteReg OPCODE 2.5 us
@ChangeMode OPCODE
g (User Mode to Normal Mode)
Wait Time (User Mode2 to Normal 40 ms
T Mode)
Mt [ @ChangeMode OPCODE
(Normal Mode to User Mode) 1 ms
(User Mode to User Mode2)
(User Mode2 to User Mode)

Note6: The ReadEEPROM operation needs to operate at Fsc kre Or lower clock frequency. Operation
beyond this limit may cause malfunction of reading out.

Tosh | Tow/Tew/Taw/Tur. |

CSN i . . / :
E i _Tos_ ! Tou, H TL/TLRS :TH/THRS ' E
SCLK 1| | 12 | 23 24 5
MOSI oP3 oP2 C : :
:TDV : TDH '
<> <>,
D1 (Do )
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| 13. ABZ Incremental Output Description

The AK7452 provides the ABZ incremental output via A, B, Z pin. These outputs are encoded from the
angle output data. The output resolution is programmable between 1 and 4096ppr. When the magnet is
rotating in counter-clockwise at default settings, the B-phase leads the A-phase.

The Z-phase width is selectable among “Z-width 1LSB mode”, “Z-width 4LSBmode” and “180deg. point
switch mode”.

J UL JuLr .U
S I 0 I N 5 I I

U

—

\
\
=

< 1LSB < S
4L SB
360 deg. 360 deg.
“Z-width 1LSB mode” “Z-width 4LSB mode”
ccw

Z ------
N 180 deg. i’
B 360 deg. -
“180 deg. point switch mode”
Figure4: ABZ Incremental Output Characteristics
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14. UVW Commutation Output Description

The AK7452 provides the UVW commutation output necessary for detecting the magnetic pole of the DC
brushless motor via U, V, W pin. The phase of each output is shifted by electric angle phase 120°. The

output resolution is programmable from 2 to 64 poles (1 to 32 pole pairs).

u
V | |
W
0° 60° 120° 180° 240° 300° 360°
2 poles (1 pole pair)
u |
v L
W |
0° 60° 120° 180° 240° 300° 360°
4 poles (2 pole pair)
Figure5: UVYW Commutation Output
018002740-E-01 2018/03
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| 15. Programmable Mode Description

The AK7452 has the three modes (Normal Mode, User Mode and User Mode2). In Normal mode, ABZ
incremental output and UVW output are obtained, and angle data can be read by serial interface. In User
Mode and User Mode2, it is able to read and write the internal registers and EEPROM according to a
serial I/F. User Mode supports the user programming such as zero point adjustment, magnet rotation
direction, ABZ incremental output resolution, Z-phase output setting, UVW commutation output
resolution, output hysteresis, output ON/OFF setting, self-diagnostic ON/OFF setting and EEPROM
Memory lock setting. Additionally User Mode2 supports the angle error correction settings.

When the power supply is turned ON, the AK7452 automatically resets the internal register and loads the
EEPROM configuration data to set the internal configuration register. After startup sequence, the
AK7452 operates in Normal Mode.

» Mode Description

Each mode can be changed by writing a specific OPCODE and DATA on a specific address as the
diagram below.

Normal Mode

ChangeMode
ChangeMode OPCODE: 0101
OPCODE: 0101 Addr. 0x03
Addr. 0x03 DATA: 0x000
DATA: Ox50F
ChangeMode
OPCODE: 0101 User Mode
Addr. 0x03
DATA: 0x000
ChangeMode
ChangeMode OPCODE: 0101
OPCODE: 0101 Addr. 0x03
Addr. 0x03 DATA: Ox50F
DATA: OxAFO
User Mode?2

Figure6: Mode Transition Diagram

018002740-E-01 2018/03
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Table3: Mode Description

Mode Name

Note

Normal Mode

In Normal Mode, it is not able to access the internal register and EEPROM except
register R_ANG_H (Addr.0x00), R_ANG_L (Addr.0x01) and register R_CHMD
(Addr.0x03). Available operation codes are ReadAngle and ChangeMode.

The ABZ Incremental outputs and UVW commutation outputs are toggled
corresponding to the magnet rotation.

When various self-diagnosis functions are detected, AK7452 automatically notifies
the diagnostic state by the ERROR pin and the error bit attached to the angle data
output from the serial interface.

In case of changing mode to Normal Mode, all registers are automatically
initialized and loads the EEPROM configuration data to set the internal
configuration register. Therefore the wait time interval for the normal operating
condition needs to be equal to wait time Ty or longer.

User Mode

In User Mode, it is able to access the internal configuration register and EEPROM.
To set the following parameters in Normal Mode, configuration data need to be
stored in EEPROM.

1. Zero Degree Point Setting
This setting defines the origin of the output angle data. It is
programmable at any angle position in 14-bit resolution.

2. Magnet Rotation Direction Setting
This setting defines the increase or decrease of the output angle data
relative to the magnet rotation direction. When it is selected to “CCW”,
the output angle data increases in response to counter-clockwise
direction magnet rotation. When it is selected to “CW?”, the output angle
data increases in response to clockwise direction magnet rotation.

3. Z-phase Pulse Width Setting
This setting defines the Z-phase pulse width in the ABZ incremental
output. Z phase pulse width can be selected from 1LSB or 4LSB of ABZ
incremental output resolution setting and switch mode.Switch mode
outputs “H” level at 0° to 180° position and “L” level at 180° to 360°
position.

4. ABZ Incremental Output ON/OFF Setting
This setting defines these outputs setting to enable or disable.
When it is selected to “OFF”, the A, B and Z pin go to high-impedance
(Hi-Z) output.

5. ABZ Incremental Output Hysteresis Setting
This setting defines the ABZ hysteresis parameter. The ABZ output is not
updated when the processing data step is smaller than the programmed
parameter.

6. ABZ Incremental Output Resolution Setting
This setting defines the ABZ output resolution. It is programmable to an
arbitrary value from 1 to 4096ppr.

7. Memory Lock Setting
In order to prevent rewriting EEPROM incorrectly, it is able to lock the
memory. Once the configuration of memory lock is enabled, it is not
possible to change EEPROM anymore.

018002740-E-01
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8. Self-diagnostic ON/OFF Setting
This setting defines the activation or inactivation of each self- diagnostic
functions.

9. UVW Commutation Output ON/OFF Setting
This setting defines these outputs setting to enable or disable.
When it is selected to “OFF”, the U, V and W pin go to high-impedance
(Hi-Z) output.

10. UVW Commutation Output Hysteresis Setting
This setting defines the UVW output hysteresis parameter. The UVW
output is not updated when the processing data step is smaller than the
programmed parameter.

11. UVW Commutation Output Resolution Setting
This setting defines the UVW output resolution. It is programmable to an
arbitrary value from 2 to 64poles (1~32 pole pairs).

In User Mode, the ERROR pin goes to “L” level output.

In User Mode, the angle data, the magnetic flux density data and self-diagnostic
data are not updated automatically. To check the latest processing data,
DataRenewal operation code needs to be sent in advance (Typ.135us).

In case of changing mode to User Mode, all registers are automatically initialized.
Therefore the wait time interval for the normal operating condition needs to be
equal to wait time Ty or longer.

WARNING: Electrical and magnetic characteristics are not guaranteed in User
Mode.

User Mode2

In User Mode2, it is also able to access the internal configuration EEPROM. In
addition to the access area of User Mode, User Mode2 supports the angle error
correction settings as below. To set the following parameters in Normal Mode,
configuration data need to be stored in EEPROM.

1. Offset Adjustment Setting
This setting defines the correction setting for the X-axis and Y-axis offset
error.

2. Orthogonality Adjustment Setting
This setting defines the correction setting for the orthogonality error
between X-axis and Y-axis.

3. Gain Mismatch Adjustment Setting
This setting defines the correction setting for the gain mismatch between
X-axis and Y-axis.

To change these settings, Please refer “AK7452 Application Note for User Mode2”.
In case of changing these parameters, AKM recommends the initial setting
parameters are copied to your back up area in advance for setting recovery.

WARNING: These setting parameters are trimmed at our factory for ideal
shaft-end mounting. In case of changing these parameters, the electrical and
magnetic characteristics are not guaranteed in Normal Mode.

WARNING: Electrical and magnetic characteristics are not guaranteed in User
Mode2.

018002740-E-01
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16. Serial I/F Protocol

The AK7452 provides the 4-wire SPI for user programming. Data communication is available only when
the CSN pin set to “L”. To write the internal register or EEPROM, serial data must be input via the MOSI
pin on the falling edge of SCLK. To read the internal register or EEPROM, the AK7452 outputs serial
data via the MISO pin on the rising edge of SCLK.

» OPCODE
Table4: Operation Code Description
Permission

O?g%?E Code name Description Normal User User
' Mode Mode Mode2
0000 N/A N/A invalid | invalid invalid
0001 WriteEEPROM Store data to EEPROM invalid valid valid
0010 ReadEEPROM Read data from EEPROM invalid valid valid
0011 WriteReg Store data to the internal register invalid valid valid
0100 ReadReg Read the internal register data invalid valid valid
0101 ChangeMode Change operating mode valid valid valid
0110 N/A N/A invalid | invalid invalid
0111 N/A N/A invalid | invalid invalid
1000 DataRenewal Update the processing data invalid valid valid
1001 ReadAngle Read the angle data valid valid valid

. . . : AKM

1010 AKM Reserved AKM Reserved invalid | invalid Use Only
1011 N/A N/A invalid | invalid invalid
1100 N/A N/A invalid | invalid invalid
1101 N/A N/A invalid | invalid invalid
1110 N/A N/A invalid invalid invalid
1111 N/A N/A invalid | invalid invalid
018002740-E-01 2018/03
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» Data sequence

1) Write data

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

CSN
s hhhhhhhhhhhihhihii.
woss (e ou o o o oo o )

Hi-Z

MISO

OPCODE(O[3:0])=0001(Write data to EEPROM)
OPCODE(Q][3:0])=0011(Write data to Register)
A[6:0]:Register or EEPROM address
D[11:0]:Writing data

2) Read Data

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

e o)) ) o ) ) 2

OPCODE(O[3:0])=0010(Read data from EEPROM)
OPCODE(Q]3:0])=0100(Read data from Register)
A[6:0]:Register or EEPROM address
D[11:0]:Reading data

3) Change Mode

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

CSN
e hhiihiiih .
wos: ——{oxoror) o)) ) oo o o) o o

Hi-Z

MISO

OPCODE(O[3:0])=0101
A[6:0]:0x03
D[11:0]:“0x000”(Normal Mode), “Ox50F”(User Mode), “OxAF0”(User Mode2)

018002740-E-01 2018/03
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4) Data Renewal

CSN " ‘
SCLK
ont () 2

Hi-Z

MISO

OPCODE(O[3:0])=1000

5) Read Angle

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

—_ oo e Yorofore oo onon o or o o o o 2

OPCODE(Q][3:07)=1001
M: Mode bit (“0” indicates Normal Mode, “1” indicates User Mode or User Mode?2)
P1: Parity bit for R_ANG[13:7] and Error bit (Normal: ODD Parity, Error: EVEN Parity)

P2: Parity bit for R_ANG[6:0] and Error bit (Normal: ODD Parity, Error: EVEN Parity)
E: Error bit (Normal=1, Error=0)

D[13:0]:14bit angle data (R_ANG_U[1:0], R_ANG_L[11:0])

018002740-E-01 2018/03
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| 17._Seli-diagnostic Function |

The AK7452 has several self-diagnostic functions to detect a condition when magnetic flux density
applied to the AK7452 is poor and a condition of loss of tracking. In User Mode, each diagnostic function
can be disabled but it is strongly recommended to enable all diagnostic functions for establishing a
robust system.

» Under Magnetic Flux Density Detection

The AK7452 indicates an error when the magnetic flux density is undersupplied (Typ. under 17.2mT).
This error sets the ERROR pin to “L” level and error bit to “0”.

» Loss of Tracking Detection

The AK7452 indicates an error when there is a loss of tracking (Typ. over 2°). This error sets the
ERROR pin to “L” level and error bit to “0”.

In case of no error by diagnosis, the AK7452 returns the ERROR pin to “H” level and error bit to “1”
automatically.

018002740-E-01 2018/03
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18. Register Address Map / Description

> Register Address Map

Permission
Address Register Name Normal | User User Content
Mode | Mode | Mode2
0x00 R_ANG_UI[1:0] R R R 14-bit Angle Data (Upper 2-bit)
0x01 R_ANG_L[11:0] R R R 14-bit Angle Data (Lower 12-bit)
0x02 R_MAG[9:0] N/A R N/A | Magnetic Flux Density Data
0x03 R_CHMDJ[11:0] W R/W R/W | Mode Indicator Data
0x04 R_ERRMONJ1:0] N/A R R Diagnosis Error Monitor
0x05 R_ZP_U[1:0] NA | RW | RW ZSE)tgterzgfgit[))egree Point Setting
0x06 R ZP_L[11:0] NA | RW | RW ZLA'(;\?J;er;?bﬁfgree Point Setting
Rotation Direction Setting
Z-phase Pulse Width Settin
0x07 R_RDABZ[7:0] NA | RW | BRW Asz Output ONJOFF Setting
ABZ Output Hysteresis Setting
0x08 R_ABZRES[11:0] N/A R/W R/W | ABZ Output Resolution Setting
0x09 R_MLK]1:0] N/A R R Memory Lock Indicator
0x0A R_SDDIS[1:0] N/A R/W R/W | Self-diagnostic ON/OFF Setting
UVW Output ON/OFF Setting
0x0B R_UVWI[9:0] N/A R/W R/W | UVW Output Hysteresis Setting
UVW Output Resolution Setting

(N/A: not available, R: read only, W: write only, R/W: full access)

> Register description

1) R_ANG_U, R_ANG_L (Addr.0x00, 0x01)

(Addr.0x00) DATA[11:0]

1 | 10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 1 | 0
- R_ANG_U[1:0]
(Addr.0x01) DATA[11:0]
1 | 10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | o0
R ANG_L[11:0]

These registers contain the output 14-bit angle data improved by the hysteresis filter. The hysteresis
filter is applied to the processed raw angle data according to the ABZ hysteresis setting.
In Normal Mode, the output angle data can be read via ReadAngle operation code.
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The relationship between data value and angular position are as follows.
Angular position[°’] | R_ANG_U[1:0] | R_ANG_L[11:0]

0 0x0 0x000

0.022 0x0 0x001

0.044 0x0 0x002

0.066 0x0 0x003

89.978 0x0 OxFFF

90.000 0x1 0x000

359.956 0x3 OxFFE

359.978 0x3 OxFFF
2) R_MAG (Addr.0x02)

(Addr.0x02) DATA[11:0]

11 | 10 9 | 8 | 7 | 6 [ 5 [ 4 [ 3 [ 2 [ 1 [ 0

- R_MAG[9:0]

These registers contain the 10-bit magnetic flux density data. The data resolution is 0.14mT/LSB(Typ).
In User Mode, the magnetic flux density can be detected by reading these registers. When fabricating a
rotary position sensor module designed with a magnet, it is able to check the magnetic flux density
whether targeted magnetic field strength is applied or not.

The relationship between data value and angular position are as follows.

Magnetic flux density [mT] R_MAG[9:0]
0 0x000
0.14 0x001
0.28 0x002
0.42 0x003
143.22 Ox3FF

WARNING: This magnetic flux density measurement data’s accuracy which is stored in this register is
not guaranteed. It is recommended to use for only reference.

3) R_CHMD (Addr.0x03)

(Addr.0x03) DATA[11:0]

1 | 10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

R_CHMD[11:0]

These registers contain the 12-bit mode indication data. In Normal mode, mode change can be done by
using ChangeMode opcode and storing instruction data in R_CHMD register.

Mode R_CHMD[11:0] Default
Normal Mode 0x000 °
User Mode O0x50F
User Mode?2 0OxAFO

Note7: It is not possible to make a direct transition from Normal Mode to User Mode2. Transition to User

Mode2 must be executed in User Mode.
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4) R_ERRMON (Addr.0x04)
(Addr.0x04) DATA[11:0]
1 [ 10 ] 9 [ 8 | 7 | 6 | 5 | 4 | 3 | 2 [ 1 | o0
] R_ERR
MONIJ1:0]

These registers contain the diagnostic indication data. In case of diagnosis, each indication data bit is
set to “0”. The relationship between each item and bits are as follows.

Value
R—ERBMON Diagnosis when Normal
[1:0] detected Value
R_ERRMONJ1] Under Magnetic Flux Density Detection 0 1
R_ERRMONJ0] Loss of Tracking Detection 0 1
5) R_ZP_U,R_ZP_L (Addr.0x05, 0x06)
(Addr.0x05) DATA[11:0]
1 | 10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 ] o
- R ZP U[1:0]
(Addr.0x06) DATA[11:0]
1 | 10 | 9 | 8 | 7 [ 6 | 5 | 4 | 38 | 2 | 1 [0
R ZP L[11:0]

These registers contain the configuration data of zero degree point. This data is used as a reference of

the output angle data.

Zero Degree

Point]? R_ZP_U[1:0] | R_ZP_L[11:0] | Default
0 0x0 0x000 .

0.022 0x0 0x001
0.044 0x0 0x002
0.066 0x0 0x003

89.978 0x0 OXFFF

90.000 0x1 0x000

359.956 0x3 OXFFE

359.978 0x3 OXFFF

Note8: The value set in this register is also reflected in ABZ and UVW output.
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6) R_RDABZ (Addr.0x07)

(Addr.0x07) DATA[11:0]
1] 10 ] 9 | 8 7 6 | 5 4 3 [ 2 [ 1] 0
- R RD |R Z WIDTH[1:0] | R ABZ E R ABZ HYS[3:0]

These registers contain the configuration data of rotation direction, Z-phase pulse width, ABZ
incremental output ON/OFF and ABZ incremental output hysteresis.

6-1. R_RD Register
R_RD register contains the configuration data of magnet rotation direction. It defines the increase or
decrease of the output angle data relative to the magnet rotation direction.

In case of selecting CCW (counter-clockwise), the output angle data increases in response to
counter-clockwise magnet rotation. Counter-clockwise is defined by the 1-8-9-16 pin order direction for
TSSOP-16 package top view position.

In case of selecting CW (clockwise), the output angle data increases in response to clockwise magnet
rotation. Clockwise is defined by the 16-9-8-1 pin order direction for TSSOP-16 package top view
position.

Rotation Direction R _RD Default
CCW 0x0 °
CW 0x1

6-2. R_Z WIDTH Register

R_Z WIDTH register stores Z phase pulse width setting data. In any setting, the Z phase output
generates pulse at the 02 position.

In “Z-width 1 LSB mode” setting, the Z-phase pulse width is quarter of one cycle of A phase.

In “Z-width 1 LSB mode” setting, the Z-phase pulse width is equal to one cycle of A phase.

In “180 deg. Point switch mode” setting, the Z phase outputs “H” level from the 0° position to the 180°
position and “L” level from the 1802 position to the 3602 position.

Z-phase Output R_Z WIDTH | Default
Z-width 1LSB mode 0x0
180 deg. point switch mode 0x1
Z-width 4LSB mode 0x2 °
180 deg. point switch mode 0x3

6-3. R_ABZ_E Register
R_ABZ_E register contains the configuration data of ABZ incremental output ON/OFF.
In case of “OFF” setting, the A, B, Z pin goes to high-impedance (Hi-Z) output.

ABZ Output R _ABZ E Default
OFF 0x0
ON 0x1 °

6-4. R_ABZ_HYS Register

R_ABZ_HYS registers contain the configuration data of hysteresis filter parameter.

This parameter defines whether the output angle data is updated or not in response to the processing
raw angle data change. The output angle data is not updated when the processing raw angle data
change is smaller than the hysteresis width. This parameter is defined in units of 1 LSB of 14bit angle
data.
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When the hysteresis width is increased, the data oscillation influence caused by noisy environment
and/or module vibration is decreased. However the maximum output delay is increased as described
below equation.

Maximum Output Delay Tp = 1.8us + (1+“ABZ Hysteresis”) - 0.18us

Note9: “ABZ Hysteresis” in the above expression is the number of LSB set by R_ABZ_HYS [3:0].
(Example: “ABZ Hysteresis" = 3 when R_ABZ_HYS [3:0] = 0x4.)

In case of “OFF” setting, the output angle data equals the processing raw angle data. The inherent LSB
data flickering (Note10) is not eliminated from the output angle data. The maximum output delay is the
shortest (1.8us) at this setting.

In case of “OLSB” setting, the inherent LSB data flickering is eliminated from the output angle data. The
maximum output delay is 1.98us at this setting.

Note10: The LSB data flickering inheres in the type2 tracking loop architecture. This data flickering
appears even in the ideal environment under noise free case. Therefore AKM do not recommend “OFF”
setting.

Output Data Output Data
cwW ow
0x003 c C} 0x003 TCCW
0x002 : 0x002 k=== ‘
0x001 0x001
0x000 3 0x000 = 3
0 0.022 0.044  0.066 0 0.022 0.044  0.066
Angle Position Angle Position
“OFF” setting “OLSB” setting
Output Data Output Data
CW cwW
0x003 ‘cow 0x003 CCW
0x002 ' T + 0x002 ] : sy
0x001 A— : o001 ¥ — |
0x000 V=== * ox000 ~ EEEEEE a
0 0.022  0.044  0.066 0 0.022 0.044  0.066
Angle Position Angle Position
“1LSB” setting “2LSB” setting
Figure7: ABZ Hysteresis Setting Diagram
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The relationship between R_ABZ_HYS[3:0] and the hysteresis set value are as follows.

ABZ Hysteresis R_ABZ_HYS[3:0] Default

OFF 0x0

0LSB 0x1

1LSB 0x2 [
2LSB 0x3

3LSB 0x4

4L.SB 0x5

5LSB 0x6

6LSB 0x7

7LSB 0x8

8LSB 0x9

9LSB 0xA

10LSB 0xB

11LSB 0xC

12LSB 0xD
OFF OxE
OFF OxF

7) R_ABZRES (Addr.0x08)

(Addr.0x08) DATA[11:0]

1 | 10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 ] o

R_ABZRES[11:0]

These registers contain the configuration data of ABZ incremental output resolution. It can be set to an
arbitrary value from 1 to 4096ppr.

ABZ Resolution R_ABZ_RES[11:0] Default

1ppr 0x000
2ppr 0x001

1000ppr O0x3E7

2500ppr 0x9C3 °

4095ppr OxFFE

4096ppr OxFFF
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8) R_MLK (Addr.0x09)
(Addr.0x09) DATA[11:0]
1 [ 10| 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 1 [ 0
- R _MLK[1:0]

These registers contain the 2-bit memory indication data. To check the memory condition, R_MLK can
be read via ReadReg operation code in User Mode.

Memory Condition R_MLK]J1:0] Default
Locked 0x0
Locked 0x1
Locked 0x2
Unlocked 0x3 o
9) R_SDDIS (Addr.0x0A)
(Addr.0x0A) DATA[11:0]
1 [ 10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 [ 1 | o0
- R_SDDIS[1:0]
These registers contain the configuration data for the self-diagnostic functions. To disable a specific
diagnostic function, the corresponding bit should be set to “1”.
R_SDDIS[1:0] Description Default
R_SDDIS[1] | Low magnetic field state detection 0
R_SDDIS[0] Loss of Tracking Detection 0
10) R_UVW (Addr.0x0B)
(Addr.0x0B) DATA[11:0]
11 | 10 9 8 | 7 | 6 | 5 4 | 3 | 2 | 1 ] o0
- R UVW _E R_UVW_HYS[3:0] R_UVW_RES[4:0]

These registers contain the configuration data of UVW commutation output ON/OFF, UVW commutation
output hysteresis and UVW commutation output resolution.

10-1. R_UVW_E Register

R_UVW_E register contains the configuration data of UVW commutation output ON/OFF.
In case of “OFF” setting, the U, V, W pin goes to high-impedance (Hi-Z) output.

UVW Output R UVW E Default
OFF 0x0
ON 0x1 )
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10-2. R_UVW_HYS Register

R_UVW_HYS registers contain the configuration data of hysteresis filter parameter.

This parameter defines whether the UVW commutation output is updated or not in response to the
processing raw angle data change. The UVW commutation output is not updated when the processing
raw angle data change is smaller than the hysteresis parameter. The hysteresis parameter LSB is
defined to be equal to the LSB for 14-bit angle output data.

WARNING: This hysteresis parameter works independently of R_ABZ_HYS setting.

The relationship between R_UVW_HYS [3:0] and the hysteresis setting value are as follows.

UVW Hysteresis R _UVW_HYS[3:0] Default

OFF 0x0

0LSB 0x1

1LSB 0x2 °
2LSB 0x3

3LSB 0x4

41.SB 0x5

5LSB 0x6

6LSB 0x7

7LSB 0x8

8LSB 0x9

9LSB OxA

10LSB 0xB

11LSB 0xC

12LSB 0xD
OFF OxE
OFF OxF
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