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RAA2P3200

Single Coil high-speed Inductive Position Sensor IC with SPI, UART, ABI Step/Direction and UVW Interfaces

RAA2P3200 is a high-speed magnet-free, inductive
position sensor IC that can be used for high-speed
absolute and incremental position sensing in
industrial, medical, and consumer applications. It
operates on the principle of eddy currents to detect the
position of a simple metallic target that is moving
above a set of coils, comprising one transmitter coil
and two receiver coils.

These coils are typically copper traces on a printed
circuit board (PCB). The transmitter coil induces a
secondary voltage in the receiver coils, which varies
depending on the position of the metallic target
above them.

A signal representative of the target’s position
relative to the coils is calculated by demodulating and
processing the secondary voltages from the receiver
coils. The target can be made of various metals,
including aluminum, steel, or a PCB with a printed
copper layer.

The RAA2P3200 is equipped with:
e 14-bit SPI interface
e 14-bit High-speed UART interface (up to 2Mbit/s)

e 12/14-bit Incremental
Step/Direction

e UVWa interface
¢ AB (Step/Direction) 12/14-bit + PWM Output

The device operates at rotation speeds up to
600000rpm (electrical). An ultra-low propagation
delay of less than 100 ns provides high dynamic
control for fast spinning motors.

interfaces ABI and

Available Support

Renesas provides application modules that
demonstrate RAA2P3200 rotary position sensing
applications.

Typical Applications

Rotor position detection for brushless DC motors
with digital interfaces, adaptable to any pole pair
count, rotary and linear encoders.

Features

Cost-effective; no magnet required

Immune to magnetic stray fields; no shielding
required

Suitable for harsh environments and high
temperatures

True-power-on position information, obtained by
digital interfaces (SafeSPI, UART), PWM or with
ABI with fast incremental start-up burst

Programmable through UART interface and
SafeSPI protocols

Nonvolatile memory enables multiple
programming options

Single IC supports on-axis and off-axis rotation,
linear motion, and arc motion sensing

Adaptable to any full-scale angle range through
coil design

High accuracy: < 0.1% full scale (with ideal coils),
enabling sensor solutions up to 11-bit electrical
accuracy

Overvoltage and reverse polarity protection:
+18V on both supply and output pins

Supply voltage programmable for 3.3V +0.3V or
5.0v+0.5V

Qualified for industrial application use from -40°C
to +125°C ambient temperature

48 bits nonvolatile user ID memory space
Small 16-TSSOP package (4.4mm x5.0mm)

> |, W,DOUT, UART, PWM

B, V, SafeSPl: MISO,
ourz L3 UART

RAA2P3200

Figure 1: Application Circuit Example

R36DS0061ED0001
Sep 8, 2025

Rev.1.0

RENESAS

Page 1
© 2025 Renesas Electronics



RAA2P3200 Datasheet

Contents
1.  Pin Assignments and DescCriptioNs........ccccciiiiiririrrrrrirrsrsrsrsrsrs s ssss s s s s s s s s s s s s s s s s s ss s s s s s s s s s s s s s s snsnsnnn e s 6
DT o 1= o 1 1o 1 oY o SR 7
2.1 Absolute Maximum RatiNGS ......oocuuiiiiiiiii e 7
D = B - 11T 1= ORI 8
2.3 Operating CONItIONS .....ccooiiiiii et b e e e b e e e e b e e e b e e 8
2.4 Interface Pin CharaCteriStiCS ..........oiiiiiiiiiiiii e e e e e e e e e e e e e eanes 11
S TN B 1= 11 1= I T o3 1 o1 o o 14
R TRt N O YT V11 SRS 14
K 3 = 1o o QDI = o = o OO PRPPPRT 15
K T I O O 1T | =1 (o ) SO SRUPPR 16
3.3.1 Parallel LC Resonator CalCulations...........ccuueiiiieiei i 16
I O7o ]| I B L= o o OO PRPUTRRR ORI 17
3.4.1 Multi-periodic Coil Design Application EXamples ..o 18
342 Electrical versus Mechanical degrees ..........ccccooioiiiiii 19
S T 1 V=T Ty - 11 ' o 20
L |1 =Y 4 - o 21
5.1 Saf@SPI INTEITACE .....eeeieiie e e e e e e e e e e e e e e e e e e annnaees 22
511 Timing SPeCIfiCatiONS ... e 23
51.2 T2 (=T o B =10 -SSR 24
5.2 Incremental INterfaCes. .. ... 28
5.21 L= ] I | (=T =T =P R 28
5.2.2  SHEP-DIMECHON .. .o e 29
523 UVW Motor Commutation Interface...........ccuueeiiiiiiiii e 29
524 Interpolation Factor/ReSOIULION ............oiiiiiiiie e 30
5.25 Maximum SPEEA..........ooo i 30
5.2.6 INAEX PUISE ... 31
5.2.7 True-Power-On Absolute Position Information ..o, 32
5.2.8 PWM Interface (AB + PWM, Step/Dir + PWM)......cooiiiiiiiie e 33
5.3  High Speed UART INtEITACE. ... .uiiiiiiiie et ee e 35
5.3.1 Single Wire Bidirectional UART ... 35
53.2 Dual Wire Bidirectional UART with Pseudo-Differential TX..........cccccceiviiiiiiiieeeeeeies 36
5.3.3 Dual Wire Unidirectional UART ... e e e 37
534 UART Operating CommMandS...........ccuueieiiiiiie et e sieee et e e e st e e e e e 38
5.4 UART Single Wire Programming INterface ...........c.oooiiiiiiiiiiie e 41
541 LOCK FEALUIE ..., 41
6. Auxiliary Input and OULPULS ........cooiiiiiir s mn e e s mmn e e e 42
6.1.1 Y = (0o TN ] 10 | 3SR 42
6.1.2 DiIgital QULPUL .....oeeeeiieee e e ee e e e e e 42
R © 0 0 3 T 300 1= T T3 o= 1 =N 43
7.1 Shorted and Broken Wire DeteCtion ...........coooi i 44
711 BT L0 (=0 IR = SRS 44
7.1.2 Broken Supply Lines, Incremental Output MOdES ...........cooeeiiiiiiiiiiiiie e, 45
R36DS0061ED0001 Rev.1.0 RENESAS Page 2

Sep 8, 2025



RAA2P3200 Datasheet

8.
9.

10.
11.
12.
13.
14.

7.1.3  Broken Supply and Signal Lines, SafeSPI Mode ..........ccocoiiiiiiiiiniii e 46
7.1.4 Broken Signal Wires, Incremental Output MoOdes ..........cccecoviiiiiiieiie e 46

User Programming OPLiIONS ........cciiiiiiiiciiiciiiriiisccssssese s s s s s ssssss s s s s s s s s ssssss e s e s s sssssssmnns s e nsssnsssssnnnnssnnssas 47
Related DOCUMENLES.......ccciiiiirere i r s s r e s E e r e e e an e e a e an e e e n e ane e e aane 47
16-TSSOP Package Outline Drawings.......cccccviriccessmmmmremiissssssmneeessssssssssssssssssssssssssssssssssssssssnnsnssssssas 47
1= T T Yo TN 1= T - 4 48
Ordering INformation ... ————————————————— 48
L L= | N 48
ReVISION HIStOrY ...ttt 49

Figures

Figure 1: Application CirCuUit EXamPIE .........oiiiiiii et e e e e aeneee s
Figure 2. RAA2P3200 PINOUL ...,

Figure 3. RAA2P3200 INpUt/OUIPUL SIGNQIS ......ooiiiiiiiieiiiiie et e e e e e enneas
Figure 4. BIOCK Diagram ..o
o (UL T I G O @ F- Yo7 = (o] PRSPPI
Figure 6. Parallel RESONAOr CilCUIL ...........uviiiiiii i e e e e e e e e e e e e et r e e e e e e e e e e nnareneaaaeeas
Figure 7. Coil Design for a Linear MOtION SENSOK .........coiiiiiiiiiiieiece et e e e e e e e e e e e e e
Figure 8. Coil Design for @ 360° ROAIY SENSOT..........ciiiiiiiieiiiii ettt e e e e e e enbeee e e ennees
Figure 9. Coil Design Using 1-PeriodiC CoOil........ooiiueiiiiiiie et e e
Figure 10. Coil Design Using 4-PeriodiC COil..........ouuiiiiiiiieiii et
Figure 11. Example of 16-Point LIN@ariZation ..............eiiiiiiii et e e

Figure 12. Linearization Transfer FUNCLION Parameters. .............oii i
Figure 13. Safe SPI - INPU/OULPUL PINS ........ooiii et e e e e e e e eeaeaeeas
Figure 14. Safe SPI Timing Diagram for Mode 0 (CPOL=0; CPHA=0) .......ccuiriiiiiiiie e
Figure 15. Safe SPI Timing Diagram for Mode 0 (CPOL=0; CPHA=1) .....uiiiiiiee e
Figure 16. Out-Of-Frame COMMUNICAtION ......cooiiiiiiiie et e e e e e e e eeaeaeeas
Figure 17. SafeSPI Frame for Reading SeNnSor Data..........ccoiiiiiiiiiiiii e
Figure 18. SafeSPI Signal Diagram for Reading Sensor Data (CPHA = 0)......cooiiiiiiiiiiieeee e
Figure 19. SafeSPI Frame for Reading Register Data............cc.oiiiiiiiiiiii e
Figure 20. SafeSPI Signal Diagram for Reading Register Data (CPHA = 0)......ooiiiiiiiiiiiiieeeee e
Figure 21. SafeSPI Frame for Writing Register Data..........coooiiiiiiiiiii e
Figure 22. SafeSPI Signal Diagram for Writing Register Data (CPHA = 0) ....ceuiiiiiiiiiiee e
Figure 23. SafeSPI Signal Diagram for Burst Writing Register Data (CPHA =0) ...,
Figure 24. Incremental Interfaces INPUt/OULPUL PINS ........eiiiiiiiii e e
(o [ I Y = I o o) (oo )RR
Figure 26. Step-DireCtion ProfOCOL .........ouueiiiiiiii ettt e et e e e e et e e e st e e e e ennee e e e ennees
Figure 27. UVW Decoding Scheme within One Electrical Period ...........c..oeiiiiiiiiiii e

Figure 28. Decoding Examples for 1 and 4 Pulses per Period ...........coouiiiiiiiiiie e
Figure 29. ABI Index Position and Length Configurations ............cooiiii i
Figure 30. AB + PWM CONfIGUIAtION .......uuiiiiiiii ettt e e e e e
Figure 31. 12-bit PWM Signal in Normal Operation.............ooocuiiiiiiii et a e e eee e e
Figure 32. 14-bit PWM Signal in Normal Operation ............c.couiiiiiiiiiiee e

R36DS0061ED0001 Rev.1.0 RENESAS Page 3

Sep 8, 2025



RAA2P3200 Datasheet

Figure 33. 12-bit PWM Signal in Diagnostics LOW MOGE ..........uuiiiiiiiiiiee e 34
Figure 34. 12-bit PWM Signal in Diagnostics High MOde ............oooiiiiiiiiiieee e 34
Figure 35. 14-bit PWM Signal in Diagnostics LOW MOGE ..........uuiiiiiiiiiiiiiee e 34
Figure 36. 14-bit PWM Signal in Diagnostics High MOdE ............oooiiiiiiiiie e 34
Figure 37. UART Interface with INPUt/OULPUL PiNS ........ooiiiiiiiiie e 35
Figure 38. UART Point-to-Point Single Wire Bidirectional Connection ..............cccooiiiiiiiiiiiiii e 36
Figure 39. UART Multi-Slave Single Wire Bidirectional Connection............cccceooiiiiiiiiiiiie e 36
Figure 40. UART 2-wire Point-to-Point Connection with Pseudo-Differential TX .........ccccoiiiiiie 36
Figure 41. UART 2-Wire Connection with Pseudo-Differential TX and Multiple Slaves.............ccccccceevviiivineeennn. 37
Figure 42. UART 2-Wire Unidirectional CoONNECLION ...........ciiiiiiiiiiiiie et 37
Figure 43. UART 2-Wire Unidirectional Connection with Multiple Slaves and Bus Transceivers............c.c.c......... 37
Figure 44. UART Register WIte MOGE .......cooouiiiiiiiiiie ettt e e e e e 38
Figure 45. Register Read MOde Frame.. ...t bbb e s 39
Figure 46. UART Fast Read Mode Example with Different ACCess COAES ..........cccuriiiiiiiiiiiiiiiiiieee e 40
Figure 47. UART Fast Read Mode of the Same RegiSter...........coou i 40
Figure 48. UART Single Wire NVIM Programming ............cooiiiiiiiiieeeeeeieiiiieee e e e e e eeeitataeeeeeeeessessssseseesassesesnnseseesseens 41
Figure 49. Flag Output CONfIQUIAtIONS ........cooiiuiiiiiiiiii ettt e e et e e e enbee e e e annes 42
Figure 50. Broken Supply Diagnostic Indication: ABI and Step/Dir MOAES ..........ccccuveeiiieeiiiiciiiiieee e 45
Figure 51. Broken Supply Diagnostic Indication: UVW MOdE..........c.uoiiiiiiiiiiiiie e 46
Figure 52. BroKen SIgNal WIIES .........eoiiiiiiiiiii ittt ettt e ettt e e et e e e e b e e e s aabee e e e anbeee e e annes 46
Tables

Table 1. Pin Description, RAAZP3200 .......coiiiiiiiiiiiiiiie e e ettt e e e e e e steete e e e e e s s ssnttaareaaeessaanseeeeeeaeesaaannsseseeaeeessannnes 6
Table 2. Absolute Maximum RaAINGS ........ooiiiiiiiii et e e e e e et e e e e e e s e e annreeeeeaeeeaaannes 7
LI oL ST T =S| B = 1 T L= OSSR 8
Table 4. Electrical Characteristics, 5V and 3.3V MOUES ..........uiiiiiiiiiie e e e 8
Table 5. Position Resolution and Update Rate ... 9
Table 6. Non-volatile Memory Parameters........... .ot e e e e e e e e e e e e 9
Table 7. LC Oscillator SPeCIfiCatiONS ........coiiiiiiiiiiiii et e s e e e e snneee s 10
Table 8. Receiver Coils Front-End SpeCifiCationS......... ... 10
Table 9. UART INTEITACE ... ..ttt oottt e e e e e e ettt et e e e e e e e s nneeeeeeaaeeeaannsnaeeeaeeeaaannes 11
Table 10. SPI INTEITACE. ... ettt e e e e e e s et e et e e e e e sstesaeeeaaeeessssssaeeeaeeesaanssnaneeaeesannnnns 12
Table 11. Incremental INterfaCes. ... ... ittt e e e e e e et r e e e e e e e e ennreneeeaeeeaaannes 12
Table 12. PWM INTEITACE .......vviiiiiieiiiciit ettt e e e e e e ettt e e e e e e e saatstaeeeaeeeessssssaeeeaeeesaanssaaneeaeesannnnns 13
Table 13. Linearization Parameters ......... oottt e e e e e e e e et r e e e e e e e e e nnreeeeeaeeeaaannes 20
Table 14. Linearization Parameter SEHNGS ........coouuiiiiiiii et e e e s as 21
Table 15. INTEIFACES OVEIVIEW ...ttt oottt e e e e e e ettt et e e e e e e e aaneeeeeeeaaeeeaannsnaeeaaeeeaaannes 21
Table 16. SafeSPI Output User Programming OPtiONS ..........ooiiiiiiiiiiiiie e e e e e e 23
Table 17. SafeSPI TimMiNG REQUIrEMENES ...... ..ottt et e e st e e s anete e e e snneeeas 24
Table 18. SafeSPI COMMANGS........oo ettt e e e e e et et e e e e e e e e neeeeeeeaeeeeaannsnneeeaeeeaaannes 25
Table 19. SafeSPI Available Register Data .............ooiiiiiiiiiiiie e e e e e e rae e e e e e e e eaaes 26
Table 20. SafeSPI Status Bit INAiCAtION .........ooi e e e e e e e ne e e e e e e e ennes 27
Table 21. Incremental Interfaces User Programming OPtioNS..........ccuviiiiiieeii i eireee e e e 28
Table 22. MaxXimuUM SPEEA ..ottt ettt e e e e e e ettt eeaaeeeaa e aeeeeeeaaeaeaaannsseeeeeeeeaaannnsnneeeeeaeaaannn 30
Table 23. UVW MaXimuMm SPEEA...........uuiiiiieiiieiiiieii e ettt ee e e e e e s ettt e et e e e e e setbreeeeaaesessssssaeeeaeeesaansssaneeaeesaaasnns 30
R36DS0061ED0001 Rev.1.0 RENESAS Page 4

Sep 8, 2025



RAA2P3200 Datasheet

Table 24. ABI IndeX CONfIQUIATIONS .........eiiiiiiiii ittt ettt e e s it e s aabb e e e s snneee s 31
Table 25. PWM Interface User Programming OpPtioNS............coiiiiiiiiiiiiiiiiice et e e sraae e e e e e 33
Table 26. UART Operation MOAES ..........ueiiiiieeiieiii ettt e ettt e e e e e s et e e e e e e e s aannseseeeeeeeesaannsnneeeaeeeaaannes 35
Table 27. UART Interface User Programming PONS .........c.uuiiiiiiiiiiiiiieieee et e e e e seiraee e e e e e e e sanrnae e e e e e e e ennns 35
Table 28. UART wait time between measuremMeENtS. ... ... 38
Table 29. UART Fast ACCESS IMOUE ........eeiiiieeiiieie ettt e e e e e et e e e e e e e e e st teeeeeeeeeeannsnaeeeaeeeaaannes 39
Table 30. UART Data Access Speed with uart_start bit Cfg = 0 .......c.ovveeeeeeiiiiieee e 41
Table 31. Auxiliary Inputs and Digital Output OPtIONS ..........eeiiiiiiiee e e e 42
Table 32. AIN Analog INPUL PArameters ........ ... 42
Table 33. DIagnoStic Parameters ..... ..o oot e e s 43
Table 34. DIiagnOStic IMONITOIS. ... e s 43
Table 35. Incremental Output DIiagnostic STAtes .........ocueiiiiiiii e 44
Table 36.Detection of ShOrts DEtWEEN WIrES .........ueiiiiiii e e e e e e e e e s e eae e e e e e e e nnnnes 44
Table 37. Programming OPLiONS ...........uuiiiiiiiii et e e et e e e e e e et e e e e e e e e e e esaabbaaeeeaeeesasasraaeeeaeeeaaannes 47
R36DS0061ED0001 Rev.1.0 RENESAS Page 5

Sep 8, 2025



RAA2P3200 Datasheet

1. Pin Assignments and Descriptions

[ ]

[ LK VDDD [16]
[2]cs GND[15]
3 | Mos| vDD| 14
N 4]
o
o
[4]AN § ouTt [ 13]
[5 |rx4 % out2|12]
[6|rx3 oe ™[ 1]
[ ]rx2 101[10]
[s ]Rx1 ™[9]

Figure 2. RAA2P3200 pinout

Table 1. Pin Description, RAA2P3200

Pin Number Name Type Description
SPI: not used
1 IN1 Incremental/UVW: not used
UART: not used
SPI: CS chip select input
2 Cs Digital Input Incremental/UVW: Not used
UART: Not used
SPI: MOSI data input
3 MOSI Incremental/UVW: not used
UART: not used
Auxiliary analog (12-bit) input for external analog signal, readable over SPI and
4 AIN Analog Input | o i;’te ﬁacs (12-bit) inp 989
5 RX4 Receiver coil (COS_N)
6 RX3 Receiver coil (SIN_N)
Sensor Input - -
7 RX2 Receiver coil (COS)
8 RX1 Receiver coil (SIN)
. Connect the transmitter coil between the TX1 and TX2 pins, using series
9 ™>1 Transmitter resistors Rrx1 and Rrxe. The resonant frequency is adjusted with capacitors
Output Crx1 and Crye from each coil terminal to GND.
101 SPI: SCK clock input
10 Digital 1/0 Incremental/lUVW: A, Step, U
UART: not used
1 ™2 Tre(x)nustr;lijttter See description of pin #9 (TX1)
SPI: MISO output
12 ouT2 Digital Output Incremental/UVW: B, Direction, V
UART: TxD
SPI: Digital output
L Incremental/UVW: Index, W, PWM
13 ouT1 Digital 1/0 o
UART: Bi-directional TxD/ RxD
Single Wire programming interface
14 VDD Supply External supply voltage (3.3V or 5V).
15 GND Supply Common ground connection.
16 VDDD Supply Internally regulated digital supply voltage.
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2. Specification

2.1 Absolute Maximum Ratings

The absolute maximum ratings listed in Table 2 are stress ratings only. Exceeding these limits can cause

permanent damage to the device. The functional operation of the RAA2P3200 at these maximum ratings is not
guaranteed. Exposure to the absolute maximum rating conditions could impact device’s reliability. All voltage
levels are referenced to GND.

Table 2. Absolute Maximum Ratings

Symbol Parameter Conditions Minimum Maximum Units
VvDDmax External supply voltage: VDD
Vion Digital input pin voltage
Vourz Digital I/0 pin voltage Continuous -18 18 v
V. Analog/Digital output pin
out voltage
v, Sensor Receiver coil input pin
Rxt voltage (RX1)
V) Sensor Receiver coil input pin
Rx2 voltage (RX2)
v, Sensor Receiver coil input pin
RX3 voltage (RX3)
v Sensor Receiver coil input pin Continuous -12 12 \%
Rx4 voltage (RX4)
Voin Digital input pin voltage
Vapro Digital input pin voltage
VADR1 Digital input pin voltage
Vain Analog input pin voltage
Vv Transmitter output pin (TX1)
Tx1
voltage
Continuous -0.3 55 \%
v Transmitter output pin (TX2)
Tx2
voltage
Internal digital supply voltage VDDD is internally regulated with an
V/vbDDmax VDDD 9 PRy ge, external capacitor to GND. No other -0.3 2.0 \%
connection to external voltages.
Tave Ambient temperature -40 125 °C
Ty Junction temperature -40 135 °C
Unmounted units must be limited to
Tstor Storage temperature 10 hours at temperatures above -55 160 °C
125°C to prevent pre-aging
Thermal resistance junction to Velocity = 0m/s with 2s2p PCB test
board
Rrrisa ambient: 16-TSSOP package 89.5 KIW
(JEDEC 51-2, JEDEC 51-7)
Thermal resistance junction to .
Rrhic case: 16-TSSOP package Junction to top of package 38.38 KW
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2.2 ESD Ratings

Table 3. ESD Ratings

Symbol Parameter Conditions Maximum Units
Vv ESD tolerance for all pins According to JEDEC JS-001, +2 KV
EsD Human Body Model: 100pF/1.5kQ classification 2 =
Y ESD tolerance for all pins: Charged- According to JEDEC JS-001, +750 Vv
COM Device Model (CDM) classification C2b =

2.3 Operating Conditions

All minimum/maximum specification limits are guaranteed by design, production testing, and/or statistical
characterization. Conditions: Taws = -40°C to 125°C unless otherwise specified. Cvop = 470nF, Cvoop = 100nF.

Typical values are based on characterization results at default measurement conditions and are informative

only.
Table 4. Electrical Characteristics, 5V and 3.3V Modes
Symbol Parameter Description Minimum | Typical Maximum Units
Supply voltage, 5V
Vvbps mode 4.5 5.0 55 V
Undervoltage detection An undervoltage alarm is created
Vouv level, 5V mode if VDD falls below this limit 3.95 41 4.45 v
Overvoltage detection An overvoltage alarm is created if
Vov level, 5V mode VDD rises above this limit 555 6.15 6.5 v
Supply voltage, 3.3V
Vvbps3 mode 3.0 3.3 3.6 \Y;
Undervoltage detection An undervoltage alarm is created
V3w level, 3.3V mode if VDD falls below this limit 27 28 2.98 v
Overvoltage detection An overvoltage alarm is created if
V3ov level, 3.3V mode VDD rises above this limit 3.65 3.85 4.04 v
Power-on reset (POR): the
Vit | poperon fesel (POR). | device is activated when VDD 261 27 v
9 increases above this threshold
The device is deactivated when
Vwoomy | ower-onreset (POR). | ypp gecreases below this 23 2.38 v
— low threshold
threshold
VDD POR_HYST E)?;I\tlg:(;z?s reset 200 250 300 mvV
Power-on reset (POR) to valid
tstup PE output signal, programming 5 ms
enabled
Start-up times
Power-on reset (POR) to valid
tstup PL output signal, programming 3 ms
locked
tetup ome Command timeout time Time to wait before sending first 15 ms
command
Programming window Timeout window after POR, in
tprogEn gramming which a first programming enable 5 ms
enable time
command must be sent
Timeout window after
t Programming window programming enable in which a 75 ms
ProguL unlock time second unlock command must
be completely sent
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Symbol Parameter Description Minimum | Typical Maximum Units
Internally regulated. Connect
Vvbbp Digital supply voltage capacitor Cyppp = 100nF from 1.75 1.8 1.85 V
VDDD to GND.
Auxiliary Input on
lauxin VDDD maximum VDD must be connected toa 0 4 mA
external load current P VbDD-
VDDD short circuit
IsHoRT vDDD current limitation 18.5 27 40 mA
lcc Current consumption Without coils, no load 10 15 20 mA
Capacitor from VDDD
Cvpop pin to GND 100 nF
Capacitor from VDD pin .
Cvop to GND Nominal value 100 470 nF
Table 5. Position Resolution and Update Rate
Symbol Parameter Description Minimum | Typical Maximum Units
Position resolution
RESuarr UART interface 14
RESsp Resolution of calculated 14 bits
position over SafeSPI
interface
RESinc i Position resolution Binary Mode 512 cpr
I(TB?TJ?\}\?I interfaces Counts per 1 coil period 1024
’ ’ rogrammable
Step/Direction) (prog ) 2048
4096
RESinc pec Decimal Mode 500 cpr
Counts per 1 coil period 1000
(programmable) 2000
4000
Position resolution
RESpum PWM interface 12 14
Acc Position accuracy SPI, Ambient temperature, nominal -0.1 0.1 %FS
UART, ABI, UVW, supply
PWM
Over temperature and supply -0.2 0.2 %FS
range
tros Position refresh rate Internal refresh rate of position 2 3 V&
information
Table 6. Non-volatile Memory Parameters'
Parameter Conditions Minimum Typical Maximum Units
Qualified ding t
ualified according to 15 @T, = 100°C
Data JEDEC 22-A117
; Years
retention
Over product lifetime >100
P @T, = 25°C
i Guaranteed by memory supplier
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Parameter Conditions Minimum Typical Maximum Units
Write o
temperature Allowed ambient -40 125 C
temperature range for read
Read and write access 40 125 oc
temperature
Endurance’ 1000 NVM Write Cycles
Over product lifetime
Read Cycles 5x 10" 1x 1012 NVM Read events
Table 7. LC Oscillator Specifications
Symbol Parameter Description Minimum Typical Maximum Units
LC oscillator frequency is
fic Excitation frequency determined by external 2 55 MHz
components L and C.
Equivalent parallel
Rpeq resistance of the LC 250 Q
resonant circuit
LC oscillator amplitude 6.4
at VDD = 5.0V +10% Peak-to-peak voltage; pins TX1 :
V1x_pp vs. TX2; all modes. Adjustable by Vpp
LC oscillator amplitude coil current. 57
at VDD = 3.3V £10% )
Programmable
ILc transmitter coil drive Tambient = -40 to +160°C 0 (m 16 mA
current
Rrvt, Ri LC .oscnlator series Depen.dlng on coil design and 10 Q
resistors excitation frequency (f.c)
[1] The required transmitter coil current is determined by the equivalent parallel resistance of the LC circuit, depending on coil
design.
Table 8. Receiver Coils Front-End Specifications
Symbol Parameter Description Minimum | Typical Maximum Units
VRx RX coil amplitude Differential coil input 5 200 MVpp
Maximum amplitude Programmable gain mismatch
AIN_mm mismatch corrpection correction of RX coil signals 15 %
(SIN and COS)
Differential input offsets of
A . Input offset correction sine or cosine signal, 02 0.2 o
IN_OFFS_RANGE% | range percentage of transmitter coil : . °
amplitude.
Coil input offset o
Dorrser temperature drift Over temperature range Tawe -2.5 25 %
Receiver input filter . . .
Crx1 10 Crxs capacitors For improved EMC immunity 220 pF
Digital filtering = OFF 0.1
Vrx= 50mV ’ °el. rms
Noisesp Signal path noise level
Digital filtering = OFF
Vrx=5mV 0.5 °el. rms
i Verified number of program/erase cycles. Qualified with 2000 cycles.
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2.4 Interface Pin Characteristics
Table 9. UART Interface
Symbol Parameter Description Minimum Typical Maximum Units
3mA sink current, VDD = 3.0 to 5.5V
Output low .
VOL_UART Voltage OouUT1 pin 13 0 04 v
OUT2 pin 12
3mA source current, VDD = 3.0 to 5.5V
Output high OUT1 pin 13
VoH_uarT voltage OUT2 pin 12 0.8 x VDD VDD \
(Push-Pull condition)
OUT2 current
IOUT2 lim thr limitation OouT2 pin 12 8
threshold mA
OUT2 pin 12
| OhUTtZ outputt Short to VDD, GND 14 o6 A
OUT2 sc lim short curren _ m
Iimitation[” VDD = 3.0V to 5.5V
Open Drain mode
OUT1 current mA
IOUT1 lim thr limitation OuUT1 pin 13 35
threshold
OUT1 pin 13
| OhUE Outputt Short to VDD, GND - R
OUT1 sc lim short curren _ m
Iimitation[2] VDD = 3.0 to 5.5V
Push-pull mode
OUT1 pin 13
| Outputt short Short to VDD, GND - 56 R
OUT1 sc lim curren _ m
limitation®? VDD = 3.0V to 5.5V
Open Drain Mode
OUT1 low level VDD =5V -0.3 0.2 x VDD \Y
Vi uart input voltage
pu 9 VDD = 3.3V 0.3 0.3 x VDD Y,
OUT1 high VDD =5V 0.7 x VDD VDD + 0.3 \%
VIH_UART level input
voltage VDD = 3.3V 0.7 x VDD VDD + 0.3 \%
[11 With OUT2 drive strength set to “00” and OUT2 drive strength for open drain disabled. (out2_io1_drv = “00”)
[2] With digital mode configuration (out1_drv="10")
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Table 10. SPI Interface

Symbol Parameter Conditions Minimum Typical | Maximum | Units
3mA sink current
VOL Output low voltage | VDD = 3.0V to 5.5V 0 04 \Vi
OUT2 pin 12
_ 3mA source current
VOH \(/)Olfttap;;h'gh VDD = 3.0V to 5.5V 0.8 x VDD VDD v
OUT2 pin 12
3mA source current
Output high VDD = 3.3V £10%
VOHses | \oltage SafeSPI mode Vvoo-0-4 Vvoo v
Pin OUT2
OUT2 current .
lour2imtne | jimitation threshold | OYT2 Pin 12 8 mA
OUT2 pin 12
. OUT2 output short
loutzseim | Crrent limitationtt | Srortto VDD, GND 33 70 mA
VDD = 3.0V to 5.5V
Output rising edge, | Load capacitance 60pF 55 ns
¢ push/pull mode. Output voltage rising from 10% to 90%,
T MISO (SafeSPI) 5V
pin
Output falling Load capacitance 60pF 55 ns
t edge, push/pull Output voltage falling from 90% to 10%,
T mode. MISO 5V
(SafeSPI) pin
Table 11. Incremental Interfaces
Symbol Parameter Description Minimum Typical Maximum Units
finc Single channel Pulse | ABI Step/Direction 2 MHz
Rate interfaces
VoH_inc Output high voltage 3mA source current 0 04 \%
ABI - Step/Direction VDD = 3.0V to 5.5V
Pin 13 (OUT1)
Pin 12 (OUT2)
Pin 10 (101)
VoL inc Output low voltage 3mA sink current 0.8 x VDD VDD \%
ABI - Step/Direction VDD = 3.0V to 5.5V
Pin 13 (OUT1)
Pin 12 (OUT2)
Pin 10 (101)
lout2 101 lim thr Current limitation Pin 12 (OUT2) 6 mA
threshold Pin 10 (101)
A’B or Step/Direction In overload condition
pins
lout2101scim | Output short current Pin 12 (OUT2) 32 70 mA
limitation [ Pin 10 (101)
A,B or Step/Direction Short to VDD, GND
pins VDD = 3.3V to 5V
louT1 tim thr Current limitation Pin 13 (OUT1) 35 mA
threshold [ In overload condition
Index pin
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Symbol Parameter Description Minimum Typical Maximum Units
louT1 sc lim Output short current Pin 13 (OUT1) 28 mA
limitation [ Short to VDD, GND
Index pin VDD = 3.3V to 5V
tr_local Output rising edge Load capacitance 60pF ns
emb.eddled Output voltage rising from
applications 10% to 90%
VDD = 3.0 to 5.5V
triocal Output falling edge, Load capacitance 60pF ns
embgdqed Output voltage falling
applications from 90% to 10%
VDD = 3.0V to 5.5V
tr remote Output rising edge Load capacitance 4.7nF us
remote applications Output voltage rising from
10% to 90%
VDD = 3.0V to 5.5V
tf remote Output falling edge Load capacitance 4.7nF us
remote applications Output voltage falling
from 90% to 10%
VDD = 3.0V to 5.5V
[11 With digital mode configuration (out1_drv="10").
[2] With OUT2 fast configuration (out2_io1_drv="11")
Table 12. PWM Interface
Symbol Parameter Description Minimum Typical Maximum | Units
Los 101 current limitation Pin 10 (101) 5 mA
10T im._thr PYVM threshold In overload condition
010 " Pin 10 (101)
. utput short
101 sc im PwM current limitation Short to VDD, GND 32 70 mA
VDD = 3.3V to 5V
DCpwm PWM duty cycle Normal operation 5.56 94.44 %
DCpwm_pHi PWM duty cycle Diagnostic low mode 2,78 %
DCpwm_pLO PWM duty cycle Diagnostic high mode 97.24 %
PWM output rising Load capacitance 4.7nF 5 us
tpwm_r edge, push-pull mode. | oytput voltage rising from 10%
to 90% @ 5V
PWM output falling Load capacitance 4.7nF 5 us
trwm ¢ edge, push-pull mode Output voltage falling from 90%
to 10% @ 5V
[1] With digital mode configuration (out1_drv= “10").
[2] With OUT2 fast configuration (out2_io1_drv="11")
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3. Detailed Description

3.1 Overview

The RAA2P3200 sensor IC consists of one transmitter coil and one pair of receiver coils, which are typically
designed as traces on a printed circuit board. The receiver coils are designed as two wire loops with anti-serial
connection. The “sine” coil and the “cosine” coil are shifted by 90 electrical degrees. A metal target is placed
above the coil arrangement.

When the IC drives an AC current into the transmitter coil, it generates an alternating magnetic field. This
magnetic field induces secondary voltages in the receiver coils. Without a target, the induced voltages in the
loops of the receiver coils cancel each other out, resulting in a net receiver voltage of zero.

When a metal target is placed above the coils, the magnetic field generates eddy currents on its surface. These
eddy currents create a counter magnetic field, reducing the total flux density underneath. This leads to a
reduction in the voltage induced in the receiver coil areas underneath the target, creating an imbalance in the
anti-serial coil segment voltages.

The IC demodulates, offsets and corrects the amplitude of the signals from the two receiver coils with a 90°
electrical phase shift design, which generates sine and cosine shaped voltages as the target is moving.

The RAA2P3200 IC amplifies, rectifies, and filters the receiver voltages, converting them into digital
representation with an ADC. The digital sine and cosine signals are converted into a 0°to 360° absolute position.
The signal accuracy can be further enhanced through a 2-dimentional,16-point linearization process.

The position can be read over SPI, UART, or Incremental interfaces: ABI, Step/Direction, UVW.

Power

Tx and Rx Signals Supply

Transmitter

X1
Ln { UART (14 bit)
i
[]1TX2 ouT SPI (14 bit)
ABI/Step-Dir/UVW (12bit)
[]RX4 ouT2
Auxiliary 1/O:
[ RX2 101 AIN: External 12-bit analog input
DOUT: Diagnostics Flag Output
RX3
RX1
0 30 60 90 120 150 180 210 240 270 300 330 360
Position [el.] RAA2 P3200

Figure 3. RAA2P3200 Input/Output Signals
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3.2 Block Diagram

Configuration Programming Interfaces
NVM s
Shadow Registers UART | ‘ SPI

Ccs

MOsI 1 | i
[T i
RX1 — ouT1
Analog , Sin Dsp UART Output

RX2 | Automatic ADC ¢ — !

Front-End Demodulator | |Gain Control| | MUX l o 2D 16-point ABI/Step-Dir Protection ouT2

i linearization [ ——— 1
RX3 EMC filtering | UvW o1
RX4
VDDD
™1 X ! ! ) Temperature Power VDD
LC Oscillator Failure Diagnostics Sensor Management

™ GND

AIN

Figure 4. Block Diagram
The main building blocks include:

= Analog front-end: Input filter, offset, and gain control for the receiver signals.

= Demodulator: Converting RF modulated position signal to LF demodulated raw sine and cosine signals.
= Automatic Gain Control: Automatically adjusts the raw sine and cosine signal levels.

= High Speed ADC: Converts raw signals into digital format for further digital signal processing.

» Digital signal processing: Converts digital sine and cosine raw signals into synchronized absolute position
information for both channels.

= 2D 16-point linearization: Supports up to 16 two-dimensional linearization points with freely programmable X-
and Y- coordinates for each point (X= Position input, Y= Position output).

= SPI, UART, INC, PWM: Carries out post processing, clamping, signal integrity checks. Decodes channel
information and other diagnostics info into the selected output format (SPI, UART, Incremental).

= TX Oscillator: Generates the transmitter coil signal.
= Temperature sensor: Internal temperature sensor, used for chip diagnostics.

= Protection: All outputs are fully protected against overvoltage, reverse polarity and short circuit, enabling
direct cable connection to these outputs, and eliminating the need for additional line driver ICs.

= Power Management: Operates with supply voltages ranging from 3.0V to 5.5V. External capacitors are
required for the supply voltage VDD, and for the digital power supply, VDDD. All other supplies, such as
analog circuits, do not need any external capacitor.

= Programming interface: Accessible via one-wire UART or SPI interface.

= Configuration, NVM: Stores nonvolatile, storage of factory and user-programmable settings. User
configuration parameters can be programmed multiple times.

» On-chip failure diagnostics: Performs internal diagnosis of critical blocks.

= Auxiliary 1/0 include, AIN (12-bit analog input for external analog signals), DOUT (Diagnostic Output)
accessible over serial interfaces.
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3.3 LC Oscillator

The transmitter circuit of the RAA2P3200 generates the required RF magnetic field for operating the sensor as
determined by an external parallel LC circuit, see Figure 5. To ensure low emission of harmonics, the capacitive
part of the LC circuit is split into two equal-value capacitors: CTx1 and CTx2. Additionally, two series resistors
RTx1 and RTx2 are added as shown in Figure 5.

1 Rre

RAA2P3200 b

9 Rx1

Cszjj g Cwxt

Figure 5. TX LC Oscillator

3.3.1 Parallel LC Resonator Calculations

A resonator, comprising an inductor (L) and a capacitor (C) in parallel, is essential for generating specific
frequencies in RF applications. Accurate calculations of the equivalent parallel resistance (R-Peq) ensure proper
resonator function. In the RAA2P3200 transmitter circuit, this resonator minimizes harmonic emissions.

] L c CTXW
\Y; :g :> \ § Reeq = 3 L |:> \% § Reeq L Cra=Gre=GCy=2C
Rs
CTxﬁ
Figure 6. Parallel Resonator Circuit
1 L
Equivalent parallel resistance Rpeq = R_s X C Equation 1
from Coil series resistance:
R 1 y 2xL
Peq = o Equation 2
For Ctxt = Ctx2 = C1x =2C: Rs Crx q
Equivalent parallel resistance L 2L Equation 3
. . Rpeg =Q X |2 =Q % | ==
from Quality factor Q: C Cry
1
Ideal LC Oscillator fi ith Jrx = / ¢
ea scillator frequency wi o | Grx .
split Tx capacitors Crx 2 Equation 4
OSC|II§tor frequency 'Wlth §pl|t Tx 1 ) Re\ Equation 5
capacitor Ctx and coil series frx ==— - <—)
: 2m |LCry \L

resistor Rs
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- - - 1|2 2\
Oscillator frequency with split Tx Frx \/ _ ( ) Equation 6

capacitor Cx and equivalent - 2m(LCry  \RpeqCrx

parallel resistor Rpeq
e €1 _
Q = Rpeq L= RC Equation 7

Coil quality factor

0= “’Ris _ anTXRis Equation 8
Where:
Rpeq Equivalent parallel resistance of the LC circuit at the transmitter frequency in Ohms
Rs Serial resistance of the transmitter coil at the transmitter frequency in Ohms
frx Resonant circuit frequency in Hertz, 1/s
L Resonant circuit coil impedance in Henry
C Resonant circuit capacitance in Farad
Crx1, C1xa Capacitance of the split capacitors in Farad
Q Resonant circuit quality factor (unitless)
w Angular frequency 2**frxin Hertz, 1/s

3.4 Coil Design

Figure 7 shows an example of a linear motion sensor with one transmitter coil (transmitter loop) and two receiver
coils (Sin loop and Cos loop). Due to the alternating clockwise and counterclockwise winding direction of each
segment in a loop (for example RxCos = clockwise Cos Loop1 + counterclockwise Cos Loop 2), the induced
voltages in each segment have alternating opposite polarity.

Equation 9
Vcos Loop1 = -Vcos Loop2
In the absence of a target, the secondary voltages balance out as follows:
Vcos = Vcos Loop1 — Vcos Loop2 = ov Equation 10

With a target placed above the coils, the secondary voltage induced in the covered area decreases compared to
the secondary voltage when no target is present above it.

VCos Loop1 # ‘VCos Loop2 Equation 11

This creates an imbalance of the secondary voltage segments, and thus, a secondary voltage # 0V is generated,
depending on the location of the target.

Veos = Vcos Loopt — VCos Loop2 # OV Equation 12
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Sin Loop 1 Sin Loop 2
(cw) (cow) TX Loop
RX Sin
™X o0—
RX Cos

\! Metallic Target «—> \
“{ Cos Loop 2 Cos Loop 3

Cos Loop 1 (cew) (cw)
(cw)

Figure 7. Coil Design for a Linear Motion Sensor

The same principles shown for the linear motion sensor can be applied to a rotary sensor as shown in Figure 8.

Sin Loop 1
(cw)

TX Loop

Cos Loop 1

(cw) " .' \ Cos Loop 2

(ccw)

Metallic
Target

Sin Loop 2
(ccw)

Figure 8. Coil Design for a 360° Rotary Sensor

3.4.1 Multi-periodic Coil Design Application Examples

Applying the same fundamental design principles, coils with multiple periods per turn can be designed. Multi-
periodic designs improve mechanical accuracy compared to single-periodic coil designs. For example, a 4-
periodic coil design (4 x 90°) improves mechanical accuracy by a factor of 4. Consequently, for angular designs,
requiring < 360° movement range, coil designs with multiple periods are recommended. these designs not only
improve mechanical accuracy but are also more robust against mechanical target misalignment and tilt.
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3.4.2 Electrical versus Mechanical degrees

The RAA2P3200 converts the movement of a target across a single period of the receiver coil into a precise
electrical signal. This conversion spans the full angular range from 0°to 360°, producing a digital output ranging
from 0 to (2N-1) LSBs. The position output is thus absolute over a full turn of 360 mechanical degrees.

As illustrated in Figure 9, the single-periodic coil design establishes a direct 1:1 relationship between electrical
and mechanical domains as the following:

=  Coil Period: 360° electrical
= Mechanical Range: 360° mechanical
= Conversion Factor: 1:1 (1°el. = 1° mechanical)

w
<)
[S)

=
)
)
—
©
l_
©
i
[
=

Position [* el]

0 180 360
Mechanical angle[°]

Figure 9. Coil Design Using 1-Periodic Coil

As illustrated in Figure 10, a coil design with four receiver coil periods within a single full mechanical turn, results

in four electrical rotations for every complete mechanical turn and provides the following advantages in accuracy
and resolution.

Higher Resolution: Position output resolution increases proportionally with period count by

Mechanical Resolution = Sensors_Periods * Electrical Resolution

In this configuration one electrical degree (°el) equals 0.25 mechanical degrees (°). The provided output
resolution is four times higher compared to the single-periodic design.

= Improved accuracy: Mechanical error is reduced by the period factor

Electrical Error
Mechanical Error =

Sensor Periods
This configuration is particularly well-suited for:

= Multi-pole motors requiring precise commutation
= Limited-range applications (<180° mechanical travel)
= Systems demanding high-resolution incremental feedback

Select the number of periods based on application requirements to optimize measurement performance. Proper
period selection is critical for achieving maximum system accuracy.

w
<]
o

Position [* el]

0 180 360
Mechanical angle [°]

Figure 10. Coil Design Using 4-Periodic Coil
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4. Linearization

The RAA2P3200 offers a very flexible linearization feature to enhance sensor accuracy. The linearization

algorithm is applied digitally after an angle calculation. The linearization is performed with 12-bits resolution over
a 360° electrical range (el.). Up to 16 programmable linearization points can be positioned within a grid of 0.088°
in both X (position) and Y (expected output) directions.

Figure 11 illustrates an example of the impact of linearization, showing that the total error is significantly

reduced.
Lir 1 with 16 Points Error before / after Linearization
Elestrical Error Error before linearization
181 o Linearization 159 — Ermor after linearization
10 e
05 05
g
8
& 00 00 MWWWUMMWWWW
%
-05 05
-1.0 10
1.5 1.5
50 100 150 200 250 300 350 50 100 150 200 250 300 350
Position in Deg Position in Deg
Figure 11. Example of 16-Point Linearization
Table 13. Linearization Parameters
Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Np_Lin Number of linearization points 16
Griduin Placement grid of linearization points In XandY 0.088 ‘el
. . L . XandY .
Resiin Resolution of linearization transfer function . 12 bits
coordinates

Note: The slope of each segment (AY / AX) is automatically calculated from the X and Y parameters of adjacent
linearization points. If two adjacent points are positioned with a slope outside the specified range (see Table 13),
the slope is reset to 0 to prevent an overflow of the calculated slope value.

100%
CLy; DP
¥top

Linearization output

Krarr |
CLy, |

Y360
o

- DP

i
XSTART XSTOP
Linearization input: Position [el°]

Figure 12. Linearization Transfer Function Parameters
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Table 14. Linearization Parameter Settings

Parameter Description Programming Options Resolution

PLin Number of linearization options 0,2,4,6,8,16
Dp Discontinuity point, Zero position transition from 0°/360°

Xstart Mechanical start position, first linearization point

Y start Expected output at XStart, first linearization point
X Mechanical position of linearization point (i = 1 to 16,

' including start and stop) 0° to <360° el. 0.088°¢l. per LSB
Y, Expegted output at linearization point (i = 1 to 16
including start and stop)

Xstop Mechanical end position, last linearization point

Ystop Expected output at XStop, last linearization point

CLni Output Clamping level, high 12 bits
Clio Output Clamping level, low 0% 10 100% VDD (VDD /L‘;(EG) per
YO0 Position at DP, start value at X = 0° 0°/360° el.

Y360 Position at DP, stop value at X = 360° 0°/360° el.

5. Interfaces

The RAA2P3200 offers SafeSPI, UART, ABI or Step/Direction. A summary of the maximum speed for each
high-speed interface is shown in Table 15.

Table 15. Interfaces overview

Interfaces Number | Resolution Features Other options
of Iif
Wires
SafeSPI 4 14 bits Interface Speed: 10MHz Analog Input (pin 4)
Fastest Position Update rate:3.9us
UART 1or3 14 bits Interface Speed: 2MHz .
N Analog Input (pin 4)
Fastest Position update rate: 15us
Uvw 3 6-48 600 krpm .
1-8 programmable pole pairs per
counts per .
. period
period
ABI 3 9-12 max. edge rate = 8MHz:
speed <600 krpm @9bit Bi ;
AB + PWM ! inary and decimal based
468 krpm @10bit resolutions
Step/Direction + Index 234 krpm @11 bit
Step/Direction + PWM 117 krpom @12 bit
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5.1 SafeSPI Interface

The SafeSPI Serial Peripheral Interface for Automotive Safety is an open standard based on the de-facto Serial
Peripheral Interface (SPI) industry standard. The RAA2P3200 was developed in accordance with SafeSPI
specification version 1.0. Further details can be found at: https://safespi.org.

RAA2P3200 (SafeSPI)

VDDD
GND

3.3V /5V
VDD

OouT1 DOUT

SafeSPI: MISO

R
1

out2

X2

SafeSPI: SCK [
Rx1

101

™1

Figure 13. Safe SPI - Input/Output Pins

The RAA2P3200 supports the following features:

= Command frame according to SafeSPI standard.
= Out-Of-Frame communication protocol.

» Data read is frozen/latched on the falling edge of CS.
» Multi-slave configuration with dedicated chip selects.

= 32-bit frame format, 16-bit data per frame.
» Frame starts with MSB first.

= Supports Burst Write mode.

= Programmable Clock phase CPHA

= Programmable Clock polarity CPOL

= Operation on both at 3.0V and 3.3V (as specified in SafeSPI standard), and at 4.5V to 5.5V supply voltage.

Data transfer over the SafeSPI interface is controlled by the Chip Select (CS) signal. While the CS signal is high,
incoming data is ignored at the data input MOSI (Master-Out-Slave-In) and the data output MISO (Master-In-

Slave-Out) remains in high impedance state.

A low signal at the Chip Select (CS) activates the SafeSPI interface, enabling data transfer between the SafeSPI
Master and Slave. The Serial Clock (SCK) defines the data transfer speed, synchronizing all data transmission

and reception.

Commands are transmitted from the master to the slave via the MOSI line, with the SPI Slave responding

through the MISO line, see Figure 14 for details.
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5.1.1 Timing Specifications
Table 16. SafeSPI Output User Programming Options

SafeSPI Interface Number
Programming of Programming option
Parameter options
0: Clock idles at 0, each cycle consists of a pulse of 1
SCK Clock polarity: 2
CPOL 1: Clock idles at 1, each cycle consists of a pulse of 0.
0: Output data is latched on the trailing edge of the preceding clock cycle, while the input
data captures the data on the leading edge of the clock cycle.
SCK Clock phase: 2
CPHA 1: Output data is latched on the leading edge of the preceding clock cycle, while the input
data captures the data on the trailing edge of the clock cycle.

CS \

SCK

el |
8¢
! Elg
8=
MOSI undefined>< |)< >< >< / X undefined
L
) |
> 3—« 4 «—T7—>

MISQ —High impedance—<

X

—J

Figure 14. Safe SPI Timing Diagram for Mode 0 (CPOL=0; CPHA=0)

High  __
impedance

The incoming data is received on the rising edge and transmitted on the falling edge of clock signal SCK.
For CPOL and CPHA parameters, refer to Table 16.
The incoming data is received on the rising edge and transmitted on the falling edge of the clock signal SCK.

CSs

SCK

“6>

-8 »

/—\

T T

undefined

MOSI

_ Data

/
undefined
\

MISO —High impedance—<

2
> e
|

J

XX

J

—7—

Figure 15. Safe SPI Timing Diagram for Mode 0 (CPOL=0; CPHA=1)

High __
impedance

The incoming data is received on the falling edge and transmitted on the rising edge of clock signal SCK.
For CPOL and CPHA parameters, refer to Table 16.
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Table 17. SafeSPI Timing Requirements

Symbol Parameter Min Typ Max Units
1 e SCK disable lead time, time between the falling edge 10 ns
sckdislo | of SCK and falling edge of CS
2 ¢ _ SCK enable lead time, time between the falling edge 40 ns
sckenhi | of CS and rising edge of SCK
3 ¢ ! MISO data valid time, time between the falling edge of 40 ns
MISO_valid e | ' CSN and the start of MISO operation
_ SCK high time, time between rising edge and falling
4 | tsekn | o4ge of SCK 40 ns
SCK enable lag time, time between the falling edge of
5 tsceno | SoK and rising edge of CS 20 ns
6 t | SCKdisable lag time, time between the rising edge of 10 ns
SCK.dishi | CS and rising edge of SCK
7 ¢ _ MISO data disable lag time, time between the rising 50 ns
MISO_dis | edge of CSN and disabling of MISO data
8 tes_ni Sequential transfer delay 700 ns
fsck SCK clock frequency 10 12.5 MHz
. kFrames /
NFps Frame rate (32 bit frame + tcs_ni) 256.4 306.7 second

5.1.2 SafeSPI Frame

5.1.2.1 SafeSPI Out of Frame Logical Layer

The Out-Of-Frame communication protocol ensures simultaneous data reading and command broadcasting in
parallel. The response from the SafeSPI slave (the RAA2P3200) is always synchronized with the subsequent
command frame of the Master.

For example, while the Master transmits Command #2 over the MOSI line, it simultaneously receives the
response from Command #1 over the MISO line.

X&SwlMaster) Command #1 Command #2 Command #3
| |

y Y
MISO Data from previous Data from Command #1 Data from Command #2
(from Slave) commands

Figure 16. Out-Of-Frame communication

5.1.2.2 SafeSPI Protocol
The SafeSPI data frame consists of 32 bits. MSB is transmitted first.

5.1.2.3 SafeSPI Master Commands

The master initiates communication over the MOSI line. The interface supports various read and write
operations determined by a 3-bit command field as the following:

= Sensor Read (0b000): reads the linearized, speed compensated 14-bit position.

= Read from register (0b001): specifies the register address to read from, see Table 19 for examples.

= Write to register (Ob010): two frames are required for register write: the first frame contains the address, and
the second frame contains the data to be written to that address.

= Write Burst to registers (0b011): performs a sequence of write commands on contiguous registers.
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Table 18. SafeSPI Commands

Command [2:0] SafeSPI Command
0b000 Sensor Read (Position)
0b001 Read from Register
0b010 Write Register
0b011 Burst Write
Ob1xx Undefined (error)

5.1.2.4 SafeSPIl Response Slave to Master
Response sequence by the Slave over the MISO line is the following:

1.
2.

5.
6.

D: 1-bit data identifier, which defines whether the response contains sensor data (D= 1) or not (D=0).

SA: 10-bit Slave Address uniquely identifying the content of the response data (Sensor Data [15:0]). Only
the 3 MSBs are used in the RAA2P3200, the remaining 7 bits are not assigned (N/A)

S1: status bit (S1, MSB) indicating the status of the sensor, see Table 20.

Data [15:0]: 16 bits of data, which can be either sensor data (identified by D=1) or other data (identified by
D=0), as requested in the previous frame. See Table 19 for examples.

S0: the second status bit (S0, LSB) indicating the status of the sensor, see Table 20 for status descriptions.

CRC: 3-bit cyclic redundancy check

Table 19 shows an abstract of the main registers that are accessible through the SafeSPI interface. A
comprehensive list of all accessible registers is provided in the RAA2P3200 Programming Manual document,
available on request from Renesas.

5.

1.2.5 Sensor Read

With the Sensor Data Read, users can obtain the 14-bit compensated position information by transmitting two
32-bit SafeSPI frames. When the D bit is set to 1 (indicating Sensor Data), the sensor's response is received on
the MISO output during the second frame, as shown in Figure 18.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
sck [1]2]3[4]5[6]7[8]910][11]12[13]14[15]16][17]18[19]20][21]22][23]24[25]26]27]28]29[30]31][32]
Mosl | 000 | N/A [25:0] | CRC[20] |
Command [2:0] ‘ N/A [6:0] ‘ St ‘ Sensor Position Data [15:0] (from previous frame) ‘ S0 ‘ CRCI[2:0] ‘

MISO

D=1

Figure 17. SafeSPI Frame for Reading Sensor Data

Position Dataiis latched

Frame #n l’_ for output Frame #n+1
CSN '\ [\ /
10 11 12 13 28 29 30 31 32} 1 2 3 4 011 12 13 28 29 30 31 32
sck AN, i I,
l
MOSI @<CMD [2:0]>< N/A [25:0] X CRC [2:0] W(CMD [2: O]X N/A [25:0] X CRC [2:0] @
Read Sensor Data Read Sensor Data

CMD .Data CMD S
MISO W e N/A [6:0] ><§>< P o) >.< CRC[20] |W®< prey. N/A [6:0] >@< se e CRC [2:0] )@

Figure 18. SafeSPI Signal Diagram for Reading Sensor Data (CPHA = 0)

R36DS0061ED0001 Rev.1.0 RENESAS Page 25
Sep 8, 2025



RAA2P3200 Datasheet

5.1.2.6 Register Data Read

Register Data Read allows users to access internal register information using two 32-bit SafeSPI frames. When
the D bit is set to 0 (indicating Register Read), the sensor's response is received on the MISO output during the
second frame, as shown in Figure 20. The available registers are listed in Table 19.

Table 19. SafeSPI Available Register Data

Address Length R/W
Type of data [bits] Note
0x0276 Raw Position Data 16 R Raw Position after angle calculation
0x026A Linearized position 14 R Position after angle calculation + linearization
OX026E Position after angle calculation + linearization + speed

Speed compensated position 14 R compensation (correction of speed related propagation delay) This
register is also read by the “read sensor” command

Position after angle calculation + linearization + speed
0x02A2 Interpolated Position 14 R compensation (correction of speed related propagation delay) +
position interpolation

+2048 turns; increments/decrements at every zero-crossing of the

0x0282 Turns counter 12 R position data. Counter is reset after Power-on-reset
0x0286 Chip internal temperature 8 R Lr}t;ehrgzilht;mperature sensor, measuring the junction temperature
0x0296 Analog input 13 R Voltage at pin AIN

15| R | Messurementof e VODD rfererce v, forextema
0x0270 Signal magnitude 14 R Magnitude of input signal: sqrt (Vsin? + Vcos?)

0x027A Sine raw data 13+1 R Raw data of sine coil inputs after AGC + inversion bit
0x027C Cosine raw data 13+1 R Raw data of cosine coil inputs after AGC + inversion bit
0x029E DOUT FLAG output 1 R/W Control of digital FLG output by writing 0/1 into a register
0x0264 Customer ID 0 16 R Customer ID information

0x0266 Customer ID 1 16 R Customer ID information

0x0268 Customer ID 2 16 R Customer ID information

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3

SCK\1\2\3\4\5\6\7\s\9\10\11\12\13\14\15\16\17\18\19\20\21\22\23\24\25\26\27\28\29\30\31\32\
Mosl | 001 | N/A [9:0] | Register address [15:0] | CRCI20] |

MISO Command [2:0] ‘ N/A [6:0] ‘ s1 ‘ Register Data (from previous frame) [15:0] so | CRC[2:0] ‘

D=0

Figure 19. SafeSPI Frame for Reading Register Data

Frame n Frame n+1

CSN '\ / \ [

10 11 28 29 30 31 32 10 11 28 29 30 31 32

SCK vajﬂfwvjmijf\fwvﬁ\fvwv—
MOSI @<CMD[2:O] >< N/A [9:0] >< Aads'%?s CRC [2:0] W% CcMD [2:0]>< N/A [9:0] >< Aﬂ‘éﬂ%‘;'s CRC [2:0] @

Read Register Data Read Register Data

MISO Wpri"zg;\m N/A [6:0] >@< prfrs'%”]“a >.< CRC [20] ///G p’e["zgl'v'D N/A [6:0] >@<D§f§[l1s;eg] CRC [2:0] >@

Figure 20. SafeSPI Signal Diagram for Reading Register Data (CPHA = 0)
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5.1.2.7 Register Data Write

The Register Data Write function allows users to write on internal registers using two 32-bit SafeSPI frames.
When the D bit is set to 0, the first frame includes the address, and the second frame contains the data, as
illustrated in Figure 22.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

sck [1]2]3[4]5]6]7[8]910[11][12]13[14]15[16][17]18][19]20]21[22]23]24]25]26]27[28]29]30]31][32]

Mosi [ oo ]

N/A [9:0]

| Register address [15:0] ‘ CRC[2:0]

MISO

D=0

Command [2:0] ‘

N/A [6:0]

‘ S1 ‘ Register Data (from previous frame) [15:0] ‘ S0 ‘ CR(C[2:0]

|

\\SCK [1]2]3]4]s[6]7]8]o[10]11]12]13]14][15]16]17[18]19]20]21]22][23]24]25]26]27[28][29]30]31]32]

Mosl [ ot ‘ N/A [90] ‘ Register Data [150] | craza |
MISO | o= | Command [2:0] ‘ N/A [6:0] ‘ s1 ‘ Register Data (from previous frame) [15:0] ‘ S0 ‘ CRC[20] ‘
Figure 21. SafeSPI Frame for Writing Register Data
Frame n Frame n+1
CSN "\ / \ /
10 11 12 13 28 29 30 31 32 1 2 3 4 0 11 12 13 28 29 30 31 32
sck NN [

MOSI 2<CMD o)

N/A [9:0]

Write Register Data

Write Register Data

>(Aﬁ%(%?s)< CRC [2:0] W%CMD [2:0]>< N/A [9:0] X;";f;"[ﬁ‘;%]x CRC [2:0] @
& J

MISO 78

prev.CMD

) prev.Data , prev. CMD Old Reg .
[2:0] XN/A [6'0]>@< [15:0] >.< CRC [20] ////a 12:0] NA B0} >@< Data[15:0] CRC[2:0] >@

Figure 22. SafeSPI Signal Diagram for Writing Register Data (CPHA = 0)

5.1.2.8 Register Data Burst Write

The RAA2P3200 supports Burst Write mode, which facilitates rapid consecutive register writes. In this mode, the
register address automatically increments with each frame, allowing the master to efficiently write data to the

—

memory.
Frame n+1 Frame n+2
CSN '\ / \
10 11 12 13 28 29 30 31 32 12 3 4 011 12 13 28 29 30 31 32
sck NN, i i

MQOSI 2<CMD [2:01>< N/A [9:0]

)(E;y;eﬁggx CRC [2:0] WCMD 2: O]X N/A [9:0] X@{QT?‘;‘;{X CRC [2:0] @

Burst Write

Burst Write

Address: n+1

prev.CMD Id Reglster . f prev.CMD . Old Reglster
MISO @@X Bl XN/A[GO]>@<Data1 [150] CRC [2:0] ’//4@ 0] XN/A[6.0]><SE><Data2[150]>.< CRC [2:0] >@

Figure 23. SafeSPI Signal Diagram for Burst Writing Register Data (CPHA = 0)

Table 20. SafeSPI Status Bit Indication

Status bit S1 Status bit SO Status Indication
0 0 Valid sensor data
0 1 Sensor is in error state
1 0 Sensor is in programming mode
1 1 Sensor is in initialization state. Data [15:0] still contains data

5.1.2.9 CRC Protection

The Cyclic Redundancy Check (CRC) is calculated over bits 31:3 using the polynomial of x* + x + 1 (binary
1011). The initial value is set to Oxb101, and value is 0xb000. For more information, see the RAA2P3200
Programming Manual document.
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5.2 Incremental Interfaces

The RAA2P3200 includes incremental and BLDC motor commutation interfaces such as ABI, Step/Direction,
and UVW, making it ideal for replacing optical and magnetic encoders in industrial applications. All incremental
interfaces utilize three channels on OUT1, OUT2 and 101 pins, as shown in Figure 24.

RAA2P3200 (Incremental)

Figure 24. Incremental Interfaces Input/Output Pins

Table 21. Incremental Interfaces User Programming Options

Number
Parameter of Programming Options
options
Incremental mode 5 ABI, AB+PWM, Step/Direction+Index, Step/Direction+PWM, UVW
Index pulse length 2 For ABI and Step/Direction mode: 1 LSB, 3 LSBs
Index position 4 For ABI and Step/Direction mode
Base Binary Decimal
Interpolation P“'Ses[gle; period 1 128 /256 / 512 / 1024 125 / 250 / 500 / 1000
factors ’
Counts[gﬁ]r period 512 / 1024 / 2048 | 4096 500 / 1000 / 2000 / 4000
UVW pulses per period [el.] 8 1,2,3,4,5,6,7,8
Startup counter burst mode 5 :?L;r:;glig??rtg;:::gecgjf/(sjg?tzlgdburst generator
Startup counter wait time 4 If enabled: wait time of burst generator after POR
Delay compensation 2 Enable/Disable

5.2.1 ABI Interface

The ABI interface uses two quadrature channels, A and B, which toggle with a 50% duty cycle. The | (Index)
signal provides a pulse once per revolution, marking the zero-angle position. Each cycle of channels A and B
generates four unique states.

Counting up or down occurs at each edge of channels A and B, resulting in four count increments or decrements
per pulse. Consequently, the number of counts per period is four times the number of pulses per period. The
counting direction of the receiving counter depends on the state of the channels at each edge (see Figure 25). In
clockwise rotation, a rising edge of channel A occurs when channel B is low, whereas in counterclockwise
rotation, the rising edge of channel A occurs when channel B is high.

The RAA2P3200 device also allows for programmable reversal of rotational direction, enabling easy adaptation
to different requirements.
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Clockwise Counterclockwise

Counts

87-654-3210123456 876354321 0-1-=2-23-4-5-6

Figure 25. ABI Protocol

5.2.2 Step/Direction

The RAA2P3200 can be configured for the Step/Direction protocol. In this protocol, one pin (Step) delivers one
pulse per count, while the other (Direction) is held high or low to indicate the rotational direction. As a result, the
Step pin outputs double the number of pulses compared to A pin in ABI mode.

Clockwise Counterclockwise
step [ LI LT LITLILrL LML
Dir
I
Counts

8-76-5-4-3-2-10123425€86 8-76-5-4-3-2-101234586

Figure 26. Step/Direction Protocol

5.2.3 UVW Motor Commutation Interface

The UVW interface is designed to replace the simple block commutation scheme used in brushless DC motors
that employ three discrete magnetic switches. It works as an incremental interface, providing three channels with
one pulse per period, each channel phase shifted by 120° electrically (see Figure 27).

In normal operation, this interface can exhibit six states. The two states that do not occur during normal
operation are UVW = 000 and UVW = 111. These two states are reserved for diagnostic indication.

UVW Commutation Signals

\\\ 4
U N 7 e
~J €0° ~
~ ,
V SN \\\ d
al ey N
R ?00 \-]/,/
N ,
\\ 4
wW al
,
0 60 120 180 240 300 360
Position [el]

Figure 27. UVW Decoding Scheme within One Electrical Period

The sequence of three-phase shifted UVW signals appears once per electrical phase of the e-motor. For motors
with n-pole-pairs, the sequence repeats n times per mechanical turn. The number of UVW pulses per electrical
period is programmable from 1 to 8.

Multi-periodic coil designs offer flexibility to match the number of pole pairs on the motor with an equivalent number
of periods in the coil design. For example, a four-pole pair motor can be matched with the following:

= a four periodic coil design with 1 UVW pulse per period

= a one periodic coil design with 4 UVW pulses per period
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One Periodic Decoding

U
Vv
W
0 60 120 180 240 300 360
Position [°el]
Four Periodic Decoding
U

<
—

W]

0 60 120 180 240 300 360

Position [°el]

Figure 28. Decoding Examples for 1 and 4 Pulses per Period

5.2.4 Interpolation Factor/Resolution

The incremental interfaces for the RAA2P3200 device offer four interpolation settings (9-bit,10-bit, 11-bit,12-bit)
in both binary and decimal formats. The interpolation factor is the number of counts per electrical period. “Pulses
per period” denote the pulses generated on one channel during a single electrical period (360° el.). These
settings determine the counts per electrical period, which must be multiplied by the number of primary coll
periods to get the total counts per mechanical period.

5.2.5 Maximum Speed

The maximum rotation speed is defined by the maximum output pulse rate at channels A and B, which is 2MHz.
Additionally, the maximum rotation speed is influenced by the interpolator resolution and the number of pole
pairs of the coil. In addition, the maximum rotation speed is constrained by the maximum input frequency, which
is 10kHz (600 000 rpm) as shown in Table 22.

Table 22. Maximum Speed

Interpolation Maximum Counts per | Maximum Electrical Speed Maximum Pulse Rate, Maximum
Factor, Resolution Revolution [rpm] Outputs A and B Edge Rate
9-bit 512 600 000
10-bit 1024 468 000
- 2MHz 8MHz
11-bit 2048 234 000
12-bit 4096 117 000

For UVW mode, the interpolation factor must be set to 12-bit, offering a maximum speed of up to 117krpm (both
electrical and mechanical), regardless of the pole pair (pulses per period) setting as shown in Table 23.

Table 23. UVW Maximum Speed

Maximum Electrical and Mechanical Speed Maximum Pulse Rate, Outputs U, W and W
Pulses per Period [rpm] [kHZz]
1 1.95
2 117 000 3.9
3 5.85
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Maximum Electrical and Mechanical Speed Maximum Pulse Rate, Outputs U, W and W
Pulses per Period [rpm] [kHz]

4 7.8
9.75

5
6 11.7
7
8

13.65
15.6

Note: the maximum mechanical speed is determined by dividing the maximum electrical speed by the number of
periods per turn for the specific coil design. For example, a coil design with 5 periods and 10-bit interpolation has
a maximum speed of 468krpm / 5 = 93600rpm.

5.2.6 Index Pulse

Encoders' incremental interfaces send an index pulse to indicate their zero position. The receiver uses this pulse
to synchronize and subsequently utilizes the A/B and Step/Direction signals to track of the position accurately.
To support a variety of receivers, this pulse is programmable in both width and position.

Two programmable options are available for the index pulse width: either a duration of 1 count or 3 counts.
Additionally, there are four programmable options for the index pulse position (index_cfg). Each configuration
defines the resulting diagnostic state as described in Table 24.

Table 24. ABI Index Configurations

Index Pulse Position ABI Diagnostic State Step/Direction Diagnostic State
A=0,B=0 A=1,B=1,1=1 Step=1,Dir=X,1=1
A=1,B=1 A=0,B=0,1=1 Step=0,Dir=X,1=1
A=0,B=1 A=0,B=0,1=1 Step=1,Dir=X,1=1
A=1.B=0 A=0,B=1,1=1 Step=0,Dir=X,1=1

Index position AB =00 Index position AB =11
A A
Index length B B
1LSB

8-76-5-43-2-1012345€6 6-5-4-3-2-1012345¢86738

Index length

3LSB B B

I I
87-65-43-2-10123456 6-54-32-10123458678

Figure 29. ABI Index Position and Length Configurations

The index configuration defines the diagnostic state indication. The unique combination of the three signals in
diagnostic mode ensures that it does not occur during normal operation.
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5.2.7 True-Power-On Absolute Position Information

Incremental interfaces lack the capability to deliver absolute position information immediately upon power-up.

At power-up, the absolute position remains unknown if the measured object, such as a motor, is stationary.
Motion is required to detect the first index and calculate the position accurately.

RAA2P3200 is capable of calculating the absolute position internally, and provides it over the incremental
interface after power-up, before any rotation starts. This is implemented by sending an artificial burst of pulses.
(see Figure 30).

After a programmable wait time, an index pulse is generated to reset the external counter at the receiving end,
followed by a series of AB pulses that indicate the absolute position. The frequency of this pulse train is
programmable, ensuring synchronization of the counter at the receiving end with the correct absolute position.
The rotor must remain stationary during the initial pulse train sequence. This feature can be enabled or disabled

by user programming.
| POR |  No Rotation necessary, Initial Position is sent || Rotation
VDD J Absolute Position
i Initial Rotor Position .
Rotor
Position
A
B
I
4+—r < > < >
Prsvg rin_wr ma ble StartupInBituiarsltP(é);E%r: Embzg Ine;ree}]?u ency) Rotor Movement
ait-1ime

Rotor is not moving

Figure 30. ABI True-Power-On Burst Delivering Absolute Position at Startup Without Rotation

5.2.7.1 True Power-On with AB + PWM Mode

In AB+PWM mode, the index output is replaced with a PWM output, allowing users to determine the exact
position during start-up based on the PWM output. Once the measured object begins to move, the position can
be calculated from the pulses of the A and B outputs. The PWM signal is available in a wide frequency range,
see Table 25 for details.

5.2.7.2 True Power-On with SD + PWM Mode

In addition to the AB+PWM mode, a 3-wire mode with Step/Direction, and PWM is available. This versatile setup
ensures precise position control and flexibility in various applications.
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5.2.8 PWM Interface (AB + PWM, Step/Direction + PWM)

The PWM interface can be used in combination with the incremental A + B or Step/Direction outputs to provide
the absolute position, replacing the Index output. It can either be configured as push-pull or open drain output on
pin 13 as shown in Figure 31. The PWM interface can be configured for push/pull or open drain output.

VDDD
GND

<
[w)
[w)

ouT1 PWM Out

ouT2

X2

RAA2P3200 (AB-PWM)

101

™1

Cre i ng
Figure 31. AB + PWM Configuration
Table 25. PWM Interface User Programming Options

Number
Incremental Interface . .
. of Programming Option
Programming Parameter .
options
PWM frequency 8 109, 219, 547, 1094, 1641, 2188, 3282, or 4376 Hz
PWM output mode 2 Push-pull or open-drain
PWM polarity 2 Position information is either active low or active high
PWM resolution 2 12 -bit (all PWM frequencies) or 14-bit (PWM frequencies from 109-1094 Hz)
D i de indicated b Disabled,
1agnos II:(’:VVmI\;I) S?glrr:allca eaby 3 Diagnostic mode enabled with low duty cycle,
Diagnostic mode enabled with high duty cycle

The 12-bit PWM signal frame is composed of a 256 LSB high level header, followed by the 12-bit Position Data
ranging from 0 to 4095 LSBs. This is marked by a high-level section and a corresponding low-level section
ensuring a total of 4095 LSBs. The frame concludes with a 256 LSB low-level trailer as shown in Figure 32.

PWM 256 LSBs
Output High

Data Low =
(4095 — Data High) LSBs

256 LSBs

Data High = 0 to 4095 LSBs Low

|
|
|
|
|
|
|
-

4095LSBs

Figure 32. 12-bit PWM Signal in Normal Operation
The minimum 12-bit duty cycle can be calculated with Position data = 0 LSB High, 4095 LSBs low:

ton _ 256 _ 55570 Equation 13
ton +torr 256 + (4095 + 256)

DCpin =

The maximum 12-bit duty cycle can be calculated with Position data = 4096 LSBs High, 0 LSBs low:

DC _ ton _ 256 + 4095 — 94.443% Equation 14
max =t v+ torr (256 + 4095) + 256 o °
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The 14-bit PWM signal frame shown in Figure 33 is structured similarly as the 12-bit PWM signal frame shown in
Figure 32, with the key difference being an increased resolution by a factor of 4.

1024 LSBs
Low

Data Low =
(16383 — Data High) LSBs

PWM 1024 LSBs

0 tp t High Data High = 0 to 16383 LSBs
utpu

|
|
|
|
|
|
|
»
|

16383 LSBs

|
|
|
Figure 33. 14-bit PWM Signal in Normal Operation

The minimum 14-bit duty cycle can be calculated with Position data = 0 LSB High, 16383 LSBs low:

ton 1024 Equation 15
= = 5.556%
ton +torr 1024 4+ (16383 + 1024)

DCpin =

The maximum 14-bit duty cycle can be calculated with Position data = 16384 LSBs High, 0 LSBs low:

ton 1024 4+ 16383 Equation 16

DCpax = = = 94.449
M ton +torr (1024 + 16383) + 1024 %

5.2.8.1 PWM Diagnostics Mode

In PWM diagnostics mode, the duty cycle is forced to a range not utilized in normal operation. This mode can be
configured as the following:

e Diagnostic low mode, see Figure 34 and Figure 36

e Diagnostic high mode, see Figure 35 and Figure 37

256 LSBs
Low

128 128
PWM LSBs LSBs | 4095 LSBs Low

I
I
I
Output High | Low | 1
; '
I
'
I
|

I I
} ; 4479 LSBs
| |

Figure 34. 12-bit PWM Signal in Diagnostics Low Mode

T T
let\:)Mut zsai:ias i 4095 LSBs High i L':sizgss: {s:%
| |
| |
} ! 4479 LSBs - i
| | | | !
Figure 35. 12-bit PWM Signal in Diagnostics High Mode
2 | |
g::’pMut E;a; Lfslés ! 16383 LSBs Low i 1024 LSBs
! P 17919 LSBs : :
Figure 36. 14-bit PWM Signal in Diagnostics Low Mode
‘ ‘ 512 512
OPlY:/p’\St 102’3i;SBS i 16383 LSBs High i \;‘S‘gBhs Lliis
| |
| i 17919 LSBs i |
Figure 37. 14-bit PWM Signal in Diagnostics High Mode
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5.3 High Speed UART Interface

VvDDD
GND

VDD

OouT1 UART RXD/TXD

ouT2 UART TxD

X2
Rz

N /C LTX
Rix1

[63:%) j: g Cwi1

Figure 38. UART Interface with Input/Output Pins

RAA2P3200 (UART)

101

X1

The UART interface is utilized as a one-wire programming interface and serves as primary back-end interface in
the following modes:

= single wire bidirectional

» dual wire unidirectional

» dual wire differential bidirectional

Note: all UART modes operate in half duplex data transmission.

Table 26. UART Operation Modes

Operating mode:

OUT1 (Pin 13)

OUT2 (Pin 12)

Single Wire Bidirectional RxD/TxD Not Used
Dual Wire Unidirectional RxD/TxD complementary TxD
Dual Wire Differential Bidirectional RxD TxD

Table 27. UART Interface User Programming Options

Number
UART Programming Parameter of Programming Option
Options
UART output drive 2 Open drain or push-pull
UART slave address 4 2 LSBs of general slave address
UART Baud rate [ 6 {9600, 57600, 115200, 230400,1M,2M} bit/sec
Single wire bidirectional
UART operation mode 3 Dual wire unidirectional
Dual wire differential bidirectional
UART error warnings 7 Baud rate, framing, CRC errors

[11 Maximum data rate may be reduced by external capacitive and resistive loads when open drain configuration is used.

5.3.1 Single Wire Bidirectional UART

In Single Wire UART mode, the device communicates with the ECU using only the OUT1 pin, which can be
configured in either push-pull or open drain mode. The Single Wire UART mode is suitable for point-to-point
connection, where one device interfaces with an ECU (Figure 39), or for implementing a multi-slave single wire
bidirectional connection. (Figure 40).

In open drain mode, a Master can address up to four sensors over a single wire, one sensor at a time. Each
sensor is identified by its unique slave address, stored in the NVM.
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push-pull or
open drain

13 / 5

UART RXD/TXD } 8 <«»|UARTTXDRXD
[
voo 4 2 VDD
(2]
Cwo =
P3200 aops | 5 a0  ECU
=

J

Figure 39. UART Point-to-Point Single Wire Bidirectional Connection

P3200 Sensor #4 RXD/TXD

P3200 Sensor #3 RXD/TXD

P3200 Sensor #2 RYDITXD Open drain
13 / o
UART RXD/TXD < ; [1] H UART TXD/RXD

[&]
14 [;l °

VDD 2 VoD
1 S
15 TCVD \ g

o GND

P3200 #1 J7 5 ECU

o
'—

Figure 40. UART Multi-Slave Single Wire Bidirectional Connection

5.3.2 Dual Wire Bidirectional UART with Pseudo-Differential TX

In Dual Wire UART mode, the device uses both OUT1 and OUT2 pins for communication. This mode can
implement point-to-point connection, similar to those shown in Figure 39. This communication mode uses OUT1
as single wire transceiver as shown in Figure 41.

push-pull or
open drain
13 /
UART RxD/TxD RO R | UART TxD/RxD
]
12 o
UART TxDn - 2§ @ »| UART RxDn
‘®
14 2
VDD * R E 2 VDD
(72}
Cwp c
P3200 ool | 2 2 2 GND ECU

J

Figure 41. UART 2-wire Point-to-Point Connection with Pseudo-Differential TX

In pseudo differential mode, the OUT2 (pin 12) functions as transmitter while OUT1 (pin 13) is used for both
transmitting and receiving. The data on OUT1 is an inverted version of the data transmitted on OUT2, creating a
pseudo differential signal that enhances safer data transmission reliability. While receiving, OUT1 remains in a
high state.
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P3200 Sensor #4 RXDITxD
TxDn

P3200 Sensor#3 ~ RxDTD
TxDn
P3200 Sensor#2  ROTO Open drain
TxDn /
13 /x
UART RxD/TXD |-t o) P UART TXDIRXD
] 1/ 3
UART TxDi 12 2 c p
XON L g | UART RxD
[:' g
voo |4 T 2 E 2 VDD
P3200 #1 O :
# GND R GND ECU

J

Figure 42. UART 2-Wire Connection with Pseudo-Differential TX and Multiple Slaves

In pseudo-differential mode with open drain configuration, a single Master can address up to four sensors, one
at a time. Each sensor is identified by its unique slave address, stored in the NVM.

5.3.3 Dual Wire Unidirectional UART

In dual wire mode, separate unidirectional lines are used for transmitting and receiving data. The transmitter can
be configured for either push-pull or open-drain output. Use push-pull mode for achieving data rates up to
2Mbit/s. In open-drain mode, data rates can be limited based on the capacitive load of the transmission cable
and the resistance of the pull-up resistor.

push-pull or
open drain
13
UART ReD |—=— o ] UART TxD
|
12 ©
UART TXD [y 5 »| UART RxD
K7
vop 4 E VDD
L
TCVD %
P3200 GND H1S =R GND ECU

J

Figure 43. UART 2-Wire Unidirectional Connection

In dual wire unidirectional mode, a single Master can address up to four sensors, one at a time. Each sensor is
identified by its unique slave address stored in the NVM. For parallel connection of multiple sensors on the same
line, the transmitter output (TxD) must be configured for open drain output.

TxD
P3200 Sensor #4 R0

P3200 Sensor #3 }KD

DI

T Open drain
P3200 Sensor#2 ¢ o /
UART TxD 112 >
v N —>1 UART RXD
Bus el Bus
13 Transceiver 8 Transceiver
UART RxD | - S lt—| UART TxD
)
vop E VDD
L @
1o :
P3200#1 o |8 = GND ECU

!

Figure 44. UART 2-Wire Unidirectional Connection with Multiple Slaves and Bus Transceivers

The transmission cable can be extended with external bus transceiver circuits as shown in Figure 44, offering
enhanced robustness and reduced capacitive load for the UART TxD output pin. This setup supports high data
rates up to 1Mbit/s.
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5.3.4 UART Operating Commands

The RAA2P3200 provides the following UART operating modes:
= 16-bit register write (Figure 45)

= 16-bit register read (Figure 46)
= Fast read mode of two registers within one frame with 12,14 or 16 bits of data per register (Figure 47)

5.3.41 Gap Time

A minimum pause (gap) time is implemented between the messages to ensure the controller returns to idle
before the next communications begins. The minimum gap time foreach UART baud rate configuration is
outlined in Table 28.

Table 28. UART wait time between measurements

UART Baud Rate [bits/sec] Minimum Gap Time [bits]
9600, 57600, 115200, 230400 10
1M, 2M 12

5.3.4.2 UART Register Write

This mode writes one register per frame. Each frame contains 8 bytes, with each byte including a start and stop
bit, totaling 8x10bits. A short wait (GAP) time is required between frames. All bytes are written by the Master and
sent to the chip.

Op. Byte

write  #1 0 1 H Acc(0x0) | DevAddr{1:0] | 0 || 1
wite #2 [ o || 0x0 | L» crc_azo) 1
write  #3 0 RegisterAddress[15:8] 1
write  #4 0 RegisterAddress[7:0] 1
wite  #5 | 0 0x7 | L CRC[4:0] 1
write  #6 0 WriteData[15:8] 1
write  #7 0 WriteData[7:0] 1
wite #8 | 0 0x7 | T CcRrC40] 1
wait  #9 GAP Time

Figure 45. UART Register Write Mode
The Write Frame structure can be seen in Figure 45 where:

= Acc: Access type 0xO0 for register write.

= DevAddr: The device address if several sensors are connected in parallel, it defines their slave address (0x1-
0x3). The default is 0x0.

= Register Address: The target register.

= Write Data: The data to be written.

= CRC, CRC_A: Cyclic redundancy check.

5.3.4.3 UART Register Read

In read mode, the device reads one register per frame. The first five bytes are sent from the Master to the chip,
while bytes six to eight are read from the chip by the UART in read access mode. In all modes, the bit order is
MSB to LSB. The read frame contains eight bytes, each with a start and stop bit, totalling 8x10 bits. A short wait
(GAP) time required between each frame.

During data read operations, the Master must add an additional wait bit when switching from sending to
receiving data due to the generation of the differential start and stop bits. This results in each frame containing
either 91 bits (for data rates up to 230.4 kbit/s) or 93 bits (for 1Mbit and 2Mbit data rates).

In register read mode, an additional wait bit must be added at the end of byte five before the chip can start
transmitting data (start bit of byte six). The ReadData content is latched at the stop bit of byte five.
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Figure 46. Register Read Mode Frame

The Read Frame structure can be seen Figure 46 where:

= Acc: Access type 0x1 for register read.

Op.

write  #1 0 1 || Acc(0x1) | DevAddr[1:0] [ 0 || 1

wite #2 | o || 0x1 I “» crc_azo 1

write #3 0 RegisterAddress[15:8] 1

write #4 0 RegisterAddress[7:0] 1

wite #5 | 0 0x7 L CRC4:0] 1| wait
read #6 0 ReadData[15:8] 1

read #7 0 ReadData[7:0] 1

read  #8 | 0 |Status| RC[1:0] | T CrRo@o] 1

wait #9 GAP Time

» DevAddr: The device address if several sensors are connected in parallel, it defines their slave address (0x1-
0x3). The default is 0xO0.

= Register Address: The target register.

= Read Data: The data contents of the target register.
= CRC, CRC_A: Cyclic redundancy check.

= Status: 1 bit status flag information of the sensor (0: normal operation, 1: error)

= RC: Rolling counter, a counter that increments with each frame and wraps around 0 when overflowing.

= Wait: 1 bit wait time for master before receiving data (in pseudo-differential mode only).

5.3.4.4 UART Fast Two-Register Read

This mode facilitates the efficient reading of a defined subset of two registers per frame. The first two bytes of
the frame specify which subset of the predefined registers is to be read, defined by a 4-bit access code, The
access type is set on the Acc? and Acc? bitfields (see Table 29). The read data for the first register is contained
in bytes three to five, and for the second register, it is in with bytes six to eight.

Table 29. UART Fast Access Mode

Acc Type1/2 Byte#3 / Byte#6 Byte#4 | Byte#7 Byte#5 |/ Byte#8
2 Sensor Data[11:4] Sensor Data[3:0] RC[5:2] S RC[1:0] CRCJ[4:0]
4 Sensor Data[13:6] Sensor Data[5:0] RC[3:2] S RC[1:0] CRCJ[4:0]
7 Chip Temperature 0x0 RC[5:2] S RC[1:0] CRCJ[4:0]
8 Analog input [12:5] A”a'[‘foi]”p“t 0 RC[3:2] S RC[1:0] CRC[4:0]
11 =0xB IRQ Status 0 [15:8] IRQ Status 0 [7:0] S RCI[1:0] CRCJ[4:0]
12 =0xC IRQ Status 1 [15:8] IRQ Status 1 [7:0] S RC[1:0] CRCJ[4:0]
13 =0xD IRQ Status 2 [15:8] IRQ Status 2 [7:0] S RCI[1:0] CRC[4:0]
14 = OxE IRQ Status 3 [15:8] IRQ Status 3 [7:0] S RCI[1:0] CRCJ[4:0]
15 = OxF IRQ Status 4 [15:8] IRQ Status 4 [7:0] S RCI[1:0] CRCJ[4:0]

[11 RC: Rolling counter
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Op. Byte

write #1 0 Acc1(0x2) | DevAdar1:0] | 0 || 1

write #2 0 Acc2(0xB) | |—> CRC_A[3:0] 1| wait
read #3 0 PC Sensor Data[11:4] 1

read  #4 0 PC Sensor Data[3:0] | RC[5:2] 1

read  #5 0 [lstaus| Rcr1:0] | L » CcRrcp0] 1

read #6 0 IRQ Status 0 [15:8] 1

read #7 0 IRQ Status 0 [7:0] 1

read  #8 0 |[[status| Rrerr0) || L » crcpo 1

wait #9 GAP Time

Figure 47. UART Fast Read Mode Example with Different Access Codes

The frame structure can be seen in Figure 47, an example of reading 12-bit primary coil sensor data (Acc1 =
0x2) and 16-bit IRQ status 0 (Acc2 = 0xB), the frame bitfield are described in the list below:
= Acc1, Acc2: Access code: 0x2 to OxF (see Table 29)

= DevAddr: Device address: (default = 0x0. If several sensors are connected in parallel, it defines their slave
address (0x1-0x3).

= CRC, CRC_A: Cyclic redundancy check.

= Status: 1 bit status flag information of the sensor (0: normal operation, 1: error)

= ReadData: the data answer from the IC are the PC Sensor Data + RC for Byte #3 and #4 according to
ACC1=0x2, while for ACC2=0xB the device provides IRQ_Status on Byte#6 and #7. (see Table 29).
The ReadData is latched at the stop bit of Byte#2 for Acc1, and at the stop bit of Byte#5 for Acc2.

= RC: Rolling counter, a counter that increments with each frame and wraps around 0 when overflowing

= Wait: 1 bit wait time for master before receiving data (in pseudo-differential mode only)

In fast read mode, an additional wait bit must be added at the end of byte #2 before the chip can begin
transmitting data.

5.3.4.5 UART Fast Read Mode with Same Access Code

Reading the same register twice provides two results from the same input at different sampling timestamps. For
example, the primary coil sensor data can be read twice (see Figure 48). The first reading (Acc1= 0x2) is
sampled at the end of byte two, while the second reading (Acc2 = 0x2) is sampled at the end of byte five. This
results in an interval of 30 bits between the two samples in the UART clock (3 bytes, including start and stop
bits).

By repeating this sequence, users can obtain two samples within a 92-bit frame. The timeframe between
consecutive sample is 30 UART clock cycles, which equates to 15us at 2M/s Baud-rate. The time interval
between each frame is 46us at the same Baud-rate.

Op. iYW Stat D7 D6 D5 D4 D3 D2 DI DO  Stop

write #1 0 Acc1(0x2) | DevAdar1:0] | 0 | 1

write #2 0 Acc2(0x2) | |—> CRC_A[3:0] 1 Wait |

read #3 0 PC Sensor Data[11:4] 1

read #4 0 PC Sensor Data[3l:0]l | RC[5:2] 1

read  #5 0 |lstaus| Rept:0] || L » crcuo] 1

read #6 0 PC Sensor Data[11:4] 1

read #7 0 PC Sensor Data[IIB:O] ! RC[5:2] 1

read  #8 o |[lstaws| Reptop || L—— crepol 1

wait #9 GAP Time

Figure 48. UART Fast Read Mode of the Same Register
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In Table 30 there is a summary of the UART interface speed, depending on the selected Baud rate and mode.
Note that one frame can perform a register read, a register write, or two consecutive register read (fast read

mode).

Table 30. UART Data Access Speed with uart_start_bit_cfg = 0

UART Baud Rate Bits per Frame Time per Frame Frame Rate
[bits/sec] (incl. Gap Time) [us] [frames/sec]
9600 91 9479.4 105.5
57600 91 1580 633
115200 91 789.9 1265
230400 91 395 2532
™ 93 93 10.75k
2M 93 46.5 21.5k

5.4 UART Programming Interface

Any user programmable parameter can be accessed through the 2-wire programming process, with UART

protocol.

Performing an end-of-line calibration or in-line programming of a position sensor module containing the
RAA2P3200, requires no additional wires. The chip is programmed through the OUT1 and OUT2 outputs at the
operative supply voltage range (5V £10%, 3.3V £10%).

A short programming window is enabled after POR and requires a digital unlock password to enable
programming. If no password is sent, the chip resumes its normal operating mode.

For more details, please refer to the RAA2P3200 Programming Manual document.

UART RxD
UART TxD

VDD

P3200  ow

push-pull or
open drain
13
- - S <«— UART TXD
o]
8
12
> 5 »-| UART RxD
3
4 = VDD
_LC @
VD
0]

5.4.1 Lock Feature

J

ECU

Figure 49. UART NVM Programming

The RAA2P3200 includes a user configurable lock bit option to restrict write and/or read access. Once the lock
bits are enabled, no further write or read operations to the RAA2P3200 are prohibited. Note that once a
RAA2P3200 part locked, it cannot be unlocked.

For more details, refer to the RAA2P3200 Programming Manual document.
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6. Auxiliary Input and Outputs

One analog auxiliary input is available for connecting external devices with analog outputs, that can be read
through the SPI or UART interface. Further, a digital output pin is available indicating user programmable
features. A summary is shown in Table 31.

Table 31. Auxiliary Inputs and Digital Output Options

Digital Output
Interface Analog Input -
Register Flag (OD)
SafeSPI Yes (pin 4) Yes (pin 13)
UART Yes (pin 4) n/a
Incremental n/a n/a

6.1.1 Analog Input

The analog input is available on pin 4 (AIN) can be used to read analog voltages from external sensors via SPI
or UART interfaces. See Table 32 for the key parameters of this input. The analog value must be in relation to
VDDD.

Table 32. AIN Analog Input Parameters

Symbol Parameter Conditions Minimum | Typical | Maximum Units
ViN_AIN AIN voltage range 0.1 1.2 \%
RESaN ADC resolution 12 bits
Tsmp_aN Sampling rate 4.4 kHz
ACCan Analog Input Accuracy -1.2 1.2 % VDDD

Both the analog input and the VDDD reference voltages are internally measured and stored in registers. The
external load on VDDD cannot exceed 4 mA as specified in Table 4.

6.1.2 Digital Output
An optional digital output is available and can be configured for various functions, depending on the selected
interface, as shown in Table 31.

6.1.2.1 Register Flag

In this configuration, available in UART mode, the DOUT output can be used to drive external circuits. It is
controlled by writing either of the following options to a register bit to the address 0x029E [0]:

=  Register bit 0: FLG output is low

=  Register bit 1: FLG output is high

This function can be integrated with a heartbeat feature to provide diagnostic status information alongside the
flag value. This status is indicated by a 1.5KHz pulse, see Figure 50 with a duty cycle of 97% when the flag is
high and 3% when the flag is low.

511

Flag output

Flag output |'| |'| | | U_

with heartbeat |
1.5 KHz

Figure 50. Flag Output Configurations
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7. On-Chip Diagnostics

The RAA2P3200 includes on-chip diagnostics featuring an extensive number of internal diagnostic monitors

(DM).

For detailed description, see the RAA2P3200 Programming Manual document.

Table 33. Diagnostic Parameters

Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Treom Failure detection time interval fdti_cfg=1 2.3 ms
(time to detect and internally set a flag | fqtj_cfg=0 20 ms
describing the error condition) -
Table 34. Diagnostic Monitors
Category Diagnostic Monitors Description
(DM)
Monitoring of VDD Monitor External VDD supply out of range
external supply
VDDA Monitor Internal VDDA (Analog supply) out of range / undervoltage /overvoltage

Monitoring of
internal supplies

VDDD Monitor

* Internal VDDD (Digital supply) out of range
=  Shorton VDDD
= Overcurrent at VDDD pin

Internal Supply Monitor

Internal supply out of range

Internal pre-regulators
Monitor

= Internal pre-regulator for power management (bandgap, analog parts) out of
range

= Internal pre-regulator for output stages out of range

Driver Regulator Monitor

OUT2 regulator driver out of range

Oscillator Regulator
Monitor

LC oscillator regulator out of range

Bias Current Monitor

Bias current diagnostic out of range

Monitoring of RX
coils

RX coil Sine Monitor

. Short of the RX vs GND or VDD
=  Broken wire detected on RX SIN

RX coil Cosine Monitor

=  Short of the RX vs GND or VDD
. Broken wire detected on RX COS

RX coil Sine/Cosine
neighbor inputs short

Short check between Sine/Cosine coil set detected

Monitoring of TX
coils

TX Voltage Monitor

= Common mode voltage of TX1/TX2 out of range
»  Flag for broken pins of LC oscillator

LC Oscillator Monitor

=  LC oscillator stuck detected
= LC oscillator frequency out of range

Monitoring of
system clock

System clock Monitor

=  Faultin internal system clock: frequency out of range
=  Faultin internal system clock: stuck detected

Monitoring of the

internal Internal digital logic failure | Internal digital logic failure detected such as APB Diagnostic failure, IC internal
communication Monitor registers failure, FSM failure, CORDIC failure, other digital failures.
channel
Monitoring the Non-Volatile Memory =  CRC mismatch over the NVM or internal shadow register
internal memory | Monitor =  NVM read timeout fail
dl:_)ata pa_th Data_ path WD/OF/UF/DO Internal errors, such as overflow, underflow, division by 0, or watchdogs
iagnostics Monitor
P03|t|op Range Position Range Monitor Position outside of the defined range failure
Monitoring
Temperature T ture Monit =  Temperature warning detected
monitoring emperature Monitor =  Temperature error (shutdown) detected
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Diagnostic Monitors

Category (DM) Description
Magnltqde Magnitude static Monitor Magnitude static check error detected on RX coils
evaluation

Monitoring of

A ADC temperature sensor . . -

analog signal offset fail Monitor Compensation of the internal offset not sufficient

path offset
Monitoring of the

mechanical Broken chip check Monitor | IC die mechanical failures detected

stress /cracks

LPF check for
signal path

LPF Monitoring

Failure in internal LPF

AGC monitoring

AGC error Monitoring

=  Automatic gain control loop not converging
»  Pre-defined acceptable gains for the AGC not sufficient for RX

Monitoring of the
output interfaces

Output Interfaces monitors

= Failure of the SPI interface
] Failure of the UART interface

Analog input

Analog Input Monitoring

Failure on analog input range

OUT2 and 101
pins monitoring

OUT2/101 pins Monitoring

=  Overvoltage/undervoltage
»=  Short on OUT2/I01 detection

In diagnostic mode, the incremental outputs enter a combination of logic levels that do not occur in normal
operation. The diagnostic state depends on the settings of index pulse width and index pulse position as outlined
in Table 35. Additionally, the diagnostic status indication varies based on the incremental mode selected.

A summary of the diagnostic state indication is shown in Table 35.

Table 35. Incremental Output Diagnostic States

Diagnostic State Indication
Selected ABI Index/Zero
Position ABI Mode Step/Direction AB+ PWM Mode UVW Mode
Zero / Index: ABI = 001 ABI =111 SDI = 1x1 PWM = 2.5% duty cycle UvVWw =111
Zero / Index: ABI = 111 ABI = 001 SDI = 0x1 PWM = 97.5% duty cycle UVW = 000
Zero / Index: ABI = 011 ABI =101 SDI = 1x1 PWM = 97.5% duty cycle UVW = 000
Zero / Index: ABI = 101 ABI =011 SDI = 0x1 PWM = 2.5% duty cycle UVW = 111

71 Shorted and Broken Wire Detection

A fault from a broken or shorted wire refers to the connection between the sensor IC and the control unit (such as
MCU or ECU). This includes the soldering of the IC pins, PCB traces, connectors, and cables.

711

Shorted Wires

Shorts between ground, signal, and supply wires can be safely detected, as shown in Table 36.

Table 36.Detection of Shorts between Wires

Cable
connections

Supply

Output

Ground

Short between two supplies.

Only applicable for isolated,
redundant sensor IC supplies.

Short between Supply and Output.

Output switches to tri-state when
the output current exceeds the

Short between Supply and Ground.
Overcurrent in the supply line. Must

Supply Must be monitored and controlled overcurrent threshold. Diagnostic be monitored and controlled by the
by the external power supply unit state depends on whether pull-up external power supply unit supplying
supplying the sensors. or pull-down resistors are installed the sensor.

at the receiver side.
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Cable
connections Supply Output Ground
j:tc; r:ltt;etween two different Short between Output and Ground.
Oututs suchto st wnan | U o v e
Output See description for short between | their output current exceeds the threshold. Diagnostic state depends
Output and Supply overcurrent threshold. Diagnostic - D1ag P
on whether pull-up or pull-down
state depends on whether pull-up . . .
. . resistors are installed at the receiver
or pull-down resistors are installed .
. . side.
at the receiver side.
L L Short between Ground and Ground:
Ground See description for short between See description for short between s ¢ dli ¢
ground and supply Output and Ground eéparate ground lines are no
recommended for EMC reasons

7.1.2 Broken Supply Lines, Incremental Output Modes

As shown in Table 35, the diagnostic state of the incremental outputs depends on the settings for the following:
» Incremental mode

» Index pulse width

= Index position

If a fault occurs due to a broken supply line, the outputs enter a high ohmic state. Therefore, the diagnostic state
must be indicated by pull-up and/or pull-down resistors, as shown in Figure 51 and Figure 52.

In ABI and Step/Direction mode, depending on Index pulse programming, the diagnostic states are either ABI =

001 or ABI = 111. Therefore, the external pull-up or pull-down resistors must be connected accordingly, as
shown in Figure 51.

Index setting: ABI = 111 Index setting: ABI = 001

Diagnostic indication = ABI = SDI = 001 Diagnostic indication = ABI = SDI = 111

Broken VDD Line ! Broken VDD Line ! VDD
VDD VDD
e o
— Index - Index
§ B, Dir 2 B, Dir
> A, Step % A, Step
@ (9p]
GND GND
VDD
VDD VDD
2 % o %é
[ Index [ Index T >
§ B, Dir 2 B, Dir >
S A, Step GCJ A, Step »
» wn
Broken GND Line ! e
GND GND Broken GND Line !

Figure 51. Broken Supply Diagnostic Indication: ABI and Step/Direction Modes

In UVW mode, the diagnostic states are determined by the Index pulse programming. These states are either be

UVW = 000 or UVW = 111. Therefore, the external pull-up or pull-down resistors must be connected as shown in
Figure 52.
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Index setting: ABI =111

Diagnostic indication: UVW = 000

Index setting: ABI = 001
Diagnostic indication: UVW = 111

Broken VDD Line ! VDD
VDD
o
5 u
2 \Y
S w
n
GND
VDD
VDD
o sz
— V] >
& v Sie
@ w >
w
Broken GND Line !
GND

Figure 52. Broken Supply Diagnostic Indication: UVW Mode

Broken VDD Line !
VDD
S
5 u
8 Vv
oy W
w
GND
VDD
Q
5 u
8 v
S w
w
Broken GND Line !
GND
713

Broken Supply and Signal Lines, SafeSPI Mode

Both broken supply lines and broken signal wires can be easily detected in SafeSPI mode through data
transmission errors, such as incorrect CRC or Slave data responses. Therefore, additional pull-up or pull-down
resistors for diagnostic checks are not required in SafeSPI mode.

7.1.4 Broken Signal Wires, Incremental Output Modes

While a fault caused by a broken supply line can be detected immediately, faults from a broken signal line in
incremental output modes cause the signal to be stuck at a high or low level, depending on the connection of the
external pull-up or pull-down resistors. In a rotating system, this eventually leads to a logical combination of the

outputs that resembles a diagnostic state, and thus indicating a fault. It can take up to one electrical period of
rotation before this state has been reached.

Index setting: ABI = 111

Diagnostic indication = ABI = SDI = 001

Index setting: ABI = 001
Diagnostic indication = ABI = SDI = 111

Broken VDD Line !

VDD

VDD

Broken signal
Line !

&) o
— — Index )
2 AS Z A S uckatt =
, Step - , Step stuck a
[ [
Broken signal

Line!

GND

Figure 53. Broken Signal Wires

R36DS0061ED0001
Sep 8, 2025

Rev.1.0

RENESAS

Page 46



RAA2P3200 Datasheet

8. User Programming Options

Table 37 shows an extract of the main configuration options. A detailed description is provided in the
RAA2P3200 programming manual, available on request from Renesas.

Table 37. Programming Options

Number of

Programming Option options Description
Power supply mode 2 3.3V £10% or 5.0V £10%
Interface options 6 SPI, UART, ABI, AB+PWM, Step/Direction interface, UVW interface
Initial receiver gain coil 27 Initial receiver gain
Automatic gain control AGC 2 Enabled / disabled
Hysteresis 8 0to 112 LSBs
Number of linearization points 16 points 2/4/6/8/16 linearization points, programmable in x and y
Linearization points resolution 12-bit Up to 16 Ilnearlz.atlon pqnts are.freely programmable in X (position)
and Y (value) with 12-bit resolution
Magnitude alarm reference limits 2 x 14-bit Upper and Lower limits programmability
0° to <360° in 12-bit steps, position output switches
from maximum to minimum value (with increasing position movement)
Zero (discontinuity) point 12-bit or

from minimum to maximum value (with decreasing position movement)
at this position

Sine and cosine signal offset

. 2 x 8-bit +127 LSBs for sine and cosine
correction

Sine and Cosine amplitude mismatch 2 x 15-bit 0% to 199% adjustment range per channel

correction
Digital low pass filter 5 Depth of digital low pass filter for position output
. Behavior of 12bit turns counter when overflowing:
Turns counter option 2 .
stop at max/min, wrap around
Customer ID 48-bit Scratchpad register for customer specific data

9. Related Documents
e RAA2P3200 Programming Guide

10. 16-TSSOP Package Outline Drawings

The package outline drawings are accessible from the link below. The package information is the most current
data available.

16-TSSOP Package Outline Drawing 4.4mm Body, 0.65mm Pitch PGG16T1
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11. Marking Diagram

Line 1:  First characters of part code RAA2P

RAA2P Line 2:  Next five characters of the part code:
3200E: Single Coil High Speed

3200 E4G followed byg:' P
LOT 4 = Qperation temperature range, Industrial
YYWW R G = Industrial Qualified
Line 3: “LOT” = Lot number
® Line 4: “YYWW’ = Manufacturing date:

YY = last two digits of manufacturing year
WW = manufacturing week
R = RoHS compliant statement

12. Ordering Information

Orderable Part Number Description and Package MSL Rating Carrier Type | Temperature
13” Reel, 40° to
RAA2P3200E4GSP#HAOQ 16-TSSOP, 4.4 x5.0 mm 1 4000 parts / +125°C
reel

is available separately.

For communication and programming, the RAA2P3200 Application Modules listed below require an RAA2P-COMBOARD, which

13. Glossary

Term Description
ABI ABI quadrature interface
AC Alternating Current
ADC Analog to Digital Converter
AGC Automatic Gain Control
APB Advanced Peripheral Bus
BLDC Brushless Direct Current
CDM Charged-Device Model
CORDIC Coordinate Rotation Digital Computer
CPHA SPI Clock Phase
CPOL SPI Clock Polarity
CS Chip Select
CRC Cyclic Redundancy Check
DC Direct Current
DP Discontinuity Point
ECU Electronic Control Unit
EMC Electromagnetic compatibility
ESD Electrostatic Discharge
FDM Failure Detection Mechanisms
FSM Finite-State Machine
GND Ground
FSM Finite State Machine
HK House Keeping
110 Input / Output
12C Inter-Integrated Circuit Interface
IC Integrated Circuit
ID Identification
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Term Description
LC Resonant Inductor-Capacitor Circuit
LF Low Frequency
LPF Low Pass Filter

LSB Least Significant Bit

MCU Micro Controller Unit

MISO Master In Slave Output

MOSI Master Output Slave Input

MSB Most Significant Bit

MUX Multiplexer

NVM Non-Volatile Memory
oD Open Drain

PCB Printed Circuit Board
PP Push-Pull
RF Radio Frequency
RX Receiver

SCL 12C Clock

SDA I12C Data

TSSP Thin Shrink Small Outline Package
X Transmitter

UART Universal Asynchronous Receiver Transmitter

uvw UVW Motor Commutation Interface

14. Revision History

Revision Date Description
1.0 Sep 8, 2025 Initial release
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Notice
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(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user’s manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan

www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Disclaimer Rev.5.0-1)

Contact Information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/

© 2025 Renesas Electronics Corporation. All rights reserved.
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