RENESANS Application Note

RH850/U2B6
R/D Converter (RDC3AL)

Introduction

This application note describes the examples of operation using the R/D (resolver/digital) converter
(RDCS3AL) of RH850/U2B6.

Examples of tasks and applications described in this application note have been verified. However, before
using this R/D converter, be sure to check operating environment.

Target Device
This application note applies to RH850/U2B6.
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1. Introduction
This application note describes how to use the R/D (resolver/digital) converter (RDC3AL) of RH850/U2B6.

1.1 Feature Used
The RH850/U2B6 hardware feature used in this application note is shown below.

e R/D (resolver/digital) converter (RDC3AL)
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2. R/D Converter Basics

2.1 Resolver and Resolver Digital Converter

2.1.1 The Usage of Resolver
A resolver is used where an angle sensor is required to be operated under the severe environment condition.

Major usage : Detecting angle for automobile use, aerospace, factory, and other severe environment.
A resolver is also used for control motors mounted on engine of HV and EV in the automobile field.

Figure 2-1 shows an example of the brushless DC motor control using a resolver and an R/D converter.

20 20 20 W W 0 W @ 0 10 150 10 20

Detects the angle witha

Power modul
Uy, [P X6 —— ve prase LH] 00 nnaneA resolver and an RDC and
|| 3phase re IR N Y motor ) vesal[]]] u Il U U UHHLJL_'UUHHD U0 modulatesthe voltage
PWM 7> Driver uiat )
output 3 ) e 110N H_H_H_H_\ |—||_H—[ﬂ NN applicationto a motor in
so [T ICTE UOEL]  accordance with the angle.
NI(oP:%ruccCtr)o\
i (l HHHHHH
T S Urrrery o
— . — ‘ ‘ ‘ Pulse Width Modulation
AD1in i T b The signal which controls the
voltage in accordance with
Angle — ! ] e the pulse width.
‘_- R & ) <

Figure 2-1 Brushless DC Motor Control

2.1.2 The Mechanism of Resolver

A resolver is a sensor used to detect the angle of the rotating shaft. The schematic diagram is shown in
Figure 2-2. It is an analog device that has 2 excitation signal input pins (Ex+, Ex-) and 4 angle signal output
pins (S1,S3,52,5S4). By inputting the AC signal into excitation signal input pins, signals including angle
information can be obtained from angle signal output pins.

Signals output from angle signal output pins are converted to the digital angle (resolver angle : 8) with an
R/D converter. The connection between S1-S3, S2-S4, and Ex+-Ex- are windings and thus short-circuited in
terms of DC.

Excitation (input)
Bxt E
Cos output
Ex- / S1
’ S3
/
Sin output
7 S2
S4
Figure 2-2 Mechanism of Resolver

A resolver operates as a variable coupling transformer which varies the amount of magnetic couplings
between the primary winding(excitation) and the 2 secondary windings (Cos output, Sin output) according to
the angle of the rotating shatft.

The excitation signal (input) : f( w t)=(Ex+)-Ex(-)=E1 * Sin(wt) Frequency (w) ~10kHz
The Cos signal (output) : S1-S3 =k * Cos(0 )X f(wt)
The Sin signal (output) : S2-S4 =k -« Sin(0 )X f(wt) 0= The shaft angle
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2.1.3 Connecting Resolver and R/D Converter
The connection required for obtaining an angle from a resolver is shown in Figure 2-3.

A resolver receives the excitation signal which is output from either the reference signal generation circuit in
an R/D converter or the sine wave generation circuit, and the R/D converter receives the output from the
resolver. Generally, the differential amplifier receives outputs by considering noise immunity. Sometimes, the
differential amplifier is incorporated in an R/D converter. When an R/D converter does not have any
reference signal generating functions, the reference signal is input to the R/D converter and the excitation
buffer amplifier from the outside.

Excitation buffer amplifier

I Sine wave generation |

1 X P S P o)
1 circuit !
L e e e e o e o o e e e e i e e ] 1
____________ Reference Excitation signal
| Generates | signal (Ref) (Ex+,Ex-) Resolver
| reference | 5104
! signal [ N it T
il : Cos signa/l/«sj—n—'
) .S3 i
Angle =DC N ! Input
Sin signay S2 | circuit
S4 i
_________\_‘______. Resolver signals
Differential amplifierx (81,53,52,54)
Figure 2-3 Connecting Resolver and R/D Converter

An example of the excitation signal input to a resolver and obtained resolver signals is shown in Figure 2-4.

Excitation signal input

Excitation
Ex+ %

3 Cos output
B / g s1
S3

/
/
Sin output %§
Z s 53
v P g
Input voltage : ERl-R: = E‘sin wt (1)

Outputvoltage:  Eg, s =KkE,cos O sinwzt (2)
Eg, gs=KkE;sin Osinwt (3)

Rotationangle 8 U ! | sjn signal output

Figure 2-4 Output/Input Signal of Resolver
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2.2 The Mechanism of R/D Converter

2.2.1 The Concept of R/D Converter

An R/D converter detects the resolver angle by using the resolver output signal (Cos signal and Sin signal),
the reference signal, and the tracking loop which has an angle feedback. Figure 2-5 shows the schematic
chart of R/D converter.

The difference between the resolver output signal and the preceding output angle is calculated as a
deviation. The increase or decrease of the output angle is determined by the sign of the deviation.

When the output angle is correct (input angle 6 = output angle @), the deviation € becomes 0.

Feedback an output angle ®
I Deviation € ] T ]
Increase an angle @ if a deviation ¢ is +

Output signal of a resolver

(Cos signal and Sin signal) | ~Calculate a |_ | decrease an angle @ if a deviation ¢ is - Output angle @
Angle : 6 deviation € (8-®) (it actually increases or decreases the angular
1 acceleration)
Reference signal Deviation €=0 in a correct angle

(Used for removing the excitation carrier compenents)

Figure 2-5 Concept of R/D Converter

2.2.2 The actual operation of an R/D converter
An R/D converter calculates digital angles from Cos signals and Sin signals and reference signals.

The feedback loop is designed as shown in Figure 2-6 Feedback Loop of an R/D Converter so as to
eliminate the difference between the angle of input signal(B8) and the internal holding angle (®). (Type Il
feedback loop)

Reference sign

f(wt) Sin(®) Sn P
Y Cos®)Sin@)iwh) LookUpTable
i » Multiplication ﬁ
CSSO(SG)SfI(%:t?I =¥ SIn@ew V__ singoreo
— . Syc?ecterc(i?;us =P compgwlsation ==P>| Integration [=P> ou(tlg’Ut angle
J Deviation € Angular velocity
in si Multiplication
.Sm signal =) ve Sin(8)Cos(®)f(wt)
Sin(0)f(wt) A o -
Cos(®) LookUpTable

Figure 2-6 Feedback Loop of an R/D Converter
An R/D converter calculates an angle using the principle below.
Multiplies Cos signal and Sin table in a Look Up Table Cos(0):f(wt) « Sin(®) -(1)
Multiplies Sin signal and Cos table in a Look Up Table Sin(8)-f(wt) - Cos(®P) -(2)
Calculates (2)-(1) (Sin(8)-f(wt): Cos(P))-(Cos(8)-f(wt)- Sin(P))

= ((Sin(8)* Cos(®))-(Cos(B) - Sin(Dd))) - f(wt)

Since (Sin(B): Cos(®))-(Cos(B) - Sin(P)) = Sin(6-D)

= Sin(6-P) -f(wt) ~ (6-P) -f(wt) -(3)
Eliminates f(wt) with the synchronous detection by using the input f(wt)

(6-®P) -f(wt) > 6-P =€ -(4)
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¢ is the control deviation in this control loop. The negative feedback control provides feedback so that the
control deviation becomes 0. When 8 = @, the analog angle information from a resolver has been converted

to the digital angle ®.

Sets the response speed with the Pl compensator in a loop.

2.2.3 Setting the R/D Converter Bandwidth

The bandwidth of the Pl compensator needs to be set when an R/D converter is used. The bandwidth is
expressed by the frequency. When a higher frequency is set, the response will be quicker but easily
influenced by other factors such as noise. On the other hand, when a lower frequency is set, the response
will be slower but has higher immunity toward noise and the R/D converter output becomes more stable. For
the R/D converter mounted on the Renesas MCU, the default is 800Hz, but it can be changed.

Some R/D converters have a function to set the bandwidth automatically. When this function is used, the
bandwidth is set low when the resolver is stable, and it is set high automatically when the quick response is
required such as at acceleration. The R/D converters mounted on the Renesas MCU have an auto-adjusted

function.

The bandwidth setting of an R/D converter has influence on response speed for acceleration and angle step
but has no influence on the maximum speed of when a resolver is rotating stationary. For example, when the
bandwidth is set low (around 200Hz), if a resolver is slowly accelerated, it can be tracked even the final
speed is high (for example 1000Hz=60000rpm). Also, when a resolver is rotating stationary at high speed,
the inside of the R/D converter remains stationary (¢ is small) and the bandwidth is set low in auto-adjust.

Figure 2.7 shows the difference in output by the bandwidth of Pl compensator setting.

—— Inout angle
—Caleulated
angle

Converge slower

Angle step response(179°)
Bandwidth: upper 800Hz, lower 400Hz
Converge is slower at 400Hz.

—— Calculated
angle

EhBRBEHBEE
288888888

10
Time (ms)

Deviationis large by delay

10
Time (ms)

Accelerationresponse

Bandwidth: upper 800Hz, lower 400Hz
The error during acceleration is larger at
400Hz.

—— Input angle

/ / —— Input angle
[ —Cakust
angle

— Input angle
——Calculated
e

wBh BhEHSEG
E88888888

Angle (12bi1)

Time (ms)

No difference

/ / 7 e
V4 V4

10
Time (ms)

Stationary rotation
Bandwidth: upper 800Hz, lower 400Hz
No difference by bandwidth

Figure 2-7

Output Change by the Bandwidth Change of PI Compensator
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2.3 Additional Information

2.3.1 The Handling of Angles in the Motor Control

In the brushless DC motor control, the input voltage into a motor is varied according to the shaft angle of the
motor.

It should be noted that the mechanical shaft angle of a motor (mechanical angle), the output angle of a
resolver (resolver angle) and the angle which determines the voltage applied to a motor (electrical angle) are
not always equal depending on number of poles. The definitions of terms in this document are as follows.

¢ Mechanical angle The mechanical shaft angle of a motor

e Resolver angle The angle output from an R/D converter

e Electrical angle The angle which determines the voltage applied to a motor

e The number of resolver poles The ratio of mechanical angle to resolver angle (mechanical angle :

resolver angle=1 : the number of resolver poles)

e The number of motor pole pairs  The ratio of mechanical angle to electrical angle (mechanical angle :
electrical angle=1 : the number of motor pole pairs)

Example : When the number of resolver poles is 2 and the number of motor pole pairs is 4.

When the mechanical shaft rotates once, the resolver angle rotates twice and the voltage to the motor
rotates 4 times. In this case, the controller device doubles the resolver angle (number of motor pole
pairs/number of resolver poles) and calculates the applied voltage to the motor. The number of poles
needs to be considered for the angular offset.

The reason for increasing the number of motor pole pairs in the brushless DC motor is because it enables
the increase of the torque(rotation power of the motor). Since the number of poles of the VR resolver is more
than 2, the mechanical angle, the electrical angle and the resolver angle are usually not equal. On the other
hand, when the number of resolver poles and the number of motor pole pairs are same, the electrical angle
and the resolver angle become equal.

Figure 2-8 shows an example of the angular relation when the number of resolver poles =2, the number of
motor pole pairs=4.

The relation of the resolver angle and
o the electrical angle is same when the
I ! k] . .
350 | A A / A mechanical angle is at 0~180°and
I £ / l i ——
I/ 180°~360° .
1 b .
NN AV A /,f' YIAN Vecnancal o The resolver angle is used as the
o 200 | 4 | ! | s - - . . .
E i ’,’ ! ’;/ : ‘,r i I,* ! !: Resover ange electrical angle by multiplying it by 2.
=0 i 4 : 7 14 || i : i Resolver angle x 2
| ! 17 | & il v | iy
100 : ’Ff :"n‘ : ‘.’ : J;' : ’F — — —° Electrical angle
50 14 ¢ L% | ! f \ r \
. F/ :f L} |F‘r :','/ ﬁ;n -
0 100 200 300 400 @g’ \g
rotor
Shaft angle(®) stator !
(@) 2X b) 3X (c) 4X
Shape of rotors
Figure 2-8 Relationship between Pole and Angle

When the number of resolver poles is large, the absolute value of the mechanical angle cannot be
determined.(The mechanical angle X degree and X + 180degree cannot be distinguished.)

For the motor control, the relative angle can be used for the rotation control as long as the number of motor
pole pairs = the number of resolver poles. For the VR resolver, the number of poles is always more than 2
because of its mechanism.
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2.3.2 Occurrence of Errors/Occurrence Factors
When the input signal of an RDC is not ideal, error will occur in angle calculation. The main factors of errors

are as follows.

¢ The amplitude of Sin signal and Cos signal is not aligned
e The offset is added to Sin signal or Cos signal.

e There is a large phase difference between Sin signal, Cos signal, and Ref signal.
¢ Sin signal and/or Cos signal are distorted.
e The resolver is attached inclined.

When error is caused by above factors, there are many cases where error has a cycle per rotation. Figure
2-9 shows the calculated angle when the amplitude of Sin signal and Cos signal do not match. It can be
seen that two error cycles are occurring in one rotation.

When an error is seen in the calculated angle, it is required to take measures such as investigating the cause

and correcting it.

4500
4000

Error is large

3500

A

r

3000

2500 T
2000

Angle (12bit)

/]

s |nput angle

1500
1000 7/
500 T

i

10 15 20

Time (ms)

Calculated
angle

Figure 2-9 Calculated Angle When Amplitude Does Not Match
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3. How to Use RDC3AL

3.1 |Initialization Flow
Perform the initialization according to the flowchart below.

C init_rdc3al0 )

Select the internal excitation signal RDC3ALOREF register <- 0BOF0410H (Excitation signal output 10KHz)

- RDC3ALOPIO register <- 00020017H (Automatic adjustment)
Select the control gain RDC3ALOPI1 register <- 00011B01H (12bit)

RDC3ALODIAGO register <- 021A2933H

E ion setti .
fror detection setting RDC3ALODIAGT register <- BOOOO00OH

Digital calculation setting RDC3ALODCURO register <- 00020024H

- RDC3ALORDSTP register
Set monitor output MNTC bit <- 1 (Monitor signal output)

enable_rdc3al

C Return )

Figure 3-1 Operation Flow (1/2)
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C ena_rdc3al )

Start analog operation

Perform initialization in the RDC3AL

Wait 900 usec

RDC3ALODRSTP register

RDC3ALODIAGL1 register

<
<

Check on initialization end
INIT bit in RDC3ALODIAGL1 register = 0?

SAR-ADC calibration setting

SAR-ADC calibration

wait 210 usec

Automatic ROM table correction enable

Automatic ROM table correction start

Wait 20 msec

Set PGA gainx 1

Reset Ki

Wait 5 msec

PGA Inversion setting

Start error detection

Wait 26 msec

Reset error status

C Return )

No

ANSTP bit <- 0 (Starting operation)

INIT bit <- 1 (Initialization)

RDC3ALOADSTDO register <- 00000000H

RDC3ALOADSTD1 register ADCALST bit <- 1

RDC3ALOROMCOR1 register ROMBSTEN bit <- 1

RDC3ALOROMCORL1 register ROMBST bit <- 1

RDC3ALORDSTP register PGAX1 bit <- 1

RDC3ALODIAGL1 register KIRST bit <- 1 (Executing Ki reset)

RDC3ALODCURO register PGAIVSL bit <- 1 (PGA Inversion)

RDC3ALODIAGL1 register ERDEN bit <- 1

RDC3ALODIAGL1 register ERRST bit <- 1

Figure 3-2 Operation Flow (2/2)
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3.2 Supplementary Explanation of R/D Converter Usage

3.2.1 Control Variation Determination Clock

User’'s Manual states to set the control variation determination clock period to be longer than the excitation
signal period currently used. Please set longer control variation determination clock period to stabilize the
operation when problems such as unable to track occur.

3.2.2 Input Signal Amplitude of Ki Reset

If Ki reset is performed when the SINMNT/COSMNT signal amplitude is smaller than as specified in User’s
Manual, the R/D converter will attempt to track the abnormal signal. Even if the SINMNT/COSMNT signal
amplitude returns to normal afterwards, tracking cannot be performed or takes longer time to track.

3.2.3 Various Gain Values of Forced Gain Control

The 12-Level AGC is selected for the gain in the forced gain control, and the first Kv gain becomes the
maximum value (x128). During the forced gain control, the Kv gain is automatically determined according to
the AGC. Ki and Kp gains are fixed to the values exclusive for the forced gain control.

3.2.4 ADC Calibration

Perform the ADC calibration even though the angular conversion mode 0 is selected because the ADC that
is used in angular conversion mode 1 is operating for error detection.

3.2.5 When starting to use angle conversion mode 0

Depending on the excitation phase difference between the excitation signal and the SINMNT / COSMNT
signal, R / D conversion error and 2-path comparison conversion error may occur.

In that case, try the following settings during the forced gain period (5ms) after Ki reset at startup. If the user
setting value is different from the setting value below, return the setting after the forced gain period ends.

Step 1. Changed control variation determination clock (DEVCK) to 101 (800us)
Step 2. Changed maximum angular velocity (MAXV) to 000 (120000 rpm)

* |f you cannot solve the problem by steps 1 and 2, please contact us.

RO1AN6369EJ0200 Rev.1.00 Page 13 of 51
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3.3 RDC3AL Use Case

3.3.1 Overview of Specifications

In this usage example, a VR resolver is excited and the angle is calculated from the output resolver signal.
The RDC3ALO is set to 10 kHz excitation output, VR resolver mode, maximum angular velocity of 240000
rpm (12 bits), automatic gain adjustment, and operation enabled. Because stable operation wait processing

is performed in the RDC3ALO operation enable processing, angle calculation is not made until the RDC3ALO
initialization function completes. The angle is calculated and then stored in the memory by the main function.

3.3.2 System Configuration
Figure 3-3 shows the system configuration.

RHB50/U2B6

ROHC3AL VR resolver

| |
RSO T~

51
53

]

a2

Figure 3-3 System Configuration

3.3.3 Initialization Explanation
¢ Modules
Modules used in this initialization explanation are listed below.

Table 3-1 List of Modules

Function Name Description
main_pm1 Calls each function.
init_rdc3al0 Makes RDC3ALDO initial settings.
ena_rdc3al0 Makes RDC3ALO startup processing.
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¢ Register settings

Register settings for each feature used in this operation example are listed below.
Table 3-2 Example of RDC3AL Register Settings (1/2)

o/
RDC3ALODIAGO

Register Set Value Description
Name/Symbol
Excitation setting 0xOBOF0410 | EXFS2 [3: 0] bO00O: Excitation frequency selection bit 2.
register / EXFS [4: 0] b01111: Excitation signal frequency selection bit.
RDC3ALOREF * 10 kHz selection in combination with EXFS.
RFEXS 1 (default): Excitation component extraction function valid
excitation component extraction function valid bit.
SENS 1 (default): VR resolver use sensor selection bit.
EXIO 1: Voltage excitation output RSO, COM input / output switch bit.
EXF 15 0: Excitation signal frequency is the frequency set by EXFS [4: 0].
COMSTS [2: 0] b00O0: Do not stop. AD comparator stop function select bit.
PLSNFS 1: The noise filter is used excitation extraction noise filter
Control gain selection 0x00020017 | KVMS [1: 0] b 00 (default): AGC 12 step 1 step shift method Kv gain
register 0/ method selection bit.
RDC3ALOPIO DVW [1: 0] b 00 (default): x 1 ERR deviation weighting bit.
KPF 0 (default): Do not multiply Kp gain by 4. Kp gain 4 times bit.
KPS [1: 0] b0O (default): x 1 Kp gain select bit.
KIS [2: 0] b00O (default): x 1 Ki gain selection bit.
DEVCK [2: 0] b010 (default): 200 us Clock selection bit for periodic clock
control deviation judgment.
LKVS [3: 0] b000O0 (default): x 1 Low Kv gain select bit.
HKVS [3: 0] b 0000 (default): x 32 High Kv gain select bit.
BWCS 1 (default): 1: The LPGS [2: O] bits set the PI compensator. Select
PI compensator setting method.
LPGS [2: 0] b 111: Automatic adjustment selection loop gain setting bit.
Control gain selection 0x00011B01 | SAGD 0 (default): Use the forced gain control function. Short time BIST.
register 1/ recovery Forced gain control function Disable bit.
RDC3ALOPI1 AGCD 0 (default): Use the forced gain control function. Forced gain control
function disable bit.
AGDS 1 (default): Kv does not transition to high gain during excitation
failure and Ki reset.
AGST [3: 0] b000O (default): x 4 Short time BIST return Initial AGC gain bit
AGC Kv High gain transition limit bit.
HKVLM[3:0] b0001(default) : X64 (7 levels can be set)
LKVLM[3:0] b1011(default) : X0.0625 (7 levels can be set)
MAXVS [2: 0] b001 (default): Kv transitions to high gain at excitation failure
and Ki reset. AGC Kv High gain transition limit bit Maximum angular
velocity selection Maximum angular velocity 240000 rpm Resolution 12
bits.
Error detection register | 0x021A2933 | P2ANT [1: 0] b10 : + 32 LSB (@ 12 bit resolution) 2 Route conversion

abnormality threshold setting bit.

EXCETH [7: 0] 1Ah (default): 0.102 x RVCC (Vpp) Resolver signal
abnormality comparison threshold setting bit.

SGBTH [7: 0] 29 H (default): 0.58 x RVCC (V) disconnection abnormality
comparison threshold setting bit (VR resolver).

SGBDTH [7: 0] 33 H (default): 0.85 x RVCC (V) disconnection abnormality
comparison threshold setting bit (DC resolver).
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Table 3-2 Example of RDC3AL Register Settings (2/2)

Correction Register 1/

Register Set Value Description
Name/Symbol
Error detection register | 0xBO000000 CVEDS 0 (default): Selects a circuit that supports high-speed rotation of
1/ the RD conversion error detection signal. Conversion abnormality
RDC3ALODIAG1 detection circuit selection bit
EDPS [1: 0] b11 (default): 7.37 msec R / D conversion error determination
time selection bit
VGASL [1: 0] b0O: No detection
VGST 0 (default): Vertical ground fault detection start bit
Digital Operation 0x00020024 AVEA4[1:0] b01 : Use this setting if the excitation frequency is less than 30
Register 0 / kHz.
RDC3ALNDCURO
RDC stop register/ 0x00000100- | MNTC 1 : Open external output terminals of sinmnt and cosmnt. sinmnt,
RDC3ALORDSTP cosmnt External pin setting bit.
ANSTP 0: Analog circuit operation RD converter active.
12-Bit SAR-ADC Digital 0x00000000 | ADCALCK]J1:0] bOO(default) : ADC calibration setting O
Circuit Block Setting
Register 0 /
RDC3ALOADSTDO
12-Bit SAR-ADC Digital 0x00010000 | ADCALST 1 : ADC Calibration Start
Circuit Block Setting
Register 1/
RDC3ALOADSTD1
Automatic ROM Table 0x00001001 | ROMBSTEN 1 : Automatic ROM Table Correction Enable

ROMBST 1 : Automatic ROM Table Correction Start

RDC3ALNROMCOR1

RDC Stop Register / - PGAX1 1 : PGA Gain X1 Setting
RDC3ALORDSTP

Error detection register - INIT 1: Initialize RDC3ALO
1/RDC3ALODIAG1 KIRST 1: Ki reset

Ki integrator value and accumulator integrator value = 0
ERDEN 1: Error detection start
SQERST 1: Square sum amplitude abnormal excitation counter reset
ERRST 1: Error signal reset

Encoder register 1/
RDC3ALOENC1

ANGJ[15:0] Angle data
Angle is stored with a 16-bit width.
Angle = 360 216 x n (°) [n = read value]
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4. Error Detection

4.1 Overview of Error Detection Function

4.1.1 Configuration of R/D Converter

Figure 4-1 shows configuration of a resolver and the R/D converter. The R/D converter consists of the input
signal part from a resolver and the tracking loop which converts input signals to digital angles.

RDC3AL has a function to detect errors of each of them.

(1) Error detection of Input pathway

(2) Error detection of Tracking loop

RDC module image

SINMNT 4———— ( yd )
Resolver input signal |
S4 =| x sin Accumulator ¢
Resol v ERR
esolver
Resolver) Input circuit 1 H P H — [P
S3 cos .
. T i Tracking loop
COSMNT 9
Zero-cross sianal
— L1
P COM
Excitation quer;c;irememm
Buffer circuit B RSO counter
Excitation input/output signal Capture the value of period
measurement counter

Figure 4-1 Simplified Diagram of R/D Converter
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4.1.2 Error Detection in Input Paths
There are five kinds of error detections in input paths as shown in Figure 4-2.

(2)Resolver Signal Disconnection (1)Resolver Signal Error Detection
Error Detection (cos, sin) (4) Sum-of-Squares Amplitude
(3)Resolver Signal Power/Ground Short Error Detection
Error Detection
RDC module image

SINMNT

<

Resolver

input signal 84 | é
S2 ERR

Resolver Resolver
Input circuit S3 Tracking loop

S1

< (B)Excitation Timer
COSMNT (ET) Error

<@ COM
Excitation

Buffer circuit ‘

® RSO ®
Excitation input/output signal

Figure 4-2 Error Detection in Input Paths

The overview of each error detection is as follows.

1. Resolver Signal Error Detection

This function detects the amplitude reduction of the resolver signal caused by an error in the excitation
signal. An error occurs when the resolver signal continues being within the threshold for a certain time.

sin® > Low Threshold

. And
sin® sin® < High Threshold

The values within

threshold continue

cosB cos8 > Low Threshold for certain time
And

EXC_Error

cosB < High Threshold

Normal

—sinmNt
. Abnormal resolver signal
8 Y | Y cosmnt

rethIr\E/sehtf'msTgnals between threshold H to L
L

t TEAEV: _ ' —— Threshold
U v Certain Time

Voltage (V)

0 500 1000 1500 2000
Time (ps)
Figure 4-3 Overview of Resolver Signal Error Detection
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2. Resolver Signal Disconnection Error Detection (cos, sin)
This function detects disconnection of the resolver signal.
For the VR resolver, error is detected when the common potential (the central potential of amplitude) of
SINMNT and COSMNT continues to exceed the threshold value. For the DC resolver, an error is detected
when the potential of SINMNT and COSMNT exceeds the threshold.

sin® > Threshold — count+1 . . - SBS Error
sinB < Threshold — count-1 Count is over specific value !

sinB

cos@
cos6 > Threshold — count+1 . o
o090 < Threshold — countA Count is over specific value SBC_Error

= sinmnt
emarene cosmnt
= Threshold

U F Rt sin_com

Voltage (V)

0 500 1000 1500 2000

Time (ps)

14 Monitor Signal Waveforms on Occurrence of Sinmnt Signal Disconnection in VR Resolver

Figure 4-4 Overview of Resolver Signal Disconnection Error Detection (cos, sin)

3. Resolver Signal Power/Ground Short Error Detection
This function detects short circuits of resolver pins (S1, S2, S3, S4, RSO, COM) to the power supply

or to the ground with analog pins of the R/D converter. Six analog pins are cyclically monitored.

Each of resolver signal lines is selected,
n sequence and in that order

(§3)

s4
RI _— \
STNMNT

l_
o« e vl (
RI ]_ GOSMNT)

52 Disconnect
(81 from input

circuit

21kQ  p———— COM

Figure 4-5 Overview of Resolver Signal Power/Ground Short Error Detection

RO1AN6369EJ0200 Rev.1.00 Page 19 of 51

Sep.29.2023 RENESAS



RH850/U2B6

R/D Converter (RDC3AL)

4. Sum-of-Squares Amplitude Error Detection
This function detects modulation, distortion, and noise in the amplitudes of the resolver signal.

SUM-OF-SQUARES

High / Low
Threshold

Check

Resolver Signals
sinG

,.nﬁ"”it”hul“lm “L um
il ]\l““,n\"’ v\r' wi Iv‘.mn

H"\

> -

cosB

- »
Ampitudes are reduced

SUM- OF-SQUARES

Hil!l|HWlllNIIilN“HHINIIHNHIIH lllHIIH

I

Il

M

Excifabion Cycle

Low Threshold.

Exc?ahon C,cYe

High Threshoks--{

i

Integral

H‘l I “
AN h”

H H H

1M

'1
il l

WH

‘

Square Ermor
Threshold -~

Over/Under Threshold Counts

Excvmhon Cycle

Figure 4-6

5. Excitation Period Error Detection

Overview of Sum-of Squares Amplitude Error Detection

This function measures the period of the excitation signal. An error occurs when the period of the
excitation signal is exceeding the expected value.

Period Measurement Timer
® The Excitation period error can be detected
The excitation signal (zero-cross signal) is measured

Example of Excitation Period Measurement

Zero-cross signal

J Sy I

ETCMP

'ero-cross sign

Period
measurement
counter

Capture the value of period
measurement counter

Compare match interrupt
(Excitation period error)

Figure 4-7

Overview of Excitation Period Error Detection
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4.1.3 Error Detection in the Tracking Loop

There are two kinds of error detections in the tracking loop as shown in Figure 4-8.

Resolver

(2) Two Paths Gomparison Gonversion Error Detection
( Duplex Tracking loop )

SINMNT
<+

S4

RDC module image

S2

S3

S1

-
COSMNT

COM

Phase control
Synchronous
detection

Tracking loop

Accumulator

ERR

\

(1) R/D Gonversion Error Detection

Excitation
Buffer circuit

RSO

Figure 4-8

The overview of each error detection is as follows.

1. R/D Conversion Error Detection

This function monitors the control variation in the R/D conversion loop, and detects calculation errors in

the R/D conversion function.

Error Detection in the Tracking Loop

Reference signal f(wt)

Excitation Input

Sin(®)

Cos signal Cos(0)f(wt) =h Multiplic e
ation - Sin(B-0)f(wt)

[ e coakupraticl

<
Sin LookUpTable («

——

Sin(8-o)~ 8-

N . ol - & Deviation e
Sinsignal  Sin(B)f(wt) -lr;(mmt) |

Cos LookUpTable

Subtra synchronous o1 - _ Output

ction detection compensation Integration P ngle
Angular 0]
velocity

— = = Threshold(H)

Cos(®) |
' Tracking loop
|
g -
---------- fmraelell] —
ANNA an AN A ANA anANAN A A\
P~ A~y I

i
______ ;\i

N
UUV -

yormal value

Resolver
conpersion

error

— ++ Threshold(L)

— Abrormal ity
confirmat ion count

== « Error threshold

= Frror check cycle
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Figure 4-9

Overview of R/D Conversion Error
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2. Two Paths Comparison Conversion Error Detection

This function monitors the redundancy by comparing results of angle conversion in two paths. phiO and
phil in Figure 4-10 are always compared and monitored. An error occurs when results of phi0 and phil

are different.

R/D
module
SINMNT
»
AR
>
52

COSMNT  tl—nx—

Analog<: -

Digital

P

A Y

COSROM

sin,cos
correction

sync

Plcomp

>

accum
counter

i e e

sin,cos

ADC

o e e e e o e

" correction

SINROM

COSROM

e

________________________________________

sync

Pl comp

|

accum

SINROM

— compare

Figure 4-10

Overview of Two Paths Comparison Conversion Error Detection
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4.2 Details of Error Detection Function
This section explains details of the error detection method of the RDC3AL.

4.2.1 Resolver Signal Error Detection

This function detects the amplitude reduction of the resolver signal caused by an error in excitation signals
input to the resolver. When a resolver signal error is detected, the RDC error interrupt request signal
becomes high.

A resolver signal error is detected if the monitor outputs (SINMNT, COSMNT) fall below the threshold for
approximately 220us or longer. As for the DC resolver which does not have the excitation signal, a resolver
signal error is detected if the monitor outputs fall below the threshold for approximately 220us or longer.

The threshold can be set by "EXCETH[7:0]xRVCC / 256 (Vpp)".

_IH. AL -4 4R , ——SIN

" - ) LN e GOS

. o 1y = = Threshold(H)
=== Threshold(L)

] - ERRST

e e s = EREXC

| = FRDEXC
m Detect time
[ 1 Error duration

Figure 4-11 Resolver Signal Error Detection When VR Resolver is Used

\ N A =008
— . == . A{ . _— 7— = =Threshold(H)
—

== Threshold(L)

?:5\_ L __ ] __/,z‘:‘. —_—N

P ERRST
e EREXC
| e ERDEXC
m Detect time

Error duration

Figure 4-12 Resolver Signal Error Detection When DC Resolver is Used
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4.2.1.1 Example of Register Settings

Table 4-1 shows the example of register settings of when the resolver signal error detection function is used.

Table 4-1 Example of Register Settings of When Resolver Signal Error Detection Function is Used

Register name/ Bit name/ Set Function
Abbreviation Abbreviation Value
Error detection Resolver Signal Error Ox1A Sets the threshold for use in detecting errors
register 0/ Comparison Threshold/ in the resolver signal.
RDC3ALNDIAGO EXCETH[7:0] Set value in the left column is 0.102 x
RVCC(Vpp).
Error detection Error Detection Start / 1 Error detection is enabled when the error
register 1/ ERDEN detection output mask is released after 26
RDC3ALNDIAG1 milliseconds have elapsed following this bit
being set to 1.
Error Signal Reset Bit / 1 Writing 1 to this bit resets “error detection
ERRST output register 1” to 0.
Note that each of these bits remains at 1 if
an error is continuous.
Error detection Resolver Signal Error 0 Set the bits ERR, ERHD, EREXC, and
register 2/ Select / EREXCS ERDEXC to 1 on occurrence of a resolver
RDC3ALNDIAG2 signal error.
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4.2.2 Resolver Signal Disconnection Error Detection

This function detects disconnection (including contact failure) of the resolver signals (S1 to S4). When a
resolver signal disconnect error is detected, the RDC error interrupt request signal becomes high.

When operation with a VR resolver is selected (by setting value as SENS =1), this function monitors the
common levels fluctuation of the monitored signal output (SINMNT, COSMNT) and determines any case of
them exceeding the configured threshold to be a disconnection error. The threshold can be set by

"0.5xRVCC +SGBTH[7:0]xRVCC / 512 (V)".

When operation with a DC resolver is selected (by setting the combination of values as EXIO = 1 and SENS
= 0), this function monitors whether the DC level of the monitored signals is exceeding the threshold or not.
The threshold can be set by "0.5xRVCC+ (SGBDTH[7:0]x8+1024)xRVCC / 4096 (V)"

—SIN
—C0S

= = Threshold

-===SIN
[ E R NN ] COS

ERRST
= ERSBS
ERDSBS
ERSBC
———ERDSBC

center
center

Figure 4-13

Resolver Signal Disconnection Error Detection When VR Resolver is Used
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Figure 4-14

Resolver Signal Disconnection Error Detection When DC Resolver is Used
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4.2.2.1 Example of Register Settings

Table 4-2 shows the example of register settings of when the resolver signal disconnection error detection

function is used.

Table 4-2 Example of Register Settings of When Resolver Signal Disconnection Error Detection
Function is Used

Register name/ Bit name/ Set Function
Abbreviation Abbreviation Value
Error detection Disconnect Error 0x29 Sets the threshold for use in detecting
register 0/ Comparison Threshold disconnect errors when the VR resolver is
RDC3ALNDIAGO | (for VR Resolver) / used.
SGBTH[7:0] Set value in the left column is 0.58 x RVCC(V).
Disconnect Error 0x33 Sets the threshold for use in detecting
Comparison Threshold disconnect errors when the DC resolver is
Setting (for DC Resolver) / used.
SGBDTH[7:0] Set value in the left column is 0.85 x RVCC(V).
Error detection Error Detection Start / 1 Error detection is enabled when the error
register 1/ ERDEN detection output mask is released after 26
RDC3ALNDIAG1 milliseconds have elapsed following this bit
being set to 1.
Error Signal Reset Bit / 1 Writing 1 to this bit resets “error detection
ERRST output register 1” to 0.
Note that each of these bits remains at 1 if an
error is continuous.
Error detection Disconnect Error (Cosine) | O Set the bits ERR, ERHD, ERSBC, and
register 2/ Select / ERSBCS ERDSBC to 1 on occurrence of a disconnect
RDC3ALNDIAG2 error (cosine side)
Disconnect Error (Sine) 0 Set the bits ERR, ERHD, ERSBS, and
Select/ ERSBSS ERDSBS to 1 on occurrence of a disconnect
error (sine side)
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4.2.3 R/D Conversion Error Detection

This function monitors the control variation in R/D conversion loop, and detects operation errors in the R/D
conversion function. When an R/D conversion error is detected, the RDC error interrupt request signal
becomes high.

A control variation (€) is recognized as excessive if the control variation rises above or falls below a
configured threshold level. The threshold is a fixed value (see Section 39.5.3, Error Detect Characteristics in
the user's manual for details). An R/D conversion error is detected if the control variation stay excessive for
more than 50% of the error determination time set in the EDPS[1:0] bits in the RDC3ALNDIAGL1 register.

s ;f\-A‘ An- ol Al S e (6-@)
_.._.U_Vld. M L T MY Y = = = Threshold(H)
- — -+ Threshold(L)
- CNYE
I I s CNYE high detection time
J‘M e Half of excitation cvcle
b ¢ = s -;_T’_,.H_‘- o e o em o e o e o e fbnormality confirmation count
== « FError Threshold
I I I Error check cvcle
A e ERRST
l_\__ e FRCNY
[ l ERDCHY

Figure 4-15 R/D Conversion Error Detection

"The internal control variation €” is a formula in a red frame which is explaining operating principle in Section
26.2.3 in the user's manual. When there is a difference between 6 and ®, the control variation becomes sine
wave shape of the excitation period. € in a blue frame is the control variation which is used to determine the

gain of the Pl compensator.

26.2.3  Operating Principle

The following describes the operating principles of the RDC3A module.

This R/D converter module uses the tracking method to convert analog resolver signals to digital signals (R/D
conversion).

The tracking loop runs at 20 MHz.

When the excitation signal f{t) is input to the excitation coil. f{t) * sin® and f{t) * cos8 are output from the resolver
according to the angle (6) of the resolver rotor. These signals are input to the RDC3AnS2-RDC3AnS4 and RDC3AnS1-
RDC3AnS3 pins, respectively.

These signals are amplified and then input to the multiplying D/A converter. At the same time. cos ¢ (or sin ¢) is
generated by passing the accumulator output through COS ROM (or SIN ROM) and is fed back to the corresponding
D/A converter. Then, the subtraction is performed on the outputs from both D/A converters.

f(t) * (sin 8 * cos ¢ — cos 6 + sin ¢)
= f{t) *sin (6 — ¢)
=)= (6-¢)
The result is converted to 1-bit digital value by the comparator (CMP) and then passed to the digital block.

The excitation component f{t) is removed in the synchronous detection circuit to obtain the control variation € =6 — ¢.

Figure 4-16 Excerpt of “26.2.3 Operating Principle” in User’s Manual
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When a resolver input angle (8) and an R/D output angle (¢) are different, € becomes a signal with an
amplitude in the excitation period as sin(6-¢) has a value (Figure 4-17). When a resolver input angle (6) and
an R/D output angle (¢) are matching, the value of € will be nearing COM(2.5V) (Figure 4.16).

3.3 e =f(t) - sin(0-¢)

SAAAAAAAAAN
VUV VYV VY —

0 100 200 300 400 500 600 700 B00 900 1000

Voltage(V)

\USs)

Figure 4-17 The Internal Control Variation of When Angles are Different

e=f(t) - sin(6-@)

e ("I

Voltage(V)

0 100 200 300 400 SO0 600 F00 200 900 1000

us

Figure 4-18 The Internal Control Variation of When Angles are Matching

Since € has an amplitude in the conversion error state in which a resolver input angle (6) and a R/D output
angle (o) are different, set thresholds on the high side and the low side, and CNVE signal will be generated
whenever the € value is out of the ranges. When the CNVE is 1, the amplitude of ¢ is large.

The proportion of 1 and 0 of the CNVE signal can be determined at the counter circuit at every half period of
excitation signal. When the proportion of 1 is exceeding 50% of the entire excitation half period, that
excitation half period is determined as abnormal, and determined as normal when it is not exceeding.
Determinations of normal and abnormal of each excitation half period for the conversion error determination
time (e.g., 7.3ms) which is selected by EDPS bit are aggregated. When abnormal half period is exceeding
50% of the entire half period, ERCNV bit and ERDCNYV bit are set as an R/D conversion error.
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Principle of R/D Conversion Error Detection
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4.2.3.1 Example of Register Settings

Table 4-3 shows the example of register settings of when the R/D conversion error detection function is
used.

Table 4-3 Example of Register Settings of When R/D Conversion Error Detection Function is Used

Register name/ Bit name/ Set Function
Abbreviation Abbreviation Value
Error detection Conversion Error Detection | 0 The conversion error detection circuit which
register 1/ Circuit Select / CVEDS supports high-speed rotation of the RD
RDC3ALNDIAG1 conversion error detection signal.
RD Conversion Error 3 Selects the error determination time (for
Determination Time Select / preventing sudden acceleration) for RD
EDPSI[1:0] conversion Errors.
11b : 7.37 msec
Error Detection Start / 1 Error detection is enabled when the error
ERDEN detection output mask is released after 26

milliseconds have elapsed following this bit
being setto 1.

Error Signal Reset Bit / 1 Writing 1 to this bit resets “error detection
ERRST output register 1” to 0.

Note that each of these bits remains at 1 if
an error is continuous.

Error detection Conversion Error Select / 0 Set the bits ERR, ERHD, ERCNV, and
register 2/ ERCNVS ERDCNYV to 1 on occurrence of a conversion
RDC3ALNDIAG2 Error.
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4.2.4 Two Paths Comparison Conversion Error Detection

This function compares the results of angle conversion from two loops, and detects conversion errors and
failures in the circuit. In the angular conversion mode 0 (ADRD = 0), this function compares the phi angles
output from the angular conversion mode 0 path and that from the angular conversion mode 1 path, and if
the difference between two angles is larger than the threshold, this is judged to be a two paths comparison
conversion error. The threshold value is set by the P2ANT[1:0] bits.

In the angular conversion mode 1 (ADRD = 1), this function detects angles output of two conversion circuits
operated in the angular conversion mode 1 by +1L.SB error.

Tracking loop

( anothrer loop ) -
SIN H phi angles output

If the difference

is within the range of

CoS 7 values set by P2ANT[1:0] bit,
Tracking loop ' it is judged as normal.

H phi angles output

Figure 4-20 Two Paths Comparison Conversion Error Detection
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4.2.4.1 Example of Register Settings

Table 4-4 shows the example of register settings of when the two paths comparison conversion error

detection function is used.

Table 4-4 Example of Register Settings of When Two Paths Comparison Conversion Error Detection

Function is Used

Register name/ Bit name/ Set Function
Abbreviation Abbreviation Value
Error detection Two Paths 2 Sets the threshold for use in detecting errors
register 0/ Conversions Error by comparing the results of conversion from
RDC3ALNDIAGO Threshold / the path for the angular conversion mode 0
P2ANT [1:0] and that for the angular conversion mode 1
to +32LSB.
(Available only in the angular conversion
mode 0)
Error detection Error Detection Start/ | 1 Error detection is enabled when the error
register 1/ ERDEN detection output mask is released after 26
RDC3ALNDIAG1 milliseconds have elapsed following this bit
being set to 1.
Error Signal Reset Bit | 1 Writing 1 to this bit resets “error detection
| ERRST output register 1” to 0.
Note that each of these bits remains at 1 if
an error is continuous.
Error detection Two Paths 0 Set the bits ERR, ERHD, ERP2, and ERDP2
register 2/ Conversion Error to 1 on occurrence of a two paths conversion
RDC3ALNDIAG2 Select/ ERP2S error
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4.2.5 Resolver Signal Power/Ground Short Error Detection

This function detects power short errors (short circuits to the power supply) and ground short errors (short
circuits to the ground) of the resolver signal lines RSO, COM, S1, S2, S3, and S4. Note that if these errors
are on the RSO and COM pins, they are not correctly detected when the internal excitation signal is in use
(EXIO = 1) due to a conflict between the current from the short to the power supply or ground and the
excitation current from the buffer. When an external excitation signal is used (EXIO = 0), errors on those pins
are detected.

This function is assumed to detects power short errors and ground short errors of

the red circle () location shown below. U2B6 R/D Converter

SINMNT g
21kQ ]
s4_resolver =1 S4 _
—>
s2_resolver RI S2
External 21KQ COM

excitation resolver

signal 21kQ coMm
s1_resolver =1 S1 \
RI . +>
s3_resolver S3
21kQ

COSMNT B

COM

® 20kQ >
@ 20kQ | 1 +
RSO

Figure 4-21  Assumed Circuit of Resolver Signal Power/Ground Short Error Detection

Since S1 to S4 input pins are incorporating the amplifier, even if S1 to S4 pins of the resolver are short
circuited to the power supply or ground, the potential of S1 to S4 input pins of the R/D converter does not
necessarily become the power supply or the ground voltage level. Therefore, power/ground short error can
be detected by disconnecting the amplifier input temporarily with a switch. Short circuits of 6 pins RSO,
COM, S1 to S4 are detected while disconnecting. The disconnecting time by a switch is about 78us (13ps x
6pins). The output level of SINMNT and COSMNT becomes same level as COM because the input is
disconnected during this time. The output angle of the R/D converter continues tracking angles in
accordance with the rotational speed at the beginning of the resolver signal power/ground short error
detection function.
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Disconnect from
input circuit for 78ps
(S3) J/ 21k Q
S4
— RI .\. g \
SINMNT
— &I o S—— ¢ / (COSMNT)
S2
(S1) 21k Q2 COM
Figure 4-22 Disconnecting Position at the Time of Power/Ground Short Error Detection

~~_ Normal %

Power short %

% Normal %

——— 54 _Resolver
—— 52 Resolver
— 54
— 52
= == Threshold(power short)
= Threshold(ground short)
—— SINMNT
s G ST
-ERRST
= == ERS2V
=== ER34V
=—=ERS2G
=—=FRE4G
= ERDS2V
= ERDS4V
s ERDS 2G
e ERDS 4G

Figure 4-23

Detecting Power Short Caused by the Short Circuit of the S2 Signal
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<~ Normal —> <— Ground short — < Normal ———>
AN AV AV AV APR/LY e
VN VIV TV
N A A
v v vV [T ~ ——— 853 Resolver
78us S1_Resolver
I —— ——— T A e Al il P
. .. . i L .. .. + + | = == Threshold(power short)
= Threshold(ground short)
’\/\/\/\/\/\ J\/\/\/\/\/\/‘ —— COSHNT
s \[GST
ERRST
l - == ERSIV
ek ccctdccodedect e d | ===ERS3V
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1
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Figure 4-24 Detecting Ground Short Caused by Short Circuit of the S1 Signal to the Ground
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4.2.5.1 Example of Register Settings

Table 4-5 shows the example of register settings of when the resolver signal power/ground short error
detection function is used.

Table 4-5 Example of Register Settings of When Resolver Signal Power/Ground Short Error Detection

Function is Used
Register name/ | Bit name/ Set Function
Abbreviation Abbreviation Value
Error detection Power/Ground Short Error | 1 When 1 is written to the VGST bit, a power/ground
register 1/ Detection Start Method short error detection is started.
RDC3ALNDIAGL | Select/
VGASL[1:0]
Power/Ground Short Error | 1 Writing 1 to this bit executes power/ground short error
Detection Start / VGST detection a single time.
Error Detection Start / 1 Error detection is enabled when the error detection
ERDEN output mask is released after 26 milliseconds* have
elapsed following this bit being set to 1.
Error Signal Reset Bit / 1 Writing 1 to this bit resets “error detection output
ERRST register 1” to 0.
Note that each of these bits remains at 1 if an error is
continuous.
Error detection RSO Power Short Error 0 Set the bits ERR, ERHD, ERR1V, and ERDR1V to 1 on
register 2/ Select / ERR1VS occurrence of an RSO pin power short error.
RDC3ALNDIAG2 | COM Power Short Error 0 Set the bits ERR, ERHD, ERR2V, and ERDR2V to 1 on
Select / ERR1VS occurrence of a COM pin power short error.
S1 Power Short Error 0 Set the bits ERR, ERHD, ERCNV, ERS1V, and
Select / ERS1VS ERDS1V to 1 on occurrence of an S1 pin power short
error.
S2 Power Short Error 0 Set the bits ERR, ERHD, ERCNV, ERS2V, and
Select / ERS2VS ERDS2V to 1 on occurrence of an S2 pin power short
error.
S3 Power Short Error 0 Set the bits ERR, ERHD, ERCNV, ERS3V, and
Select / ERS3VS ERDS3V to 1 on occurrence of an S3 pin power short
error.
S4 Power Short Error 0 Set the bits ERR, ERHD, ERCNV, ERS4V, and
Select /| ERS4VS ERDSA4YV to 1 on occurrence of an S4 pin power short
error.
RSO Ground Short Error 0 Set the bits ERR, ERHD, ERR1G, and ERDR1G to 1
Select/ ERR1GS on occurrence of an RSO pin ground short error.
COM Ground Short Error 0 Set the bits ERR, ERHD, ERR2G, and ERDR2G to 1
Select / ERR2GS on occurrence of a COM pin ground short error.
S1 Ground Short Error 0 Set the bits ERR, ERHD, ERCNV, ERS1G, and
Select / ERS1GS ERDS1G to 1 on occurrence of an S1 pin ground short
error.
S2 Ground Short Error 0 Set the bits ERR, ERHD, ERCNV, ERS2G, and
Select / ERS2GS ERDS2G to 1 on occurrence of an S2 pin ground short
error.
S3 Ground Short Error 0 Set the bits ERR, ERHD, ERCNV, ERS3G, and
Select / ERS3GS ERDS3G to 1 on occurrence of an S3 pin ground short
error.
S4 Ground Short Error 0 Set the bits ERR, ERHD, ERCNV, ERS4G, and
Select / ERS4GS ERDS4G to 1 on occurrence of an S4 pin ground short
error.
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4.2.6 Sum-of-Squares Amplitude Error Detection

This function detects modulation, distortion and noise in the amplitudes of the sine and cosine signals input
from the resolver.

The sum-of-squares of the monitored signals (SINMNT, COSMNT) acquired in the ADC within the RDC are
taken and integrated within the excitation period. Upper and lower threshold values are set for the value thus
calculated and the number of times the calculated value rise above or fall below the thresholds is counted. If
the number exceeds the threshold for the counted value, it is output as a sum-of-squares amplitude error.
The procedure runs automatically, but the user is required to set the upper and lower threshold for the
integrated sum-of-squares values in the SQHTH and SQLTH bits and the threshold for the number of times
the calculated value falls outside the range in the SQCTH bits. The counter values are cleared at the desired
time by the writing to the SQERST bit.

Figure 4-25 shows an example of waveforms where the amplitudes of the signals input to the resolver are
reduced, the calculated value fell outside the threshold range five times, and a sum-of-squares amplitude
error is generated.

Abnormal Normal
{H i e STNMNT
- - - - - - —CUSMNT
= Square sum integral
= = Threshold(H)
= Threshold(L)
Error threshold
Error count
ERRST
= SQERST
| ——ERSO
i ERDSQ
| | | I |
1 — |\
Figure 4-25 Sum-of-Squares Amplitude Error Detection
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4.2.6.1 Example of Threshold Determination Method

The table below show the values of the integrated sum-of-squares amplitude for the ideal waveform. They
are different from actual values due to other influences such as noises. Set thresholds by considering these
influences.

Calculate values which are not in the following tables by linear interpolation.

Table 49.49 Relationship between the Resolver Signal (MNT Signal) Amplitude, Excitation
Frequency, and Values of the Integrated Sum-of-Squares Amplitude

excitation frequency

(kHz)— 5kHz 7.5kHz 10kHz 12.5kHz 15kHz 17.5kHz 20kHz
0.1 *x RVCC (Vpp) 254 169 128 104 83 72 63
0.2 x RVCC (Vpp) 1032 682 520 417 341 206 255
0.3 x RVCC (Vpp) 2304 1533 1156 921 771 649 582
0.4 x RVCC (Vpp) 4104 2719 2052 1638 1364 1169 1031
0.5 = RVCC (Vpp) 6435 4296 3222 2583 2152 1847 1601
0.6 x RVCC (Vpp) 9230 6127 4595 3685 3067 2633 2294
0.7 x RVCC (Vpp) 12567 8379 6282 5041 4177 3577 3144
0.8 x RVCC (Vpp) 16420 10942 8167 6574 5471 4684 4096
0.9 x RVCC (Vpp) 20761 13855 10355 8281 6909 5918 5212

* Table is a transcription of "Table 49.49" in the user's manual.

The example below is a case where the sum-of-squares amplitude error detection is executed under the
following conditions.

Resolver signal amplitude
Excitation frequency

The number of conversions in the excitation frequency : SINMNT/COSMNT, 50 times each
Acceptable error ranges from the ideal waveform : £0.3Vp-p (1.8 to 2.4Vp-p)

From above conditions, the lower-limit value(1.8Vp-p) and the upper-limit value(2.4Vp-p) used for the sum-
of-squares amplitude error detection are not described in above tables. Therefore, find values by linear
interpolation between two points close to respective values. In the above example, when ADRD=0, the
lower- and the upper-limit values become as follows.

:2.1Vpp
: 10kHz

e Lower-limit value :1694 Upper-limit value :2988

3500 1 T 1 T

Value of integrated sum-
of-squares amplitude at
3000 +0.3Vp-p >

- Value of integrated _,,..r""’
2500 sum-of-squares
amplitude at -0.3Vp-p
2000 o a
Value of integrated sum-
of-squares amplitude
1500 specified in the condition [
1000
500
1.4 1.5 1.6 1.7 1.8 1.9 2 21 22 23 2.4 1H 2.6
Figure 4-26 Image of Upper- and Lower-Limit Values Used In the Sum-of-Squares Amplitude Error
Detection
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4.2.6.2 Example of Register Settings

Table 4-6 shows the example of register settings of when the sum-of-squares amplitude error detection
function is used.

Table 4-6 Example of Register Settings of When Sum-of-Squares Amplitude Error Detection Function

is Used
Register name/ Bit name/ Set Function
Abbreviation Abbreviation Value
Error detection Error Detection 1 Error detection is enabled when the error detection
register 1/ Start / ERDEN output mask is released after 26 milliseconds have
RDC3ALNDIAG1 elapsed following this bit being set to 1.
Sum-of-Squares | 1 Writing 1 to this bit resets the sum-of-squares
Amplitude Error amplitude error excitation counter to 0.
Excitation
Counter Reset /
SQERST
Error Signal 1 Writing 1 to this bit resets "the error detection
Reset Bit / register 1" to 0. Note that each of these bits remains
ERRST at 1 if an error is continuous.
Error detection Sum-of-Squares | 0 Set the bits ERR, ERHD, ERSQ, and ERDSQ to 1
register 2/ Amplitude Error on occurrence of a sum-of-squares amplitude error
RDC3ALNDIAG?2 Select /
ERSQS
Error detection Sum-of-Squares | 8192 Sets the upper threshold for values of the integrated
register 3/ Amplitude sum-of-squares amplitude.
RDC3ALNDIAG3 Upper
Threshold /
SQHTHI[15:0]
Sum-of-Squares | 512 Sets the lower threshold for the values of the
Amplitude integrated sum-of-squares amplitude.
Lower
Threshold /
SQLTHI[15:0]
Error detection Sum-of-Squares | 4 Selects the number of excitation periods in which
register 4/ Amplitude Error abnormal amplitudes may be generated in the
RDC3ALNDIAG4 Excitation judgment of integrated sum-of-squares amplitude
Counts errors. The number of times set in these bits being
Threshold / exceeded is judged to represent an integrated sum-
SQCTH[2:0] of-squares amplitude error.
Error detection Excitation 1 Selects the noise filter for the excitation component
register / Extraction Noise extraction circuit.
RDCS3ALNREF Filter /PLSNFS 1: The noise filter is used.
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4.2.7 Excitation Period Error Detection

The period measurement timer measures the cycle of excitation signal (zero-crossing signal). When an edge
(selectable between rise edge or fall edge) of the zero-crossing signal is detected, the value of the period
measurement counter is captured and stored in the RDC3ALNETCAP register. By reading the
RDC3ALNETCAP register, the cycle of excitation signal can be obtained.

When the IREN bit in the RDC3ALNETEN register is set to 1 (enables the interrupt), an excitation timer
interrupt request is generated if the value set in the RDC3ALNETCAP register matches the period
measurement counter value. The excitation signal cycle error can be detected by setting a value of longer
duration than the excitation signal cycle to the RDC3ALnETCAP register. An excitation signal cycle error is
detected upon the occurrence of an excitation timer interrupt request.

AWAWA ASAWA
/- V-V
N e O s I B

| e RSO
COM
_, l—, —7ero-cross signal
CNTEN
== (ounter
e ETCMP
= [nterruptRequest

1 1
i Interrupt request occurs)
' when ETCMP and CMP !
[ : |
1
1
1

compare match
— Detect cycle error

Figure 4-27 Excitation Period Error Detection
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4.2.7.1 Example of Register Settings

Table 4-7 shows the example of register settings of when the period measurement timer of excitation signal
is used as the excitation period error detection function.

Table 4-7 Example of Register Settings of When Excitation Period Error Detection Function is Used

Register name/ Bit name/ Set Function
Abbreviation Abbreviation Value
ET Control Register / Compare Match | 1 Enables and disables the compare match function.
RDC3ALNETEN Function Enable 1: Enables the compare match function.
/ CMPEN
Interrupt 1 Enables and disables interrupt requests.
Request Enable 1: Enables the output of interrupt.
/
IREN
Counter 1 This is the count enable signal for the period
Operation measurement timer and the event timer.
Enable / 1: The period measurement timer and the event
CNTEN timer are operated.
ET Capture Register/ | ET Compare / O0x1F40 | Sets count value to generate a compare match.
RDC3ALNETCAP CMPJ[15:0] This example setting is the doubled value of the
10kHz excitation signal period (200usec).
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4.3 Notes on Error Detections

4.3.1 Notes on Resolver Signal Disconnection Error Detection

For the resolver signal disconnection error detection, the level used to compare to the threshold in a VR
resolver and a DC resolver are different. The common level of SINMNT/COSMNT is compared with the
threshold when operating with a VR resolver, the level of SINMNT/COSMNT itself is compared with
threshold when operating with a DC resolver. Thresholds for each resolver is set individually.

4.3.2 Notes on Sum-of-Squares Amplitude Error Detection

The sum-of-squares amplitude error detection function is only available for resolvers that require the input
of signals with excitation components, but not for DC resolvers, which do not require this.

Setting the ERSQS bit to 0 enables the detection of sum-of-squares amplitude errors. After setting this bit
to 0, clear the counted value by setting the SQERST bit to 1.

In checking for a power/ground short error, the excitation amplitude disappears for 78us, so the resulting
error is counted once in sum-of-squares amplitude error detection. When checking for a power/ground
short error by writing to the VGST bit when VGASL[1:0] = 01, set the ERSQS bit to 1 to switch sum-of-
squares amplitude error detection off during the check.

When checking for power/ground short errors is to proceed at 10ms intervals because the setting of
VGASL[1:0] = 10, clear the effect of this on the counting of sum-of-squares amplitude errors at least once
per 10ms by using the SQERST bit.

If you want to check for power/ground short errors but do not require checking of sum-of-squares
amplitude errors, leave the value of ERSQS as 1.

In the sum-of-squares amplitude error detection, be sure to set the excitation extraction noise filter bit
(PLSNFS) of the excitation setting register (RDC3ALNREF) to 1(The noise filter is used). This setting will
prevent from extracting noise as the excitation period when the excitation signal has noise.
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4.4 Flowchart of Entire Error Detection Register Settings
The flowchart below shows register settings of this operation example.

Set enable/disable of error detection *Refer to initial operation procedure
(RDC3ALNDIAG2 = 0x00000000) in the user's manual for the timing
of setting each bit

Set conditions for error detection and thresholds
RDC3ALNDIAGO = 0x021A2933
RDC3ALNDIAG1 = 0xB1000000

Partially omitted

Enable the error detection function
ERDEN bit=1

Wait for 26ms

Reset error state
SQERST=1,ERRST =1

Set ET compare value
CMPJ[15:0] = Ox1F40

Start the excitation timer
CMPEN=1,IREN=1,CNTEN =1

End

Figure 4-28 Flowchart of Register Settings
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5. Self-Diagnosis
5.1 Built-in Self-Test Function (BIST)
RDCS3AL has a built-in self-test (BIST) function to check the validity of specified operations.

By setting the BIST command in the RDC3ALNBIST1 register, this function generates the desired signal
input that is simulated internally, and monitors the signal output in response.

The test items are shown below.

Table 5-1 BIST function

Items Diagnosis
Angle Conversion Self-test of the R/D conversion function
BIST The following electrical angles can be set as a resolve signal input:

® Target angle 0°

® Target angle 45°

® Target angle 270°

Error Detection BIST Self-test for the error detection function

® Resolver signal error detection BIST

® Resolver signal disconnect error detection BIST (sin / cos)

® R/D conversion error detection BIST

® Power/ground short error detection BIST

® Sum-of-Squares amplitude error detection BIST (high side / low side)
AD BIST Self-test for the validity of the result of 12-bit SAR-ADC conversion

® Apply voltages of 1, 2.5, and 4 V in order and judge the result of ADC

conversion.
® The threshold value for determination is set by the ADB3TH[1:0] bits.

5.2 Details of BIST

5.2.1 Types of BIST
BIST is classified into two types depending on the length of execution time: short-period and long-period.

Long-period BIST can only be executed at power-on. Long-period BIST operates with an internally
generated simulated signal for up to 10 ms BIST, so the angle output does not match the resolver input.

Short-period BIST can be performed during angle conversion and maintains angle conversion tracking during
BIST execution. Short-period BIST can be performed even when the power is turned on, but long-period
BIST should be performed first.

® Short-period BIST : ADBIST, resolver signal error detection BIST, resolver signal disconnect error
detection BIST(sin/cos), power short error BIST, ground short error BIST, sum-of-squares amplitude
error detection BIST (high side/low side)

® Long-period BIST : angle conversion BIST, conversion error BIST

5.2.2 Execution of BIST
Perform the following settings to execute BIST.

(1) Enable the forced gain control function when executing a BIST. (Set the AGCD bit in the RDC3ALNnPI1
register to 0.)

(2) To execute a short-period BIST, set the EINTEN bit to O to disable error interrupts.
(3) Setthe VGASLJ[1:0] bits to 00B when executing a BIST.

(4) Read the VGFLG bit (Power/ground short error detection running bit) as 0. If the value is 1, read the bit
again after waiting for about 80 us.
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(5) Setthe phase correction bits in the sine and cosine angle correction register to 0° when executing the
angle conversion BIST.

Sine phase correction bits SINPO[11:0] = 000+
Cosine phase correction bits COSPOQO[11:0] = 000+
(6) To execute conversion error BIST, set the EDPS bit to 10s.

(7) Setthe input gain resistance value at default (21 kQ) and the excitation buffer amplitude value at default
(2Vpp) when executing a BIST.

PGX1=0, IRSSO =1, EXOCJ[1:0] = 10B, IRSCJ[3:0] = 0100B, IRSS1 = 0, EXOS =0, EAATSP =1

(8) Clear the count value in the SQERST bit by setting 1 before running sum-of-squares amplitude
detection BIST (high side/low side).

(9) When the BIST is completed,
set the BISTCL bit in the RDC3ALNBIST1 register to 1 to clear the BIST results.
set the ERRST bit in the RDC3ALNDIAG1 register to 1 to reset the error signal.

set the SQERST bit in the RDC3ALNDIAGL1 register to 1 to reset the counter value of sum-of squares
amplitude error.

Return the settings of the registers which were changed in steps (1), (2), (3), (5), (6), and (7) to their original

values.

Table 5-2 BISTs for Each Setting of Values

BCONJ[3:0] BIST to be Executed

0000 BEXE bit is disabled
0001 This setting is not allowed.
0010 Sum-of-squares amplitude error detection BIST (low side)
0011 Sum-of-squares amplitude error detection BIST (high side)
0100 ADBIST
0101 Angle conversion BIST (0°)
0110 Angle conversion BIST (45°)
0111 Angle conversion BIST (270°)
1000 This setting is not allowed.
1001 Error detection BIST: resolver signal error detection BIST
1010 Error detection BIST: resolver signal disconnection detection BIST (cosine side)
1011 Error detection BIST: Resolver signal disconnection detection BIST (sine side)
1100 Error detection BIST: conversion error BIST
1101 Error detection BIST: power short error BIST
1110 Error detection BIST: ground short error BIST
1111 This setting is not allowed.
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First BIST

Second BIST

Last BIST

Select the BIST to be executed
(BCONI3.0] bits in the RDC3ALNBIST1)

Execute the BIST
(BEXE bit in the RDC3ALNBIST1)

Wait for a BIST complete interrupt

Read the result of the BIST
(BISTCD[3:0] bits in the RDC3ALNBISTO)

Select the BIST to be executed
(BCONI3.0] bits in the RDC3ALNBIST1)

Execute the BIST
(BEXE bit in the RDC3ALNBIST1)

Wait for a BIST complete interrupt

Read the result of the BIST
(BISTCD[3:0] bits in the RDC3ALNBISTO)

’

Select the BIST to be executed
(BCONI3.0] bits in the RDC3ALNBIST1)

Execute the BIST
(BEXE bit in the RDC3ALNBIST1)

Wait for a BIST complete interrupt

Read the result of the BIST
(BISTCD[3:0] bits in the RDC3ALNBISTO)
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©

Clear the result
BISTCL bit in the RDC3ALNBIST1 « 1
ERRST bit in the RDC3ALNDIAG1 « 1
SQERST bit in the RDC3ALNDIAG1 « 1

Wait for recovery from the BIST™

End

y

< RDC enters the angular tracking statD

Note.1 See the RH850/U2B Group User's Manual: Hardware Section 66, Electrical Characteristics
for the recovery time from a BIST.

Perform all long-period BISTs you want to perform first, and then perform short-period BISTs.

Figure 5-1 Sequence of Executing BISTs after Starting Up the Power
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First BIST

Second BIST

Select the BIST to be executed
(BCONJ3.0] bits in the RDC3ALNBIST1)

Execute the BIST
(BEXE bit in the RDC3ALNBIST1)

Wait for a BIST complete interrupt

Read the result of the BIST
(BISTCD[3:0] bits in the RDC3ALNBISTO)

Wait for recovery from the BIST '

C RDC enters the angular tracking state)

Select the BIST to be executed
(BCON]J3.0] bits in the RDC3ALNBIST1)

Execute the BIST
(BEXE bit in the RDC3ALNBIST1)

Wait for a BIST complete interrupt

Read the result of the BIST
(BISTCDI[3:0] bits in the RDC3ALNBISTO0)

Wait for recovery from the BIST '

( RDC enters the angular tracking statD

!

:
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Select the BIST to be executed
(BCONJ3.0] bits in the RDC3ALNBIST1)

Execute the BIST
(BEXE bit in the RDC3ALNBIST1)

Wait for a BIST complete interrupt

Last BIST Read the result of the BIST
(BISTCD[3:0] bits in the RDC3ALNBISTO)

Clear the result
BISTCL bit in the RDC3ALNBIST1 « 1
ERRST bit in the RDC3ALNDIAG1T « 1
SQERST bit in the RDC3ALNDIAG1T « 1

Wait for recovery from the BIST "

\ 4
End

C RDC enters the angular tracking state)

Note.1 See the RH850/U2B Group User's Manual: Hardware Section 66, Electrical Characteristics for
the recovery time from a BIST.

Figure 5-2 Sequence of Executing BISTs during Angle Conversion (Short-period BIST)

5.2.3 ADC software BIST

Failures in the ADC are diagnosed by the CPU through the following procedure: the DAC code in the 12-bit
SAR-ADC written to the relevant register is converted in the ADC and the result is read from the relevant
register. The user can set the DAC codes freely, that is, to any of the 4096 codes for the 12-bit ADC.

In the ideal state, the software will return the same value of the DAC code which was set for the software
BIST as the result of A/D conversion.

In actual operations, however, values with errors are output due to non-ideal factors.

Therefore, users are required to set a suitable value for the CPU to judge these errors (around + 32 LSB).
With this software BIST, it is possible to diagnose the normality of the combination functions of all the
switches of the DAC in the ADC.

On the other hand, the ADBIST described in section (1)., Built-in Self-Test Function, diagnoses the results of
conversion by applying three voltages to the input nodes of the ADC.

By using ADBIST and this software BIST together, it is possible to diagnose failures in almost all nodes in
the 12-bit ADC.
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Set the data to be output to DATA bits
(DATSEL[6:0] = 0111011)

v

Enable the ADC software BIST
(ADSFBMD =1)

»

A 4

Set the DAC code
(ADSFBIN[11:0] = any value)

v

Wait for 2 usec

The result of the
AD conversion is diagnosed
by reading DATA[11:0])

Exit the self-test

Disable the ADC software BIST
(ADSFBMD = 0)

v

Clear the DATA bits
(DATSEL][6:0] = the value before starting the
BIST)

End

Check the result)

Figure 5-3 Operating Sequence of the ADC Software BIST

5.3 Notes of BIST

® Depending on the BIST, a RDC error interrupt is generated due to the erroneous internal state.
If the occurrence of this error disturbs the operation, disable RDC error interrupt by the EINTEN bit.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.
1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an I/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vi (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between V. (Max.) and Vi (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSl is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.



Notice

1.

10.

11.

12.

13.
14.

(Notel)

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.
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