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YDRIVE-IT-RZT1 RZ/T1 Solution Kit — Getting Started Guide

Description: This guide will help in connecting the YDRIVE-IT-RZT1 Solution Kit with Motor, Encoder, Power
Supply and Host Communication Cables. It will walk you through a simple dual core example, an EtherCAT sample
program, the installation of the RZ/T1 Motion Utility, connection to the RZ/T1 Motion Controller and spinning the
motor. Finally, this guide provides instructions on how to change the motion parameters and display graphs
representing the motion accuracy.
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Introduction: Here we give some general remarks on the YDRIVE-IT-RZT1 solution kit that should help you to go
through the examples shown here as smoothly as possible.

e The example programs and the IAR tool chain version in this kit have been checked to work properly with
each other. You may find newer versions of tool chain as well as example programs on the Internet, however
we recommend not to mix software components from this package with newer versions.

o |If the kit undergoes a software update, we will update the complete package and you should not mix software
components from different package versions.

e The solution kit CD provides you a snapshot of software and documents that are up to date at the time of
release of the kit. Please check our website for additional software and documents.
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1 Hardware Setup — Connect RZ/T1 Motion Controller

The first step of getting started with the RZ/T1 Solution Kit is connecting the power supply, the motor, the encoder and
the communication cable. Follow the steps using the cables and the motor included with the kit. Not all of the
connections are required for all experiments.

1.1 Connecting the Logic and Motor Power

The Logic Power should be between 12V and 24V DC. The power consumption when the controller is idle is around
0.18A but can go up to 0.30A depending on the connected encoders, sensors and other loads.

The motor that is delivered with the kit is prepared for 24V operation. Power is supplied via 5-pin connector J2 on the
inverter board as shown in Figure 1-1. The 5-pin plug for J2 is included in the kit. We recommend to use separate
power supplies for logic and motor.

The Motor Power should not exceed 48V and the load dependent current consumption must not go beyond 8A. The
inverter will shut off the power stage when the current exceeds the limits. The MOSFETSs will withstand even a short
between any two motor windings.

motor power supply

logic pO\;ver supply

Figure 1-1: power connection via J2
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1.2 Connecting the Motor Windings

The motor windings are connected using J1 and J3 on the inverter board. Select the connector on the left (J1)
corresponding to the first channel; a second motor (not included in the kit) can be connected to J3 if desired. The
connection for the motor in the kit is ready-to-use and you don’t need to consider the pin assignment. Figure 1-2
shows the position of the connections for the motor windings (cable colors may vary).

N
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Figure 1-2: Connecting the motor windings to J1 (cable colors may vary)
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1.3 Connecting the Encoder

The encoder is connected to P1 on the controller board via a DB 15 connector. A second encoder (not included in the
kit) can be connected to P2 if desired. The position of P1 on the controller board is illustrated in Figure 1-3. The
encoder of the motor that is supplied with the kit is prepared for immediate connection.

Figure 1-3: Connecting the encoder
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1.4 Connecting the Hall Sensors

The YDRIVE-IT-RZT1 kit allows two ways of connecting Hall sensors to the board. They can either be connected the
separate connector P5 or together with the encoder at P1. The setting of the DIP-switch S2-0 defines which
connection is actually effective.

e S2-0 OFF: connection via P1
e S2-0ON: connection via P5

The motor included in the kit is prepared for connection via P5; therefore prepare the connection as shown in Figure
1-4 and make sure that S2-0 has been set to ON. The cable colors may be different than in Figure 1-4; in the picture
the shield connection is missing.

Figure 1-4: Hall sensor connection (cable colors may vary)
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1.5 Connecting the RS232 communication cable

Communication with the host PC is done via a serial interface available on P11 of the controller board. The
communication cable interfaces with a DB9 RS232 port using straight-through wiring (one male and one female DB9
connector). A suitable serial cable is included in the kit. If your PC does not provide a serial interface, we recommend
using a serial-to-USB converter. The connection is shown in Figure 1-5.

Figure 1-5: Serial connection to host PC
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1.6 Connecting the JTAG interface

This connection is required for development purposes or in case new firmware has to be loaded. The JTAG connector
is using a MIPI20 connector (as specified by IAR). The pins are spaced 1.27mm apart and the connector is polarized.

The RZ/T1 Solution Kit comes with an IAR I-jet Lite debugger that is ready to connect at P9 on the controller board as
shown in Figure 1-6.

Caution: Be careful in plugging the connector to avoid bending pins!

Note: The YDRIVE-IT-RZT1 kit is delivered with the software for spinning the motor pre-installed. The JTAG
connector is therefore not needed for running the motor. However the other examples (dual-core operation and
EtherCAT) require this connection.
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Figure 1-6: Hardware debugger connection
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1.7 Connecting the Ethernet Interface

An Ethernet connection to the PC or a PLC can be prepared using one of the two RJ-45 connectors P12 or P13. For
running the EtherCAT sample program you can use any of the two connectors.

Note: This connection is only required for operating the EtherCAT sample program. The other examples (dual-core
operation and spinning the motor) do not require this connection.

Figure 1-7: Ethernet connection
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1.8 Sanity check

The YDRIVE-IT-RZT1 Solution Kit comes with preinstalled firmware. Once the logic power is supplied (see chapter
1.1), LEDs #1 to #4 (LEDS...9 in the circuit diagram) should turn on as shown in Figure 1-8. LED #2 should blink with
1 s period.

s MG .

' Lx;-,-.,;-,-.,-;!:m,_]

—
s

Figure 1-8: LEDs on the controller board after power-up
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2 Running the Motion Control Software

In this chapter we will run the pre-installed motion control firmware package on the RZ/T1 and a PC-based user
interface software that we refer as RZ/T1 Motion Utility.

Note: To run the motion control software all connections described in chapters 1.1 to 1.5 need to made and the supply

voltages for logic and motor must be attached.

2.1 Software Setup — Install RZ/T1 Motion Control Utility

The RZ/T1 Motion Control Utility is compatible with Windows XP and the newer versions up to Windows 10. It requires
Microsoft.NET 4.0 which will be installed if needed.

The installation is possible with two options:

¢ Running the Setup.exe file
e Running the RZ_T1_Utility.msi

Both options lead you to the dialog box in Figure 2-1.

‘_'E! RZ_T1 Motion Utility - InstallShield Wizard X

Welcome to the InstallShield Wizard for RZ_T1
Motftion Utility

The Installshield(R) Wizard will install RZ_T 1 Mation Utility on
your computer. To continue, dlick Mext.

WARNING: This program is protected by copyright law and
international treaties.

==

< Back

Figure 2-1: RZ/T1 Motion Utility installation

Press ‘Next’ and you will be asked for target folder as shown in Figure 2-2. Technically any location is OK but we
recommend to stick with the proposed location.
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ﬁ RZ_T1 Motion Utility - InstallShield Wizard s

Destination Folder
Click Mext to install to this folder, or dick Change to install to a different folde

Install RZ_T1 Motion Utility to:
! _,-/ C:\Program Files (x86)\Renesas\RZ_T1 Motion Utility', Change... |

1 Instalishield

Figure 2-2: Target folder selection

Start the newly installed utility. The following screen should be displayed:

i
! o RZ/T1 Motion Utility — O * E
n ot
= Fil Wew  Help T
ModLEre w Setup  Tuming Motion Digtal /0 Demo
E/W Version Motor Corfiguration
) Motor Type -
F Paosition m
Pale Pairs Count |1 % Counts/Phase
Faos Emor
Enc Counts / Revolution 1 = ]
Total Curent
Fosition Inverted ~
Hall Sensors X
Encoder Type w
Index Pos X
Mator Commutation
Commutation Mode ~
Windings Mapping e
Hall Sensors Mapping - n
Hall Sensors Cffset ~ br
Faults / Wamings
Mator Phasing
Phasing Mode ~
Phasing Time [ms] [100 | i
Phase
Pois Commands Phasinig Output [%] 100 z
Power On
. STOP < Calibrate
1 e Calibrated Index Offset 0 =

Connection: Mot Connected

e e e e s s e e [ e e b

Figure 2-3: RZ/T1 Motion Utility start-up screen

Click the ‘Connect’ option from the main menu to select the serial interface to be used for communication with the
RZ/T1 motion controller. Select the RS232 tab and then the appropriate serial port number from the drop-down list as
illustrated in Figure 2-4. You may have to check the port number in the MS-Windows device manager.

Note: The name of the serial port can be selected from the list of predefined entries. If your serial COM port is not
listed, then you can enter any name by typing it in the control.
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|

Ethemet A
|

Serial Pot |COM1 ~

d
==l P

k| a MogQuIe 1L T Aas | el -

85l New Connection — ] et 5 85 Mew Connection

RS232 RS422 Ethemet

Serial fort | BEITES

Cancel

Figure 2-4: Selecting the serial COM port number

CIGOEr Type |

Once the COM port is confirmed the motion utility window should look as shown in Figure 2-5 and report an
established connection in the lower left corner of its window.

sl RZ/T1 gtion Utility

iew  Help
~ Setup  Tuming Motion Digital 1/0  Demo
F/W Version RZ/T1v.1.1 Bil Motor Configuration
Motor Type | PMSM/Brushless DC = | &
Position 0 m
Pole Pairs Count 4 % Courts/Phase
Pos Emor O
Enc Counts / Revolution 4000 = 1000
Total Curent
Position Inveted | No ~
Hall Sensors 2 L
Encoder Type | Incremental ~
Index Pos X 3
Stopped Mator Commutation 7
Servo OFf Commutation Mode | Sinusoidal ~
Motor Not Phased
0oo1 Windings Mapping | 0: UVW ~
Auto Set
Hall Sensors Mapping | 1: BAC ~
Hall Sensors Offset  Odeg.
Faults / Wamings L
No Power
Matar Phasing
Phasing Mode | Hall-Based i |
Phasing Time [ms] 500 =
= Fhase
Puis Commands Phasinig Output [%] 24 5
Power On
SenrorOn Calibrated Index Offset 0 > 5
Conne
e T

Figure 2-5: Established serial connection

Note that the ‘Connect’ menu entry changes to ‘Disconnect’ and the connected port is displayed in the bottom left

corner.
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2.2 Check the Hall Sensors and the Encoder Feedback

Turn the motor axis manually and observe the change in the numbers next to the ‘Position’ label. When the numbers
change, this is a good indication that the encoder works properly.

Confirm that the Hall sensor indicators also change and at any time there is at least one of the signals green. They
should never be all white (off) or all green (on).

a5l RZ/T1 Motion Utility

File  Disconnect View Help
Module 1D | Axis 1 ~ Setup

F/W Version |RZ/T1v.1.1 Bipl Moto

- @‘
FPos Emor

Total Current

Hall Sensd 5
Index Pos

Stopped
Servo Off (

Meter Nrd Dhzead

Figure 2-6: Controlling encoder and Hall sensors

2.3 Check Configuration Parameters

The motion control firmware that is pre-installed on the RZ/T1 Solution Kit can handle a variety of different motor types
and configurations. Several tabs in the Motion Control Utility software allow to enter the required parameters. A
working set-up can be saved as well as re-loaded in the ‘File’ menu.

All settings for the motor that is delivered with the RZ/T1 Solution Kit are stored in the Speeder.Motion.160406.mtr file

on the CD. Re-load this file into the utility and check as shown in the subsequent steps whether the all settings have
been restored properly.

2.3.1 Check the Motor Configuration

The Motor Type, Pole Pairs Count and Enc. Counts / Revolution should match the numbers in Figure 2-7.

Note: The above parameters reflect the characteristics of the motor and the encoder provided. In case motors other
than the one included in the kit is used — these parameters may need to be changed.

i a RZ/T1 Motion Utility u@Lr

File Disconnect View Help |
[

Module 1D | Axis 1 =

FAW Version |RZ/T1 v.1.4 Bipl

Setup |Tur|ir|g | Mation | Digital 1/0 I Demo |
Mator Configsi

Fosition | 682 @

Fos Emor |0

Pole Pairs Count |2 = Counts¥rhase:

Enc Counts / Revolution 2000 = 100
Total Curent

HallSensors C B A 5

Index Pos 759

Figure 2-7: Checking the motor configuration
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2.3.2 Check Motor Commutation Parameters

Please check whether the motor commutation parameters are set as shown in Figure 2-8.

Note: The above parameters reflect the current wiring of the motor and the hall sensors. In case motors other than the
one included in the kit is used — these parameters may need to be changed.

Stopped
Servo Off
Mator Mot Phased
00139 Windings Mapping

Hall Sensors Mapping |

Hall Sensors Offset,
Faults / Wamings

No Power

Figure 2-8: Motor commutation parameters

2.3.3 Check Motor Phasing Parameters:

Please check whether the motor phasing parameters are set as shown in Figure 2-9.

Note: If HALL sensors are not installed then different Phasing Mode must be used. The Algorithmic phasing is
preferable if there are no obstructions to the rotor.

Phasing Time [ms] 500

Phasinig Output [%] 24

Auis Commands

Calibrated Index Offset 0

Figure 2-9: Checking the motor phasing parameters

2.4 Enable Inverter Power

The Motion Control Utility has two buttons to control the motor power. First use the ‘Power On’ button in the lower left
corner as shown in Figure 2-10.

Phasing lime |ms] [5UU
Fhase

Ar[ |4

Auiz Commands Phasinig Output [%] |24

Power On

*

Servo On Calbrated Index Offset |0 z

Connection: COM1

Figure 2-10: Using the Power On button

Note that the LED7 on the controller board should turn off. This indicates that everything is OK with the power stage of
the inverter.
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2.5 Move Motor in Open Position Loop

Navigate to the ‘Motion’ tab of the RZ/T1 Utility to spin motor Open Loop. Press the ‘Forward’ or ‘Reverse’ button as
shown in Figure 2-11 to initiate a spin of the motor.

Note: Pressing the ‘Forward’ button should result in increasing position reported by the encoder. If this is not the case
then the configuration parameters must change to reflect the actual wiring or motor parameters.

sl RZ/T1 Motion Utility — O X B
File  Disconnect View Help
Modue 1D | s 1 v Setup Tual 10 Demo
FAW Version |RZ/T1v.1.1 Bipl fEuctine
Type | Trapezoidal 2
FELD I )0 Vilocity [Enc Counts/s] [3,062 -
Pos Emor O
Velocty [RPM] 45.78
Total Current
Acceleration [EC/e/s] |457 764 = b
Hall Sensors |C Al 2
Deceleration [EC/s/g] 457,764 = | E
Index Pos | 1653 X
Acc Jerk [EC/s/5/5] |0 =
St d
o Dec Jerk [EC/s/5/5] [0 2
Motor Phased
409
Mation Generator |
Abs Target 1 |0 =
Faults / Wamings =L = ErwiEL P
Pos Emor Abs Target 2 1000 = | Sat Goto#2
Pause [ms] 500 = Cycle
Rel Target 1000 3 Beverse Forward
Pois Commands Open Loop Control at
Vokage [%] [5 = :
— otage [ Rl
Servo On Angle [deq] 0 =
Connection: COM1

Figure 2-11: Moving the motor position forward
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2.6 Servo Control Usage

Turn on the Servo Control by pressing the button ‘Servo On’.

Note: At this point the shaft of the motor should resist any manual attempt to be turned. This is an indication of
normally operating servo control at steady state.

Myis Commands Open Loop Contral at

Vol %] 5 z
Power OfF oltage [%] = Reverse L

Connection: COM1

Figure 2-12: Activating Servo Control

2.6.1 Execute motion to relative or absolute target position

Use the buttons in the Motion Generator group to start motion to a relative or absolute target position. Two positions
can be entered in the ‘Abs Target 1’ or 2 fields. The values can be typed manually or changed with the scroll wheel of
the mouse. The ‘Set’ buttons can be used to copy the current position in the controls to the left of them. The ‘Go to #1
and ‘Go to #2’ buttons will spin the axis to the pre-defined positions as indicated in Figure 2-13.

Mation Generator

e [ )
Faults / Wamings =leg =] | Set K

Pause [ms] (500 = Cycle

Rel Target (1000 Beverse Forward

Open Loop Contral at

Vokage [%] |5 Reverse L

Fods Commands

Power Off =
Servo On Angle [deg] |0 hd

Connection: COM1
Figure 2-13: Move to absolute target positions

Alternatively you can make forward and reverse moves to a relative position specified in the ‘Rel Target’ field.

Note: Observe whether the current position reaches the defined target.
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2.6.2 Change the speed and the acceleration of the requested move

Use the controls at the ‘Velocity Profile’ group to enter new values for velocity and acceleration. Observe the change
in the execution motion when you repeat moves to pre-defined absolute or relative positions.

=l RZ/T1 Motion Utility - O X
File  Disconnect View Help
Module 1D | Ads 1 v Setup Tunming Motion  Digital 1/0  Demo

F/W Version |RZ/T1v.11 Bipl Velocty Profile

Type | Trapssaid

Pasiti 11993
estion ! Velocity [Enc Counts./:

Fos Emor O
Velocty [RPM] 4578
Total Current
Acceleration [EC/s/sff|457 764 A
Hall Sensors |C A2
Deceleration [EC/s/sN457, 764
Index Pos 1697 w

Figure 2-14: Changing velocity and acceleration

Note: If the motion request causes an error or any of the built-in interlocks is triggered then the servo control will be
turned off and the subsequent commands will be ignored. Use the ‘Servo On’ button to enable the serve before any
further motion request.

2.6.3 Cyclic Motion from Point to Point

You can define two target positions and start a cyclic motion between them. As an example enter two positions about
10000 counts apart and press the ‘Cycle’ button as illustrated in Figure 2-15. The motor should start moving between
them.

Motion Generator

Abs Target 1 [0 : E
Faults / Wamings e alf] £ Szl
Abs Target 2 10000 | | Set Goto #2
Pause [ms] [500 5
Rel Target 1000 %| | Beverse Forward
Pois Commands Tren mp il
Voltage [%] |5 % | Reverse Forward

Power Off
el

Connection: COM1

Figure 2-15: Initiating a cyclic movement
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2.7 Using the Motion Scope

Open the Motion Scope by selecting ‘Motion Scope’ in the ‘View’ menu. The screen in Figure 2-16 should be

displayed.

Motion Scope - ] X

Synchronization Mode

Start on Move Begin -~
Operation Status

oE (]

Run / Stop

Single Seq

Synch Level  Slope
.
Sampling Rate  Units

T H=

Buffer Length: 512 ms

Statistics
Masdmum 0
Minimum 0
Average 0

Abs Integral 0

Save Image

[] Channel 1 [] Channel 2 [] Channel 3 [] Channel 4
Scale [1 v||et ||| seake |1 v| Fight ||| Scale |1 vl ||| seale |1 vl v

Data |F‘osﬂion V| Data |Pos Ermor v| Data |F‘os Emor V| Data |Ch1 Derivative V|

L | =

Figure 2-16: Starting the Motion Scope function

The screen resembles a four-channel oscilloscope; for each channel you can select data from a number of

characteristics to be displayed.

2.7.1 Configure the Motion Scope channels
Configure the Motion Scope channels 1 and 2 like shown in Figure 2-17.

[ Charnel 3 [ Charnel 4

v 4

> |

v

‘
Yo [rat v >¢&|1 Jist || scaef )
“4 Data  Pos Emor ~ 4 [Ha|F‘os Ermor V| Data |Ch1 Derivative
™

A #n H L] L

Figure 2-17: Selecting functions for channels 1 and 2 of the Motion Scope
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The picture in Figure 2-18 should be displayed after one cycle of motion.

Motion Scope - O * E
=

Synchronization Mode
Start on Move Begin  ~ | [

Operation Status
]

Run / Stop

Single Seq

Synch Level  Slope

~

Sampling Rate  Units

Buffer Length: 512 ms

Statistics

Channel #1 ~
Mzdmum 20002
Minimum 0

Average 1985158
Abs Integral 10164010

[

| ]

] Channel 1 [] Channel 2 [] Channel 3 [] Channel 4 .

¥ | Scale |1 vt~ || Scale [1 | Rght ||| Seale |1 v|iet v || Scale [1 vl v F
Data |\|’e¢ocﬁy V| Dﬂﬂ|Fus Emor V| Eﬁ|Fus Emor V| Data |Ch1 Derivative V‘ 3
—— Y T |

Figure 2-18: Motion Scope reading after one motion cycle

Now change the velocity to 25,000 and the acceleration to 450,000. The diagram for the velocity and the position error
should change as shown in Figure 2-19.

Motion Scope - m] * [

Synchronization Mode

x

Operation Status
O

Run / Stop
Single Seq

Synch Level  Slope

~

Sampling Rate  Units
S

Buffer Length: 512ms

Statistics
Mzdmum 163840
Minimum 0
Average 136227594
Abs Integral 65525640

Save Image

[+] Channel 1 [+] Channel 2 [] Channel 3 [] Channe! 4

Scale [1 ||t~ || Scale [1 | Rigtt ~ ||| Secale [1 “|let v || Scale [1 |t~

Data | Velocty ||| Data  Pos Eror ||| Data  Pos Eror ||| Data |Chi Denvative v
w

Figure 2-19: Motion Scope reading with changed velocity and acceleration parameters

Page 20 of 50 R12ANO037EDO0101 Rev. 1.01

RENESAS June 2016



YDRIVE-IT-RZT1

2.7.2 Change PID Parameters

Changing the PID parameters of the control algorithm will result in significant changes of the position error. In this
chapter we will go through some examples to make such changes visible.

2.7.2.1 Evaluate the role of the different PID gains

Navigate to the ‘Tuning’ tab and change the ‘KP’ parameter from 250 to 25 as shown in Figure 2-20.

File  Disconnect View Help
Module 1D [ As 1 - IWH | Digial 10 | Demo |
F/W Version |RZ/T1 v.1.4 Bipl FIDVAFF Regulator / Position Loop
Position | 682 @ Q (el -
Pos Emor |0 Aec FE -
Ttal Cuert tofiw B B=) H
Hall Sersos C B A 5 Integral Lim - Ot lert[‘l]-
Index Pos | 759 Tine Sice sl (100~

Figure 2-20: Changing the ‘KP’ parameter

In the Motion Scope you can now observe the change in the position error oscillating much more than before as can
be seen in Figure 2-21.

Motion Scope - ] X

Synchronization Mode

Start on Move Begin

Operation Status
0

Run / Stop

Single Seq

Synch Level  Slope

-

Sampling Rate  Units

Buffer Length: 512 ms

Statistics
:
Maxdmum 163840 1l
Minimum 0
Average 136,799.87
Abs Integral 65527140 r

F

(] Channel 1 ] Channel 2 [] Channel 3 ] Channel 4 F

Seale [1 v][teh ]| | Secale s ~||Fat || | Seale |1 vt | | Seale |1 ik 1L

Data |\|'elocny V| Data |Pos Ermor V| M|F‘os Emor V| Data |Ch1 Denvative V| rl
™ L T m aena - e T

Figure 2-21: Motion Scope reading after changing the KP parameter (actual reading may vary)
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Now change the ‘KI' parameter to 25 as well as shown in Figure 2-22. Note the difference in the sound the motor
makes with different KP/KI parameters.

11 82 RZ/T1 Motion Utility — m| X
File  Disconnect View Help

Module ID Setup Tuning | Motion Digital O Demo

F/W Version |RZ/T1v.1.1 Bipl PIDVAFF Regulator / Position Loop
Position 9972 |E| Gl
Fos Eror 0 T
Total Curent Bias

Hall Sensors 2 sl 20 Limit["é]

Time Si
Index Pos | 1693 ime Sice us]

Figure 2-22: Changing the ‘KI’ parameter

The Motion Scope reading reflects the position error proportional to the commanded acceleration and deceleration as
can be seen in Figure 2-23.

Mation Scope — ] X

Synchronization Mode

Start on Move Begin

Operation Status
m

Run / Stop

Single Seq

Synch Level  Slope

~

Sampling Rate  Units

T Eme

Buffer Length: 512ms

Statistics
Maxdmum 163840
Minimum 0
Average 136.231.06
PAbs Integral 65527140

Channel 1 Channel 2 [] Channel 3 [] Channel 4
Scale |1 v|tet ||| Scale [1 v| Fight ||| Scale |1 v| et ||| Scale [1 vt v
Data |\|’eloci1y V| Data |Pos Ermor v| Data |F‘os Emor V| Data |Ch1 Derivative V|

Figure 2-23: Motion Scope reading after additionally changing the ‘KI' parameter (actual reading may vary)
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2.8 Recover from Motion Errors

In this chapter we will reduce the maximum position error to cause a fault. Set the position error limit in the ‘Tuning’
tab to 10 as shown in Figure 2-24. The motion will stop and the status will indicate the fault caused by exceeding the

maximum position error.

Motor Protections /12t Limits
Max Position Emar [

Max Position Error Action | Off w

s Commands

Power Off

12t Current [mA] |0 Time [ms] 0

Alr [
Al [

Servo On Over-Cumert[mA] |0 Time [ms] 0

Figure 2-24: Changing the maximum position error

Now restore the Max Position Error to 800 and press the ‘Servo On’ button to recover from the fault as shown in
Figure 2-25.

Motor Protections / 12t Limits

Mz Position Emor [&f l

Max Position Emor Action | Off “

fods Commands

FELETEE 12 Curert mA] [0

Over-Cument[mA] |0

‘onnection: COM1

Time [ms] |0

Ar [
A [

Time [ms] 0

Figure 2-25: Recovering from position error
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3 Simple Dual Core LED Blink Project

A good way to understand the RZ/T1 is by starting a very basic program from scratch. In this section we will describe
how to start with the RZ/T1 example program provided on the CD that comes with the RZ/T1 Solution Kit. This
example program had been originally written for the RZ/T1 RSK+ board, and some small modifications were
introduced for the Solution Kit Board version on the CD. The program flashes two LEDs, one is operated by the
Cortex-R4F core in the RZ/T1, the other one is operated by the Cortex-M3 core.

Copy the project from the CD to your working directory on the PC. Then open the project with a double-click on the
workspace file ‘RZ_T1_init.eww’ as shown in Figure 3-1. This will open EWARM and give you access to the different
versions of the example project.

Organize + Include in library + Share with - MNew folder ==+ O l@:
4 Downloads *  Mame Date modified Type Size
15 Recent Places . . .
- i ; BZ_T1_init_boot 14.03,2016 11:23 File folder
) ) ; RZ_T1_imit_ram 14.03.2016 11:23 File folder
4 | = Libraries ) o )
= , RZ_T1_M3_image 14.03.2016 11:23 File folder
j Documents . I .
] | settings 14.03.2016 11:25 File folder
rJ"- Music E . g 0 :
) €| ewinfo.ENU.htrml 28.09.2015 13:54 Firefox HTML Doc... 4 KB
(=] Pictures . ) )
E TR €| ewinfoJPN.html 28.09.2015 13:54 Firefox HTML Doc... 4 KB
ideos
= Examplelnfo.EMU.xml 28.09.2015 13:54 XML Document 1KB
) 4 eadoas b 28.09.2015 13:54 Text Document 3EKB
4 |8 Computer -
= 14.03.2016 11:23 IAR IDE Workspace 2KB
=8 NLINO29RY (0

Figure 3-1: Opening the example project

IAR EWARM will now open the project and in the EWARM window you will see the example workspace child window
similar to Figure 3-2.

Workspace ®
[RZ_T1_init_am - Debug -1T
Files fn b
B[ RZ_T1_init
B RZ_T1_init_serial_boot- Debug v
FRZ_T1_init_ram - Debug v
(IRZ_T1_M3_image - Dekug v

Figure 3-2: Updated project overview

The ‘RZ_T1_init_serial_boot — Debug’ project and the ‘RZ_T1_init_ram — Debug’ project are projects for the Cortex-
R4F core of the RZ/T1. The first one is meant to be stored in the QSPI Flash and the second one is for internal RAM.
Finally the ‘RZ_T1_M3_image —Debug’ is only for the Cortex-M3 core without using the hardware accelerator for
industrial Ethernet communication.

Page 24 of 50 R12ANO0O37ED0101 Rev. 1.01
RENESAS June 2016



YDRIVE-IT-RZT1

3.1 Using the ‘RZ_T1_init_ram — Debug’ project

In this section we will explain how to run the example project on the RZ/T1 Solution Kit. The following connections
have to be made to the board:

e Connect the 5-pin connector that is delivered with the kit to a 12-24V DC power supply and plug it to the J2
position of the inverter board. For this example it is sufficient to power the control part of the Solution Kit.

e Moreover, it is needed to connect the I-Jet Lite debugger to the connector P9 on the controller board and to a
USB port from the host computer.

Figure 3-3: Connections for running the blinking LED example

The ‘RZ_T1_M3_image —Debug’ program is ready to be downloaded, so please ensure that you are running one core
operation, by selecting ‘Debug’ in the workspace and by clicking the ‘Download and Debug’ button as shown in Figure
3-4.

Wor ce x

Debug ) -

Files inoE

BEHRZ_T1_ init_ra... +

[ cormman oo 2\
b= C1 documentation Ly 2 = £

& D init ~—

| init_main.c *

3 Output

Figure 3-4: one core project option and ‘download and debug’ button
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Note: If you like you can modify the program by changing the LEDs to be used. The subsequent table shows how
LEDs are connected to RZ/T1 port pins on the Solution Kit board.

LED number RZ/T1 port
LED9 P46
LEDS P45
LED7 P44
LED6 P43
LED16 P42
LED15 PT5
LED14 PT1
LED13 PT3

3.2 Dual Core Debugging Preparation

The RZ/T1 version used in the RZ/T1 Solution kit provides a dual core architecture. The RAM example program
provides also the possibility to do dual core debugging. By selecting the ‘Debug DualCore’ version in the workspace
as shown in Figure 3-5 it is possible to change it to a dual core project. It is the same code but some parameters for
the configuration change.

< Debug DualCare

—Y=ilR7 T1 .qit ram - Debug
[ common
1 documentation
= Cinit

| init_rmain.c
3 Cutput

Figure 3-5: Select the dual-core project

The dual core operation on the RZ/T1 works as follows: The dual core versions of the RZ/T1 provide a Cortex-R4F
processor for Real Time processing and a Cortex-M3 core with a RIN engine for communication using various
industrial Ethernet standards. The Cortex-R4F core behaves during the boot process as a master core and realizes
the booting routine while the Cortex-M3 core is kept in Reset. Figure 3-6 lllustrates how this is then handled by the
software.

Cortex-M3 Project Cortex-R4 Project
Firstto Second to
Compile*.c Compile*.c

N
ELF

(Executable)

A4
N\ ELF

| Binary File ':> (Executable)

Figure 3-6: Software handling for dual-core operation
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The Cortex-M3 project is converted to a binary file which is included to the Cortex-R4F Project. In the example project
the configuration is already prepared, but let’s highlight how it is done. By clicking to ‘Project’ and then to ‘Options...’
in the EWARM menu bar the ‘Option’ window in Figure 3-7 opens. In the ‘Linker’ and ‘Debugger’ section you can see
the modifications done for this purpose.

| ; .
Category: Factory Settings || Category Factory Settings
General Options General Options
Static Analysis Static Analysis
Runtime Checking Runtime Checking
€/C++ Compiler | Config | Library | Input | Optimizations | Advanced I Output | List I A C/C++ Compiler Setup | Download I Images | Extra Options | Mutticore | Plugins |
Assembler . . Assembler
Qutput Converter Kesp wbols. {one per line) Output Converter Symmetric multicore
Custom Buid __M3mage| o Custom Build Number of cores: 1l
Build Actions Build Actions
Linker
Debugger q Enable mutticore master mode
Simulator Simulator 52461
Angel Angel Port:
CMSIS DAP CMSIS DAP Slave workspace:  SWS_DIRS\RZ_T1_init.eww =]
GDEB Server GDB Server
IAR ROM-moritar = 1AR ROM-mon Slave project: RZ_T1_M3_jmage
Ljet/ITAGet Raw binary image Ljet/ITAGet NN Slave corfiguration:  Debug
JHink/1-Trace L - Symbal DecTIT Jink/3-Trace
TStelans - SPROJ_DIRS\\RZ_T1_M3 me ] _WMams _Mipg 4 D TI Stellris
Macraigar — —"1 Macraigor
PE micro FE micro
RODI RDI
STLINK ST-LINK
Third-Party Driver Third-Party Driver
i s

Figure 3-7: Linker and debugger options for a dual core project

With these settings the Cortex-M3 code is embedded into the Cortex-R4F code and the Cortex-R4F copies the code
to the Cortex-M3 memory as part of the boot process. After the configuration is done, the Cortex-M3 core remains in
Reset. In order to change it, it is required to modify the SWRR2 register as follows.

Core wake up.
#ifdef DUAL CORE

/* release M3 */
SYSTEM.PRCR.LONG = 0x0000A502U;
SYSTEM.SWRR2.LONG = 0O;

#endif

This code is already included in the Cortex-R4F program.
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3.3 QSPI Flash Related Changes

By the IAR v.7.40 it is needed to do also some configurations options must be changed. The main difference between
the RZ/T1 RSK+ board and the Solution Kit board is the QSPI size: 512 Mbit for the RSK+ board and 256 Mbit for the
Solution Kit board.

On the Solution Kit CD we provided a special project called ‘flashloader’. This ‘flashloader’ project must be copied into
the ‘RZ_T1 _init_Serial_boot’ project.

Now some project settings must be changed to make sure that files from the ‘flashloader’ project are used in the build
process. Open the project options in IAR and select ‘Debugger’ and ‘Download’ and change the settings as shown in
Figure 3-8 There you can see that the ‘Use flash loader(s)’ and ‘Override default .board file’ boxes are checked and
that the board file path points to the ‘flashloader’ project. These options provide the flashing in the RZ/T1.

Options for node "RZ_T1_init_s |

Categony: Factomy S eftings

General Options

Static Analysis

Runtime Checdking
CJC++ Compiler Setup | Download | Images | Bxtra Options | Multicore | Plugin5|
Assembler
Output Converter
Custom Build Verify download
Build Actions

[T Attach to running target

[~] Suppress download

Linker -
| L= flash loaden(s
(4 0

Simulator @ ide default board file

Angel Fim ware'\prarflashloader\FiashRSK_H, 11 board B
CMSIS DAP

GDB Server Edit...
IAR ROM-monitor
IHet/ITAGjet
J-link/1-Trace

TI Stellaris
Macraigor

PE micro

RDI

STLINK
Third-Party Driver
TIXD5 [ oK

] [ Cancel

Figure 3-8: Debugger Download option change
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Finally the .mac file needs to be changed in ‘Options’ ‘Debugger’ ‘Setup’ as shown in Figure 3-9. Similar to the last
step the .mac file from the ‘flashloader’ project must be used for our simple LED flash project.

[Options for node "TestProject” — | 23 |
I

Categon: Factory Settings

General Options
Static Analysis
Runtime Checking

C/C++ Compiler Setup | Download I Images | Extra Options | Mutticors I F‘Iugins|
Assembler

Output Converter Driver |:| Runto

Custom Buid et/ TAGiet v main

Build Actions

Linker Setip macros
Us) macro fie(s)
Simulator " .
Aol R0J_D@E fiashloader\FlashRSK_RZT1_SerialFlashmaz ..

CMSIS DAP

GDB Server B
TAR. ROM-manitor
I-jet/ITAGjet
Jink/1-Trace [] Ovemide default

I Stellaris STOOLKIT_DIRS\CONFIG\debugger\Renesas\R75910013_F| [ .
Macraigor

PE micro

ROI

STAINK
Third-Party Driver

i TIXD3 [ Ok ] [ Cancel

Device description file

Figure 3-9: Debugger Setup option change

3.4 Dual Core Debugging

You can now download the code into the target processor by clicking to the ‘Download and Debug’ in IAR EWARM,;
the download progress will be illustrated as shown in Figure 3-10.

Busy

Starting debugger session: Loading debug file

SN
Downloading: Connecting...
" e % % S T Y TR TTTYTLLTSYS
ko . - O O O O O O O W

Figure 3-10: Downloading the example project
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Now a second IAR EWARM instance is opened automatically for the ‘Slave’, namely the Cortex-M3 core in the RZ/T1,
while the original window is used for the ‘Master’, the Cortex-R4F core in the RZ/T1. Furthermore you will see a
couple of new buttons dedicated for multicore debugging in both EWARM instances.

The two instances can be differentiated by their title bars or by the way, in which the status of the respective cores is
illustrated; Figure 3-11 gives you an example.

A YREAPoRPEH BRUNRS DS (82 LELE X wa - l:r'lr--

r . |r epg.clr it.c | bus_init t.c | main.c 'ni:_main.c|
83 * Function Name: main
B4 # Description : Initialize the peripheral settings of RZ/T1.
85 Main processing i1s tggle output of PF7 (LEDO).
Es6 # Arguments : none

B7 # Return Value : none ‘ :R4 IDE
ee L dbddddddddtddiitbddtttnnndtidiibidttttnnnntiiiiibiditnnnnbiiiiiiiititnnntdiiin/

% €9 int main (void)

90 ] {

91 [] #ifdef DUAL_CORE

92

93 /* release M3 */

94 SYSTEM.PRCR.LONG = Ox0000AS02U;
95 SYSTEM.SWRR2.LONG = 0;

96

97 [ #endif

D HD & s bRe|- - Y RIEDODEH [0 WRS o

=Rl A= =T

o —— CM3 IDE

Wodspace X | r_atem_init.c | bus_init_serial_boot.c main.c | init_main.c f) ~ x [Disassembly
Debug - 1 T Goto * | Memary
' = m 2| + nd -

files R ‘ s 3 * Used with ICCARM and AARM. Dlsassembly
B RZ_T1_M3_image - Debug v 4 . L 0x0: 0x20000400
() main.c 5 * (c) Copyright IAR Systems 2015 Ox4: 0x000000eS
L@ () Output 6| 0x8: 0x000000ch
7 * File pame : main.c [ Oxc: 0=x000000ch

Figure 3-11: Differentiation of EWARM instances

Now you have to start all cores and then stop all cores with two mouse clicks shown in Figure 3-12. Here it does not
matter, in which of the EWARM instances you issue these commands.

o2 LELZ|X =l A= - Y-1% 3
0:H ~ 1o vK_I'"" 0[N - 1:E>T|—F"Hﬂ'")
SETH SHO o SETH WO

Figure 3-12: Start and then stop all cores
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After that once again click ‘Start all cores’ as shown in Figure 3-12. This is needed in order to get an adequate start of
both cores. Then you can see LED 9 and LED 7 start flashing. The independent operation (and debugging) can easily
be checked by setting breakpoints for both cores inside RZ/T1. Breakpoint setting can be performed with a simple
double click on the desired program line. Figure 3-13 shows, where the breakpoints have to be set for the respective
cores.

108 while (1)
109 {
110 /* Toggle the P46 output lewvel rLED:‘I}- =
& 111 PORT4.POCR.BIT.BE ~= 1;
112 for Cortex-R4F
113 soft_wait(); // Soft wait for blinking LED2
114
115 }
5§ while (1)}
57 [
o8 4.POCR.BIT.B4 ~= 1;
- 59 ! ?:_waic{:: l for Cortex-M3
&0 1
6l 1
62

Figure 3-13: Setting breakpoints for the cores inside RZ/T1

Note: Please observe that the breakpoints have to be set in the respective IAR EWARM instances.

After setting the breakpoints, the cores will be stopped and by restarting them individually you can observe how the
cores operate the LEDs independent from each other. Figure 3-14 shows the situation on the Cortex-R4F core, when
the breakpoint was hit. Then you can restart the core with the ‘Go” button.

108 while (1)
109 I
110 /* Toggle the P46 output lewel (LED3) */
@ 111 FORT4.FODR.BIT.B6 ~= 1: o
112 [ T AW A
113 soft_wait(); // Soft wait for blinking LEDS
114
115 1
116

Figure 3-14: Breakpoint hit and processor restart for the Cortex-R4F core
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4 Running the EtherCAT Sample Program

In this chapter we will show you how to run the EtherCAT sample program for the RZ/T1 Solution Kit. As a preparation
for running the program you have to install the TwinCAT®2 software that serves as a kind of EtherCAT master on the
PC and communicates to EtherCAT slaves using the PC’s network interface.

41 TwinCAT®2 Installation

The TwinCAT®2 installation is straight forward and simple. You can download TwinCAT®2 from

http://www.beckhoff.com/english.asp?twincat/tcatdow.htm.

Please keep in mind that screen shots and operation method may change without notice for newer versions of the
software. Above URL will lead you to a screen as shown in Figure 4-1.

[T (g (e [Ty [y
T (e e U S

B o<
BN

I Beckhoff B
3 rc
= vo
IZ1 Motion
E [ Automation
[ TwinCAT 3
Bl [3 TwinCAT2
[ Product overview
[Z]' PLC and Motion Control on il
B [ TwinCAT PLC
B [3) TwinCAT NC PTP
I3 TwinCATNCI
I TwinCAT CNC
I3 TwinCAT VO
(= TwinCAT cP

TwinCAT Download Package

m

A trial version of TwinCAT, the open PC software system for PLC and NC Motion Control

# 7] TwinCAT Libraries functions (Version 2.11 and Version 2.10 under Windows 2000/XP/Vista/7, Version 2.9 under
[ TwinCAT Supplements Windows NT/2000/XP), can be downloaded for free. The "TwinCAT Download Package" contains
|21 Documentation the full function and is usable for 30 days. For a further use, a registration is necessary. With

] system Manager this registration a license for the use of the software is acquired

] hitp:/finfosys.beckhoff.con|
L) Download TwinCAT » Downloa

Figure 4-1: TwinCAT®2 Download Screen

Select the TwinCAT®2 download and register as requested. The registration is free of charge. You will then get an
e-mail with a download link. After download, TwinCAT®2 can be installed on your PC. The installation procedure
guides you through a number on steps that we will not detail here. We will only provide you a few recommendations
for the installation:

e The installation procedure asks for a serial number. This field can be left empty.

¢ In the ‘Select Installation Level’ dialog select TwWinCAT PLC — IEC 61131-3 PLC system

¢ Inthe ‘Select Installation Type’ dialog select 30 days demo version (the functions that are required to run our
example last longer than 30 days)

¢ Install all features

e Target directory for the installation should be C:\TwinCAT

After installation some points should be checked in order to control whether the installation has completed properly.
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4.2 Trouble shooting

Check correct network configuration: In the Control Panel go to ‘Network and Internet’ and then into ‘Network
Connection’. Select your LAN adapter, right click and go to ‘Properties’. Then check if the TwinCAT® driver appears in
the properties window and unselect the rest of the options as shown in Figure 4-2. If the TwinCAT® driver does not

appear, you will have to install it manually.

@uvlﬁ-' v Control Panel » Metwork and Internet » Network Connections »

Organize « Disable this network device Diagnose this connection

Rename this connection

L Local Area Connection 4 Local Area Connection Properties
— Metwork cable unplugge:

:e'-f TwinCAT-Intel PCI Etherr| | Networking | Sharing

=l

Connect using:
l_-'ll‘ TwinCAT-Intel PCI Ethemet Adapter (Gigabit)

Thiz connection uses the following items:

m

Description

Transmission Control Protecol/Intemet Protecal. The default
wide area network protocol that provides communication
across diverse interconnected networks.

oK || Cancel

Figure 4-2: Required LAN connection properties

Another potential source of problems is the MS-Windows version. Check whether you have an MS-Windows 32-bits

system type as shown in Figure 4-3.

System
Rating: _'_Il_ll Your Windows Experience Index needs to be refreshed
Proceszor: Intel(R) Core(TM) i5-2500 CPU @ 3.30GHz 3.60 GHz

Installed memory (RAM):  4.00 GB (3.49 GB usahle)
System type: < 32-bit Operating System >

Pen and Touch: MNa Pen er Touch Input is available for this Display

Figure 4-3: MS-Windows system type display
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The TwinCAT® driver requires Intel PRO 100 compliant Ethernet adapters. TwinCAT® has an integrated compliance
check routine that is described below. When you have started TwinCAT®2, select ‘Options’ and ‘Real Time Ethernet
Compatible Devices...’ as illustrated below.

! rztl - TwinCAT System Manager

File Edit Actions View [Options | Help

e

.. PLC - Configuration

= /0 - Configuration
ﬂ 170 Devices

Lg% Mappings

Language 4

Add Variable Type...
Delete Variable Type...
Save User Types...

Load User Types...

Check PLC Project Changes
Open Logger Automatically
Open Last Used File

Select Last Tree Element
Generate BAK-File

Auto Save to Target

LR &5 %S

Show full document path

Compatibilty Mode (not recommended for new projects)

Show Real Time Ethernet Compatible Devices...

Change PCMCIA Base Address...

Update EtherCAT Device Descriptions...

Edit Terminal Types...

Figure 4-4: Activating TwinCAT built-in compliance test

In the next screen shot (Figure 4-5) you can see the driver state for the Ethernet adapters. It could be possible that
there are no compatible devices in the computer. In this case you will have to install an additional Ethernet adapter
and re-run this check.

Installation of TwinCAT RT-Ethernet Adapters

Ethernet Adapters

El-EF Installed and ready to use devices
“mF Local Area Connection - TwinCAT Antel PCI Ethemnet Adapter [Gigabit)
e EF Compatible devices

Elﬁ" Incompatible devices
¢ e | ocal Area Connection 2 - Realtek PCle GEE Family Controller
- EF Disabled devices

Figure 4-5: List of Ethernet adapters usable for TwinCAT®2

|Jpdate List

Enable

Dizable

[ Show Binding:

Then it may as well happen that the new adapter is listed as compatible (but not ready to use) device in the dialog
from Figure 4-5. In this case select the new adapter and click ‘Install’ to install the missing TwinCAT® RT Ethernet
driver. Afterwards the new adapter should be listed as ‘Installed and ready to use’.
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Generally please make sure that you run TwinCAT®2 as administrator as shown below.

;
‘ TwinCAT System Manager

on e
pﬂ'l QBP V311 QB-Programmer '@-‘ Run as administrater

Figure 4-6: Running TwinCAT®2 as administrator

4.3 Generating the EtherCAT Slave Stack Code

To run the EtherCAT communication you must generate the EtherCAT slave code using a special code generation
tool provided by Beckhoff. The slave code generation is performed based on the formal description of the slave
properties in a so-called ESI file. The ESI code is part of the EtherCAT sample project on the CD and can be found
under

...\RZT1_EtherCAT_sample_DualCore_with_ HWRTOS_20160212\workspace\iccarm\Cortex-
M3\Device\Renesas\RIN_Engine\Source\Project_Dual\EtherCAT_SSC_DC\RenesasSDK\ESI_File)

Copy the file RZT1-R EtherCAT demo [DC].xml into the lI0\EtherCAT subdirectory of the TwinCAT® tool as shown in
Figure 4-7.

Organize v r_] Open - MNew folder =~ O @
[ Favorites i MName Date modified Type Size -
=
Bl Desktop £ 2 Beckhoff EtherCAT Terminals.ml 04.02.2015 22:50 AML Document 53 KB
& Downloads b =] Beckhoff FE1X{xml 04,02.2015 22:50 XML Document 29 KB
2| Recent Places = Beckhoff FCooouxml 04.02.2015 22:50 XML Document 21 KB
é,W 04.02.2015 22:50 XML Document BEKB —
- Libraries | S RZT1-R EtherCAT demo [DC].me 09.02.2016 16:21 XML Document 42 KB |:

Figure 4-7: Copying the example ESI file into the TwinCAT® structure

Now you have to download the SSC Tool from the Beckhoff website — for example

https://www.ethercat.org/de/products/54FA3235E29643BC805BDD807DF199DE.htm

shown in Figure 4-8. You will be requested for login information for downloading the SSC. Please apply for ETG
membership first — the membership is free of charge.
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EtherCAT.

Technology Group

MEMBER AREA

Development Systems, Tools > Slave Stacks Back T

EtherCAT Slave Stack Code (SSC) ET9300

The EtherCAT Slave Stack Code (SSC) is an example source code in ANSI C supporting both the
UC and the SPI interface. The code serves as a development base for implementation of EtherCAT

in devices with own processor.
Features

= EtherCAT handling in the controller
— Handling of the EtherCAT State Machine (ESM)
— Distributed Clocks (DC)
— Mailbox handling
— Protocol handling for:
— CoE (CAN application protocol over EtherCAT)
— FoE (File Access over EtherCAT)
— EoE (Ethernet over EtherCAT)
— SoE (Servo Drive Profile over EtherCAT)
— AOE (ADS over EtherCAT)
— Sample applications for all variants
— Sample implementation of CiA402 Drive Profile according to ETG.6010 Specification

Company

BECKHOFF

Beckhoff Automation GmbH & Co.
KG
www.beckhoff.com

Further Information

EtherCAT Slave Design Quick
Guide (PDF)

Slave Stack Code (Download)

Slave Stack Code (Product Page)
& Slave Stack Cotwgan be reguested for free via the following link: Evaluation Kit Hardware (Product
— SSC Download Page) :
— Evaluation Kit Workshop

Figure 4-8: Downloading the EtherCAT slave code

Once the SSCis installed, go to

$Project_Directory\EtherCAT\RZT1_EtherCAT_sample_DualCore_with_ HWRTOS_20160212\workspaceliccarm\
Cortex-M3\Device\Renesas\RIN_Engine\Source\Project_Dual\EtherCAT_SSC_DC\RenesasSDK\ssc_project

and doubleclick to the .esp file (Figure 4-9). This will open the SSC tool.

)

IR rerchTssc o0 s feneasidX s spoien |6 Seovrsipes
Organize * By Open ~ Mew folder ==« [ @
Y Eavorites *  Mame . Date modified Type Size o

Bl Desktop | main.c 09.02.2016 16:21 C File 9KB
4t Downloads || renesashw.c 09.02.2016 16:11 C File 9KB
"5l Recent Places | et T — 09.02.2016 16:21 H File KB
@ RZT1-R EtherCAT demo [DC].SD 09.02.2016 16:21 ESP File 396 KBl
- Libraries MI 09.03.2016 16:38 XML Document 42KB «
= Documents ~ | K] L1 | »
RZT1-R EtherCAT demo [DC].esp Date modified: 09.02.2016 16:21 Date created: 09.03.2016 16:37
ESP File Size: 395 KB

Figure 4-9: Opening the SSC tool

In the SSC tool you can now select ‘Create new Slave Files’ from the ‘Project’ menu (Figure 4-10) and once you have
clicked ‘Start’, the SSC tool will start generating the slave source code for the RZ/T1 processor. Afterwards the tool
can be closed.
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553 RZT1-R EtherCAT demo [DC] - Slave Stack Code Too E=SEEi

File | Project | Tool Help
| (1) Project Update s I
| =i Find Setting Ctrl+F 511 |
| Create new Slave Files  F5 J esion 1330
mme Description Version -
-~ EtherCAT State Machine aveapplc Ao ADS over EtherCAT 511 1
- Synchronisation =
- Application aoeappl h an
i ProcessData applinterface h EcatAppl EtherCAT application 511
- Malbox bootmade.c ESM EtherCAT State Machine 420
- Compiler
bootmode.h BN
ciad0Zappl.c CiAd02appl CiAL02 Sample Application AN
cigd0Zapplh 51
coeappl.c CoE CAN Application Profile over EtherCAT 51
coeapplh AN
diag.c Diagnosis Object 5N
diag h 51
Reload File Remowve File Add File{s)

Figure 4-10: Creating the EtherCAT slave stack code

Last but not least it is required to install a patch file on your computer and to make it usable as an environment
variable. Please download the GNU Patch program (version: 2.5.9 or later) from the following website:

http://gnuwin32.sourceforge.net/packages/patch.htm

Then, store the patch.exe file and add to storage path to an environmental variable: In the Windows Control Panel go
to ‘System’ and then to ‘Advanced system settings’. In the ‘System Properties’ dialog select ‘Environment Variables’
as illustrated in Figure 4-11.
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OL—) |_'BjJ » Control Panel » All Control Panelltems » Systemn

l

Centrol Panel Home - .. .
View basic information about your computer

@ Device Manager
) Remote settings

Windows edition

Windows 7 Enterprise

Computer Name I Hardware | Advanced |System Protection | F{emote|

“You must be logged on as an Administrator to make most of these changes.
Peformance

Visual effects, processor scheduling, memory usage, and virtual memory

User Profiles
Desktop settings related to your logon

Startup and Recovery

System startup, gystem failure, and debugging information

I ‘ Environment Variables... ’

Figure 4-11: Adding a new environment variable

Select ‘Path’ in the list of system variables and then ‘Edit’. Add the path, where you have stored the patch file
(C\Program Files (x86)\GnuWin32\bin), to the already existing search path. Click ‘Ok’ twice to accept the changes.

L= |

2T T2 AT —— -

| Variable name:

Variable value:

System variables

Variable Value g
o5 PP, |
< C:'¥ProgramData\Orade\Javaljavapath;...

AMDE4 s

Figure 4-12: Editing the system variable ‘Path’

Next, the patch has to be executed once. Double-click the ‘apply_patch.bat’file from the Project directory.The script in

this file moves the directory that contains the slave stack code, and then applies the patch that makes the corrections
for the sample program.
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If a "Patching file ..." message similar to Figure 4-13 does not appear, the patch is not applied. In this case, right-click
"apply_patch.bat", and then select "Run as administrator"”.

— C=ee X
C:¥WINDOWS¥System3zvema. = 4

Figure 4-13: Patching file messages

Now the preparation for running the EtherCAT project in IAR EWARM are finally completed.

With the last steps, you have generated the files that the M3 Core Project needs to compile. So please open the M3
Project by doubleclicking the main.eww file in the

$Project_Directory\EtherCAT\RZT1_EtherCAT_sample_DualCore_with_ HWRTOS_20160212\workspace\iccarm\Cort
exM3\Device\Renesas\RIN_Engine\Source\Project_Dual\EtherCAT_SSC_DC

directory and build the project. This will generate the binary file for the Cortex-M3 core.

Figure 4-14 explains how the Coretx-M3 binary file is included in the Cortex-R4F project.

Cortex-M3 Project Cortex-R4 Project
Firstto Second to
Compile*.c Compile*.c

AV
ELF
(Executable)

ELF

Binary File | ——) (Executable)

Figure 4-14: Integrating Cortex-M3 code into a Cortex-R4 project

After that, open the Cortex-R4 core Project by double-clicking the workspace file ‘RZ_T1_shm_serial_boot.eww’ in the

$Project_Directory\EtherCAT\RZT1_EtherCAT_sample_DualCore_with_ HWRTOS_20160212\workspace\iccarm\Cort
ex-R4\EtherCAT_SSC_DC

directory, compile it, download it to the target and start program execution.

Now we will explain how to configure TwinCAT® in order to be to control the EtherCAT slave device realized in the
RZ/T1.

For that reason, open TwinCAT®, select ‘I/O Devices’ with a right mouse click and then select ‘Scan Devices’ as
shown in Figure 4-15. TwinCAT® will now look for EtherCAT devices connected to your PC’s network port.
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l rztl - TwinCAT System Manager
File Edit Actions View Opticns Help
DEwd| | 4
Bl SYSTEM - Configuration
...B PLC - Configuration

'.,,,_

o
o8 o nppend Device..,

on

" Import Device...

Scan Devices...

Paste Ctrl+V
B8 Paste with Links Alt+ Ctrl+V

Figure 4-15: select ‘Scan Devices’ function

When TwinCAT® finds a new device you will be informed accordingly with the subsequent dialog box. Select the new
device and click ‘Ok’. TwinCAT® will now ask you whether it should ‘Scan for boxes’. Click ‘Yes’ and accept the
subsequent warning (if they occur at all) with ‘Ok’.

1 new /O devices found @
_—
[¥]Device 2 [EtherCAT]  [Local Area Cannection [TwinCAT-ntel PCI Ethernet 4] g >

Select All
Ungelect Al

Figure 4-16: Found devices dialog

Finally select ‘Yes’ to activate the ‘Free Run’ option as shown in Figure 4-17.

TwinCAT System Manager EZ

Figure 4-17: Activating the ‘Free Run’ option

An EtherCAT slave device holds identification data in an EEPROM. Before proper identification is possible, this
EEPROM must be initialized once. The next screen shots will guide you through the EEPROM initialization.

In the TwWinCAT® System Manager double-click on the new ‘box’ that was found in the recent ‘Scan for boxes’ process.
TwinCAT® will now offer you several tabs in a new window; select ‘EtherCAT’ and then ‘Advanced Settings’ as
illustrated in Figure 4-18.
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TwinCAT Projectl =
File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help
PGl O A [0 s IR B [Release  -[{TwinCAT RT (<86) -] JRE
iz 882K G600 ||<Local> -l |2 » m === |amE|OD i@
Solution Explorer ~ § X § TwinCAT Projectl x
ol )
Gel EtherCAT line
) ¥ - lim'c_)‘*J
1 sAFeTY Type: |
C++ Product/Revision: -1/-1 1
Pl E 1/0 ‘ Auto Inc Addr: 0
4 % Devices EtherGAT Addr: 1001 & AdvencedSettings. )
4 = Device 3 (EtherCAT) ; 5
*® Image _ -
»8 Image-Info Previous Port: Master
2 SyncUnits = P T ’ i
Inputs
3 Outputs Name Online Tvne Size >Add... In/.. Use 1i
0
S @ Box 1 (PFFFFFFFF RFFFFFFFF) Q 6 Errors ‘ JX 0 Warnings ‘ i) 0 Messages | Clear
a s MapDings

~ | U& Error List

Figure 4-18: Preparation for EEPROM initialization

After arriving at the ‘Advanced Settings’ dialog, expand ‘ESC Access’ and then ‘E2PROM’; now select the ‘Hex Editor’
and ‘Download from List..." as shown in Figure 4-19.

Ganeral [He% Editor

i Behavior

i Timeout Settings
- Identification

(- FMMU [ SM

L Init Commands

Conngured Stati
Enhaneced Link C

mart Lis
;
=

- Memory

e ——
Download | | Peadirom File. | ‘

Upload | 1 wkitema File. |

Figure 4-19: Further preparation for EEPROM initialization

You will now be offered a couple of possible download options. From the options select the ‘RZ/T1-R EtherCAT demo
[DCT and click the ‘OK’.
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Available EEPROM Descriptions:
= R Renesas Electronics Corp.
-a® Renesas AZ/T1-R Slaves

X R2/T1-R EtheiCAT demo [DC) (1025 / 255)

|| Show Hidden Devices

Figure 4-20: Selecting the proper download option

The selected EEPROM content is how loaded into the HEX editor and you must click ‘Upload’ to transfer the data into

the EEPROM as shown in Figure 4-21. The EEPROM is now ready to go.

< General Hex Editor
Behavior
Timeout Settings 0000 80 OE 42 EE 10 00 00 00 00 00 00 00 00 00 02 00 +.Buveereeanenns
0010 €6 07 00 00 01 04 00 00 00 01 00 00 00 00 00 00 £.eeeereennnsnns
Identification 0020 00 00 00 00 00 00 00 00 GO 00 00 00 00 00 00 00 +evevecerearanes
FMMU / SM 0030 00 10 80 00 80 10 20 00 04 00 00 00 00 00 00 00 veeeeeeaeensanas
0040 FF FF FF FF FF FF 00 00 00 00 00 00 00 00 00 00 veveeeenaaersnes
Init Commands 0050 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 +eeeeeeeneasanns
4 Mailbox 0060 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 +evevevrsenssnns
4. Distributed Clock 0070 00 00 00 00 00 00 00 00 00 00 00 G0 OF 00 01 00 veeeveeennenenns
0080 OR 00 36 00 09 1A 52 5A 2F 54 31 2D 52 20 45 74 ..6...RZ/T1-R Et
= ESC Access 0090 68 65 72 43 41 54 20 64 65 6D 6F 20 5B 44 43 SD herCAT demo [DC]
=) E2PROM 00RO 07 52 SA 2F 54 31 2D 52 16 52 5 6E €5 73 61 73 .RZ/Ti-R.Renesas
Configured Stati | 00BO 20 52 SA 2F 54 31 2D 52 20 53 6C 61 76 65 73 08 RZ/T1-R Slaves.
00CO S3 79 6E 63 68 72 6F 6E 02 44 43 05 54 58 SO 44 Synchron.DC.TXED
Enhanced LNk C | sang 4 03 33 32 42 69 74 20 49 6E 70 75 74 05 52 7& 0.32Bit Input.Rx
Smart View 00E0 50 44 4F OC 33 32 42 69 74 20 4F 75 74 70 75 74 FDO.32Bit Output
Hex Editor 00F0 1E 00 10 00 02 00 01 01 01 23 00 00 00 00 00 04 .eeeeewns Ko
Eoea 0100 00 00 03 00 11 00 00 00 00 00 00 00 00 00 00 00 +eveeeeranassnes
0110 00 00 00 00 28 00 02 00 01 02 03 FF 29 00 10 00 .eeufeeennns ¥ish
Memory 0120 00 10 B0 00 26 00 01 01 80 10 80 00 22 00 01 02 .evuBavsenns
0130 00 11 04 00 64 00 01 03 00 14 04 00 20 00 01 04 v.ooleveeeee onn
0140 32 00 08 00 00 1A 01 03 00 06 11 00 00 60 00 07 2..eeeeaannns
<
( Download [ Read from File.. |
I ——=——
€[ I ’

Figure 4-21: Uploading the EEPROM data

m

»

Dowmioad from List..

Now the ‘Scan Devices’ process must be repeated to show you the new devices with the proper identification data.
Transfer the new box to the list of configured items with ‘Copy All' and click ‘Ok’ as shown in Figure 4-22 and Figure

4-23.

B t1 - TwinCAT System Manager

File Edit Actions View Opticns Help
BT e
Bl SYSTEM - Configuration

= ~ppend Device..,

" Import Device...

CE—

¥ Paste Ctrl+V
B8 Paste with Links Alt+ Ctrl+V

Figure 4-22: Execute Scan Devices again
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Found ltems: Disable > Configured [tems:

< Box 2[AZ/T1-A EtherCAT demo [DC]) r— @ Box 1 PFFFFFFFF RFFFFFFFF)

Delete >
2dony Dofun .

[ Comvaion>

nge !

>> Copy All >> |

Cancel ‘

| Extended Information

Figure 4-23: Transferring the new box to the actual network

The new box is now displayed in the directory style network representation of the TwinCAT® System Manager. When
you select the new box, you must check on the ‘Online’ tab, whether its status is ‘OP’ (i.e. operational) as illustrated in
Figure 4-24.

If this is not the case, select ‘Set/Reset TwinCAT to Config Mode’ from the ‘Actions’ menu and select once again ‘Yes’
to load I/O devices and ‘Yes’ to Active Free Run.
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B r2tl - TwinCAT System Manager

File Edit Actions View Options Help
Dww &0 (42 Beavadat @ EARE.EeD T

g it?_?%:;g:gi’:tmn [ General | EherCAT [ DC | Process Data | Startup | CoE -Oniine | Orine |

State Machine

& 10 - Configuration
=B /O Devices [In'rt ] [Bootstl’:lp
== Device 2 (EtherCAT) [P . ] [SEf = Cumrertt State: oP
i | re-Op e-Op
+ Dev!ceZ Image Requested State: op
+ Device 2-Image-Info [Op ] [CIear —
%T Inputs
- §l Outputs DLL Statue
— Port A Camier / Open
-8 Box 1 (RZ/T1-R EtherCAT demo [DC]) D or P
[E- gl TP Port B: Mo Camier / Closed
‘l ReDO No Carier / Closed
‘ WcState
‘ InfoData Mo Camier / Closed
.8 Mappings
File Access over EtherCAT

pload...

Figure 4-24: Check new box status

The EtherCAT network is now working and you can exchange data between TwinCAT® running on the PC and the
EtherCAT slave running on the RZ/T1. This can easily be visualized by modifying the data that is output to the

EtherCAT slave.

In TwinCAT® expand the box that represents the RZ/T1 based slave, expand process data output ‘RxPDO’ and select
‘32Bit Output’. On the ‘Online’ tab click ‘Write’ and enter a 4-bit value in the ‘Set Value Dialog’ as shown in the

subsequent figures.
If everything is correct, then it is possible to modify the output to the Slave device by dual click in the RxPDO-> 32 bits
Output and then modifying the value

! rztl - TwinCAT System Manager
File Edit Actions View Options Help
D H|Z0R| MBS avdd et (@ EQAEELTS D 2
(-l SYSTEM - Configuration W

! PLC - Configuration

E|- /0 - Configuration Value: (00000000 (0}
-E /O Devices New Value: F R
-5 Device 2 (EtherCAT) e e reeee fe
.=¥m Device 2-Image Comment: -

..=¥a Device 2-Image-Info
(- §T Inputs
(- §l Outputs

-8 Box1 (RZ/T1-R EtherCAT demo [D

@8 Mappings

Figure 4-25: Writing data to the EtherCAT slave device
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Set Value Dialeg

Dec: < 19 > ( [i]4 )
Hex: 00000000F

O

Binary: OF 000000 4
Bit Size: 01 0B (1B @32 B4 7

Figure 4-26: Setting the value to be written to the EtherCAT slave device

In case that you write 15 as shown in Figure 4-26, LEDs 3 to 6 on the Solution Kit board will light up (Figure 4-27). If
you change the value to 5 (Figure 4-28), only LEDs 3 and 5 will light up.

Figure 4-27: display of process data ‘15’

! rztl - TwinCAT System Manager
File Edit Actions View Options Help

D& M| | 160 B [=ee v (A% < [F] 2 |[EQ [ %(F €5 7
B SYSTEM - Configuration ’—I—‘—‘
BA PLC - Configuration A T
B-g - Configuration Value (00000005 (5)
= /O Devices
55 Device 2 (EtherCAT) New Value e i
i=fm Device 2-Image
-I- Device 2-Image-Info Commert: Set Value Dialog @
QT Inputs
tl Qutputs Dec: E W
§ InfoData Hex: 000000005
-8 Box1 (RZ/T1-R EtherCAT dema [DC]) ;
&- §1 TXPDO Flaat: 5
5§ RxPDO
. ':Vlcsti':o“tp”t Boul Cao)i [ HesEdt.. |
§ InfoData Binary: 15 00 00 00 4
-8B Mappings BiSize  ©1 O8 O1F @32 O8 ©2
Figure 4-28: Changing process data to ‘5’
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5 How to Return to Delivery Status

At some point of time you may find it useful to bring the RZ/T1 Solution kit board back to delivery status. Therefore this
chapter describes how you write the motion control firmware back into the serial Flash on the board.

The RZ/T1 Solution Kit board is delivered with the motion control firmware pre-installed. When you execute the
examples described in this document and when you execute these examples from serial Flash, the motion control
firmware is overwritten. To return to the original status just connect the IAR I-jet Lite, as if you wanted to debug a
program, open IAR with an arbitrary project. Then select ‘Download’ from the ‘Project’ menu and then ‘Download File’
as shown in Figure 5-1.

[Project | Fiet)TAGjet Tools Window Help
Add Files... |
Add Group...
Import File List...

Add Project Connection...
Edit Configurations...

Remaowve

Create New Project...

Add Existing Project...

Options... ALT+F7
Version Control System 3
Make F7
Compile STRG+F7
Rebuild All

Clean

Batch build... F&
C-5STAT Static Analysis 3
Stop Build STRG+UNTER
Download and Debug STRG+D
Debug without Downloading

Make & Restart Debugger STRG+R
Restart Debugger STRG+UMSCHALT+R

Erase memaory

L Download active application
SFR. Setup Download file...

Open Device Description File 3

Save List of Registers...

Figure 5-1: Selecting ‘Download File’ function

Now a file open dialog will pop up. In this dialog select the file ‘Motion_Control.out’ from the YDRIVE-IT-RZT1 CD.

Marne Date modified Type Size

13.04.2016 17:14 QUT File 398 KB

Figure 5-2: Selecting a file for download
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You will now see an error message that you can ignore. After clicking ‘Ok’ downloading and Flashing will start as
shown in Figure 5-3.

i-"-_-"-.l There were warnings while generating flash leader input.

S Seethe Debug Log window for details. Startlng dE-‘leggEf SEESI0nN: Flashlng

Figure 5-3: Start flashing a program

You can execute an easy sanity check as follows:

e Power off the board
e Unplug the IAR I-jet Lite
e Re-apply power to the board

Now LEDs LED9, LED7 and LEDG6 will be on and LED8 will start blinking and this is an indication that the motion
control firmware has taken over control again.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU 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. 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 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. Unused pins should be handled as
described under Handling of Unused Pins in the manual.

2. Processing at Power-on
The state of the product is undefined at the moment 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 moment 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 moment 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 moment when power is supplied until the power reaches the level at
which resetting has been specified.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access

these addresses; the correct operation of LSI is not guaranteed if they are accessed.
4, Clock Signals
After applying a reset, only release the reset line after the operating clock signal has become stable.
When switching the clock signal during program execution, wait until the target clock signal has 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.
Moreover, 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.

5. Differences between Products
Before changing from one product to another, i.e. to a product with a different part number, confirm that
the change will not lead to problems.

— The characteristics of an MPU or MCU in the same group but having a different part number may
differ in terms of the 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.
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and You are fully for

the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the use
of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of 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. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or
third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality”. The recommended 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; and industrial robots etc.

“High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor 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 damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the
use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, 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,
please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics
products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes
no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technology may 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 should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the
development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

10.

o

It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.

11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.
(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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