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®

MagAlpha MA780

Low-Power Angle Sensor with

Integrated Wakeup and Interrupt Logic

DESCRIPTION

The MA780 is a low-power angle sensor that
detects the absolute angular position of a
permanent magnet, such as a diametrically
magnetized cylinder on a rotating shaft. With its
power-cycling ability, this sensor is suitable for
applications requiring low average power. The
timing can be controlled via an on-chip clock or
external controller. Flags are available for
detecting a definable amount of angle change.

The MA780 supports a wide range of magnetic
field strengths and spatial configurations. Both
end-of-shaft and off-axis (side-shaft mounting)
configurations are supported.

On-chip, non-volatile memory (NVM) provides
storage for configuration parameters, including
the reference zero-angle position, power-
cycling parameters, and the filter window
affecting the output resolution.

The MA780 is available in a QFN-16
(3mmx3mm) package.

FEATURES

e 8-Bit to 12-Bit Resolution Absolute

Contactless Angle Encoder

1pA Current Consumption in Idle Mode

10mA Current Consumption in Active Mode

Internal or External Power-Cycling Control

Warning on Change Flags

SPI Serial Interface for Digital Angle

Readout and Chip Configuration

3.3V Supply

e -40°C to +125°C Operating Temperature

e Available in a QFN-16 (3mmx3mm)
Package

APPLICATIONS

General-Purpose Angle Measurement
Battery-Powered Devices

Multi-Turn Encoders

Low-Power Rotary Knob Interfaces

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive. For
MPS green status, please visit the MPS website under Quality Assurance.
“MPS”, the MPS logo, and “Simple, Easy Solutions” are trademarks of Monolithic
Power Systems, Inc. or its subsidiaries.
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ORDERING INFORMATION

Part Number* Package Top Marking
MA780GQ QFN-16 (3mmx3mm) See Below

* For Tape & Reel, add suffix —Z (e.g. MA780GQ-2).

TOP MARKING

BEAY
LLL

BEA: Product code of MA780GQ
Y: Year code
LLL: Lot number

PACKAGE REFERENCE
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ABSOLUTE MAXIMUM RATINGS @

Supply voltage .......ccccoevvvvvieennnn. -0.5V to +4.6V
Input pin voltage (V1) ....ccovvvvvvnnnnn. -0.5V to +6.0V
Output pin voltage (Vo) ................ -0.5V to +4.6V
Continuous power dissipation (Ta = 25°C) @
................................................................... 2.0W
Junction temperature ........cccccevvevvveeveeenenn. 125°C
Lead temperature .........ccccceeeevviiiviineeenenn. 260°C
Storage temperature................ -65°C to +150°C
ESD Rating

Human-body model (HBM) ..............ccevveenns 2kV
Charged-device model (CDM) ..........ccceee... 2kvVv
Recommended Operating Conditions
Supply voltage (Vop).....cevvvuvnenennns 3.0V to 3.6V
I/O supply voltage (Vobio)--..v-v-v..... 1.8V to 3.6V
Operating temperature (Top)....-40°C to +125°C
Applied magnetic field (B).......... 30mT to 60mT

Thermal Resistance ®  @3a  0ic
QFN-16 (3mmx3mm)............. 50....... 12...°C/W

Notes:

1) Exceeding these ratings may damage the device.

2) The maximum allowable power dissipation is a function of the
maximum junction temperature, T; (MAX), the junction-to-
ambient thermal resistance, 6;, and the ambient
temperature, To. The maximum allowable continuous power
dissipation at any ambient temperature is calculated by Pp
(MAX) = (TJ (MAX) - TA) / GJA.

3) Measured on JESD51-7, 4-layer PCB.

MA780 Rev. 1.0
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ELECTRICAL CHARACTERISTICS

Vop = 3.3V, B = 45mT to 100mT, Top = -40°C to +125°C, unless otherwise noted.

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Supply Current
Supply current when

active lacTive 10 mA
Supply current when idle lioLe Below 85°C 1 A
Absolute Output — Serial

Effective resolution +30 deviation of the noise distribution 8 12 bits
Noise RMS 10 of the noise distribution 0.015 0.2 deg
Refresh rate Active mode 850 980 1100 kHz
Data output length 16 16 bits
Response Time

Power up time After setting VDD at 3.3V 600 Hs
Start-up time tstart-up | From idle to data valid with FW =0 35 us

Constant speed propagation delay
Latency @ during tactive. Equals the FW time 4 16000 us
constant () + 3us

Filter cutoff frequency @ | fcutorr | Depends on FW 5 160000| Hz

128MHz internal high
frequency CLK error

(affects TACT and filter Room temperature 13 2 %
settling time)

Cycle time error Room temperature -5 +5 %
Accuracy

INL at 25°C ﬁélgo;);éimperature across the full 0.7 deg
INL between -40°C to Across the full temperature range and 11 deg
+125°C ® field range

Output Drift

Temperature-induced

g)rift at room temperature 0.015 deg/°C
Temperature-induced From 25°C to 85°C 0.5 deg
variation From 25°C to 125°C 1.0 deg
Induced magnetic field © 0.02 deg/mT
Induced supply voltage ® 0.3 deg/V
Digital I/O

Input high voltage ViH 2.5 5.5 \%
Input low voltage Vi -0.3 +0.8 \%
Output low voltage ® VoL loL = 4mA 0.4 \Y
Output high voltage ® Von lon = 4mA 2.4 \Y
Falling-edge slew rate ¥ tr CL = 50pF 0.7 Vins
Notes:
4) Guaranteed by design.
5) Guaranteed by characteristic testing.
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TYPICAL CHARACTERISTICS

Vop = 3.3V, Top = 25°C, unless otherwise noted.
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PIN FUNCTIONS

Pin # Name I/O |Description

1 ND o _Neyv data}. In ASC mode, ND indicates that new data is ready to be read. ND also
indicates if the displacement exceeds the defined threshold.

2 ERR O |Error flag.

3 NVM o Non-volatile memory. NVM indicates if the chip is busy accessing the non-volatile
memory.

4 MOSI I Data in (SPI)

5 CS I Chip selection (SPI).

6 ASC | |Auto-sampling cycle. Connect ASC to GND if it is not being used.

7 MISO O |Data out (SPI). MISO is pulled low when CS is set to logic 1 (e.g. SPI is inactive).

8 GND N/A | Supply ground.

9 DV o Data valid. DV indicates whether the digital filter has been stabilized in active
mode.

10 TEST | N/A |Connect to ground.

11 N/C N/A |No connection. Leave N/C disconnected.

12 SCLK I |Clock (SPI).

13 VDD N/A 3.3V supply.

14 VDDIO | N/A ;hso?/gt.gvi?.sv supply for the 10. Allows communication at a voltage between 1.8V

15 EN | En_able. EN switches the sensor to active mode. Connect EN to GND if it is not
being used.

16 N/C N/A |No connection. Leave N/C unconnected.

MA780 Rev. 1.0
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FUNCTIONAL BLOCK DIAGRAM
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Figure 1: Functional Block Diagram (Only Grey Zone Operates in Idle Mode)
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OPERATION

Sensor Front-End

The magnetic field is detected with integrated
Hall devices located in the center of the
MA780’s package. The angle is measured
using the Spinaxis™ method, which directly
digitizes the direction of the field without
complex arctangent computation or feedback
loop based circuits (interpolators).

The Spinaxis™ method is based on phase
detection, and generates a sinusoidal signal
with a phase that represents the angle of the
magnetic field. The angle is then obtained by a
time-to-digital converter, which measures the
time between the zero crossing of the
sinusoidal signal and the edge of a constant
waveform (see Figure 2). The time-to-digital is
the output from the front-end to the digital
conditioning block.

UL

’P
Start Stop

Top: Sine Waveform
Bottom: Clock of Time-to-Digital Converter
Figure 2: Phase Detection Method

The output of the front-end delivers a digital
number proportional to the angle of the
magnetic field at the rate of 1MHz in a
straightforward and open-loop manner.

Digital Filtering
The front-end signal is further treated to
achieve the final effective resolution. The filter
transfer function can be calculated with
Equation (1):

1
1+Ts

H(s) =

(1)

Where 7 is the filter time constant, which
depends on the filter window (see the Electrical
Characteristics section on page 4 for the value
of 1)

To save power, front-end and digital filtering are
disabled in idle mode. However, the SPI block
works continuously, meaning the angle can be
read at any time.

Sensor — Magnet Mounting

The sensitive volume of the MA780 is confined
in a region less than 100um wide, and has
multiple integrated Hall devices. This volume is
located both horizontally and vertically within
50um of the center of the QFN-16 package.
The sensor detects the angle of the magnetic
field projected in a plane parallel to the
package’s upper surface. This means that the
only relevant magnetic field is the in-plane
component (X and Y components) in the middle
point of the package.

When looking at the top of the package, the
angle increases when the magnetic field rotates
clockwise (by default). Figure 3 shows the zero
angle of the unprogrammed sensor, where the
cross indicates the sensitive point. Both the
rotation direction and the zero angle can be
configured.

. . 0.45£0.05
Side View 0.90+0.10 t
I I‘in

Zero Angle
B

Positive Rotation

Top View
3.00£0.10 LQU‘tS“ i —_f_
1.60+£0.08
l 4

+ 3.00£0.10 *

Figure 3: Detection Point and Default Positive
Direction

This type of detection provides flexibility for the
design of an angular encoder. The sensor only
requires the magnetic vector to be placed within
the sensor plane with a field amplitude of at
least 30mT.

The MA780 can work with fields smaller than
30mT, but the linearity and resolution
performance may  deviate from the
specifications. The most straightforward
mounting method is to place the MA780 sensor
on the rotation axis of a permanent magnet
(e.g. a diametrically magnetized cylinder) (see
Figure 4).

MA780 Rev. 1.0
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Figure 4: End-of-Shaft Mounting

The recommended magnet is a Neodymium
alloy (N35) cylinder with dimensions of
@5x3mm, inserted into an aluminum shaft with
a 1.5mm air gap between the magnet and the
sensor (surface of package). For good linearity,
the sensor should be positioned with a
precision of 0.5mm.

If the end-of-shaft position is not available, the
sensor can be positioned away from the
rotation axis of a cylinder or ring magnet (see
Error! Reference source not found.).

O,

Figure 5: Side-Shaft Mounting

In this case, the magnetic field angle is no
longer directly proportional to the mechanical
angle. The MA780 can be adjusted to
compensate for this effect, and to recover the
linear relation between the mechanical angle
and the sensor output. With multiple pole-pair
magnets, the MA780 indicates multiple
rotations for each mechanical turn.

Low-Power Operation
The MA780 has three power modes:

Active: The sensor runs without interruption,
and the power consumption is at lactive (see the
Electrical Characteristics section on page 4).

Idle: The sensor’s front-end is powered down.
The SPI communication interface and memory
blocks are working. The power consumption is
at lpe (see the Electrical Characteristics
section on page 4).

Automatic sampling cycle (ASC): The device
automatically switches between active and idle
mode.

Table 1 lists the supply current for each mode.

Table 1: Supply Currents

Power Mode Supply Current
Active lacTive
ASC Between lipLe and lacTive
Idle lipLE

Figure 6 shows a complete power cycle.

Active Idle

tacTive tioLe
X

feveLe

Figure 6: One Power Cycle

The MA780 can be operated in different ways
by combining the three power modes.

Continuous ASC

In ASC mode, the on-chip, low-power clock is
continuously running to control the sensor’s
power cycle, according to the active and cycle
time stored in the register.

Figure 7 shows the minimum configuration.

MA Master
SPI

Figure 7: Minimum Configuration for Continuous
ASC Mode

In this configuration, the master can check the
MA780 by SPI at any time, the same way it
does in active mode (see Figure 8). The
difference is that the average power
consumption is lower, and the refresh rate is
determined by a user-configured parameter
(tcve).

Idle Active Idle

SPI

out Qi Qli+1

Figure 8: Signal Timing in ASC Mode

The SPI output is updated at the end of the
active period.

MA780 Rev. 1.0
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The new data (ND) signal can be used in
different ways, depending on the sensor’s
configuration (see Figure 9).

MA Master
O -
SPI

Figure 9: Typical ND Configuration in
Continuous ASC Mode

For example, ND can be used to indicate the
end of an active period. By default, the ND
signal rises after each active phase, indicating
that a new value is available in the output
buffer. ND is reset after reading the angle (See
Figure 10).

Idle Active Idle
R I
(THR = 0)
SPI Out |
Angle Reading

Figure 10: Using the ND Pin as a Flag for Data
Updates (THR = 0)

If the threshold is configured to a non-zero
value, the ND pin becomes a warning-on-
change (WOC) signal. The reference value
used to detect a change can either be a fixed
value, or can be configured by the user at each
WOC via Register 10 (see Figure 11).

Idle Active Idle Active Idle
ND
(THR > 0) . _\_
SPI Out X

Angle Within Threshold Angle Outside Threshold

Figure 11: Using WOC (ND Configured to Non-
Zero Threshold)

Externally Controlled

The master controls the power mode of the
MA780 with digital input pins. Through the two
digital input pins (EN and ASC), it is possible to
switch between any power mode.

Switching Between Active and Idle Mode

Pulling the EN pin high wakes up the MA780.
First, the DV signal indicates that the
measurement is stable. The master can then
send the MA780 back to idle mode while the
angle remains in the MA780 output buffer.
Meanwhile, the SPI interface stays active to
allow data reading (see Figure 12 and Figure
13).

MA Master

EN
SPI

Figure 12: Typical Configuration in External
Control

Idle Active Idle

Start- Filter-
Up Settling
Time Time

EN

DV

B —
Angle Value Suitable for Angle
Converges Reading

Figure 13: Signal Timing in External Control

Mixed Operation (Active and ASC Mode)

To switch between a low-power ASC mode and
high-power active mode, drive the EN pin high
or low, respectively. Error! Reference source
not found. shows a typical configuration when
switching between active mode and ASC mode.

MA EN Master
DV

Or ©)
SPI

Figure 14: Typical Configuration when Switching

Between Active Mode and ASC Mode

MA780 Rev. 1.0
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For example, if a certain angle change is
detected in ASC mode, EN can be used to keep
the sensor fully powered to make high-rate
angle measurements.

Mixed Operation (ASC and Idle Mode)

In this scenario, the mode is switched by driving
the ASC pin. ASC mode is activated when the
ASC pin is high. In this configuration, the angle
is updated when in ASC mode (see Figure 15).

O O

Figure 15: Typical Configuration when Switching
Between Idle and ASC Mode

MA ASC Master
SPI

Power Supply

It is recommended to place a 1pF decoupling
capacitor close to the sensor with a low-
impedance path to GND (see Figure 16).

1.8V to 3.3V
L
3.3V VDDIO
—_] vDD
NV — MA780
—{_] GND
v Exposed
TEST Pad
1 M

v 9

Figure 16: Electrical Mounting and Power Supply

In general, the MagAlpha works well with or
without the exposed pad connected. For
optimal conditions (electrically, thermally, and
mechanically), it is recommended to connect
the exposed pad to ground.

Serial Interface

The sensor supports the SPI serial interface for
angle reading and register programming.

SPI

The SPI is a 4-wire, synchronous, serial
communication interface. The MagAlpha
supports SPI Mode 3 and Mode 0 (see Table
2).
Table 2: SPI Specifications
Mode 0 Mode 3
SCLK Idle State Low High
Data Capture On SCLK rising edge
Data Transmission On SCLK falling edge
CS Idle State High
Data Order MSB first

The SPI mode (0 or 3) is detected automatically
by the sensor, and does not require any action
from the user (see Table 3).

Table 3: SPI Standard
Mode 0 Mode 3
CPOL 0 1

CPHA 0 1
Data Order (DORD) 0 (MSB first)

The maximum clock rate supported on the SPI
is 256MHz. There is no minimum clock rate.
Real-life data rates depend on the PCB layout
guality and signal trace length (see Figure 17,
Figure 18, and Table 4 on page 12 for SPI
timing).

All commands to the MagAlpha (whether for
writing or reading register content) must be
transferred through the SPI MOSI pin, and must

Decoupling be 16 bits long. See the SPI Communication
section on page 13 for additional details.
MA780 Rev. 1.0 MonolithicPower.com 11
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tipLEANGLE
tibLEREADREG
tDLEWRITEREG
tsToRERAM
tsTOREALLRAM
tRESTORERAM
tcLEARFAULT
tscLk tcsh teeTiD.

>
>

tesL

CcS IscikitscLkn

SCLK | N/ T\ \_/

tmiso > tmiso > tmiso e
MISO Hi-z MSB >k X LSB Hi-Z X MSB

tmosi tmosi
X >E_>MSB >E_> X LSB XXX MSB

Figure 17: SPI Timing Diagram (for Mode 3)

MQOSI

tioLeancLe UbLeancLe tipLeancle  UpLereapbrec tpLereaprec lipLeancle  tioLewriTErec liDLEWRITEREG

S N 1 7
MISO 4<Ang|e>_<Ang|e>_<Ang|e>_< Angle >_<ReQVa|ue>_<Ang|e>_< Angle >_<RegVa|ue>_<Ang|e>7
|v|03|4< 0 >_< 0 >_< 0 >_<Read e Cmd>—< o >_< 0 >_<Wrne Req Cmd>_< 0 >_< 0 >,

Figure 18: Minimum Idle Time

Table 4: SPI Timing

Parameter ® | Description Min Max Unit
tiDLEANGLE Idle time between two subsequent angle transmissions 120 ns
tiDLEREADREG Idle time before and after a register readout 120 ns
tiDLEWRITEREG Idle time before and after a register write 120 ns
tSTORERAM Time required to store a register value to the NVM 23 ms
{STOREALLRAM Time required to store all register values to the NVM 704 ms
tRESTORERAM Time required to restore all register values from the NVM 240 us
tcLEARFAULT Time required to clear the fault flags (register 26) 40 ns
taeT :([j)le time between a get ID command and the readout of the 40 ns
value
test Time between CS falling edge and SCLK falling edge 120 ns
tscik SCLK period 40 ns
tscLkL Low level of SCLK signal 20 ns
tscLkH High level of SCLK signal 20 ns
tcsH Time between SCLK rising edge and CS rising edge 20 ns
tmiso SCLK falling edge to data output valid 15 ns
tmosi Data input valid to SCLK reading edge 15 ns
Note:
6) All values are guaranteed by design.
MA780 Rev. 1.0 MonolithicPower.com 12
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SPI Communication
The sensor supports the functions listed below:

¢ Read angle

¢ Read configuration register

e Write configuration register

e Store a single register value to NVM

e Store all register values to NVM

o Restore all register values from NVM

o Clear error flags

The sensor supports three types of SPI
operation: SPI read angle, SPI read register,

and SPI write register. Each operation has a
specific frame structure, described below.

SPI Read Angle

Every 1ps, new data is transferred into the
output buffer. The master device initiates this
process by pulling CS low.

When a trigger event is detected, the data
remains in the output buffer until the CS signal
is de-asserted (see Table 5).

Table 5: Sensor Data Timing

Event Action

Start reading and freeze
output buffer

Release of the output buffer

CS falling edge

CSrising edge

Error! Reference source not found. shows a
diagram of a full SPI angle reading.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

S ]

s]1a[3[12[ufwo]o[s[7[6][s5][a[a][2]1]o0
Angle

MISO

sla[13[12[uu]w0o]o[8[7[6[5s5]4a[3][2]1]0

Mos! 0x0000

Figure 19: Diagram of a Full 16-Bit SPI Angle
Reading

Figure 20 shows a partial SPI angle reading.

15 14 13 12 11 10 9 8
o
SCLK

Bsluajw]12][1n][10] 938
Angle

MISO

B2 [10] 9|8

MOSI 0x00

Figure 20: Diagram of a Partial 8-Bit SPI Angle
Reading

A full angle reading requires 16 clock pulses.
The sensor MISO line returns:

MSB LSB
MISO | Angle(15:0) |

MOSI | 0 |

If less resolution is sufficient, the angle can be
read by sending fewer clock counts (since the
MSB is first).

In case of very fast reading cycles, the
MagAlpha continues sending the same data
until the data is refreshed (for the refresh rate,
see the Electrical Characteristics section on

page 4).
SPI Read Register

A read register operation is made of two 16-bit
frames. The first frame sends a read request,
which contains the 3-bit read command (010)
followed by the 5-bit register address. The last
8 bits of the frame must all be set to 0. The
second frame returns the 8-bit register value
(MSB byte) with an 8-bit angle value.

First is the 16-bit SPI frame (read request):

MSB LSB
MISO | Angle(15:0) |

Command Reg. Address
MOSI | 0 | 1 | 0 ||As|As|Az[Ai]Ad|[0]0]o]o]o]o]o]0]

The second is the 16-bit SPI frame (response):

Reg. Value
MISO | Angle(15:8) | [V7| Ve | vs|Va| s | va| vi | Vi
MSB LSB
MOS! | 0 |
MA780 Rev. 1.0 MonolithicPower.com 13
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Figure 21 shows a complete transmission In the second frame, the MagAlpha replies:
overview. reg. value
For example, to check the value of the MISO| Angle(15:8) HX|X|X|X‘ERRPAR‘X|X|X|

ERRPAR parameter (parity error on register

write. command), read register 26 (bit 3) by MSB LSB
sending the following first frame: MOS! | 0 |

MSB LSB Figure 22 shows a complete read status
MISO | Angle(15:0) | overview.

Command Reg. Address
mosi|o|1]o|[1]1]o|1]0][0o]o]o]o]o]o]o]o]

tiDLEREADREG
0 «—

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

g ] ]

15[14J13[12]J11 oo 8] 765 [4]3[]2]1]o0 7Te[s]a]3]2]1T]o 7le[sJa]3]2]1To
MISO Angle Angle Register Value
4 [sJza]rJo]7]e]sJaf]a]2a]1]o 15 [1afwe]2]Juufwo]o]s[7]e[s5]a]asa]2]z1]o
MOS0 |10 Register Address 0x00 0x0000

Read Command

Figure 21: Two 16-Bit Frames Read Register Operation

tiDLEREADREG
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 +—— 15

g ] ]

5[4 [12]11 09 [8]7[6[5[4]3[]2]1]o0 7TelsTa4a]3]2]t1]o 7Tes[a]3]2]1T]o
MISO Angle Angle Register 26 Value
NERERERE 7]e[s5[a]Ja]za]1]o 15J1a13]12]uafwo]e[s8[7[e[s5]4a]a][2]1]o
MOS0 110 26 (OxLA) 0x00 0x0000

Read Command

Figure 22: Read the Status Byte in Register 26

SPI Write Register The second 16-bit SPI frame (response) is:

A write register operation is made of two 16-bit Reg. Value

frames. The first frame sends a write request, |v||so| Angle(15:8) l‘V7|V6|V5|V4|V3|V2|V1IV°|
which contains the 3-bit write command (100)

followed by the 5-bit register address and the 8- MSB LSB
bit value (MSB first). The second frame returns MOS! | 0 |

the newly written register value (acknowledge)

: X The readback register content can be used to
with an 8-bit angle value.

verify the register configuration. Figure 23

The first 16-bit SPI frame (write request) is: shows a complete transmission overview.
MSB LSB

MISO | Angle(15:0) |
Command Reg. Address Reg. Value

MOSI | 1 [ 0] 0 |[AdAs|Az[Ar]Ao] VAVeVelValvaValvilvol

For example, to set the value of the output
rotation direction RD to counterclockwise (RD
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bit = logic 1), write register 9 by sending the Send the second frame. If the register is written
following first frame: correctly, the reply is:
MSB LSB Reg. Value
MISO | Angle(15:0) | MISO|  Angleis:8)  |[1]o]o]o|o]o|o]o]
Command Reg. Address Reg. Value MSB LSB
MOS|\1\o\o|\o|1\o\o\1|\1\0\0\0|o\o\0\0\ MOS! | 0 |

Figure 24 shows a complete example.

tiDLEWRITEREG
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 +—— 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

g ] ]

5[4 [12]J11J0]9o [8]7[6[5[4a]3[]2]1]o0 7TelsT4a]3]2]t1]o 7Tels[a]3]2]1T]o
MISO Angle Angle Register Value
NERERERE 7]e[s5[a]Ja]z2a]1]o 15J1a13]12]uafwo]e[s8[7[e[s5]4a]a3][2]1]o
MOSI |1 1010 Register Address Register Value to Write 0x0000

;'_/

Write Command

Figure 23: Overview of Two 16-Bit Frame Write Register Operation

tDLEWRITEREG
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 +—— 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

g N ]

15[14]1B83[12]J11 oo [8]7[]6[5[4a]3[]2]1]o 7lelsT4a]3]2]1]o 7TesTa]3]2]z1T]o
MISO Angle Angle 128 (0x80)
4 [3]2]1To 7le[s5[a]Ja]za]1To 15J1afa]12]unfwo]e]s[7[e[5]4a]3][2]1]o
MOSI |1 |0 |0 128 (0x80) 0x0000

Write Command

Figure 24: Write Output Rotation Direction (RD) to Counterclockwise (High), on Register 9, Bit 7

NVM Operations The NVM is guaranteed to endure 1,000 write
The sensor contains a non-volatile memory cycles at 25°C.

(NVM) to store the chip configurations during Users must first write the desired configuration
shutdown. The values stored in the NVM are to the RAM registers by using the read/write
automatlca”y |0aded Into the sSensors regISteI’S register Commands (described above), and then
during start-up. call one of the store commands to save one or
It is also possible to manually force the all registers to the NVM.

I’estOI’.ation Of the NVM Va|ue$ to the regiSteI’S These Commands are ignored |f the NVM iS
command, described below. command. To check that the NVM is available
The registers can be copied to the NVM using and ready to receive a new command, observe
two SPI commands: the NVM pin level.

« Store a single register value to NVM The NVM pin is set to high when the non-

volatile memory is busy. Store and restore
commands are processed when the NVM pin is
cleared (low) (see Figure 25).

e Store all register values to NVM

MA780 Rev. 1.0 MonolithicPower.com 15
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NVM NVM NVM
Idle Busy Idle

NVM

SPI ) |X

) —
Store/Restore NVM Ready for Next NVM
Command Command

Figure 25: Signal Timing for NVM Access

SPI Store a Single Register Value to NVM
Store the current value of a specific register in the NVM. This command is ignored if the NVM is busy
executing a previously received command (see Figure 26 and Figure 27).

tsTORERAM
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

g N ]

15[14]83[12]J11 oo [8]7[]6[5[4]3[]2]1]o 1514112110987 [6[5[4]3]2]1]o
MISO Angle Angle

4 3 2 1 0 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

wosi | 11111 [3T2T1] [efsTals]z]1] [wwlwlfufo]els]7Te[s]a]s]2]1]
Register Address 0x00 0x0000

Store RAM Command

Figure 26: Overview of Two 16-Bit Frames Store Register to NVM Operation

tsTORERAM
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

g N ]

15[14]183[12]J11 oo [8]7[]6[5[4a]3[]2]1]o0 1514112110987 [6[5[4]3]2]1]o
MISO Angle Angle
4 [3]2]1To 7le[s5[a]Ja]za]1To 15J1af3]12]unfwo]o]s[7[e[5]4a]3][2]1]o
MOSI | 1 111 1 (0x01) 0x00 0x0000

Store RAM Command

Figure 27: Store Register 1 Current Value to NVM

SPI Store All Register Values to NVM

Store the current value of all registers in the NVM (see Figure 28).This command is ignored if the NVM
is busy executing a previously received command.

tSTOREALLRAM
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 1!

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

g ] ]

BB [14[18[12[11 |09 [8] 765 ]4[38[2]zt]o0 15 [14 [13[12[11 |09 [8[7 6 [5]4[3[2]zt]o0
MISO Angle Angle
12J11Jwofo[8s[7]e[5]a]a]2]z1]o 15Ja3]12]uafwo]e[8s[7[e[s5]4a]a][2]1]o
MOSI| 11110 0x000 0X0000

Store All RAM Command
Figure 28: Overview of Two 16-Bit Frames Store All Register to NVM Operation
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SPI Restore All Register Values from NVM

Restore the value of all registers from the non-volatile memory. This operation is done automatically
(without user intervention) at each start-up (see Figure 29). This command is ignored if the NVM is
busy executing a previously received command.

tRESTORERAM
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15

g N ]

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

15]14]183[12]J11 oo [8]7[]6[5[4]3[]2]1]o0 15141812110 eo[8[]7[]6[5[4]3]2]1]o
MISO Angle Angle
12JuufJwofo s 7]e][s5]a]a]2]z1]o 15J1afwe]12]unfwo]o]s[7]e[5]a]3]2]z1]o
MOSI | 1101 0x000 0X0000

Restore RAM Command
Figure 29: Overview of Two 16-Bit Frames Restore All Registers from NVM Operation
SPI Clear Error Flags
Clears the error flag on the ERR pin (reset to 0). Also clears the error flags in register 26 (see Figure
30).

tcLEARFAULT
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 +—— 15

g N ]

15[14]183[12]J11J0o]9o [8]7[6[5[4]3[]2]1]o 1514112110987 [6[5[4]3]2]1]o
MISO Angle Angle
12JuuJwofo[s[7]e][s5]a]s]2]z]o 15J1aa]12]uafwo]eo]s[7[e[5]4a]3][2]1]o
MOSI 10101 0x000 0X0000

Clear Fault Command

Figure 30: Overview of Two 16-Bit Frames Clear Error Flags Operation
Table 6 lists a summary of all SPI commands.

Table 6: SPI Command List Overview

Command Register Register
Command Name : ) Address Value Returned Value
Bits [15:13] . :
Required Required
Read Angle 000 No No 16-bit angle
Read Register 010 Yes No 8-bit angle + register value
Write Register 100 Yes Yes 8-bit angle + register value
Store Single Register to NVM 111 Yes No 16-bit angle
Store All Registers to NVM 110 No No 16-bit angle
Restore All Registers from NVM 101 No No 16-bit angle
Clear Error Flags 001 No No 16-bit angle
MA780 Rev. 1.0 MonolithicPower.com 17
4/30/2020 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2020 MPS. All Rights Reserved.



mP5 MA780 — LOW-POWER ANGLE SENSOR

REGISTER MAP

Table 7: Register Map

No |  Hex Bin | ool | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Co¥
0 0x0 | 00000 Z(7:0)

1 Ox1L | 00001 Z(15:8)

2 0x2 | 00010 BCT(7:0)

3 ox3 | 00011 | - : - - - ] - ETY | ETX
4 0x4 | 00100 TCYC(7:0)

5 0x5 | 00101 TCYC(15:8)

7 0x7 | 00111 TACT(7:0)

8 0x8 | 01000 THR(7:0)

o | oo Jowot| rRO | - | - | - | - | - | - | -
10| oxA | 01010 REF(7:0)

11| oxB |o1wo11 | ASCR | Asc |AUTACT| o 0 0 0 0
14| oxE | 01110 FW(3.0)

22 | ox16 | 10110 | 0 0 0 MULTI(L:0) 0 0 1
26 Ox1A 11010 - - - - ‘ERRPAR ERRMEM | ERRCRC -
Note:

7) Register 26 contains error flag output bits (read-only).

Table 8: Default Factory Values

No |  Hex Bin | ool | Bite | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | °o0
0 0x0 00000 0 0 0 0 0 0 0 0
1 Ox1 00001 0 0 0 0 0 0 0 0
2 0x2 00010 0 0 0 0 0 0 0 0
3 0x3 00011 0 0 0 0 0 0 0 0
4 0x4 00100 0 1 1 0 1 1 1 0
5 0x5 00101 0 0 0 0 0 0 0 0
7 0x7 00111 1 0 0 0 0 1 1 1
8 0x8 01000 0 0 0 0 0 0 0 0
9 0x9 01001 0 0 0 0 0 0 0 0
10 OxA 01010 0 0 0 0 0 0 0 0
11 0xB 01011 1 1 1 0 0 0 0 0
14 OxE 01110 1 0 0 1 0 0 0 0
22 0x16 10110 0 0 0 0 0 0 0 1
MA780 Rev. 1.0 MonolithicPower.com 18
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Table 9: Programming Parameters

Number _ For Details,
Parameters Symbol of Bits Description See
Zero setting z 16 Sets the zero position. Table 10
Bla_s current BCT 8 For side-shaft conflguratlon_: reduce the bias Table 12
trimming current of the X or Y Hall device.
Enable trimming X ETX 1 Blased current trimmed in the X-direction Hall Table
device.
Enable trimming Y ETY 1 B|a§ed current trimmed in the Y-direction Hall Table
device.
Error! Not a
Cycle time TCYC 16 ASC mode: Time for active and idle cycle. valid result
for table.
On time TACT 8 ASC mode: Active time. Table 16
Threshold THR 8 ASC mode: Threshold for change detection. Table
Table 11
lists how to
Rotation direction RD 1 Determines the sensor’s positive direction. de&gnaﬁe
the rotation
direction.
Table
Reference REF 1 ASC _mode: Angle of reference for change Table 20
detection.
AUto-TACT AUTACT 1 ﬁ\riec mode: Automatically determines the active Page 24
Auto-sampling ASC 1 Enables ASC mode. Table
cycle
ASC register ASCR 1 AIIo_vvs ASC mode to be enabled via register Table
driven setting.
Filter window W 4 Size (_)f the _fllter_ window. Determines the Table 3
resolution, settling time, and latency.
Multi-turns MULTI 2 Sets the turn counter. Table 7
Parity error ERRPAR 1 Parity check for data sent to the device. Page 22
Memory error ERRMEM 1 Error whe_n t\_/vo successive NVM commands are Page 22
too close in time.
CRC error ERRCRC 1 CRC check for loading data from the NVM. Page 22
MA780 Rev. 1.0 MonolithicPower.com 19

4/30/2020

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2020 MPS. All Rights Reserved.



meS

MA780 — LOW-POWER ANGLE SENSOR

REGISTER SETTINGS

Zero Setting

The zero position of the MA780 (ay) can be
configured with 16 bits of resolution. The angle
outputted by the MagAlpha (agyr) can be
calculated with Equation (2):

AouT = araw — Qo (2)

Where ag,w is the raw angle provided by the
MagAlpha front-end.

The parameter Z(15:0) is the zero-angle
position coded on 16 bits (see Table 10).

Table 10: Zero Setting Parameter

BCT Settings (Bias Current Trimming)
Side Shaft

When the MA782 is mounted on the side of the
magnet, the relationship between the field angle
and mechanical angle is no longer linear. This
effect is related to the fact that the tangential
magnetic field is usually smaller than the radial
field. Calculate the field ratio (k) with Equation

3):

k = Brap/Btan (3)

Where Brap and By are the maximum radial
and tangential magnetic fields (see Figure 32).

Zero Position
Z(15:0) a, (deg)
0 0
1 0.005
2 0.011
65534 359.989
65535 359.995

IB RAD

Rotation Direction

When looking at the top of the package, the
angle increases when the magnetic field rotates
clockwise (CW) by default (see Figure 31).

A A

B CW (Default) } ccw
(o) (o)

Top View Top View

Figure 31: Positive Rotation Direction of the
Magnetic Field

Table 11 lists how to designate the rotation
direction.

Table 1: Rotation Direction Parameter
RD Positive Direction

0 Clockwise (CW)
1 Counterclockwise (CCW)

Brap
Figure 32: Side-Shaft Field
The Kk ratio depends on the magnet geometry
and the distance to the sensor. Having a k ratio
that does not equal 1 means the sensor output
response is nonlinear with respect to the
mechanical angle. The error curve has the
shape of a double sine wave (see Figure 33). E
is the amplitude of this error.

40 F

m 2E

Error (deg)
o

220 L

-40 L

! ! ! ! ! ! !
0 50 100 150 200 250 300 350

rotor angle (deg)

Figure 33: Error Curve in Side-Shaft
Configuration (BCT =0)

The X-axis or the Y-axis bias current can be
reduced to recover an equal Hall signal for all

MA780 Rev. 1.0
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angles and suppress the error. The parameters
ETX and ETY control the direction in which
sensitivity is reduced. The current reduction is
set by the bias current trimming parameter
(BCT(7:0)), which is an integer from 0 to 255.

In side-shaft configuration (when the sensor’s
center is located beyond the magnet’s outer
diameter), the k ratio exceeds 1. If the value of
k is known, BCT(7:0) can be calculated with
Equation (4):

BCT(7:0) = 258 (1 - %) (4)

For optimal compensation, the sensitivity of the
radial axis should be reduced by setting the
BCT parameter. Figure 34 shows the optimum
BCT value for a particular k ratio.

200 =]

150

BCT

100

50

0

1 15 2 25 3 35 4 45 5
k

Figure 34: k Ratio and the Optimum BCT to
Recover Linearity

Table 12 shows typical BCT values.
Table 12: Potential BCT Settings

E (deg) Magnet Ratio k BCT(7:0)
0 1.0 0
11.5 15 86
19.5 2.0 129
25.4 25 155
30.0 3.0 172
33.7 35 184
36.9 4.0 194
395 4.5 201
41.8 5.0 207

Determining k with the MagAlpha

It is possible to deduce the k ratio from the error
curve obtained with the default BCT setting

(BCT = 0). To do this, rotate the magnet more
than one revolution and record the MagAlpha
output. Then plot the error curve (the MagAlpha
output minus the real mechanical position vs.
the real mechanical position) and extract two
parameters: the maximum error (E), and the
position of this maximum with respect to a zero
crossing (ay) (see Figure 20). The k ratio can
then be calculated with Equation (5):

__ tan(E+ay)
- tan (o) (5)

Alternatively, the value of k can be obtained
using Figure 35.

5

4.5

4

35

X~ 3

25 8y

2 ra

15

l Izl
0 5 10 15 20 25 30 35 40

E (deg)

Figure 35: Relationship between the Error
Measured with BCT = 0 and the Magnet Ratio k

Sensor Orientation

From the dot marked on the package, it is
possible to know whether the radial field is
aligned with the sensor coordinate X or Y (see
Figure 36).

Bss

Figure 36: Package Top View with X and Y Axes

Determine which axis needs to be reduced (see
the qualitative field distribution around a ring in
Figure 32 on page 20).

Using Figure 36 as an example, the field along
the sensor's Y direction is tangential and

MA780 Rev. 1.0
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weaker, so the X-axis should be reduced (ETX
=1land ETY =0).

If both ETX and ETY are set to 1, the current
bias is reduced in both directions the same
way, without side-shaft correction (see Table
13). This reduces the sinusoidal signal and
modifies the magnetic field thresholds.

Table 2: Trimming Direction Parameters

ETX Enable Trimming of the X-Axis
0 Disabled
1 Enabled

ETY Enable Trimming of the Y-Axis
0 Disabled

Status Byte

Register 26 contains information about the
sensor’s operational integrity.

ERRPAR

When using 17-bit communication on the SPI
bus, the SPI write register command sent by
the controller to the MA780 can be checked for
parity (the other commands cannot). After the
16-bit command, the controller sends a parity
bit on the MISO line. The MA780 checks the
parity of the 17-bit word. If there is a parity
error, the data that should be written to the
RAM is discarded, and the ERRPAR bit is
asserted (set to 1).

ERRMEM

The NVM pin indicates whether NVM is busy. If
a command triggers an NVM access (read or
write) in this period, it is ignored and the
ERRMEM bit is asserted (set to 1).

ERRCRC

Restoring of register values from the NVM is
secured by a CRC algorithm. Any mismatch
between the generated CRC result with the
previously stored value is flagged when the
ERRCRC bit is asserted (set to 1).

Should any bit in the status byte be asserted,
the ERR pin turns to logic 1. The status byte
and ERR pin can be cleared by sending the SPI
Clear Error Flags command.

Filter Window Size

The filter window (FW) determines the filter time
constant, which affects the output bandwidth,
resolution and latency (see Table 14).

Table 34: Filter Window Size ®

. . Time Filter
FlltseirzZ\(/(ljr.]g)ow Constant (1) Settling
' (Us) Time (Us)

0 1 1
1 2 3
2 4 7
3 8 15
4 16 31
5 32 63
6 64 127
7 128 255
8 256 511
9 512 1023
10 1024 2047
11 2048 4095
12 4096 8191
13 4096 8191
14 4096 8191
15 4096 8191

Note:

8) See the Electrical Characteristics section on page 4 for filter
settling time accuracy.

The filter cutoff frequency can be calculated
with Equation (6):

1
fCUTOFF = Py (6)
Latency

The latency is the difference between the true
position of the mechanical angle and the angle
reading available on the SPI interface. The
angle latency during the sensor active time
(tactive) or when the sensor is always on is
defined by the filter time constant (z) + 3ps.

Resolution

When the MA780 enters active mode, the final
resolution is not reached until the data valid flag
is raised (DV pin outputs high). The time
duration before the flag raises is a function of
the window size. Figure 37 shows the flag after
the resolution is given.

MA780 Rev. 1.0
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Figure 31: MA780 Resolution
Low-Power Operation
The MA780 power state is determined by the
following truth table (see Table 15).

Table 4: Power State ©

EN ASC ASC ASCR Mode
(Pin) (Pin) (Reg.) (Reg.)
0 0 X 0 Idle
0 1 X 0 ASC
0 X 0 1 Idle
0 X 1 1 ASC
1 X X X On
Note:

9) “X” means any state.

Settings for Power-Cycling Operations

Set the parameters below for different power
cycling operations, described below.
Continuous ASC

The following parameters must be set for
continuous ASC mode:

e EN =0 (pin connected to GND)

e ASCR=1

o ASC (register) =1

Externally Controlled — Active-ldle Switching

Switching between active and idle mode is
accomplished through commutation using the
EN pin. Preset register 11 with the following
values:

e ASCR=1
e ASC (register) =0

Externally Controlled — Active-ASC
Switching

Switching between active and ASC mode is
accomplished through commutation using the
EN pin. Preset register 11 with the following
values:

e ASCR=1

e ASC (register) =1

Externally Controlled — ASC-Idle Switching

Switching between ASC and idle mode is
accomplished through commutation using the
ASC pin. The following parameters must be set:

e EN =0 (connected to GND)

e ASCR=0
ASC Mode Parameters
The MA780 automatically cycles power

according to user parameters TACT and TCYC.
If the threshold is set to zero, the new data (ND)
flag (ND output pin) can be used to inform to
the controlling device that the sensor output
was updated and is ready for reading. The user
can also read the sensor angle at any time,
regardless of the ND pin’s flag state (see Figure
38).

tevele

tACTIVE

Figure 38: Timing of a Power Cycle

Active Time

The active time is a function of the filter window
by default, and does not need to be set
manually. This mode is recommended for most
applications. By disabling AUTCT, the user can
force an active time with the TACT parameter,
which ranges from 40us to 2056us, by steps of
8us (see Table 15). If TACT(0:7) exceeds 2,
tactive can be calculated with Equation (7) (in

us):
tacTIVE (HS) =8x TACT(O' 7) + 16 (7)

MA780 Rev. 1.0
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Table 16 lists potential times for tactive (see the
Electrical Characteristics on page 4 for active
time accuracy).

Table 5: Active Time

TACT(0:7) tacTive (Us)
0 Do not use
1 Do not use
2 Do not use
3 40
4 48
5 56

255 2056

The active time should be chosen such that the
angle output is stable (the filter has settled).
This means the active time should exceed the
valid data time, estimated with Equation (8):

tactive (MS) > tsrarT—UP + tSETTLING (8)

In ASC mode (e.g. when EN = 0), the angle
output is always updated at the end of the
active time (see Figure 39). During the active
time, the sensor returns the angle measured
during the previous active time.

Idle Active Idle
tacive

Start- Filter-

Up Settling

Time Time

R I
(THR =0)

SPI Out |

Data /]VI\Output /]\Angle SPI

Value Updated Reading
Figure 39: ASC Timing with THR = 0 and
AUTACT =0

The ND flag is reset on the first SCLK rising
edge of the following action/commands:

¢ Read angle

e Store registers to NVM

o Restore registers from NVM
o Clear status byte

The ND flag cannot be reset with a read ID
command, or by writing or reading the registers.

When AUTACT is enabled (default) the active
time is automatically set to the optimum value,
estimated with Equation (9):

tactive—auto (HS) = tstarT—up + tserrLing  (9)

This means that the sensor returns to idle mode
as soon as valid angle information becomes
available (see Figure 40).

Idle Active Idle
tactive

Start- Filter-

Up Settling

Time Time

ND |
(THR=0)

SPI Out |

Data Valid =
Output Updated

Figure 40: ASC Timing with THR = 0 and
AUTACT =1

T

Angle SPI Reading

Since the filter settling time depends on the
filter window, the automatic active time is a
function of the filter window size (see Table 14
on page 22).

If the window size exceeds 12, the automatic
active time can be calculated with Equation
(20):

ton-auto (MS) = tgrarr—yp +8191ps  (10)

If the active time is shorter than the filter-settling
time (determined by the user settings for TACT
and FWI[3:0]), the ND signal is not updated.
This is because the output angle value is not
fully stabilized, and is not within the required
resolution (the data valid signal [DV] is not yet
set to logic high).

Cycle Time

The ASC cycle time is set by the TCYC
parameter. The cycle time must be greater than
the active time (see Table 17).

MA780 Rev. 1.0
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Table 6: Cycle Time

TCYC Cycle Time (ms)
0 Continuously idle
1 Do not use
2 0.2
3 0.3
4 0.4

65535 6553.5

See the Electrical Characteristics section on
page 4 for the cycle time accuracy.

Once the TACT and TCYC parameters are set,
the average current consumption can be
calculated with Equation (11):

.. tACTIVE | tACTIVE
L = IACTIVEX 7, + ipLE (1 Er— ) (11)
CYCLE CYCLE

Turn Counting

The MA780 can count 16, 64, or 256 turns. The
counter value is coded on M = 4, 6, or 8 bits,
respectively. The number of turns is indicated
by M bits in the MSB of the 16-bit SPI output.
As a consequence, the angle information is
shifted by M bits, and the resolution is reduced
by M bits.

MSB LSB

MISO | Turn(M-1:0) | Angle(15:M)

The number of turns to count is set by the
MULTI(1:0) parameter, and stored in register 22
(see Table 18). When writing this register, only
modify bits 3 and 4, and ensure that the other
bits retain their default value stated in Table 8
(see page 18).

Table 7: Turn Counting

Number of M (Bit Used to
MULTI(L:0) Turns Céunt Turns)
0 1 (default) 0
1 16 4
2 64 6
3 256 8

The counter value is stored in the non-volatile
memory. In the idle state, the value is
maintained until the next angle update. When
updating the turn count, the sensor always
assumes that the angle increment is smaller
than 180 degrees. This means that if the shaft
turns more than 180 degrees per idle time, the

counter goes backwards. To prevent turn count
errors, ensure that the angle change during the
idle time is always less than 180 degrees.

If power is removed from the sensor, the
counter always resets to zero. The zero setting
only affects the angle; it does not reset the turn
counter.

Threshold

If the parameter THR is zero, the ND flag is
raised after each active time. To detect a
certain angle change, THR must be configured
to a non-zero value. The ND flag is reset at
each SPI reading. This means that if the angle
exceeds the threshold, the ND signal rises each
time the angle is updated after an SPI reading.

The THR parameter is a relative angle coded
on 8 bits. If THR exceeds 180 degrees, the
lower and upper thresholds merge, and the
range of angles located beyond the threshold
disappears. This disables the ND flag (see
Table 19).

Table 8: Threshold for Wakeup on Change

THR(6:0) Threshold (deg)
0 0
1 141
2 2.81
127 178.59
180 (ND flag only at
128 180)
255 358.59 (no ND flag)
Reference

The reference value used to detect a change is
coded on 8 bits, and stored in register 10. It
refers to the absolute angle (see Table 20).

Table 9: Change Detection with Fixed Reference

REF(7:0) Reference (deg)
0 0
1 141
2 2.81
255 358.59

Figure 41 shows the behavior of the ND signal
when the angle output crosses the threshold.

MA780 Rev. 1.0
4/30/2020

MonolithicPower.com 25
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2020 MPS. All Rights Reserved.



mps MA780 — LOW-POWER ANGLE SENSOR

Sensor REF IThreshoId
Out

ND —Uﬂ_m_ﬂ_ﬂ_

rTrrrTrTTTTTON

Figure 41: ND Signal with Changing Angle
(Arrows = SPI Readings)

If the angle is set outside the set threshold in
ASC mode with THR, the ND signal is asserted
high after every active sample period. To detect
relative motion and to avoid repeated assertion
of the ND signal when the angle is outside the
set threshold, update the reference position
(REF) in register 10 with the current angle
position each time the threshold is crossed.
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TYPICAL APPLICATION CIRCUIT

3.3V
1pF
L L
MA VDD
CS
CLK
SPI Host/
MISO Master
Processor
MOSI
TEST GND
I I

H;

Figure 42: Typical Application Circuit Using SPI Interface
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PACKAGE INFORMATION

QFN-16 (3mmx3mm)

2.90
3.10

PIN 1 ID
MARKING ~ ™\

PINLID  — - %
INDEX AREA ‘
A
TOP VIEW
3
0.80
v ; yio
0.20 REF—— [y O gy W \

l 0.00

0.05
SIDE VIEW

RECOMMENDED LAND PATTERN

PIN1ID
L SEE DETAIL A

15
La.
,C
i 1
0N

1.50
1.80

|
|
(
'*c
(
|
|
[
|

i

o
I
I

BOTTOM VIEW

PIN 1 ID OPTION A PIN 1 ID OPTION B
0.30x43 TYP. R0.20 TYP.

R

DETAIL A

NOTE:

1) ALL DIMENSIONS ARE IN MILLIMETERS.

2) EXPOSED PADDLE SIZE DOES NOT INCLUDE MOLD FLASH.

3) LEAD COPLANARITY SHALL BE 0.10 MILLIMETER MAX.

4) DRAWING CONFORMS TO JEDEC MO -220, VARIATION VEED-4.
5) DRAWING IS NOT TO SCALE.
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CARRIER INFORMATION

O 0 0 0O o 0o o o
Pin 1 1 1 1 1
Reel ABCD ABCD ABCD
Diameter
Feed Direction B
Package Quantity/ Reel Carrier Tape Carrier Tape
Part Number Description Reel Diameter Width Pitch
MA780GQ-Z QFN-16 5000 13in 12mm 8mm
(3mmx3mm)
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APPENDIX A: DEFINITIONS

Effective Resolution
(30 Noise Level)

Refresh Rate

Latency

Power-Up Time
Start-Up Time

Filter Settling Time

Integral Nonlinearity
(INL)

Drift

Smallest angle increment distinguishable from the noise. The resolution
is measured by computing three times o (the standard deviation in
degrees) taken over 1,000 data points at a constant position. The bit
resolution is calculated as: log» (360 / 60).

Rate at which new data points are stored in the output buffer.

The time elapsed between the instant when the data is ready to be read
and the instant at which the shaft passes that position. The lag in
degrees is lag = latency - v, where v is the angular velocity in deg/s.

Time until the sensor delivers valid data starting at start-up (Vop < 3V).

Time until the sensor front-end delivers valid data to the digital
treatment block when recovering from idle.

Time for the filter to deliver a stable angle (i.e. when the error is smaller
than the noise at the particular filter window setting).

Maximum deviation between the average sensor output (at a fixed
position) and the true mechanical angle.

400
350 3
o S Y
300 [ e
=) 3 ] : lag LY
£ 250 | ' | 4
= E’E ideal 4 I”E
o 200 } i ¥ 'sensor output : i
5 | iy 1 P
g 150 g S\ § s b
” 100 5 = 4 % N
: £+ luti : I,"/ sensor out
50 / ~_Yresolution o best straight fit
b 1 (£30) v
0 3 [
0 100 200 300 400 500 600 700

rotor position (deg)
Figure Al: Resolution, INL, Lag

INL can be obtained from the error curve err(a) = out(a) — «, where
out(a) is the average over 1000 sensor outputs, and a is the
mechanical angle indicated by a high precision encoder (<0.001 deg).
INL can be calculated with Equation (Al):

max(err(a))—min(err(a))
2

INL = (A1)

Angle variation rate when one parameter is changed (e.g. temperature,
VDD) and all the others (e.g. shaft angle) remain constant.
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APPENDIX B: SPI COMMUNICATION CHEATSHEET

Read Angle (See the SPI Read Angle section on page 13.)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

g i

1s[1af13[12][uu]w]o[s8[7[6[5[a]3]2]1]o0
Angle

MISO

5[1a[3[2fun]w[o]s[7[e[s5[a]3][2]1]o

MOSI 0x0000

Read Register (See the SPI Read Register section on page 13.)

tiDLEREADREG
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 +— 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

g ] ]

5141312 1L 109 [8] 765 ]4]3][2]1]o0 716 5 ]4]3]2]1]o0]7[6][5]4]3]z[]1]o
Angle Angle Register Value

MISO

aJsJza]1JoJ7]e[s5als]2]1]o 15Jafa[2]Juufwo] o [7 e [s[a]3]2]1]o

MOSI |0 | 110 Register Address 0x00 0x0000

Read Command

Write Register (See the SPI Write Register section on page 14.)

tiDLEWRITEREG
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 +— 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

g ] ]

5141312 1L 109 [8] 765 ]4]3[]2]1]o0 716 5 ]4]3]2]1]o0]7[6][5]4]3]z[]1]o
Angle Angle Register Value

MISO

4aJsJa]1JoJ7]e[s5]als]2]1]o 15Jafa[2]Juufwolofe 76 [s[a]3]2]1]o

MOSI |1 1010 Register Address Register Value to Write 0x0000

Write Command

Store a Single Register Value to NVM (See the SPI Store a Single Register Value to NVM section on page 16.)

{sTORERAM
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

g ) ]

5[1a]13[12[11 109 [8[]7[]6[5[4[3[]2]1]0 s[1aJ3[12]11 0] 9 [8[7[6[5[4]3][2]17]o

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MISO Angle Angle
4321 JoJ7]e[5]a]s]2]1]o 15[1a]13[12]11]Jwo]o e [7]e[s5][a]a]2]1]o
Mosti 1|11 Register Address 0x00 0x0000
Store RAM Command
MA780 Rev. 1.0 MonolithicPower.com 31
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Store All Register Values to NVM (See the SPI Store All Register Values to NVM section on page 16.)

{STOREALLRAM
0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 — 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

<] ] ]

15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0 15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|O

MISO

Angle Angle
12]1nJwo]o[s[7]e]s[afa]za]1]o 15[1a]13[12]11]Jwo]o e [7]e[s5][a]a]2]1]o
MOSI |1 1110 0x000 0x0000

Store AllRAM Command

Restore All Register Values from NVM (See the SPI Restore All Register Values from NVM section on page 17.)

{RESTORERAM
0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 — 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

<] ] ]

15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0 15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|O

MISO Angle Angle
12]1nJwo]o s [7]e]s[afa]2a]1]o 15[1a]13]12]11Jwo]o[e[7]e[s5][a]a]2]1]o
MOSI| 11011 0x000 0x0000

Restore RAM Command

Clear Error Flags (See the SPI Clear Error Flags section on page 17.)

tcLEARFAULT
0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 — 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

g ] ]

1514183121109 [8]7[]6 ][5 [4[]3[]2]1]o 1514 [w@[12]11J10]9[8[7[e6[5][4]3[]2]1]o0
MISO Angle Angle
12fufJwo]o[s[7]e][5]a]3]2]1]o 15[afs]2]uufwo]os[7]e[s]a]3][2]1]o
MOSI1 0 | 0|1 0x000 0x0000
Clear Fault Command
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