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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

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.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

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 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.

When exporting the 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. You should not use Renesas
Electronics products or the 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. 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.

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.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. 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 categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. 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 an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“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.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

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.

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 system
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. 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.

This document may not be 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, 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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States and/or other countries.
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actual design-in, refer to the latest publications of NEC Electronics data sheets or data books, etc., for the most up-to-date
specifications of NEC Electronics products. Not all products and/or types are available in every country. Please check with
an NEC Electronics sales representative for availability and additional information.
No part of this document may be copied or reproduced in any form or by any means without the prior written consent of NEC
Electronics. NEC Electronics assumes no responsibility for any errors that may appear in this document.
NEC 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 NEC Electronics products listed in this document or any other liability arising from the
use of such products. No license, express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Electronics or others.
Descriptions of circuits, software and other related information in this document are provided for illustrative purposes in
semiconductor product operation and application examples. The incorporation of these circuits, software and information in
the design of a customer's equipment shall be done under the full responsibility of the customer. NEC Electronics assumes
no responsibility for any losses incurred by customers or third parties arising from the use of these circuits, software and
information.
While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products, customers agree
and acknowledge that the possibility of defects thereof cannot be eliminated entirely.  To minimize risks of damage to
property or injury (including death) to persons arising from defects in NEC Electronics products, customers must incorporate
sufficient safety measures in their design, such as redundancy, fire-containment and anti-failure features.
NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and "Specific". The
"Specific" quality grade applies only to NEC Electronics products developed based on a customer-designated "quality
assurance program" for a specific application. The recommended applications of an NEC Electronics product depend on its
quality grade, as indicated below. Customers must check the quality grade of each NEC Electronics product before using it
in a particular application.
"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.

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster systems,
anti-crime systems, safety equipment and medical equipment (not specifically designed for life support).
"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life support systems

and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC Electronics data
sheets or data books, etc. If customers wish to use NEC Electronics products in applications not intended by NEC
Electronics, they must contact an NEC Electronics sales representative in advance to determine NEC Electronics' willingness
to support a given application.
(Note 1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its

majority-owned subsidiaries.
(Note 2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as defined

above).
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CHAPTER 1 INTRODUCTION

EZ-0010 for the NEC low power 78KO0R 16-bit microcontroller family is designed as a development platform for
I0-link sensors, and can also be used as an evaluation tool for the 78KOR microcontroller. It allows the
development of 10-Link sensor systems based on the 78KOR/KES3-L (4PD78F1009) device. The board is
prepared to be connected to user hardware parts, and contains elements to easily start and demonstrate 10-link
sensor applications. This includes I/O-functions, i.e. navigator switch, a Temperature sensor, MR Sensor,
analog inputs and outputs, UART serial interface, cables, and more.

In addition, the "sample program for the IO-Link temperature sensor" and "sample program for the 10-Link RPM
sensor" can be downloaded from the website and run.

1.1 Package contents

e Link It! board

e USB cable

e Contents list of this package

e Table of Toxic and Hazardous Substance and Elements

e |O-Link Starter Kit for 7BKOR/KE3-L EZ-0010  About related documents and softwares

Please verify that you have received all parts listed in the contents list of EZ-0010. If any part is missing or
seems to be damaged, please contact the dealer from whom you received your EZ-0010.

1. The Technologie Management Gruppe, TMG (Technologie und Engineering GmbH)
stack is for evaluation purposes only. For mass production end products, a full
license must be purchased from TMG.

2. The TMG IO-Link Master and TMG IO-Link device Tool are referenced in this manual.
However , they are not included in the package

Notes Please contact TMG directly for details on obtaining the full license, the TMG 10-Link
Master and TMG IO-Link device Tool

Technologie Management Gruppe-Karlshrue ((Technologie und Engineering GmbH)
Internet: www.tmg-karlsruhe.de

3. Please also note that the M12 cable shown in this manual is not included in the
package.

1.2 Features of the EZ-0010

¢ NEC Electronics yPD78F1009 low power consumption general purpose NEC 16-bit 78KOR MCU
e NEC Electronics yPD78F0730 MCU with on-chip USB interface

e E98110A Elmos IO-Link Transceiver

e 4 x7 segments LEDs driven by serial interface.

e Power Supply by USB interface, external power supply, or M12 cable.

e On-Board debug function (TK-78KO0R debugger)

e TMG IO-Link Stack Library (Evaluation version).

e EZ-0010 provides an 10-Link communication channel

User's Manual U20226EJ1VOUM 6



Current type: DC

Wiring: 3-Wire
Output signal: IO-Link
Rated operational voltage: DC24V
Supply voltage: DC 18...30V
Short circuit protection: yes
Protected against polarity rev: yes

1
O-Link Data: (> [>T

LIS go |z 4

_/_ a N2/
[ Sy

Physical Layer: PHY2
Data Transfer Rate: COM1 (4.8kBaud), COM2 (38.4kBaud), COMS3 (230.4kBaud)

e Board size: 135mm x 60mm

o Power supply by USB interface option for Microcontroller.
¢ Analog to digital signal conversion

e Various input / output signals available, such as

— 1/O ports prepared to be connected to user hardware

Timer input / output signals

Two or three wires serial I/O

Analog input lines

Navigation switch
e Virtual UART interface, via the yPD78F0730 78K0 8-bit microcontroller with on-board USB interface

The EZ-0010 is not intended for code development. NEC does not allow and does not support in any
way any attempt to use EZ-0010 in a commercial or technical product.

1.3 System requirements

HOST PC A PC supporting Windows 2000 or Windows XP is required for the C compiler,
assembler, and WriteEZ5 GUI software. A Pentium™ processor with at least 1
GHz CPU performance, with at least 256 Mbytes of RAM, allowing you to fully
utilize and take advantage of the product features. 500 Mbytes of free disk
space, and an additional 10 Mbytes of free disk space on the Windows system
drive.

A web browser and Adobe Acrobat Reader to be able to access all the product
documentation.

Host Interface USB interface that enables communication based on USB (Ver1.1 or later)
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Development tools of 78K0R-Link It! board (programming environment, assembler, C
Notes compiler, and debugger), WriteEZ5 GUI software, and the newest documentation can be
downloaded from the NEC Electronics website.

1.3.1 Optional system requirements

User may choose to purchase the following additional equipments for the development of 10-Link applications:
e TMG USB IO-Link Master
¢ PC software- TMG IO-Link Device Tool for configuration and analysis.

e Double Ended 4 pins M12 cable.

Please contact TMG directly for details on the TMG 10-Link Master and TMG 10O-Link device Tool

Internet: www.tmg-karlsruhe.de
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CHAPTER 2 EZ-0010 SYSTEM CONFIGURATION

The 10-link standard is a point to point based communication, where a master and a slave device exchange
information over a communication channel. The master initiates and organizes the data exchange. The slave
treats the master’s request and replies accordingly.

The 78KOR-Link It! board (slave device) is based on the NEC’s latest 16-bit 78KOR/KE3-L microcontroller
family.

USB Cable

AC Adaptor
Not Included

TMG USB -
IO-Link Master =~ -
Not Included o

Host Machine
Not Included

Not Included

)
"’

Figure 2-1. 10-Link system configuration

2.1 78KOR-Link It! board

78KOR-Link It! board is a demonstration kit for the 78KOR/KE3-L 16-bit microcontroller of the 78KOR family.
The 10-link board can be used in two modes: 10-Link Mode (default mode), and Standalone mode.

211 10-Link Mode

When used in 10-Link Mode, the 78KOR—Link It! board is connected to a host system via an 10-Link Master.
Figure 2-1 shows the board being connected to a host computer using the TMG USB |0-Link Master (not
included: see section 1.3.1. Optional system requirements for more details).The Master powers and
connects to the 78KOR-Link It! board via the M12 connector using a M12 cable (not included). The board will be
working as an 10-link sensor demonstrating the application stored in the Microcontroller's memory.

2.1.2 Standalone Mode

When the board is not used in an IO-link application, the board is in “standalone mode”. In this mode, the user
can use the microcontroller for application development and debugging. The 78K0R—Link It! boardis connected
to the host system via USB interface with USB cable provided, See. Figure 2-2. The host system may be used
for On-Chip debugging by using the ID78KOR debugger and to allow execution of application programs on
78KOR-Link It! board. It is also used to power the board.

In “standalone mode”, the M12 cable must be disconnected and an AC adapter may
be used to power the board if more than 500mA (USB maximum current load) is
required

Caution
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Remark The user can optionally use an external AC adapter, the MINICUBE2(not included), or the
USB interface, to provide power to the board. See Table 3-1. Power supply selector, JP1
configuration for details

The microcontroller on the board can run at up to 20 MHz operating speed. The sub-clock is provided with a
32.768 kHz. A 18.432MHz external crystal is also available as main clock.

USB Cable

Host Machine
Figure 2-2. USB Powered configuration

2.2 Host computer

The USB host interface enables communication to the 78KOR-Link It! board. The yPD78F0730, 78K0 8-Bit
microcontroller with on-chip USB interface and the NEC virtual UART driver allows application software to
access the USB device in the same way as it would access a standard RS232 interface. The NEC virtual UART
driver appears to the windows system as an extra Com Port, in addition to any existing hardware Com Ports.

23 Power supply via USB interface

The 78KO0R-Link it! board can be powered by the USB interface. Optionally the board can be powered
by the QB-MINI2 On-Chip debug emulator as well as an external power supply.

A different power source must be used to power the board if more than 500mA
Caution (USB maximum current load) is required
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CHAPTER 3 78KOR-LINK IT! BOARD COMPONENTS

The 78KOR-Link It! board is equipped with a variety of components allowing a user to develop sensor
applications. These components include: Timer input/ output signals, Two or three wires serial I/0, 7 segments
numeric displays, LEDs, Power LED, 2 push buttons for external interrupts generation (SW2 and SW3), Dip
Switch for control of operating modes of the board, Reset button, wrap area for external user hardware, multi
directional Joystick(SW4).

Most I/0 ports on the 78KOR/KES3-L microcontroller are prepared to be connected to user hardware.

Several connectors are available in order to be connected to host computers, FLASH programmer or any
external target hardware.

78KOR/KE3-L

I10-Link
Transceiver

4-digit
numeric display

fi 2 Power
Configuration Supply

S5Wo

Minicube 2 Boost
Interface Transistor
FP1

External A/SD
Serial Interfacés, YDD
i/0, Test points area
TPxx

Selection
Jumpers
P11

Temperature

Operational
sEensor

Status
Indicator
LEDGS

10-Link
Communication
Status LED 7

i

GND

C00000000000000

!00000000

4-pin M12 2
rale, angled
Receptacle

M1

l000000000000000G00000

DC/DC EVDD Mavigation uspe

‘?szi'e?:;:i‘:  Status  s5y; 3,3v SW4  on-board Reset Prototyping
£ indicator gglactor debugging Seha
LEDS Ipa3 L_VvDD,
- LE¥I Configuration
el g converter Control, SW7 g
Input JACK1 SWao

3-1. 78KO0R-I0-Link board Components

3.1 Power Supply Selector JP1

Figure 3-2. Power Supply Selector JP1
Jumper JP1 is the power supply selector of the board. Jumper JP1 controls the power supply of the board.
In default mode (IO-Link mode: JP1 1-4 closed) the board is powered by the |O-link Master (not included), via

the M12 connector. The board will be working as an 10-link sensor demonstrating the application stored in the
Microcontroller's memory.
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If the board is not used in an 10-link application, the board is in “standalone mode”. The user can use the
microcontroller for application development and debugging. In “standalone mode”, the M12 cable (not included)
must be disconnected and an AC adapter may be used to power the board.

Additionally, if an AC adapter is not available to be used in standalone mode, the user can optionally use the
MINICUBE2, or the USB interface, to provide power to the board.

When powered from the M12 connector or the AC Adapter, the user can then select whether to provide the VDD
voltage rail to the microcontroller, from the regulator output from the 10-Link transceiver or the DC/DC
Converter available on the board. LEDS lights up when power is apply to VDD, by setting JP1.

The table below summarizes the configuration options for the power supply selector JP1.

Table 3-1. Power supply selector, JP1 configuration

Power supply from USB via connector USB1
(5V VDD for 78KOR/KES3-L from USB1)

The 10-Link transceiver transmitter is disabled if
A VDD IO is below VDD_10_UV

WARNING

MINICUBE2 via OCD1 connector (Note2).
(5V VDD for 78KOR/KE3-L from OCD1)

10-Link transceiver transmitter is disabled if VDD_IO is
A below VDD_IO_UV

WARNING

M12 cable via M12 connector or AC Adaptor from Jack1

(5V VDD for 78KOR/KES-L from DC/DC converter: Discrete VDD)
Internal regulator of IO-Link transceiver used by the transceiver only
A JP4 (pins 1 and 2) must be closed.

WARNING

M12 cable via M12 connector or AC adaptor via Jack1

(5V VDD for 78KOR/KES-L from internal regulator of I0-LINK
Transceiver)

f 1. Q1 has to be mounted on the board (Note1),
2. JP4 (pins 2 and 3) must be closed.

WARNING

Board Power supply from M12 via M12 connector or AC Adaptor via
Jack1

(Transceiver’'s 5V VDD from DC/DC converter: Internal regulator of
transceiver not used)

1. JP4 must be opened.
2. The Black Jumper must be moved to pins 5 and 6

WARNING

WARNING

Note 1

An additional NPN transistor (not mounted), must be used. Care must be taken to

evaluate current consumption when choosing this transistor. If the transistor gets
destroyed, other components connected to the 5V rail on the board may also be destroyed.
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Note2 By supplying power from the MINICUBEZ2, external hardware must not be connected to the
board. Within this mode the board can operate without external power supply from USB

3.2 Discrete Voltage rail selector, JP2

JP2, configures the voltage level (DVDD), provided by the DC/DC converter to power the board. The user has
the choice between 3.3V and 5V.

Table 3-2: DVDD, JP2 Pin configuration

DVYDD
sv_| 3.av [4p2 [ configuration [ biscrete voD (oVDD) |
P2l@ 0 = 12 | Closed (Default) DVDD = 5V
2-3 Closed DVDD = 3.3V

Figure 3-3.DVDD selector, JP2

3.3 /O port voltage control, JP3

Use JP3 to apply 3.3V or 5V to the I/O port reference input pin EVDD of the 78KOR/KES-L. A different reference
voltage may also be applied by using an external power source.

Table 3-3: EVDD, JP3 Pin confiquration

1-2 | Closed (Default) EVDD = VDD
2-3 | Closed EVDD = 3.3V

Figure 3-4. EVDD selector, JP3

3.4 VDD Transceiver selector , JP4

JP4 controls the transceiver's VDD voltage usage.

Table 3-4: VDD Transceiver, JP4 Pin configuration

1-2 Closed(Default) | internal regulator active

Closed external Transistor Q1

23 active (not supported)

external supply of VDD:

1-2-3-4 | Opened internal regulator inactive

Figure 3-5. VDD Transceiver selector, JP4
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3.5 M12 Connector, M1

The M12 connecter allows the board interfacing with an industrial type master device. Figure 3-6 gives the
wiring scheme for the plug. Pin 2 is not currently used for 10-Link. This pin is connected to Test pad T43 for
future use.

PIN | Signal | Remark

1 L+ 24 Volt
¥
" 3 L- Ground
4 cCiQ Communication /

switching signal

Figure 3-6.M12 wiring scheme

3.6 USB interface connector, USB1

This interface allows connecting the ID78KO0R debugger to the board in order to use the On-Board debug
function (TK-78KO0R debugging). The TK-78KOR interface supports On-board FLASH erasing / programming
and standard debug features like code execution, single stepping, breakpoints, memory manipulation etc.

For standard communication to a host computer - i.e. by using a terminal program - the input/output signals of
UART1 of the 78KOR/KES-L device can be redirected to the USB1 connector via the yPD78F0730 USB
microcontroller.

The power supply of the board can also be provided by the USB1 connector.

Figure 3-7. USB1, USB Mini-B Type Host Connector Pin Configuration

Table 3-5. Pin Configuration of Connector USB1

1 VBUS
2 D-
3 D+
4 N.C.
5 GND
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3.7 RESET button, SW1

SW1 is the reset button. It activates the power on reset. Switch SW1 controls the reset input signal of the
78KOR/KE3-L microcontroller.

Beside the reset switch, the 78KOR/KE3-L can also be reseted by the on-board debugging interface via the
uPD78F0730 microcontroller, and by the on-chip debugging interface, via the FP1 connector.

3.8 (INTPO) Switch, SW2

SW2 is a push button connected to external interrupt input INTPO of the microcontroller. This is equal to port
“P120/INTPO/EXLVI” of the 78KOR/KE3-L device. The port may be programmed to generate the external
interrupt INTPO.

3.9  (INTP4) Switch, SW3

SWa3 is a push button connected to external interrupt input INTP1 of the microcontroller. This is equal to port
“P70/KR0O/SO01/INTP4” of the 78 KOR/KE3-L device. The port may be programmed to generate the external
interrupt INTP4.

3.10 Navigation switch, SW4

Button SW4 is a navigation switch connected to the 78KOR/KE3-L device. It operates in four directions and has
a center push function. When the navigation switch is moved to one of the four directions or it is pushed a
low-level signal (Vss) is applied to the corresponding pin of the 78 KOR/KE3-L device. The connection of SW4 to
the microcontroller is shown in the table below.

The switch can be used for sensor application parameterization

Table 3-6. SW4, Navigation switch Pin configuration

T ENEE
Left , t Right Up P16
(P17) h.\ﬁ (P51)

Left P17

Centre Push Right P51

Down ot Center Push P50
(F53) Down P53

Figure 3-8. SW4, Navigation switch
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3.11  Configuration switch, SW5

The different operation modes of the board can be set by switch SW5/bit1-10.

Table 3-7. Configuration switch SW5, default settings

1 OFF Standalone and debug Mode (Note1)

2 OFF Disable TK-78KOR debugger functions

3 OFF Disable TK-78KO0OR debugger functions

4 OFF TxD1 Disconnected from TK-78KO0R debugger
5 OFF RxD1 Disconnected from TK-78K0R debugger
6 ON SCLO Connected to display driver

7 ON SDAO Connected to display driver

8 OFF AVREF Disconnected from VDD(Note2)

9 OFF Disable TK-78KO0OR debugger functions

10 OFF Disable TK-78KOR debugger functions

1. USB cable not connected

Notes 2. The board is shipped from factory with a 2.5V reference voltage rail applied to

AVREF, via R40.

3.11.1 Standalone / debug mode selection, SW5/bit1

Switch SW5/bit1 controls the operation mode of the board, when a USB cable is connected to USB1, and the
TK-78KOR Debugger is used.

e Switch SW5/bit1 to ON sets the board to “stand-alone mode”.
Within this mode, the 78 KOR/KE3-L RESET can be controlled by the user via switch SW1 and by the
ID78KOR debugger. The program stored in the internal FLASH memory of the 78 KOR/KE3-L
microcontroller is executed. The usage of the On-Board debug function (TK-78K0R debugging) is also
supported within the “stand-alone mode”.

e Switch SW5/bit1 to OFF sets the board to the “debug mode” exclusively.
Within this mode the 78KOR/KE3-L device is permanently held within RESET state. Only the ID78KOR
debugger can control the RESET signal within this mode. The RESET switch SW1 is inactive.
Table 3-8. Operation mode selection SW5/bit1

ON Standalone and debug mode

OFF Debug mode only
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3.11.2 On-Board debug function via USB selection, SW5/bit2 — bit3 — bit9 — bit10

SW5/bit2 bit3, bit9 and bit10 are controlling the TK-78KOR Debugger interface with the 78KOR/KE3-L
¢ Switch SW5/bit2 and bit3 ON, to enable On-Board debugging via USB.
Within this mode a dedicated single-line UART (pin Tool0) of the 78KOR/KE3-L is connected to the
pPD78F0730 USB microcontroller. Pin ToolO of the 78KOR/KE3-L microcontroller is reserved for
on-board FLASH programming and debugging purpose.

¢ Switch SW5/bit2 and bit3 OFF to disconnect the single-line UART from the yPD78F0730 USB
microcontroller.

Within this mode, no debugging is supported. The user can establish standard serial communication
via UART1 to a terminal program running on the HOST PC (see section 3.11.3 for more details).

e  Switch SW5/bit9 controls the RESET signal of the TK-78KO0R debugger
e  Switch SW5/bit10 controls the FLMDO signal of the TK-78KOR debugger
Switch SW5/bits 9 and 10 ON, only when the TK-78KO0OR debugger is used
Table 3-9. (TK-78KO0R debugging) configuration, SW5/bit2 - bit3 — bit9 — bit10

OFF Disable TK-78KOR debugger functions
ON Enable TK-78K0OR debugger functions

3.11.3 UART mode selection, SW5/bit4-bit5

The user can establish standard serial communication via UART1 to a terminal program running on the HOST
PC.

e Switch bit4 and bit5 of SW5 ON or OFF to respectively connect or disconnect the UART1 signals RxD1
and TxD1 of the 78KOR/KE3-L, to the yPD78F0730 USB microcontroller.

Within this mode, standard serial communication to a terminal program running on the HOST PC can
be established.

Note: when communication with the Host PC is required, the user must ensure the On-board
debugging function is disabled (see section 3.11.2 for more details).

Table 3-10. UART mode selection, SW5/bit4-bit5

OFF OFF Disconnect UART1 signals from TK-78KOR debugger
ON ON Connect UART1 signals to TK-78K0R debugger
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3.11.4 Display Driver control, SW5/bit6-bit7

Switch SW5/bit6-bit7 control the I2C interface between the 78KOR/KE3-L and the 7-segments displays driver.

e Switch bit6 and bit7 ON or OFF to respectively connect or disconnect the display driver to the
78KOR/KES3-L.

Table 3-11. Display Driver control, SW5/bit6-bit7

OFF OFF Disconnect 7-segments display driver

ON ON Connect 7-segments display driver

Caution The Display driver must be powered when the 7-segment displays are used to display
information. Please refer to section 3.13 for more details.

3.11.5 AVREF control, SW5/bit8
Switch SW5/bit8 controls the voltage reference source for the analog input of the 78KOR/KE3-L
e Switch bit8 ON or OFF to respectively apply or disconnect VDD to AVREF.
Table 3-12. AVREF control, SW5/bit8

OFF AVREF disconnected from VDD (Note1)
ON AVREF = VDD

The board is shipped from factory with a 2.5V reference voltage rail applied to

Note AVREF, via R40.

3.12 Transceiver Configuration Switch SW6

SW6 serve two purposes.

e [tallows to isolate the 10-Link transceiver from the 78KOR/KE3-L microcontroller by disconnecting the
communication interface

e It put the DC-DC converter in power down mode when it is not needed by the user

3.12.1 DC-DC power down control, SW6/bit1

The 10-Link master provides a 24V voltage rail to the board. A DC/DC converter steps down that voltage to
provide the 5V, and 3.3V power supplies for the board.

The board is equipped with dual current mode PWM step-down DC/DC converter with internal power switches
capable of generating two 1.4A outputs. Switch SW6/bit1 turns DC-DC converter ON/OFF.
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Table 3-13. DC-DC power down control, SW6/bit1 configuration

1 ON DC-DC converter active
1 OFF DC-DC converter inactive

LEDS, lights up when power switch SW6/bit1 is ON to indicate that the DC-DC converter is active.

3.12.2 Transceiver bypass control, SW6/bit2-8

Switch SW6/bit2to bit8 allow the user to connected/disconnect the |O-Link transceiver to/from the
78K0R/KE3-L microcontroller.

Table 3-14. Transceiver bypass control, SW6/bit2-bit8 Pin configuration

2 ON/OFF VDD_IO EVDD connected / disconnected

3 ON/OFF TxEN P76/KR6 connected / disconnected
4 ON/OFF SPEED P77/KR7 connected / disconnected
5 ON/OFF TxD TxDO connected / disconnected

6 ON/OFF RxD RxDO0 connected / disconnected

7 ON/OFF WAKE P72/INTPUG6 connected / disconnected
8 ON/OFF ILIM P71/INTPUS connected / disconnected

3.12.3 10-Link Transceiver

The transceiver has two functions. It is used firstly as an 10-Link port Analog front-End. It ensures the analog
front end of the 10-Link communication channel by transforming the 3-wire 24V of the M12 |10-link port to a
digital interface for the 78KOR/KE3-L device.

Secondly, it can be used as a power supply source:

The communication and the power supply run via 3 separate lines to the IO-Link Master. The integrated voltage
regulator is able to provide up to 5mA current for external purposes. With an optional external boost transistor
(not mounted on the board), it is possible to supply external devices with a higher current consumption.

Caution The user must be aware of the current consumption of the application and the maximum
current rate of the boost transistor, if using this feature. Since a destruction of the boost
Q transistor, may also cause the destruction of other devices connected to the 5V voltage rail
provided by the boot transistor.

‘WARNING
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Figure 3-9. I0-Link Transceiver Block Diagram

3.13 Digital logic Power Supply switch, SW7

SW?7 is a 2-bits switch used to control respectively, the power supplies (L_VDD, L_EVDD) for the 7 segments
displays driver, and the digital logic interface between the USB microcontroller (uPD78F0730) and the
78KOR/KE3-L.

Switch bit1, bit2 to ON or OFF to apply or disconnect VDD and EVDD to L_VDD, and L_EVDD respectively.

Table 3-15. SW7 Digital Logic supply configuration

] ON( Factory setting) L_VDD = VDD(7-seg display and LED7 active)
OFF L_VDD Disconnected (7-seg display and LED7 inactive)
» ON L_EVDD = EVDD(USB microcontroller interface active)
OFF( Factory setting) | L_EVDD Disconnected(USB microcontroller interface inactive)

3.14 4-digit Numeric Display

The numeric display allows hexadecimal fonts displaying of metering information such as, distance,
temperature, time. It is made of 4 single 7 segments displays and 5 discrete LEDs.

Figure 3-10. 4-digit Numeric Display

LED1 to LED3 can be used to provide common Alarm, AM, PM types of functions, or any user defined function.
The colon segment LED4 and LEDS5 are connected in parallel and driven together as one LED.

The 7 segments display and discrete LEDs are driven by a display driver. This display driver interfaces with the
78KOR/KE3-L via an I2C interface. see section 3.11.4 for details.
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3.15 Power LED, LED6

LEDS, lights up when power is supplied to the 78KOR-Link It/ board by setting JP1.See section 3.1 for details.

3.16 10-Link Communication indicator, LED7

LED?7 is a bi-color LED connected to pins P42, P43, to indicate the activities on the communication channel.
By default the LED is lighted up with an amber color, when the microcontroller is not programmed and power is
provided to L_VDD via switch SW7 bit1. The table below shows the defined LED colors and indications for the
board, when an 10-Link application is downloaded to the microcontroller.

Table 3-16. LED7 indications for 10-Link port signals

Pin 4
"C/Q line" L Dark (OFF) : (Device disconnected or
Fault on C/Q line: Rx not connected )

® Green (ON) : (Data exchange ok )

® Red (ON) : (Fault on C/Q line TX disconnected

3.17 External main oscillator, Y1

The 78KOR/KE3-L can run at up to 20 MHz operating speed , and the clock generator can be configured to work
with a 18.432MHz external oscillator connected between the X1 and X2 pins.

The sub-clock is provided with 32.768 kHz to pins XT1 and XT2 of the 78KOR/KE3-L device.
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3.18 Test pads, T1~T42 area and wrap field

Several pins of the 78KOR/KE3-L microcontroller are connected to the test pads T1~T42 area. The
corresponding assignment can be found in tables below. Additionally the 78KOR-Link it! board provides
a wire wrap field area allowing the integration of additional application hardware.

VDD, GND, and an MR sensor are also available this area.
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Figure 3-1

Table 3-17. Test Pads Tables

T1 P140/PCLBUZ0 T19 | P82/ CMPOM/. INTP7 T35 | P33
T2 | P141/PCLBUZI T20 | P83/CMP1M P32 / SCK10 /SCL10
T36 | \NTP2
T3 P00/ TIOO T21 P10/ TIO2 / TO02
P31/SI110/RxD1/
T4 P01/ TO00 T22 | P11/TI03/TO03 T37 | SDA10/ INTP1
T5 P20/ ANIO To3 P12 /TI04 / TO04 / T38 P30/ S0O10/ TxD1
6 P21/ ANI RTCDI/ RTCLL
T24 P13/ TIO5/ TOO05 739 P61/SDA0
L raz/ ANz T25 P14 /TIOo6 / TO06 T40 P60 /SCLo
8 P23/ ANIS T26 P15/ TI07 / TOO7 T P4z
Lk iadan P52 / RTC1HZSL / 142 | P43
T10 P25/ ANI5 T27 | s111/5L70 T43 | Pin2 M12 connector
T11 P26 / ANI6 Tog | P71/KR1/8I01/ T44 | ILIM Transceiver
T12 P27 / ANI7 INTPS T45 | WAKE Transceiver
T13 P150 / ANI8 T29 :?\l7'I?P/6KR2 / SCKO1/ T46 | RxD Transceiver
T14 P151 / ANI9 i
= . e T30 573 / KR3 / SO00 / T47 TxD Transceiver
15 152 10 TxDO T48 | SPEED Transceiver
T16 | P153/ANI11 T31 | P74/KR4/SI00/RxDO T49 | TxEN Transceiver
P80 / CMPOP / i
T32 | P77/KR7
T17 INTP3 / PGA T50 VDD_IO Transceiver
T33 P76 / KR6 T51 AVREF

T18 P81/ CMPOM

T34 | P75/ KR5/SCKO00
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3.19 MR (magneto-resistive) Sensor

A MR sensor is a magneto-resistive sensors integrated circuits in small packages. It can be used in position
detection applications, using non-contact type sensor. The MR sensor outputs a digital signal to pin
P32/SCK10/SCL10/INTP2 of the 78KRO/KE3-L device

3.20 Temperature sensor

For temperature measurement and primarily as an application example, the 78K0R—-Link It/ board is equipped
with a temperature sensor IC. The output pin of the temperature sensor is connected to pin P153/ANI11 of the
78KRO/KE3-L device.

3.21 PG-FP4 /PG-FP5 / QB-MINI2 connector, FP1

Connector FP1 (not mounted) allows connection of the PG-FP4/PG-FP5 FLASH programmers to the board in
order to program application software into the 78 KOR/KE3-L internal flash memory.

Remark |, The PG-FP4 /PG-FP5 FLASH programmers are separate product from NEC and are not
included in this package.

Additionally, FP1 allows connection of the QB-MINI2 (MINICUBE2 On-Chip debug emulator) to the board in
order to use On-Chip debug function of the 78KOR/KE3-L device and program the internal flash memory.

Table 3-18. FP1 pins description

TOP VIEW

v 1 GND
Pin assignment when MINICUBE2 2 RESET
is connected in this direction 3 S|
4 EVDD
5 SO
6 N.C.
7 N.C.
8 N.C.
9 N.C.
|
DICIDIO0I01010) 10 N.C.
11 N.C.
1R 0WEE®0)
12 N.C.
Pin assignment of target connector 13 N.C.
to be mounted on target system
14 FLMDO
15 RESET_IN
16 CLK_IN

Figure 3-12. FP1, PG-FP4/PG-FP5/Minicube 2 connector
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CHAPTER 4 FLASH PROGRAMMING

Flash programming is used to download applications to the internal memory of the 78KOR/KE3-L
microcontroller.

This chapter covers the board settings required to perform this operation.
On-chip debugging is documented in the next chapter: Chapter 5. On-Chip debugging

4.1 Flash Programming via MINICUBE2 (QB-MINI2)

When using PG-FP4/PG-FP5 for FLASH programming or QB-MINI2 for FLASH programming /debugging
purposes, please configure switch SW7 and SW5 of the 78KOR-Link It! board as referenced the following
tables

Set the Jumpers on the board as shown on Figure 4-1: JP1 (VDD=0OCD1), JP3 (EVDD=VDD)

JP2 and JP4 are not required if the QB-MINI2 is used to power the board.

Q-MINI2 On-Chip Debug emulator

Figure 4-1. Flash Programming via QB-MINI2

Caution The maximum rating current of the MINICUBE2 is 100mA, therefore do not use MINICUBE2
with the target system with the higher current rating.

For applications requiring higher current rate than the maximum rate of the QB-MINI2, please use the power
select switch on the Q-MINI2 to set the power supplied to the target system, and use an external power supply to power
the board.

Figure 4-2 shows JP1, JP2, JP3, jumper settings used in this configuration:

e The Red Jumper is placed on DVDD as power will be provided by the DC DC converter.

e The Green jumper is placed between EVDD and OCD1 to provide Q-MIN2 with reference voltage
e JP3(EVDD=VDD)

e JP2can be setto 3.3V or 5V
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1
-
B~
2

DVDD
5v | 3.3v

JPZ;EI ae vDDT— N @4 ,—DCDI
+5V B0 B | |'l @ EvDD

B S . i)

3.3V 8 USBYDD__~ -

o
EVDD |8} o
VDD

Figure 4-2.Jumper settings for flash programming in high current applications

For more details on the QB-MINI2, please refer to the QB-MINI2 user's manual.

Table 4-1. SW7 configuration for flash programming/On Chip Debugging via QB-MINI2

1 ON/OFF (*) L_VDD = VDD/Disconnected

2 OFF L_EVDD = Disconnected

(*) = individual selectable by user

Table 4-2. SW5 configuration for FLASH programming via QB-MINI2

1 ON/OFF (*) Standalone and debug mode /debug mode only
2 OFF Disable TK-78KO0R debugger functions

3 OFF Disable TK-78KOR debugger functions

4 ON/OFF (*) TxD1 connected / disconnected

5 ON/OFF (*) RxD1 connected / disconnected

6 ON/OFF (*) SCLO connected / disconnected

7 ON/OFF (*) SDAO connected / disconnected

8 ON/OFF (*) AVREF applied/not applied

9 OFF Disable TK-78KOR debugger functions

10 OFF Disable TK-78KOR debugger functions

(*) = individual selectable by user

4.2 Flash Programming via TK-78KOR debugger

Please refer to Chapter 10. How to use WriteEZ5 FLASH programming software, for information on setting the
board for flash programming using the TK-78KOR debugger.
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CHAPTER 5 ON-CHIP DEBUGGING

The 78KOR-Link It! board offers two possibilities to use On-Chip debugging (OCD).

The board supports the QB-MINI2 On-Chip debug emulator in order to use the On-Chip debug function of the
78KOR/KE3-L device. The system configuration for On-Chip debugging is shown in figure below.

Alternatively, the TK-78KOR On-Board debugger allows On-Chip debugging without a need of external debug
hardware. Within this mode the default USB connection to the Host computer based on the virtual UART driver
is used as debug interface. All standard debug functions are available in the On-Board debugging mode like

FLASH programming / downloading, code execution, single stepping, breakpoints, memory manipulation etc.

0OCD via
Q-MINIZ2 On-Chip Debug emulator

OCD via
On-board Debug function

Figure 5-1. On-Chip debugging

5.1 OCD via QB-MINI2 emulator

To operate the board together with the QB-MINI2 On-Chip debug emulator, switch SW5 must be configured as
in the following table:

Table 5-1. SW5 configuration for On-chip Debugging via QB-MINI2

1 ON/OFF (*) Standalone and debug mode /debug mode only
2 OFF Disable TK-78KOR debugger functions

3 OFF Disable TK-78KO0R debugger functions

4 ON/OFF (*) TxD1 connected / disconnected

5 ON/OFF (*) RxD1 connected / disconnected

6 ON/OFF (*) SCLO connected/ disconnected

7 ON/OFF (*) SDAO connected/ disconnected

8 ON/OFF (*) AVREF applied/ not applied

9 OFF Disable TK-78KO0R debugger functions

10 OFF Disable TK-78KO0R debugger functions

(*) = individual selectable by user
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5.2  OCD via TK-78KOR On-Board debug function

To operate the board within the On-Board debug mode, switch SW5 and SW7 must be configured as in the
following table:

Table 5-2. SW5 Configuration for OCD via TK-78KOR

1 ON/OFF (*) Standalone and debug mode /debug mode only
2 ON Enable On-Board debug function

3 ON Enable On-Board debug function

4 OFF TxD1 disconnected

5 OFF RxD1 disconnected

6 ON/OFF (*) SCLO connected/ disconnected

7 ON/OFF (*) SDAO connected/ disconnected

8 ON/OFF (*) AVREF applied/not applied

9 ON Enable TK-78KOR debugger functions

10 ON Enable TK-78KO0R debugger functions

(*) = individual selectable by user

Table 5-3. SW7 configuration for OCD via TK-78KOR

1 ON/OFF (*) L_VDD = VDD/Disconnected

2 ON L_EVDD = EVDD

(*) = individual selectable by user
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CHAPTER 6 FILES USED FOR EZ-0010 DEVELOPMENT

6.1 Introduction

PM+ and ID78KOR-QB are development tools of 78KOR-Link It! board, and allow building and downloading
application programs to the 78 KOR-Link It! board.

Additionally the WriteEZ5 can be used for simple FLASH programming of the 78KOR/KE3-L internal FLASH

memory.

As communication interface between the PC host system and the 78KOR-Link it/ board a standard USB
interface line is needed. Before downloading, debugging, or executing an application program, software must

be installed properly.

6.2 Package contents

This package includes following files :

Table 6-1. Contents of the EZ-0010 Package

Package

File name

Contents

Device description file

DeviceDesc.zip

Pictures of 10-Link device description file and
board by XML

Device file df781014_v201.zip puPD78F1009 device file
Documentation Manuals include this documentation
Drivers usbif_v100.zip USB driver of 78KO0R-Link It! board

Sample programs

SamplePrograms.zip

Sample programs for the EZ-0010

e |O-Link RPM sensor demonstration
program

e |O-Link temperature sensor
demonstration program

Software

ra78k0r_w133_j.exe RA78KOR package
cc78k0r_w212_j.exe CC78KO0R package
id78k0r-gb_v360_j.exe ID78KOR-QB
WriteEZ5_V100.zip WriteEZ5

prm78f1014_v101.zip

pPD78F1009 parameter file

For details of these files, refer to CHAPTER 8 SOFTWARE

INSTALLATION.
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CHAPTER 7 HARDWARE INSTALLATION

After unpacking the EZ-0010 development kit, connect the board via connector USB1 to your host computer
using the provided USB interface cable. When the 78KOR—-Link It! board is connected, the USB driver needs to
be installed on the host machine. Please refer to section, 8.8 Installing USB Driver for more details.

7.1 Factory Settings of jumpers and switches

The picture and tables below show the factory setting for the jumpers and switches on the board.

Stand-alone
OFF | OFF | OFF | OFF

Transceiver connected

Display ON
USB Interface OFF

User's Manual U20226EJ1VOUM 29



CHAPTER 8 SOFTWARE INSTALLATION

Running the sample programs described in this document requires the following software at a minimum:

(1) WriteEZ5 This is used to write a program to a microcontroller on the 78KOR-Link It! board.
(2) Parameter file  This parameter file is for uPD78F1009, which is used with WriteEZ5.
(3) USB driver This is necessary to connect the 78KO0R-Link It! board to the host PC.

In addition, the following software is necessary to rebuild or debug the sample programs:

(4) RA78KOR This assembler package for 78KOR includes components such as PM+ and a linker.

(5) CC78KOR This is a C compiler package for 78KOR. Because this is not included in RA78KOR, it
must be separately obtained and installed.

(6) ID78KOR-QB  This is a debugger package for MINICUBE2. This can also be used to debug the
78KOR-Link It! board. This debugger is used when debugging the sample programs.

When using 10-Link Device Tool, which is manufactured by TMG, the following file is also necessary:
(7) XML description file This is an 10-Link device description file written in XML.
All of the above files can be downloaded from the website below. For details about downloading these files,
visit the website.
Website for downloading EZ-0010 10O-Link solution :

http://www.necel.com/micro/en/freesoft/solution/ez10/index.html

This chapter describes how to install the software.

User's Manual U20226EJ1VOUM 30



8.1 Installing PM+ and RA78KO0R Package

Because PM+ is included in the RA78KOR package, it is installed from this package.

Double-click the installer file for the RA78KO0R package (ra78k0r_wXXX_e.exe, where XXX is the version
number), which was downloaded from the website for downloading EZ-0010 10-Link solution. The following

window is displayed.

fir Tool Installer g]

Tool Install:
Tools: Inztall...
Froduct Size |
Ra7akoR w133 8.E684KB
Ra78K0R W1.33 Documents 11.812KB
Fh+ B, 31 17 468KE Exit
P+ 6. 30 Documents 12 B3EKEB
E splain:
Drive: C:
Auailable Space:
15.469,344KB
Destination: Required Space;
C:\Program FileghMEC Electronics Toolz Bronze. . R0EOOKE

Figure 8-1. RA78KOR Package Installer

In addition to PM+, the RA78KO0R package includes LK78KOR (a linker), OC78KOR (an object converter), and

other tools necessary to build user-created programs, so select all the check boxes, as shown in Figure 8-1.
Next, click the [Install...] button to display the following dialog box, and then click [OK] to start the installation.

?{} Install the Tools,
\'-.

o4 | Zancel |

Figure 8-2. Confirmation Dialog Box for Starting Installation

User's Manual U20226EJ1VOUM 31



The RA78KOR end user license agreement is displayed in the dialog box below. Read the contents carefully,
and then click [Yes] to agree.

InstallShield Wizard

License Agreement i/ ) |

Pleasze read the following licenze agreement carefully, l -

Press the PAGE DOWM key to zee the rest of the agreement.

| ~
USER LICEMSE AGREEMEMT 3

IMPORTAMT-READ CAREFUILLY:

Thiz Uszer Licensze dgreement ["ULA") iz a legal agreement between pou

[either a natural person or an entity] and MEC Electronics Corparation ["MEC]

for the SOFTW/ARE PRODIJCT. As used herein, "SOFTWARE PRODUCT"

means the NEC's computer software products provided with this UL, which

includes computer software and may include azsociated media, printed w

Do vou accept all the terms of the preceding License Agreement? If you choose No, the
setup will close, Toinstall RATEKOR 'W1.33, you must accept this agreement,

Figure 8-3. RA78K0R Package End User License Agreement

Next, a dialog box for entering the package product ID is displayed. Enter the RA78KOR package product ID
provided by NEC Electronics, and then click [Next].

InstallShield Wizard

Please enter the product ID of the product. i/ ) |

Enter Product ID.

Product D iz written on the case of in the accompanying documents.

Product ID

¢ Back Mewt » | Cancel

Figure 8-4. Entering Product ID

User's Manual U20226EJ1VOUM 32



Wait until the automatic installation of the package finishes. When the installation finishes and the following
window is displayed, click the [OK] button.

INSTALL 3
“i) Installation finished,

Figure 8-5. Confirmation Dialog Box for Finishing Installation

When the installation finishes and the window shown in Figure 8-1 is redisplayed, click the [Exit] button to close

the installer.
This concludes the installation of PM+ and the RA78KOR package.

8.2 Installing CC78K0R Package
Double-click the installer file for the CC78KO0R package (cc78k0r_wXXX_e.exe, where XXX is the version

number), which was downloaded from the website for downloading EZ-0010 10-Link solution. The following
window is displayed.

s';-_r-' Tool Installer @

T ool Install
Toals: Install...
Product Size |
CCYBROR w212 12176KB
CC7EKO0R w212 Documents 14 576KB
SKYBROR w310 944KB Exit
SK7BROR %310 Documents 2 056KE
E xplait:
Drivee: C:
Aualable Space:
15,354, 164KE
Destination: Required Space:
C:%Program Files\MEC Electronics Tools Browse. .. 29,752KB

Figure 8-6. CC78KOR Package Installer

Not only CC78KOR but also SK78KO0R package is included in this package. This package is a tool used to
estimate the stack memory required for the 78KOR. Unless there is a specific reason a tool is unnecessary,

select all the check boxes as shown in Figure 8-6.
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Next, click the [Install...] button to display the following dialog box, and then click [OK] to start the installation.

?{} Install the Toals.
-

o4 | Zancel |

Figure 8-7. Confirmation Dialog Box for Starting Installation

The CC78KO0R end user license agreement is displayed in the dialog box below. Read the contents carefully,
and then click [Yes] to agree.

InstallShield Wizard

License Agreement

Pleaze read the following license agreement carefully. I"‘-h

Press the PAGE DOWM key to zee the rest of the agreement.

LISER LICEMSE AGREEMEMNT
IMPORTAMT-READ CAREFULLY:

Thiz User License Agreement ["LULA"] iz a legal agreement between you

[either a natural perzon or an entity] and MEC Electronics Corporation ["HEC"]

for the SOFT'W/ARE PRODIJCT. As used herein, "SOFTWARE PRODUCT"

means the MEC's computer zoftware products provided with thiz ULA, which

includes computer software and may include azsociated media, printed v

Do you accept all the termsz of the preceding Licenze Agreement? If you chooze Mo, the
zetup will close. To install CCP8KOR W2.12, vou must accept this agreement,

Figure 8-8. CC78KO0R Package End User License Agreement

Next, a dialog box for entering the package product ID is displayed. Enter the CC78KO0R package product ID
provided by NEC Electronics, and then click [Next].
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InstallShield Wizard

Pleasze enter the product ID of the product.

Enter Product ID.

Product D iz written on the case of in the accompanying documents.

Product ID

< Back Mest » | Cancel

Figure 8-9. Entering Product ID

Wait until the automatic installation of the package finishes. When the installation finishes and the following
window is displayed, click the [OK] button.

\:E) Installation finished.

Figure 8-10. Confirmation Dialog Box for Finishing Installation

When the installation finishs and the window shown in Figure 8-6 is redisplayed, click the [Exit] button to close

the installer.
This concludes the installation of CC78KO0R package.

8.3 Installing ID78KOR-QB

Double-click the installer file for the ID78KOR-QB (id78k0r-gb_vXXX_e.exe, where XXXis the version number),
which was downloaded from the website for downloading EZ-0010 10-Link solution. The following window is
displayed.
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¥% Tool Installer @

Tool Install
Taols: Inztall...
Praduct Size |
|DVBKOR-0B 7AKOR Integrated Debugger ¥3.60 23.644KB
IDYEKOR-0E W3.E0 Dacumerts 11.080KB
[ 78K0R IECURE USE Driver 4110 51KE Ext
[#] MIMICUEE2 USE Driver'1.10 H1ER
MIMICUBE Utility 1,40 1.916KE
MIMICLUBE Utility %140 Documents 5.344KB
Explain:
Drrivve: E
Awailable Space:
15,157.328KB
Digstination: Required Space:
C:%Program Files\WEC Electronics Tools Erowse... 42 035KB

Figure 8-11. ID78KOR-QB Installer

In addition to the ID78KOR-QB debugger software, this package includes a USB driver for MINICUBEZ2 and
utilities. Because these components are necessary when debugging a 78 KOR-Link It! board using
MINICUBE?2, select their check boxes. A USB driver for IECUBE, a fully functional in-circuit emulator for
78KOR, can also be installed, but it is not used in this document, so clear its check box.

Next, click the [Install...] button to display the following dialog box, and then click [OK] to start the installation.

?{/ Install the Toals.
-

o4 | Zancel |

Figure 8-12. Confirmation Dialog Box for Starting Installation

Wait until the automatic installation of the package finishes. When the installation finishes and the following

window is displayed, click the [OK] button.

INSTALL

\v Installation finished.

Figure 8-13. Confirmation Dialog Box for Finishing Installation

When the installation finishes and the window shown in Figure 8-11 is redisplayed, click the [Exit] button to

close the installer.
This concludes the installation of ID78KOR-QB package.
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8.4 Installing Device File

Decompress the file that includes the device file for uPD78F1009 (df781014_vXXX.zip, where XXX is the
version number), which was downloaded from the website for downloading EZ-0010 10-Link solution.
Next, in the Windows [Start] menu, select [All Programs], [NEC Electronics Tools], and then [Device File

Installer] to start the device file installer.

"5l Device File Installer

Help
Device File Package Install .
About...
Deertic Get Mew Soﬂwalel
Source  Directory Select: LJ Browse...J
Device Mame Wersion Seriez | Filz Mame
£ ¥
i B
Fiegistry
Drevice Mamne ersion Seres | Directory
£ >
Exit

Figure 8-14. Device File Installer

Click the [Install...] button shown in Figure 8-14 to display the dialog box shown in Figure 8-15.
Click the [Browse...] button shown in Figure 8-15, and then open the device file package file “NECSETUP.INI”

that was decompressed above.
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Install Wizard : Install Information File

X

Iztalling from Device File Praduct Disk.

Open a drive or directom which the Device File Product Dizk exists,

and select the Install-Infarmation-File
[_ _CSETUPR.IMI or MECSETUR.IMI .

& FD Browse. ..

Browse...

Figure 8-15. Specifying Installation Information File <1>

Open

Look in: | £ df7g1014_v2.01

k3L . NECSETUP.IMI
ICIKD3-L

CIKESL

IIKF3L

IKGE3-L

_ CSETURLINI

Filename:  [NECSETUPINI
Filez of tupe: IlnslallSetting[?’??setup.ini] L] Cancel

I™ Dpen as read-only

Figure 8-16. Specifying Installation Information File <2>

Select NECSETUP.INI, and then click [Open]. The dialog box shown in Figure 8-17 is displayed.
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Install Wizard : Install Information File

Inztalling fram Device File Product Disk.

Open a drive ar directory which the Device File Product Dizk exists,
and select the Install-Infarmation-File
[_ _CSETUF.IMNI ar NECSETUP.INI .

|D Sfindomshabetlink-thdfFa 014_w2014diF81014_v2 01ANECSETUR.IMI
Browse...

&: FD Browse...

| Mewt » | Cancel I

Figure 8-17. Specifying Installation Information File <3>

Click [Next].

NEC SOF TWARE LICENSE AGREEMENT @

USER LICEMSE AGREEMENT ~

IMPORTANT-READ CAREFULLY:

This Usger Licenze Agreement [MJLA"] iz a legal agreement between pou
[either a natural person ar an entity] and MEC Electronics Corparation ["'MEC]
for the SOFTWARE PRODUCT. As used herein, "SOFTWARE FRODUCT"
means the MEC software product provided with this LA, which includes
computer zoftware and may include aszociated media, printed materials,

and "onling" files or data, By installing, copying, or othenwise using

the SOFTWARE PRODIUCT, vou agree to be bound by the terms of thiz LA
If pou do not agree to the terms of thiz LA, do not install or uge

the SOFT'wWARE PRODUCT.

1.50FTwARE PRODUCT LICENSE

MEL grantz to you a perzonal, nonesclusive license to make and Lze
copies of SOFTWARE PRODUCT for the purpozes of designing,
developing, and testing zoftware product|z) that are designed to operate

w

Dan't Agree

Figure 8-18. Software License Agreement

Click [Agree] to agree to the contents displayed in the dialog box and continue.
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Install Wizard : Kind of File

Select the kind of installation file :

™ For 7BKOR/KGEL
™ For 78KOR/KF3L
¥ Far 78KOR/KES-L
™ For 78KOR/AKRDZL
™ For 78K0R/KC3-L

¢ Back | Mext » | Cancel

Figure 8-19. Selecting File Type

This package is used for the 78 KOR/KE3-L Series uPD78F1009, so select only [For 7BKOR/KE3-L], and then
click [Next].

Install Wizard : Install Directory

Input the destination directorny of the Common Device File

C:\Program Files\MEC Electronics ToolzhDEY

< Back | Mewxt » | Canicel

Figure 8-20. Specifying Installation Folder

In the dialog box displayed for selecting the installation folder, click [Next] if the default folder is okay.
(To install the file to a different folder, enter the folder path, and then click [Next].)
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Install Wizard : Installation Start @

When you select [Mest], installation will start as below conditions.

Installation filez and destination directanies :

For 7BK0R/KES-L
o \program fileghnec electronics toolshdey

¢ Back | Mext » | Cancel

Figure 8-21. Starting Installation

In the dialog box displayed for checking the series name and installation folder of the device file to be installed,
click [Next] if the information is okay. The device file installation starts.

If the information is incorrect, click [Back] to return to the previous dialog box, and then specify the necessary
settings again.

Install Wizard : Installation Finished

Inztallation completed. When select [Finizh], program finishes.

| Finizh | Cancel

Figure 8-22. Finishing Installation

When the device file installation finishes, click [Finish] in the displayed dialog box for finishing the installation.
When the installation finishes and the window shown in Figure 8-14 is redisplayed, click the [EXxit] button to

close the installer.
This concludes the installation of the device file.
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8.5 Installing WriteEZ5 and Parameter File

8.5.1 Installing WriteEZ5

Decompress the WriteEZ5 package file, which was downloaded from the website for downloading EZ-0010

IO-Link solution, and then save it to an appropriate folder. After decompression, a folder that includes the
following contents is generated:

& WriteEZ5 =13
File —Edit “iew Favorites  Tools  Help ;'I'
: i

readme_j.pdf

| %] wezsctldi
< R il

AR

4 ohjects 664 KE j My Computer

Figure 8-23. WriteEZ5 Package Contents

Double-click the executable file WriteEZ5.exe, which is in the above folder, to start WriteEZ5.

8.5.2 Installing Parameter File for WriteEZ5

WriteEZ5 uses the parameter file for the flash programming performed when using MINICUBEZ2.

Decompress the parameter file package file, which was downloaded from the website for downloading EZ-0010
IO-Link solution, and then save it to an appropriate folder.

When selecting the parameter file for WriteEZ5, specify this folder.
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8.6 Installing EZ-0010 Sample Programs

Decompress the sample program package (SamplePrograms.zip), which was downloaded from the website for

downloading EZ-0010 IO-Link solution, and then save it to an appropriate folder.

8.7 Installing XML Device Description File

Decompress the device description file package (DeviceDesc.zip) for the sample programs, which was

downloaded from the website for downloading EZ-0010 IO-Link solution.

(1) NEC_Electronics_Europe_IOD_0x018C_0x18C000.jpg

This image file is for the 78 KOR-Link It! board. Because the same board is used, this file is used for both
the temperature sensor and RPM sensor.

(2) NEC_Electronics_Europe_IOD_0x018C_0x18C000.XML
This is an 10-Link device description file of the temperature sensor application.

(3) NEC_Electronics_Europe_IOD_0x018C_0x18C001.XML
This is an 10-Link device description file of the RPM sensor application.

The above files are used by I0-Link Device Tool, which is manufactured by TMG. Copy these three files to the
following folder:

C:¥Program Files¥TMG¥IO-Link Device Tool¥Devices¥|O-Link¥

Note that this folder is not generated unless I0-Link Device Tool, which is manufactured by TMG, is installed.
Please contact TMG for details on this software.

8.8 Installing USB Driver

In order to use the 78K0R-Link /t/ board, the USB driver needs to be installed on the host machine. Install the
driver according to the following procedure:

8.8.1 Decompressing Driver Package

Decompress the USB driver package package (usbif_v100.zip), which was downloaded from the website for
downloading EZ-0010 IO-Link solution, and then save it to an appropriate folder. Continue to 8.8.2 if installing

the driver in Windows 2000, or continue to 8.8.3 if installing the driver in Windows XP.

User's Manual U20226EJ1VOUM 43



8.8.2 Installing By Windows2000

When the 78KO0R Link-itlboard is connected to host PC firstly, the dialog box showed during installation is
displayed.

Next, the Windows "Found New Hardware Wizard" automatically starts.

Found New Hardware Wizard

Welcome to the Found New

% Hardware Wizard
S

This wizard helps you install a device driver for a
hardware device.

Click.

To continue, click Mest.

Cancel |

Figure 8-24. Found New Hardware Wizard (Windows2000)

Click [Next].
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Found New Hardware Wizard i

Install Hardware Device Drivers \\

A device driver is a software program that enables a hardware device to work with \*
an operating spstem,

This wizard will complete the installation for this device:

Check that "Search for a @ UUSE Device
suitable driver ..." is selected.

B device driver is a software program that makes a hardware device work. Windows
eeds diiver files for your new device. To locate ditver files and complete the

installation click Next.
‘What do you want the wizard to do?

& Search for a suitable driver for my device [recommended]

Click.
o Display a list of the known drivers for this device so that | can choose a specific

driver /

A

< Back Next » Cancel |

Figure 8-25. Selecting Search Method (Windows2000)

In the displayed dialog box for specifying the method for searching for the driver, which is shown in Figure 8-25,
select the [Search for a suitable driver for my device (recommended)] radio button, and then click [Next].

Found New Hardware Wizard

Locate Driver Files \.\
Whete do you want windows to search for driver files? Q

Search for driver files for the following hardware device:

@ USB Device
Check that "Specify a

ion" i The wizard searches for suitable drivers in its driver database on pour computer and in
location” on Iy is checked. any of the following optional search locations that you specify,

To stait the search, click Mest. If you are searching on a floppy disk or CO-ROM drive,
nsert the floppy disk or CD before clicking Next.

Optional search locations:

™ Floppy disk drives

D-ROM drives

Click.

< Back I Next > | Cancel |

Figure 8-26. Specifying Where to Search for Driver File (Windows2000)

In the displayed dialog box for specifying where to search for the driver file, which is shown in Figure 8-26,

select [Specify a location], and then click [Next].
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21
Look jr Iﬁ Driver :I & 5 BB~
- (5)MoB25ALL:

History

y .

Deskio

My Documents

My Network P._.

File name: [MaBzsaLL |
&l

Files of type: I Setup Information [*inf)

Open
Cancel I \

Click.

Figure 8-27. Specifying Driver Information File (Windows2000)

In the window that opens for specifying the driver information file, which is shown in Figure 8-27, open the folder
in which the driver package was decompressed in 8.1.1, select the "MQB2SALL.inf" file, and then click [Open].

Found New Hardware Wizard x|

Insert the manufacturer's installation disk into the dive oK.
|_:L;|| selected, and then click OK. —_—

Cancel

Click.

LCopy manufacturer's files from;

I [:\Driver

Figure 8-28. Driver File Copy Source (Windows2000)

In the dialog box shown in Figure 8-28, click [OK].
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Found New Hardware Wizard

Driver Files Search Results o
T he wizard has finished searching for driver files for pour hardware device

The wizard found a diver for the following device:

@ 1USB Device

Windows found a drver for this device. To install the diver Windows found, chck Nexst.

NEC 1hdrver\mgb2sallint

Click

< Back Cancel |

Figure 8-29. Finishing Driver Detection (Windows2000)

In the displayed dialog box for finishing driver detection, which is shown in Figure 8-29, click [Next].

Found New Hardware Wizard o

Completing the Found New
Hardware Wizard

. MEC Electronics Starter Kit Virtual LLART

Wwindows has finished installing the software for this device.

1 Click.

To close this wizard, click Finish.

Figure 8-30. Finishing Driver Installation (Windows2000)

Concludes the installation of the driver, the dialog is displayed shown in Figure 8-30. Click [Finish].

This concludes the installation of the driver by Windows2000.
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8.8.3 Installation on Windows XP

When the 78KO0R Link-it! board is connected to host PC firstly, the following window is displayed.

Hardware Update Wizard

Welcome to the Hardware Update
Wizard

Thig wizard helpz pou install zoftware for;

USE Device

{ '\.l If your hardware came with an installation CD
i or Hoppy disk. insert it now.

What do you want the wizard to da?

() Inztall the: software automatically (Recommended)

@ nstall from a list or zpecific location [Advanced)

Click Mext to continue,

[ et » II Cancel l

Figure 8-31. Welcome to the Found New Hardware Wizard (WindowsXP)

Shown in Figure 8-31, select the [Install from a list or specific location (Adbanced)] radio button, and then click

[Next].
Found New Hardware Wizard

Please choose your search and installation options.

(53 Search for the best driver in these locations.

|dze the check bowes below to limit or expand the default search, which includes local
pathz and removable media. The best driver found will be inztalled.

[ 5earch removable media [floppy. CO-ROM...)

Ihelude thiz location in the seanch:

() Don't search. | will choose the driver to install.

Choose thiz option to select the device driver from a list. Windows does not quarantee that
the driver you chooge will be the best match for pour hardware,

[ < Back ]| Mext » |l Cancel ]

Figure 8-32. Choosing Search Method (WindowsXP)

Select the "Don't search. | will choose the driver to install." radio button shown in Figure 8-32, and then click
[Next].
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Hardware Update Wizard
Select the device driver you want to install for thiz hardware. .

Select the manufacturer and model of vour hardware device and then click Mest. If you
have a digk that containg the driver you want to inztall, click Have Disk.

[#]:S how compatible hardware

| Model
MEC Electronics Starter Kit Virtual LART

& Thig driver iz not digitally signed!

Tell me vhy diiver zigning is important

l < Back ” Mest » ]l Cancel l

Figure 8-33. Choosing Driver (WindowsXP)

The dialog is displayed shown in Figure 8-33. Click [Have Disk...].

Install From Disk El

Inzert the manufacturer's inztallation disk, and then
._@ make sure that the comect diive is selected below 2

LCopy manufacturer's files from:

1. rJ [ Browze. . ]

Figure 8-34. Manually Specifying File to Copy from Disk (WindowsXP)

In the window shown in Figure 8-34, click [Browse...], and then browse to the folder decompressed in 8.8.1.
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Locate File @

Loak jn. | (£ ushil_v100 v @ e m-

E " moE2sALL.INF

ty Recent
Documents

?T‘.‘

Deskiop

ty Documents

My Computer

-

File name: MIBZ5ALL inf vl | Open |

My Metwark, Filez of twpe: Setup Infarmation [k

Figure 8-35. Specifying Folder in Which Driver Was Decompressed (WindowsXP)

In the displayed file selection window, browse to the folder in which the driver was decompressed, select
MSB2SALL.inf, and then click [Open].

Install From Disk El

H Inzert the manufacturer's installation disk, and then
__'@ make zure that the conect dive iz selected below.

Cancel

Copy manufacturer's files from:

| C:ADriveriushit_w100 v| [ Browse. |

Figure 8-36. Finishing Specifying Folder (WindowsXP)

The dialog is displayed shown in Figure 8-36. Click [OK]. The dialog is displayed shown in Figure 8-37.
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Hardware Update Wizard

Select the device driver you want to install for thiz hardware.

Select the manufacturer and model of vour hardware device and then click Mest. If you
have a digk that containg the driver you want to inztall, click Have Disk.

Shove compatible hardware

| Model
MEC Electronics Starter Kit Virtual LART

& Thig driver iz not digitally signed!

Tell me vhy diiver zigning is important

< Back “ Mest J’ Cancel l

Figure 8-37. Choosing Driver Display (WindowsXP)

In the dialog box shown in Figure 8-37, click [Next].

Hardware Installation

1] E The software you are installing for this hardware;
L
MEC Electronics Starter Kit Virtual UART

haz not pagzed Windows Logo testing to werify itz compatibility
with wWindows XP. [Tel me why thiz testing is important. |

Continuing vour installation of this software may impair
or destabilize the comrect operation of your system
either immediately or in the future. Microsoft strongly
recommends that you stop this installation now and
contact the hardware vendor for software that has
passed Windows Logo testing.

[ Continue Anywayp ] | STOP Installation |

Figure 8-38. Windows Logo Test Warning (WindowsXP)

The Windows Logo Test warning shown in Figure 8-38 is displayed, but click [Continue Anyway].
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Hardware Update Wizard
Please wait while the wizard installs the software... .

C@ MEL Electionics Starter Kit ¥itual UART

e, - B

Setting a system restore point and backing up old files in
caze your spztem needs to be restored in the future,

Figure 8-39. Dialog Box Displayed During Driver Installation (WindowsXP)

When the driver installation starts, wait a while. When the installation finishes, the following window is

displayed,

Hardware Update Wizard

Completing the Hardware Update
Wizard

The wizard haz finished ingtalling the software for;

@ MEC Electronics Starter Eit Virtual UART

Click Finizh to close the wizard,

Finish

Figure 8-40. Dialog Box Displayed When Driver Installation Finishes (WindowsXP)

Concludes the installation of the driver. Click [Finish] button to close the found new hardware wizard.
This concludes the installation of the driver by WindowsXP.
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8.9  Confirmation Installing USB Driver

After installing the USB driver, open the Windows 2000 or Windows XP "Device Manager".

LI computer Management E|EEJ
Q File  Action  View ‘Window Help = _J
¢~ BOE FS 2B 8 x

=) MICOMTOOL
+ J Computer

v wagm Disk drives
] § Display adapters

b DVDJCD-R.OM drives
+ = Floppy disk controllers
+ R Floppy disk drives
+ [ Human Interface Devices
+ =) IDE ATAJATAPL contrallers
+ -z Keyboards
+ "y Mice and other pointing devices
+ @ Monitors
+ - EH8 Mebwork, adapters

‘@ Other devices

= 4 Parts (COM & LPT)

F&yi Commumcatlnns Port (COMI)

o
+
o
o

r;y‘ Printer Port (LPTl)
+ ﬂ Processors
+ @, sound, video and game controllers

+ by System devices
+ Universal Serial Bus controllers

Figure 8-41. Checking Device Manager (WindowsXP)

If "NEC Electronics Starter Kit Virtual UART (COMXx)" (for which the COM number x differs according to the
environment) is displayed in the [Ports (COM & LPT)] tree in Device Manager as shown in Figure 8-41, the

driver was installed without a problem.
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CHAPTER 9 FLASH PROGRAMMING SOFTWARE WRITEEZ5

WriteEZS5 is a flash programming software to flash HEX files to the related device. For installation information

refer to the 8.5.1 Installing WriteEZ5.

9.1 Starting up the GUI Software

Double-click WriteEZ5.exe, which is in the folder generated in 8.5.1 Installing WriteEZ5, to start the program.

When the GUI software is started normally, the following screen appears.

B WriteEZS
Menu bar4> File Device Miew Help

Tool bar —> ),g

Log
window

Status bar —>

= Dieviteg
""""" S Mame : .
*, Firmware :
- Parameter file
Mame :
Wersion : Parameter
window
Load file
MHame :
Date :
Chksum :
Area :
-Connection to device
Paort :
Speed :
Range :
Freq.:
p Multiply :
=

Figure 9-1. WriteEZ5 Startup

This window consists of the following items:

Table 9-1. WriteEZ5 Windows items

Menu bar
(displayed at the top)

Displays menu items executable by the WriteEZ5

Toolbar.
(displayed under the menu bar)

Displays frequently used commands as icons.

Action log window
(displayed under the toolbar)

Displays an WriteEZ5 action log

Programmer parameter window

(Displayed to the right of the action log window).

Displays programming parameter settings.

Status bar

Displays status..
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9.2 Toolbar

The toolbar contains buttons for starting the important procedures of the WriteEZ5.

Table 9-2. Toolbar Buttons

[Device] — [Setup] button

[File] — [Load] button

[Device] — [Blank Check] button

[Device] — [Erase] button

[Device] — [Program] button

[Device] — [Verify] button

[Device] — [Auto procedure(EPV)] button

22N £ F\a

9.3 Menu Bar

Depending on the actual device status and device type, some menu items may be enabled or disabled.

9.3.1 [File] menu

Clicking the [File] menu displays the pull-down menu as shown below. This menu mainly contains commands
related to file operation.

Device  Wiew Help

Load.. m g P
Quit L :

N

shOpennine...

Figure 9-2. [File] menu
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(1) [Load] command

The [Load] command allows you to select a program file. The selected program file is programmed
Ejl into the flash memory of the device by executing the [Program] command or [Autoprocedure (EPV)]
command.

Open @

Lack jre | 3 hex =« & ef EE-

=" ; i
:gtemperature_sensar.hem
f ternperature_sensar.sym

Fil= narme: |D:'x5 ampleProgramz\temperature_sensor
Filzz of type: |5-reu: # Hex files [*.rec;” 5% hex) ﬂ Cancel

Figure 9-3. HEX File Selection Window

The file selection window for program loading displays the most recently used directory to which a user program
has been loaded. After a user program is loaded, a checksum calculation is made and the result is displayed in
the programmer parameter window.

[Open button], selects a user program as a program to be written to the target device.
[Cancel button], closes the window without selecting a program.

(2) [Quit] command

The [Quit] menu is the command for terminating the WriteEZ5 GUI software. Clicking the [x] box on the top right
side of the task bar also terminates the WriteEZ5 GUI software.

User settings are saved in the WriteEZ5.INIfile, so that the GUI software starts up next time with the same
settings.

WriteEZ5.INI is created in the Windows folder when Windows XP is used.
Notes
When Windows 2000 is used, WriteEZ5.INI is created in the Winnt folder.
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9.3.2 [Device] menu

Clicking the [Device] menu displays the pull-down menu as shown below. This menu mainly contains
commands for programming operations such as deletion, programming, and verification on the target device.

B writeEZS
Fil= BEEHGEES View Help
Elank Check
Eraze é he o o
Eroeram Device
Werify MHame :
Firmuvare :
Parameter file
Autoprocedurel EFY) e
Wergion :
Setup.. o Load filz
Date :
Chlkzum :
firea
Connection to device
Part :
Speed :
Range :
Freq.:
Multiply
|

Figure 9-4. [Device] menu

(1) [Blank Check] command

The [Blank Check] command allows you to make a blank check on the target device connected to the
WriteEZ5. If the flash memory of the target device is erased, a blank check is terminated normally. If

- the flash memory is not completely erased, the indication "not blank" is provided. Before starting
programming, erase the flash memory of the target device.

(2) [Erase] command

The [Erase] command erases the flash memory of the target device connected to the WriteEZ5. While
2, the flash memory is being erased, the progress status is displayed in the action log window to indicate
% programmer operation. The execution on the [Blank Check] command before the [Erase] command is
executed follows the setting of 'Command options' of the Advance tab displayed by selecting [Device]

— [Setup].

Upon completion of [Erase] command execution, the GUI software displays the result of executing the
command on the target device.

(3) [Program] command

The [Program] command sends a specified user program to the target device and writes the program
to the flash memory. The execution of Verify operation for detecting an error in user program
communication from the WriteEZ5 to the target device after the execution of the [Program] command
follows the setting of the ‘Command options' on the Advance tab displayed by selecting [Device] —
[Setup].

During programming, the progress status is displayed in the action log window to indicate
programmer operation. This progress status display window displays the progress status on target
device programming by percentage.

Upon completion of [Program] command execution, the GUI software displays the result of executing
the command on the target device.
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(4) [Verify] command

The [Verify] command sends a specified user program to the target device connected with the

s WriteEZ5, and performs verification against the data written to the flash memory of the target device.
During verification, the progress status is displayed in the action log window to indicate programmer
operation. This progress status display window displays the progress status of target device
verification by percentage.

Upon completion of [Verify] command execution, the GUI software displays the result of executing the
command on the target device.

(5) [Security] command

The [Security] command initiates the programming of the security flag of the target device connected
to the WriteEZ5. Before executing this command, the security flags must be specified by specifying
the various settings for the "Security flag settings" field, which is found by selecting the [Device] menu,
[Setup], and then the "Advance" tab.

(6) [Checksum] command

The [Checksum] command reads the checksum value of the target device connected with the
WriteEZ5.

This value differs from the value displayed in the parameter window of the main window.

(7) [Autoprocedure (EPV)] command
The [Autoprocedure (EPV)] command executes the [Erase] command, [Program] command and

%ﬁ [Verify] command in succession.

To automatically execute read verification after executing the [Autoprocedure (EPV)] command,
select "Read verify after Program" in the "Command option" field, which is found by selecting the
[Device] menu, [Setup], and then the "Advance" tab.

During EPV execution, the progress status is displayed in the action log window to indicate
programmer operation. For a selected command, its execution operation, and messages, refer to
Chapter 10.

Upon completion of [Autoprocedure (EPV)] command execution, the GUI software displays the result
of executing the command on the target device.

(8) [Signature read] command

The [Signature read] command reads the signature information (device name, flash memory
information, and so forth) of the target.
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9.3.3 [Setup] command

environment and to set command options. Each time the GUI software is started, the most recently

The [Setup] menu allows you to make settings related to flash memory rewriting according to the user
/(/EJ used parameter file (.PRM) is read and the settings are displayed.

(1) Standard setup
This menu is used to set the environment for rewriting the flash memory of the target device.

The mode of communication with the target, the operating clock, and so forth differ depending on the
device used. For details, refer to the manual of the device used, when making settings.

The window shown below is opened.

F pevice Setup E|

Standard l Advance ]

Pararneter file PRt File Read

Hast connection 1 Supply ozcillatar
Fort i Frequency I g
Speed Multiply rate

Operation Mode

'lp Start
£ Black End
f‘ r

[~ Target Reset Meszage

ak | Cancel |

Figure 9-5. Device Setup Window - Standard

This window shows all basic options that can be set in accordance with the user environment and target device.

[OK button]: Clicking the OK button saves the settings on the Standard and Advance menus and closes the
window.

[Cancel button]: Clicking the Cancel button closes the window without saving the settings on the Standard and
Advance menus.
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(1-1) Parameter file
This file holds parameters and timing data required to rewrite the flash memory of the target device. Do
not modify the data in the parameter file because the data is related to the guarantee of rewrite data.

The parameter file is protected by the checksum function. If the checksum result indicates an error, the
WriteEZ5 does not accept the parameter file.

Farameter file FRM File Read

Figure 9-6. Device Setup Window - Parameter File Selection

[PRM File Read button]: A window for specifying a parameter file is displayed.

Open E

Look in: | 59 PRM7EF1014_v101 R I el =

| 7eF1000. [ 78F1008. [ 7EF101Z.prm
= rert001.pem [ 78F1007. prm [ 7EFID13.prm
= 7eFt00z.prm [ 7eF 1008 prm [ 7EFLO14 . prm
| S e R - |75 1005 pr
= 7sF 1004, [ 75F1010.p0m
= reF1005.prm [ 78R 1011 pem

File narie: |?8F1 009, prm
Files of type: |F'arameter Files(* pra;* prm) ﬂ Cancel

Figure 9-7. Parameter File Selection Window

(1-2) Host connection
"Host connection" is used to select a channel for communication between the 78K0OR-Link It! board and

host machine.

Hosgt connection

Fart - |
Speed |

Figure 9-8. Device Setup Window — Host connection
[Port list box]
Select a channel for communication between the 78KOR-Link It! board and host machine.
o COM1 to COM256

Remark Selectable ports can be checked using Device Manager. For details, refer to 8.9 Confirmation of
Installing USB Driver.
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[Speed list box]

Select a communication rate for the selected communication channel from the following:

0 9600 bps
o 19200 bps
0 38400 bps

o 115200 bps
Remark For selectable communication rates, refer to the user's manual of the device used.
(1-3) Supply oscillator

"Supply oscillator" is used to select a clock that determines programming, data transfer, and a transfer
rate.

Supply ozcillator

Frequency

kultiply rate |

Figure 9-9. Device Setup Window - Supply Oscillator Selection

[Frequency box]

Specify the target system clock frequency. The specifiable frequency range differs according to the
device. Therefore, check the target device specifications before specifying the frequency.

[Multiply rate]

Specifies the division rate or multiplication rate of the target device. If the target device has an on-chip
PLL circuit, enter a division rate or multiplication rate according to the use environment. The selectable
division rate or multiplication rate differs depending on the device.

Check the specifications of the device used before making a setting.

If the target device does not have an on-chip PLL circuit, select "1.0".

On the initial screen, the default setting is displayed according to the parameter file.
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(1-4) Operation Mode
The setting of "Operation Mode" may divide the flash memory of some target devices into blocks or
areas.

This menu is used to select an operation mode of the flash memory. Some devices do not have the block
and area division modes, and some devices have only one of the modes. In these cases, a nonexistent

mode is not selectable.

Operation Mode

e Ehlp Startl
" Block Enu:ll

e I
Figure 9-10. Device Setup Window - Operation Mode

[When Chip is selected]

The entire flash memory area of the target device is subject to rewrite processing.

[When Block is selected]

Specify the Block number range subject to rewrite processing by using Start/End.

The Start/End list boxes display the Block numbers where the flash memory of the target device is
configured.

[When Area is selected]

Specify the Area number range subject to rewrite processing by using Start/End.

The Start/End list boxes display the Area numbers where the flash memory of the target device is
configured.

[Show Address check box]

Specify whether numbers or addresses are displayed in the Start/End list boxes.

If this check box is checked, addresses are displayed.

If this check box is not checked, numbers are displayed.

(1-5) Target Reset Message

By checking the Target Reset Message check box, the window promoting the reset operation manually

is displayed even when the reset signal cannot be connected to the target cable.

[ Target Reset Meszage

Figure 9-11. Device Setup Window — Target Reset Message
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(2) Advance setup
The Advance setup menu is used to specify the command options and security flag settings.

When "Advance" is clicked, the following window is displayed:

EEZ Device Setup

Standard Advance ]

Command options
[v Blank check before Erase Iv ‘wideVoltage mode

[ Read wverify after Program
[ Secunty flag after Program

[~ Checksum after Program

Security flag settings

[~ Dizable Chip Erase I l—

[~ Dizable Block Erase Boot black encﬂm
[~ Disable Program F5 Block start ,m
r ] FS Block end |0B3 -
[ Dizable Boot block cluster reprogrammir [ Show Addres:

[~ Target Reset Meszage

Ok, I Cancel

Figure 9-12. Device Setup Window — Advance

(2-1) Command options
This dialog box is used to specify the WriteEZ5 flash processing command options.

Command options
[v Elank check before Eraze [v *wide Woltage mode

| Read verify after Program
[ Security flag after Program

[ Checksum after Program

Figure 9-13. Device Setup Window - Command options
[Blank check before Erase check box]

If this check box is checked, blank check is made before the Erase command or EPV command is
executed.

If the result of a blank check indicates OK, erase processing is not executed.
[Read verify after Program check box]

If this check box is checked, write data is sent from the programmer after execution of the Program
command and EPV command, then the data is verified against the data written to the flash memory.
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[Security flag after Program check box]

If this check box is checked, automatic programming of the selected security flag is executed after
execution of the [Program] and [Autoprocedure (EPV)] commands.

[Checksum after Program check box]

If this check box is checked, the flash memory checksum value of the target device is read from the

target device after execution of the Program command and EPV command.

This value differs from the value displayed in the parameter window of the main window.

(2-2) Security flag settings
The <Security flag settings> dialog box is used to specify which security function is valid.

Security flag zettings
[ Dizable Chip Erase

[ Dizable Block Eraze
[ Dizable Program
-

[ Dizable Boot block cluster reprogranmir

Boot block end| 003 -
FS Block start |000 hd

FS Block end |063 b
I Show Addres:

Figure 9-14. Device Setup Window - Security flag settings

Caution

The following table is the correspondence between the [Erase] and [Program] Commands

when the security functions of a 78KOR/KE3-L microcontroller are valid.

Chip Erase Command

Block Erase Command

Program Command

cluster reprogramming

Disable Chip Erase Invalid Invalid Valid (Note1)

Disable Block Erase Valid Invalid Valid
Disable Program Valid Invalid Invalid

Disable Boot block Invalid Valid (Note2) Valid (Note2)

1. Since the [Erase] command is invalid, the data that differs from the data

Notes

already written in the flash memory cannot be written.

2. Valid only for the area other than the area specified as the boot area
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[Disable Chip Erase check box]

If this check box is checked, the [Erase] command becomes invalid in the entire flash memory area of the target
device.

At this time, the warning message shown below is displayed.

! "_q ‘When 'Chip Erase’ is disabled, chip cannot be erased and programmed any more!
*

Cancel J

Figure 9-15. Device Setup Window — Disable Chip Erase

Caution Be aware that if the security flag is set in the target device, neither erasing nor writing to the
device can be enabled afterward!!!

[Disable Block Erase check box]

If this check box is checked, the [Erase] command becomes invalid in all the blocks of the flash memory
selected under Operation Mode in the Standard Setup menu. This setting is cleared by the [Erase] command
when Chip was selected under Operation Mode.

[Disable Program check box]

If this check box is checked, the [Program] command becomes invalid, as does the [Erase] command in all the
blocks of the flash memory selected under Operation Mode in the Standard Setup menu.

The [Erase] command for the entire flash memory area is valid. This setting is cleared by the [Erase] command
when Chip was selected under the Operation Mode.

[Disable Boot block cluster reprogramming check box]
If this check box is checked, the boot area is set with the boot block set in the Boot block Cluster setting as the
last block. At this time, the warning message shown below is displayed.

WriteEZ5 X

! E ‘When 'Eoot black cluster reprogramming’ is disabled, boot block cannot be erased and programmed any mare!
L

Zancel I

Figure 9-16. Device Setup Window — Disable Boot Cluster Reprogramming warning

Caution Be aware that if the security flag is set in the target device, the boot area cannot be rewritten
to the device afterward!!!

User's Manual U20226EJ1VOUM 65



9.34 [View] menu

Clicking the [View] menu displays the pull-down menu shown below.

= WriteEZ5
Eile Device BAMESN Help

« Toolbar %
/ﬁ@j « atatuz Bar i %

Figure 9-17. [View] Menu
This menu contains commands for setting whether to display the toolbar and status bar.

(1) [Toolbar] command
Checking the [Toolbar] command displays the toolbar. Unchecking the command hides the toolbar.

(2) [Status Bar] command
Checking the [Status Bar] command displays the status bar. Unchecking the command hides the status bar.

9.3.5 [Help] menu

Clicking the [Help] menu displays the following pull-down menu:

Eile Device e

AR YA AL\

Figure 9-18. [Help] Menu
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(1) [About WriteEZ5] command
The [About WriteEZ5] command opens the program entry window as shown below and indicates the version.

Clicking OK terminates the display.

About WriteEZ5 )
|
IEZ ) -
w100 R '

Copyrieht (C) MEC Electronics Corp. 2009

Figure 9-19. About WriteEZ5 Window
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9.4

Programmer Parameter Window

This window displays the settings of the programming parameters.

[Device]

Device
Mame :

Firrn Y erzsion :
ExtCode :
Wendor ;

Parameter file
Mame :
Farmat ;
Yerzion
Processzar Ver.

Load file

M ame
Date
Chksum :
Area

Connection to device
Puart
Speed
Range
Freq.: Intemal05C
b ualtiply ; 1.00

Figure 9-20. Programmer Parameter Window

Updated after communication with the target device to display information about the target device.

[Parameter file]

Updated after [Setup] command execution to display information about a read parameter file.
[Load file]

Updated after [Load] command execution to select information about a selected program file.

[Connection to device]

Updated after [Setup] command execution to display information about the connection with the target device.
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CHAPTER 10 HOW TO USE WRITEEZ5 FLASH PROGRAMMING SOFTWARE

This chapter explains the basic operation of the WriteEZ5 GUI for programming the 78K0R-Link it! board. It
covers how to start the system, execute the EPV command, and program the target device. Furthermore, the
FLASH programming of the 78KOR/KE3-L via WriteEZ5 is shown in the following pages.

The conditions of the series of operations described in this chapter are as follows:
Hardware configuration of EZ-0010:

Base board: 78KOR-Link it! board

Target device: 78KOR/KE3-L (uPD78F1009)
Clock: Internal Oscillator

Voltage level: 5V

Software configuration of WriteEZ5:

Parameter file: 78F1009.PRM

Clock setting: Internal Oscillator

Port: COM13 (115200 bps) (The COM number differs according to the environment.)
Operation mode: Chip

Write HEX: temperature_sensor.hex

Option setting: Blank check before Erase

10.1 Installing the WriteEZ5 GUI software

Install the WriteEZ5 GUI software on the host machine you are using, by referring to section 8.5.1 Installing
WriteEZ5 (if the software has not been installed yet).

10.2 Installing the driver
Install the USB driver on the host machine you are using, by referring to section 8.8 Installing USB Driver (if
the driver has not been installed yet).

10.3 Installing the parameter file

The parameter file (*.prm) for the yPD78F1009 can be downloaded from the NEC Electronics website.

Copy the parameter file downloaded from the NEC Electronics Web site into sub-directory
<WriteEZ5.EXE-install-path>¥PRM created during GUI software setup (If the folder does not exist, create it.)
(refer to section 8.5.1 Installing WriteEZ5).
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10.4 Connecting and starting

Set the 78KOR-Link it! board to the WriteEZ5 FLASH programming mode by switching SW5, SW7 and
jumpers JP1 to JP4 to the following setting:

VDD

VDOT

SV B B

~ B0 B|® pypD

USEVDD —

USB Cable SW7 SWS

Host Machine
Figure 10-1. WriteEZ5 FLASH programming mode connection

Table 10-1. WriteEZ5 FLASH programming mode

WriteEZ5

Use a USB cable to establish a plug and play connection between the 78K0R-Link It! board and host PC.
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10.5 Start the WriteEZ5 GUI.

B WriteEZS
Eile  Device Miew Help

d

Device
Narme :
Firrmare :

Parameter file
Name :
Wergion :

-Load file
Mame :
Date :
Chlgum :
frea :

-Connection to device
Part :
Speed :
Ranee :
Freq.:
Multiply :

Figure 10-2. GUI Software Startup Screen

10.6 Setting the programming environment

Select [Device] — [Setup] from the menu bar.

The Standard dialog box for device setup is activated.

I Device Setup

Standard l Advance l

Parameter file

1~ Hosgt connection

Part !
Speed Jﬁ

Dperation Mode -

" Bloc End

[ Target Reset Message

= Start :

{ fiea [T Show Sddre

PRM Filz Read

1 Supply ozcillator

Frequency terhal-0s
Fultiply rate

]S Cancel

Figure 10-3. <Standard Device Setup> Dialog Box
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Click PRM File Read to open the parameter file selection window.
Select the parameter file “78F1009.prm” then click Open.

Open

Look in: | 23 PRM78F1014_/101 ~| « @ ek B

= 7aF1000.prmm =] 7R 1008, [ 7EF 1002, P
=) 7aF100t.prm [ 7eF1007. e [ PEF 103 e
= 7aF1002.prm [ 7eF1008.prm [ PEF 1014 prmn
78F1003.prm 7EF1009, prm
=) 7aF1004.prm =] 78R 1010.prm
=) 7eF1005.prm [ 7EF 1011, prm

File name: | 78F1009.prm
Files of type: | Parameter Files[* pr5:* pm)] =] Cancel

Figure 10-4. Parameter File Selection

From the Port list box, select the communication port that matches the host machine being used. Select the
communication speed of the Host connection.

2 Device Setup @

Standard ] Advance ]

Parameter file [ 78F1003.prm FRM File Read

Hozt connection 1 1 Supply azcillatar
Port  |-ome 2 Frequency nalt
Speed  [H1E7070 : Multiply rate |7 1

Operation Mode

e Ehlp Stkart | w
" Black Endi b= -

& ies IS (5he

[~ Target Reset Message

Ok Cancel

Figure 10-5. Port Selection

Remark Selectable ports can be checked using Device Manager. For details, refer to 8.9
Confirmation Installing USB Driver.
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Click the OK button. The GUI software sets the parameters.
When the settings have been completed, the following screen is displayed:

B writeEZS
File  Dewice Miew Help

AT Y4

B\

> FlashOpenning... Cevice
Flash Open DK Hame :
TR Beice Setup Firrrware :
([P File Read O "PRM File Read OK." is displayed.
Parameter file
Mame : TEF1009
\ Version ;- 100

‘ The display is updated.

>

Load file

- Conmection to device

Fort : COMI13
Speed :  115200bps
Raree :  Chip

Freq.: Internal-0SC
Multiply © 100

Figure 10-6. Completion of Parameter Setting

10.7 Selecting a user program

Select [File] — [Load]. Inthe user-created program selection window, select the user-created program file to
write to the target device, and then click the [Open] button. The user-created program is downloaded to
WriteEZ5.

B writeEZS

File Dewvice \iew

Help

Device

- — Mame :
"Success read HEX file." is displayed. |Firmware :

>>COMMAND: LoadFile Open
Success read HEX file. PRrEETer e
Mame : TEF1009

Wersion 100

The display is updated. } >

Load file
Mame :  TEMPERATURE _SEMSOR
Diate : 20091222 1813:27
Chksum : 31CEh

firea : Q00000h-00FF FFh

-Connection to device

Port : COMI3
Speed :  115200bpz
Rarge :  Chip

Freq.: Internal-05C
Multiply © 100

Ready

Figure 10-7. After Downloading
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10.8 Autoprocedure (EPV)] command execution

Select [Device] — [Autoprocedure (EPV)] from the menu bar.

When the [Autoprocedure (EPV)] command is executed, Blank Check — Erase — Program and FLASH
Internal Verify are executed sequentially for the yPD78F1009 device.

B writeEZS
File  Dewice Miew Help

P& dCF B E

rGOMMAND: futoProcedure(Epy) Device
Flash Blank Checking .. Name : D/aF1009
not blank, then erasze. Firmware : 100

Clchip erase finish,

Date:  2009/12/22 1813:27
Chksum : 31CEh
frea:  000000h-O00FFFFh

= e e s :
Flash Programming <1 Hames 28F1 DE‘grameter file
Flash Programming <200 .. W W1 00
F:asﬂ Srogramming gggg el

azh Programming " finish" is di
Flazh Programming <50 ‘ -~finish" is displayed. i
Flazh Programmine <G0%: .. Load file
Flash Programming <708 . Mame: TEMPERATURE SEMSOR

Flazh Programming <B0%> ..
L H Qs

R,

- Connection to device

Port : COM13
Speed :  115200bps
Range :  Chip

Freq.: Internal-050
Multiply : 100

Ready

Figure 10-8. After EPV Execution

After flash programming is complete, unplug the USB cable and set SW5, SW7 and the jumpers to their factory
settings.

However, if the board must be powered from the USB cable, switch bit 1 of SW5 to 1 to set the board in
standalone mode, and press the reset button SW1 to run the application programmed in the microcontroller.

10.9 Terminating the GUI

Select [File] — [Quit] to terminate the GUI software. All settings executed so far are saved in the WriteEZ5.INI
file, so that those settings can be reused when the GUI software is restarted.
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10.10 Restarting the GUI

When the system is restarted, the same screen as shown in Figure 10-7. After Downloading, appears.

10.11 Erasing the flash memory (using the WriteEZ5)

When the preprogrammed software in the target device is forcibly erased, it is possible to use the WriteEZ5.
To erase the flash please perform following steps.

(1) Make sure that the 78KOR-Link It! board is in the Debugging/Writing mode: (section 10.4.Connecting
and starting.)

(2) If not already connected, connect the 78KOR—Link It! board via USB1 connector to the target device.
(3) Run the WriteEZ5 flash programming software.

(4) Select [Device] — [Erase] from the menu bar, or Click the erase button

(

5) After finishing the flash erase following message shall apply

B WriteEZ5
Eile  Dewice Miew Help

E>COMMAND: Erase Lievice

Flazh Blank Checking.. Mame : D7aF1009
Flazh Erasine... Firmuvare : 100

chip eraze finish.

Parameter file
Mame : J8F1009
Wersion : W1 00

Load file
Mame :  TEMPERATURE SEMSOR
Date : 2009/12/22 181227
Chksum : 31C5h
firea 000000k-00FFFFh

-Connection to device
Port COM13

Speed : 115200bps
Ranee :  Chip

Freq.: Internal-050
Multiply : 100

Feady

Figure 10-9. WriteEZ5 flash erase successful
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CHAPTER 11 EZ-0010 SAMPLE PROGRAMS

The PM+ is a very powerful Integrated Development Environment that allows you to develop and manage a
complete embedded application project.

The now described project can be found on the. sample program package of this EZ-0010 package.

To run/debug the project with the ID78KOR, it is necessary to follow the steps described below in this chapter.
For more information about PM+ and the included utilities, see the user's manual and other documentation for
each tool.

The EZ-0010 is shipped with the demo software programmed to the 78KOR/KE3-L’s

Notes Internal memory. Make sure that the Flash memory is erased properly before the first
project download to the target device. Refer to section.10.11. Erasing the flash
memory (using the WriteEZ5).

11.1  Hardware setup

To run the program it is necessary to set up the 78KOR-Link It/ board in the following way:

The communication between the starter kit and the ID78KOR debugger running on the host computer is done
via the standard UART / USB connection.

To operate the 78KOR-Link it! board within the TK-78KOR On-Board debug mode, configure switches SW5 to
SW?7 and Jumpers JP1 to JP4 as instructed in the following figure and Tables:

USB Cable

AC Adapton

™G USB
10-Link Master

Y,

r,-" Aic: 228
Host Machine a

OCD wi ¥
On-board Dehul:‘; function lqﬂ

J SW7 SW5

Figure 11-1. 10-Link and On-Chip Debugging via USB

Figure 11-1 shows the jumper setting when the board is used for an 10-Link
application. If you are not using the board for an 10-Link application and USB port
power supply is sufficient for your application needs, please use the jumper setting
from Figure 10-1 and refer to section 5.2. (OCD via TK-78K0OR On-Board debug
function) for SW5, SW7 settings

Notes
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Table 11-1. SW5 and SW7 setting for On-Chip Debugging via USB

OFF | OFF

on | on [on on | on [ on [on ] on o
TK-78 On-Board debug

Table 11-2. SW6 setting for 10-Link Communication

Transceiver

connected

11.2 Sample Programs

Each of the sample programs is located in a single directory, which will be called main-directory of the sample.
This main directory of each sample contains the complete project inclusive all output files of the development
tool. The workspace file is located on top of the sample program directories. All sample programs use the same
directory structure. Here, the temperature sensor sample program is used as an example. (The RPM sensor
sample program has a similar structure.)

Table 11-3. Sample Program Folder Structure (for Temperature Sensor)

SamplePrograms¥ This is the top directory for the sample program project.

temperature_sensor¥ This is the top directory for the temperature sensor sample program.

The PM+ configuration file and other files are also saved here.

src¥ Source files and header files used for the sample program are stored in this folder.
obj¥ Object files output by the C compiler are output to this folder.

hex¥ Files output by the linker and object converter are stored in this folder.

stack¥ Files related to the 10-Link device stack are stored in this folder.
temperature_sensor.prw | This is the work space file for the sample program.

The top folder includes only files and folders related to the PM+ project.

The src folder contains source files and header files used for the sample program. The stack folder contains
library files and header files for the 10-Link protocol stack.

Obiject files (*.rel) output by the compiler are output to the obj folder, while load module files (*.Imf) output by the

linker and HEX files (*.hex) output by the object converter are output to the hex folder. (HEX files are written to
the microcontroller by WriteEZ5.)
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11.3 Loading Sample Project

In the Windows start menu, select [All Programs], [NEC Electronics Tools], [PM+], [V6.31], and then [PM+

V6.31] to start PM+. The following screen appears:

i PM+ - No Workspace [ProjectWindow] |:||E”z]
File Edit Find Layer Wiew Project Build Tool Window Help
e | % =R %S Sl e+ -2 2|
I | L A% AW
EEX MEE
L ¢ Mo
Loy

For Help, press F1

Figure 11-2. PM+ Startup window

Now select the option “Open exiting workspace” from the “File” menu and locate the sample project. Open

"temperature_sensor.prw" workspace file. This is the workspace file that contains general information about the

demonstration projects and settings.

After the demo workspace has been opened the projects contained in the workspace are displayed. Click on the

little “+” sign next to the “Link_It!_Temp_Demo” project to show files part of the project.
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The following integrated development environment window is displayed.

25 PM+ - temperature_sensor.prw [OutPut]

File Edt Find Laver Yiew Project Buld Tool ‘Window Help
|2-DS W (SR ¢ = e oo Sl e+ - |[RE|? |
I !temperature_sensnr-tempelature_se;"Debug Build L” - .'.1. }E*: ﬂ*l-' é&. ‘ ‘I?El m

P titindew - (B[] = output FBEX
Fles | Memo | - rzor) =

"5". temperature_sensor : 1 Project(s]
=i temperature_sensor
#-(Z3 Source Files
(1 Includs Fies
(1 Project Related Files
-[Z2 Other Files

For Help, press F1 [ it it fe .

Figure 11-3. PM+ Main window

To confirm that the device to be debugged is correctly selected, select [Project Settings] from the [Project] menu,
and then, in the displayed window, confirm that [Microcontroller name] is "78KOR" and that [Device name] is
"uPD781009_64"..

Caution An on-board debugging interface is used, but use the drivers for MINICUBE2. These
drivers are in the folder in which "usbif_v100.zip" was decompressed.

The corresponding COM port where the 78KOR-Link it/ board is connected to the host PC will be detected
automatically by the ID78KOR-QB debugger.
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Now after everything has been setup correctly it's time to compile and link the demonstration project. Close the
Options menu and select “Rebuild All” from the “Project” menu. If the project is compiled and linked without
errors or warnings it can now be downloaded to the 78K0OR-Link It/ board and debugged.

To start the ID78KOR-QB debugger select the option “Debug” from the “Project” menu or press the

“Debugger” button.

When first starting the debugger connection, after building the project, it is necessary to set up the right
connection settings. Please take care that the following settings are chosen:

e ID code = FFFFFFFFFFFFFFFFFFFF (10 FFs)

* In the window below, the ID code is displayed using "*".
e Main clock = External 18.432 MHz
e Sub clock = External 32.768 KHz

o Target connect = TOOLO+TOOL1

Configuration

Chip Monitor Glock '
Nome: uPD  [TEFTG0854
Mame: u ol - i
‘ J System Cancel
" Uszer
Internal ROMARAM Restore

Internal ROM: + = | KBwtes e, Project..

About ..
Internal RAM: Biwtes ta e Y
Help
Main Clock

s i« External | 18432 - | MHz

Sub Clock (Peripheral)

v External 1 Syt 32768 | KHz
Target Device Connection ID Code
" TOoL o TOOLO+TOOL0 |
Peripheral Break Flazh Programming
[ Categary & (Timer) (+ Permit (=
[ Category B (Serial etc) ™ Mot Permit G
Maghk Low—voltage Flash Rewriting
r [~ THRGET RESET (" On
[~ M [~ INTERMA&L RESET { (Off

Memary Mapping
fcocess Size: {« BBit (" 16Bit

Bidd
Memary Attribute: Mappine Address: =
|Target LJ | _ ’7 Delete

Figure 11-4. Debugger settings
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Now the debugger is started and the demo project is downloaded to the 78KOR-Link It! board. The progress of

downloading is indicated by blue dots in the MINICUBE Emulator window. Please note that downloading of
larger executables may take some time.

Download

T¥DEVGE2¥GYOUMU¥NECEL ¥ ATDB00T—
TOROR-IO-LINE-

DERADY src¥rpm_senzor¥rpm_sensor Imf
object: loading...

[

Figure 11-5. Progress of Downloading

After the download was completed all debug features of ID78KOR-QB debugger are available, i.e. Single
Stepping, Step Over/-In/-Out, Go-Execution, Breakpoints, Register / Memory view etc.

To get more details on the debugger configuration and capabilities please refer to the User's Manual of the
ID78KOR-QB.
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CHAPTER 12 10-LINK TEMPERATURE SENSOR SAMPLE

The demo application shows the 10-link communication protocol as well as different features present on the
board such as the display, the Sensor (Temperature), the TMG Protocol Stack, the EImos 10-Link transceiver,
analog digital conversion and more.

The 78KOR-Link It! board is shipped with the demo preprogrammed to the microcontroller. When the board is
connected to an I0O-Link Master and communication is established, the temperature is measured and
transmitted through 10-Link.

For the purpose of this demo the TMG USB IO-Link Master has been used. The screenshots in the following
section are those of the TMG device tool software, operating with the TMG master device.

If you have the TMG Master device, a XML device description file is needed. For more details on installing the
XML Device Description file, please refer to section 8.7 Installing XML Device Description file.

Once the Device tools software has been updated, the 78KOR-Link it! board can be controlled from the software
GUI. For further details please refer to 12.2 Using 78K0R-Link It! Board demo with TMG IO-Link Device
Tool.

Connect the 10-Link Master to the host computer. The 78KOR-Link-It! board should be now connected to the
Master via the M12 cable see Figure 2-1. 10-Link system configuration

Caution jumpers and switches on the 78K0R-Link-It! board must be set to their factory settings as
described in section 7.1. Factory Settings of jumpers and switches.

12.1  Demo Features

Once 10-Link communication is established with the Master, the board displays the current room temperature
in 0,5 °C variation steps as per Figure 12-1.

LED4

LEDS ' ' '
o - .

Figure 12-1. 78K0OR-Link It! Temperature Sensor Demo display (28 °C)

The current measured temperature value is displayed with 2 digits (DIGO and DIG1). The decimal point behind
the last digit is the 0.5°C indicator (for 28.5 °C it would be lit).

The user can set two (Upper/Lower) thresholds, set by default to 32°C, 29°C respectively, when the board is
connected. LED1 to LEDS are alarm LEDs representing thresholds set by the user.

o LED1 lights up when the measured temperature is above the Upper Threshold
o LED2 lights up when the measured temperature is between the two Thresholds

o LEDS3 lights up when the measured temperature is below the Lower Threshold
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12.1.1  Min/Max Temperature display
The minimum/maximum temperatures measured since the sensor has been connected to the 10-Link master

can be readout on the display at any time when pressing SW2 for the Min Temperature, and SW3 for the Max
Temperature. Refer to Figures 12-2 and 12-3.

' LED5 '

Figure 12-2. Minimum Temperature Readout Figure 12-3. Maximum Temperature Readout
12.1.2 Temperature thresholds setting

The user has the ability to set two thresholds (a Lower and an Upper threshold).

| — LEDS ' '
| o

Figure 12-4. Default Lower Threshold Figure 12-5. Default Upper Threshold

(1) To enter the settings menu, press the Center button on SW4. The display thereafter shows the current
value of the lower threshold. Refer to Figures 12-4 and 12-5.
e Pushing the SW4 button to the right increments the lower threshold in 0,5 °C steps
e Pushing the SW4 button to left decrements the lower threshold in 0,5 °C steps
e Pushing the SW4 button up, increments the upper threshold it in 0,5 °C steps
e Pushing the SW4 button down decrements the upper threshold in 0,5 °C steps

The upper threshold can never be lower or equal to the lower threshold and vice-versa.
The actual set threshold temperature as well as the min/max value, are displayed with 2 digits only. The point
behind the last digit is the 0.5 indicator (therefore for 32.5 °C it would be lit).

(2) To confirm the settings, press the center button on SW4 again. The display thereafter, reverts to the
current measured temperature display.

All of the temperature values, thresholds values and settings can also be changed or read using the TMG USB
IO-LINK Master device tool.
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12.2 Using 78K0R-Link It! Board demo with TMG IO-Link Device Tool.

The 10-Link device tool can be used for the configuration of IO-Link masters, setting and steering parameters
as well as the diagnosis of 10-Link devices.

I0-Link master initiates the communication, and channels information from the board to the host machine. The
operator is able to see the information on the host machine via the installed 10-Link Device Tool.

12.2.1 Getting started with the TMG master:
The user has the ability to set two thresholds (a Lower and an Upper threshold).

(1) Launch the 10-Link device Tool.

(2) Once the tool is up and running, two panes can be seen in the GUI (Topology on the left, and Catalog
on the right),see Figure 12-6

"% 10-Link Device Tool
File  Projeck  Options  View  Help

id| 2|8 ofire B 2F + 47 & Specisist = | (D "

Topoogy & A b Catalog
exit online connection : SRG2] FC Intertaces
Device catalog # (2 Vendor
; + @2 DP-Dewices
Online status = €3 10-Link-Devices
l = 2 Vendo

setup online connection 59 BALLUFF
* Leuze

% € SENSOPART
+ 2 SICK AG
Topology % €3 TMBG TE GmbH

Common field

Figure 12-6. 10-Link Device Tool GUI

The topology pane shows the topology from the PC interfaces to the |O-Link Devices The Catalog pane shows
all the Devices installed with the tool.

On the symbol bar, two icons (setup/exit online connection) allow to set the 10-Link line status.
When the line is Online, the “Online status” symbol will blink green with the symbol “online”

The common field is currently blank but it will display the description of the devices present in the Topology view
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12.2.2 Updating the 10-Link Device catalog

Before the 78KO0R-Link It! Temperature sensor can be displayed in the device tool, the 10-Link devices catalog
must be updated
(1) Inthe Catalog pane, right click on “lO-Link Devices” and select [Actuate catalog]

" 10-Link Device Tool

File Project  Options  Visw  Help

il F |3 ofine B 27 4+ 47 4 | speciist = [ @ |
Topalogy Catalog
-1 PCntertaces
@ vendo
3 DP-Devices
B!
B!

‘ Actuate catalog

) BALLUFF
3 Leuze

2 SENSOPART
3 SICK AG
-2 TMG TE GrabH

Figure 12-7. Catalog update <1>

(2) Press [Yes]in the small window with the message [Do you want to insert the 78KOR—Link It!
Temperature sensor of NEC Electronics (Europe) into the catalog]

File: roject Options ~ Yiew  Help

il 9|2 ofine B BT + 7 & | speciaist = | (B |

Topology Catalog

-0 PClntertaces

-3 DP-Devices

= @ 10-Link-Devices

= @ vendor

@ BALLUFF
@ Leuze
@2 SENSOPART
) SICK 4G
-3 TMG TE GmbH

10-Link Device Tool &‘

Do ywou want to insert 7EKOR-Link Ik! Temperature Sensor of MEC Electronics (Europe) inta the catalag?
Mo skips the shown device - Cancel skops updating catalog

[ ves J[ mo [ cancel |

Figure 12-8. Catalog update <2>
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12.2.3 Catalog update confirmation

A successful update will show the NEC Electronics (Europe) vendor and the 78KOR-Link It! Temperature
sensor, in the IO-Link Devices section of the catalog. The TMG USB IO-Link master can also be seen under PC

Interfaces section of the catalog.

“ 10-Link Device Tool

File  Project  Oplions  View  Help

il 2 (2 offine B EF + 47 4 || Speciabst | (@
Topology Catslog
2 @

Vendor
€ Babf
& G2 Leuze
= G TMG
T i TMGUSB I0Link Master

ITMG IO-Link Master [_ L geracs

+ G2 Leuze
= €2 NEC Electrorice [Ewopa)

. — ke Bl T e Senso
78KOR-Link 1! Lo s expemte
£ 2 SICK AG

5 €2 TMG TE GrbH

Figure 12-9. Catalog update confirmation

12.2.4 10-Link communication set-up

(1) From the Catalog pane, drag and drop the TMG USB IO-Link Master into the Topology pane.

(2) Leftclickon TMG USB IO-Link Master DE in the Topology pane, and the 10-Link Master’s details can be
seen in the Common pane (centre section of the window).

" 10-Link Device Tool

File  Froject  Options  View  Help

(E A8 ofie B 22 e w4 it | @ |

Topology common |

QI0-Link F*

Catalog

—1 TMG USE 10-Link Master DE

Device | TMG USE 10-Link Master DE | Yendar i TMG USE I0-Link Master

ersion [ro7 -3 DP-Devices
e e 262 I0Link-Devices
Interface | TMG LISB I0-Link Master DE v =68 Vendor
[ D BALLUFF
Connected Device B ® Leuze
Device name | | (= 63 NEC Elechionics (E urape]
DesicelD \;l @ 7EKORLirk I Temperature Senser
J 3 SENSOPART
Vendor name | | 5 10 SICK AG
Vendor ID | @ (2 TMG TE GmbH

[l

|

Figure 12-10. TMG USB IO-Link Master
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(3) Left click on the "Setup online connection” icon in the Device Tool GUI, will show the "Check Config"

“% 10-Link Device Tool

button under "Connected Device" in the Common section.

Fle Project Options View  Help

i 9| Online 2}\2-!91'?1- | Specislist

"_,,|®|

Device name
Device ID
Wendor name
Wendor ID

Check Config

Topology common @ Catalog
/| " ‘ _ =] @grlnlefwes 1
. 1 ued =G Venda
e IO'Llnk y IJ\‘_\Sl i © 0D Balf
Tishacknt: Minigerini T x Leuze
EPPPT— i SR = TMG
Device TMG USB 10-Link Master DE | Vendor |TMG TE GmbH —1 TMG USB 10-Link Master
Wersion 107 3 DPDevices
R - - = @ 10-Link Devices
nkerface TMG USB 10-Link Master DE v_] = @Varﬂm
& G2 BALLUFF
Connected Device @ 62 Leuze

—

=62 NEC Electionics [Ewcpe)
@ 78K0RLink It Tempesature Sensor
& 6D SENSOPART
® (2 SICK AG
& G2 TMG TE GmbH

Figure 12-11. Online status, Check Config

(4) Click on the "Check Config" button.

The LEDs on the Master will blink as the master tries to connect to the 78KOR-Link It! board If the 78KOR—Link
It/ board is working and the master can connect to it, a small window will show with information on the board and
a “Take over type of device into engineering” button. See Figure 12-12. Check Config successful. If the

master cannot connect to the 78KOR—-Link If! board a window with an error message “can’t read configuration”
will appear. See Figure 12-13. Check Config failure.

2 10-Link Device Tool
F

Profect  Options  View  Hep

d 2% o BB+ | pecst 2| @ |

10 Link Device Tool
File

Project  Optons  View  Help

Compare online with engineering

Online.
TBKOR-Link 1V Temperature Sensor

Take over type of device into engineeting

[ oo Take overlype of deviceinlo engreering |

| IR

id[7]® o BE 4+ | soecislt v | ®
Topdagy

Topogy conmen | Calaog cantn Calaog
1 TMG USB 10-Link Master DE & @ PCiiefaces 1 TMG USB 10-Lik Mastet OE = © PLinetaces
; “mw":,, = D Vendar . .J I\!mmhn\und = 6 Vendar
e I0- I..mk 4 ol e & QB e IO'Llnk . . o 1) Bald
. i SN— 9 lex . o AN—— #Q Loz
Device  [THGUSB IOLik Mastr O Vendor  [TMGTEGrbH | T TG USB 10 Link Master Device  [TMGUSBIDLik MaslerDE | Vendr ~ [TMG TEGmoH | T IMBUSE Dk Mot
Veion [107 # %DP-DAM&« Vesin  [107 ] # Q OPDeces
oy P =} 10Link Devices —_——— 1 = 10-Link-Devi
i [WGUSE OLek a0 ] 5 Voo iefre  HGLSE DUk o0t ] -+ Yo
& G BALLUFF ) BALLUFF
Cornected Device # Qe Connecled Device 2 Leuzs
Devics nane = ) NEC Electorios (Futope] Device name = ) NEC Elechonics (Euope)
Device ID T | @ 7BKOALink M Terpersture Sensor DevicelD QD 7EKORLink It Temperatute Sencor
& € SENSOPART — 1) SENSOPART
Vendotname | @ ) SIckAG Vendor name @ SICKAG
VendulD | | @ © TG TE GrbH Vendat 1D & ) TMG TE GibH

10-Link Device Tool

X

| Can't read configuration |

Figure 12-12. Check Config successful
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Caution It can happen sometime that the “can’t read configuration” message appears in the Device
Tool when the Master is not properly initialized. Unplugging the master from the USB port of
the host machine and re-starting the Device tool solves this problem. Also please check the
board settings are properly set for |0-link communication and that the board is properly
connected to the 10-Link master.

(5) Click onthe “Take over type of device into engineering” button

The 78KOR-Link It/ Temperature Sensor will now appear under the TMG USB IO-Link Master DE in the
topology pane, and details on the board can be read in the Common pane

X 10-Link Device Tool E@@

File  Project  Options  Wiew  Help

id| 2|8 onne B |3Y + 47 3 { | Specialist = [ (D) |

Topology common Catalog
= I TME USB I0-Link Master DE =G PCintertfaces
W ?ﬁ J Fachnalols und -1 Yendor
€ [0] 78K0R Link It Temperature Sensor Io_ LI n k ik E“BE"“:;"'H & Baluf
8 A :
- R ——— -8 Leuwze
= THMG
Device | THG USE |0-Lirk Master DE | Wendar TMG TE GmbH 4 TME USB 10-Link Master
Version 107 #-73 DP-Devices
\ntert - - = = 52 10-Link-Devices
ntertace .TMG USB I0-Link Master DE v :] & 68 Vendor
=] BALLUFF

Connected Device =] Leuze

= MEC Electronics (Europe]

Device name ‘.TSKUH-Lmk It! Temperature Se|
T @ 7EKOR-Link It Temperature Sensor

Device ID |0x18C000 ] SECr T
Wendor hame MEC Electronics [Europe) I+ SICK AG
Wendor ID [T S -0 TMG TE GimbH

Check Config

Figure 12-14. 10-Link communication active

The 10-Link communication is now active and we can have a closer look at the device and the sensor
application running on the board

The Common pane provides information on the connected device such as:
o Device name: 78K0R-Link It! Temperature Sensor

e Device ID: 0x18C000

¢ Vendor name: NEC Electronics (Europe)

e Vendor ID: 0x018C

e Picture of the lo-Link device connected to the master
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12.2.5 78KOR-Link It! Board sensor demo in IO-Link device tool

In this section we see how the 78KOR—Link It! Board works with the 10-Link Master and how the demo’s
features explained earlier can be used from the 10-Link Device tool GUI.

Left click on the 78KOR-Link It/ Temperature Sensor in the topology pane to display generic information on the
board in the Common pane. Next to the Common tab, two other tabs can be seen (Process data and
Parameter).

% 10-Link Device Tool

File  Project  Options  View  Help

il 2 |2 onie B 2T O+ 47+ | Specialist - D

Topalogy Comman E__Pmcess data | Parameter _

@ I0-Link NEC

Device name ETBKUHerk It Temperaturj Hersteller: iNEE Electronics (Europt

Part

= 1 TMG USE 0-Link Master DE

[0] 7SKOR-Link It! Temperature Sersor

Producer ID

Device [D: .U% |

Device description | C_0x180000.5ML |

Document version | 1.0 | Device version | 1.0 ‘

Date of creation |May 27, 2009 | 10-Link version : ‘

Figure 12-15. 78KOR-Link It! Temperature Sensor in device tool

(1) Common tab
The Common pane provides information on the device such as:

e Picture of the device

e Device name, Product ID, Device ID, vendor name

e Port used on the master. Here the kit is connected to port 0.
e Device description file, its version and date of creation.

e Device version

e |O-Link version.
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(2) Process data tab
The Process data tab displays the sensor measurements (process data inputs from the sensor).

"% 10-Link Device Tool

File  Project  Options  Wiew  Help

il 92 onne B2 4w 4 || soecist = | @ |

Topology | Cnmmon| Process data | Parameter |
= —I TMBG USB ID-Link Master DE Name Processdata Unit
% [0] 78K0R-Link It Temperature Sensor | | (G Jata Inputs |
Threshold State I bl
Current Temperature : 275 E-Celsim
Min Temperature | 18.0 E-Celsius
tax Temperature ; M0 -Celsius

Figure 12-16. 78KOR-Link It! Temperature Sensor Process data
The user can find information such as the Min/Max Temperature values, the Current Temperature, and the
Threshold State (above, between, and below, representing LED1, LED2, and LED3 respectively). (The actual
threshold values are displayed on the Parameter tab.) The values measured by the sensor are displayed on
the Process data tab. (This is process data input from the sensor.)

(3) Parameter tab

The Parameter tab displays the default settings of the sensor, but also enables the user to teach the sensor by
writing new thresholds values to the board.

From the tabs on the parameter page we can find general read only vendor specific parameters such as:
e Vendor and product names
e Hardware, firmware revisions

From the tabs on the parameter page we can find read/write device specific parameters such as:

e Upper/Lower Thresholds

% 10-Link Device Tool

File  Project  Options  View  Help

il 2 |8 onine S |ET 4+ 47 3 | speciaist = | @ |

Tapalogy i Common || Process data| Parameter |
2 1 THG USE I0-Link Master DE Mame R | Preadjustment Walue Unit

2 [0] 7EK0R-Link 1! Temperature Sensor b i i | =
Wendor Mame R MELC Electronics [Europe] MELC Electronics [Europe] !
Wendor Text R ww. el necel.com wiww. el necel. com !
Product name R TaK.OR-Link. 1! Temperature Sensor | 78K0R-Link It Temperature Sensor !
Order number R TEKOR-LINKIT TEKOR-LINKIT |
Hardware revision R 110 | 110 !
Firrnware revision R 110 : 110 !
»2» Device Parameter | |
-Lower Threshald i R 1 23.0 2 -!-Eelsius ?
Upper Threshold R 320 . 320 ! Celzius

Figure 12-17. 78KOR-Link It! Temperature Sensor Parameter page
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12.2.6 78KOR-Link It! Board sensor Teach-in

When the user opens the parameter page for the first time, the device specific parameters are set to their
default values. The “Pre-adjustment” and “Value” columns match each other in the parameter page, see Figure
12-17.

The “Pre-adjustment” column displays the default sensor settings. The “Value” column displays the current
sensor settings

(1) Read parameter from the 78KO0R-Link It! Board sensor

To read or refresh the display of the current parameter, click Left in the cell corresponding to the parameter you
want to read from under the “Value” column. The cell is highlighted in blue and the current parameter value is
displayed.

Figure 12-18 shows the reading of the lower temperature threshold of 29°C set on the board.

The same procedure is used to read the Upper threshold set on the board.

% |0-Link Device Tool

File  Project  Options  Yiew  Help

d 9D e B3 A0 e[ s 2|0

Tapalagy | Comman | Process data | Parameter |
= 1 TMG LUSE I0-Link Master DE Narne R Preadustment | Malue | Unit I
[0] 78K.0R-Link Il Temperature Sensor _>>> General | | |

“Wendor Mame R MEL Electronics [Europe] | MEC Electronics [Europe]

.\u"endor Test F| :\;\lww.eu.necel.c:.o.m o ;www.eu.necel.c;om o

.Product name F! %EKDF!rLink It Temperature Sensar E?BKDFlrLink It Temperature Sensor .

.Dlder nurnber F| %SKDFE-LINKIT . FBKOR-LINKIT i .

.Hardware 1evision F| ‘i.1 1} . 110

.Filmware Tevision F| ‘i.] 0 110

.>>> Device Parameter . . .

.Lower Threzhold R . 23.0 Celzius

.Upper Threshold HM . é2.D 320 | Celsiuz

Figure 12-18. Lower Threshold value reading
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(2) Write parameter to the 78K0R-Link It! Board sensor

The teach-in functionality allows changing the valid temperature range on the fly by modifying the Upper/Lower

thresholds.

To write or teach a parameter to the board, click Right in the cell corresponding to the parameter you want to
change from under the “Value” column. The cell is highlighted in blue and a dialog box will open to enter the new

value.

Enter a new value in the box and press the [Enter] key on your keyboard. The new parameter is now passed to
the board. You can check with the SW4 joystick that the parameter has been passed correctly to the board.

The Thresholds LEDs will automatically display what the current measured temperature is with regards to the

new range.

Figure 12-19 shows the dialog box and the setting of the Lower threshold to 25°C.

% [0-Link Device Tool EEX
File  Project  Options  View  Help

iH 2% oree B 2Y o+ 7 & I | Specialist = | (D |

Topology | Cammon | Process data| Parameter | ,

= 1 TMG USB |0-Link Master DE Name

[0] 7EKOR-Link Ith Temperature Sensar »3> General
Wendor Mame

Wendor Text

Product name

Order number
Hardware revision
Firmrsare revision

> Device Parameter
Lower Threshold
Upper Threshald

RAW | Preadjustment

R | NEC Electronics [Europe]

R WAL B NECE] Som

;F! FEKOR-Link, It Temperature Senzor
R FEKOR-LINKIT .
R 110

R 110

: R 290

|RAY 320

Walue Unit

| MEC Elechonics [Europe]

| wi. eu.necel com

TBKOR-Link It Temperature Sensor

| 7BROR-LINKIT
1110
1110

=

Diesen Werk Uberkragen

wWerte nach Eingabe sofort schreiben

Figure 12-19. 78KOR-Link It! Temperature Sensor Thresholds setting

12.3 10-Link Temperature Sensor

Sample Program Flowchart

This section provides the flowcharts for this sample program. This program is made up of the functions below.
(Below, items that are divided according to these functions are called modules.)

(1) Main reset

(2) Temperature sensor control
(3) Display

(4) I’C driver

(5) Key input

(6) A/D conversion

Flowcharts of the functions included in the above modules are provided below.
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12.3.1

init_ unused_iop(void)

void

Setting

PO&PMO T
initial value

Setting

P1& PMI initial value

Setting

P2& PM2 T
initial value

Setting

P3&PM3 >~
initial value

Setting

P4& PMW4 T
initial value

P5&PMs Setting
initial value

Setting

P7& PM7 T
initial value

Setting

P8& PM8 °7
initial value

P14 & PM14 Setting
initial value

Setting

P15 & PM15 -,
initial value

[

Return j

Main reset module flowchart

User's Manual

Processing overview

Initialize unused 1/0 ports.
Set unused /O ports to low output.
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Processing overview

void main(void)

e Main processing

‘ ‘ init_unused_iop() ‘ ‘ Initialize unused 1/0 ports
OSMC = 0x01 ® Operation speed mode control register frequency higher than 10MHz
OSTS = 0x07 ® Set osc. stabilization time selection to 2/ 18/fx
CMC = 0x51 e Clock operation mode register X1 osc. mode, XT1 osc. mode, fx > 10 MHz
CKC =0x08 e System clock control register fclk = fih
CSC =0x00 e enable X1, XT1 operation

Waiting for oscillation
stabilization time

| | TEMP_mit) | | :Initialize the temperature sensor
\ \ ADC,‘Init() ‘ ‘ ! Initialize the A/D conversion
\ \ IZC_‘Init() \ \ : Initialize the 12C
‘ ‘ Displas‘/,lnit() \ \ : Initialize the local LED display

\ \ DiSplay_SetTmeerature() \ \ : Display the initial screen
| |STACK it (Params) | | : Initialize the I0-Link protocol stack
] KEYS‘_Init() | | - nitialize the key input

‘ Enable master interrupt ‘

| | sTACK start(0om2) | | : Starting processing of 10-Link protocol stack (transfer rate 38,400 bps)
‘ ‘ STACK_Run() ‘ ‘ : Tasks for the 10-Link protocol stack

‘ ‘ TEMP_Run() ‘ ‘ : Tasks for the temperature sensor

‘ ‘ Menu_Run() ‘ ‘ : Tasks for the user setting menu
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static void

MENU_Run(void)

‘ ‘ KEYS_GetDebounced() ‘ ‘ Key extraction processing

Was the "Center"

Processing overview

e User menu task processing

key pushed?

| Yes

The "menu status" is set
to executing

<1> ‘ !

Switching to menu display‘

‘ ‘ KEYS_GetDebounced() ‘ ‘ Key extraction processing

as the key
W19

Yes

Decrement the Lower
threshold value, and then
update the display

]

Was the key
W_yug

Yes

Increase the Lower
threshold value, and then
update the display

Was the key
" "o
Yes

Decrement the Upper
threshold value, and then
update the display

Was the key
" o

Yes

Increase the Upper
threshold value, and then
update the display

Was the "Center"
key pushed?

Yes

The "menu status" is
set to not executing

<2>

User's Manual

No

Was the key
"SW3" ?

Display the past Max value

Is "SW3" still

being pressed? No

Was the key
"SW2" 2

Yes

14— No

No B I
‘ Display the past Min value‘

[yes

Is "SW2" still
being pressed?

Return

Is the "menu status"
et to executing?
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void Processing overview

AL_DoProcessing(void
9 ) o The AL handler is "AL_DoProcessing()".

e This is a callback routine for the
protocol stack.

ADC_StartConversion() : A/D conversion start

[ Return ]

void AL_NewOut putl nd( Processing overview

TBoolean PDValid
) e The AL handler is "AL_NewOutputind()".

® This is a callback routine for the
protocol stack.

[ Return ]
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void AL_Write Ind(

TUnsigned16 Index,
TUnsigned8 Sublndex,

TUnsigned8 Length,
TUnsigned8 * pData)

* The parameter "Sublndex"
is not used

: The parameter "pData" points to the
write data transmitted from the host

Processing overview

e The AL handler is "AL_Writelnd()".

e This is a callback function for the
protocol stack

e This processing is executed when
writing the Index data (Lower
threshold/Upper threshold)

AL_WriteErr(0x80, 0x30)

rc=
TEMP_SetLower(*pD ata)

Yes

e

AL_WriteErr(0x80, 0x11)

e 17

No

AL_WriteErr(0x80, 0x30)

rc=
TEMP_SetUpper(*pD ata)

AL_WriteErr(0x80, rc)

No.

AL_WtiteReq( )

A

No.

AL_WriteErr(0x80, rc)

Y

AL_WriteRes( )

Return

User's Manual
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void AL_Read I nd(
TUnsigned161ndex,
TUnsigned8 Sublndex)

Branch according
to the "Index" value

* The parameter "SubIndex" Processing overview

is not used The AL handler is "AL_Readind()".
This is a callback function for the
protocol stack

e This processing is executed when
reading the Index data (Lower
threshold/Upper threshold, vendor name )

0x10
» AL_ReadRes(sizeof(VendorName), VendorName)
0x11
— — AL_ReadRes(sizeof(VendorText), VendorText) »
0x12
- AL_ReadRes(sizeof(ProductName), ProductName) »
0x13
- AL_ReadRes(sizeof(Productl D), ProductID) »
0x16 | AL_ReadRes(sizeof(HardwareRevision),
o HardwareRevision) 7
0x40
> temp = TEMP_GetLower()
AL_ReadRes(1, &tmp) >
0x41
> temp = TEMP_GetUpper()
AL_ReadRes(1, &tmp) >
Others

AL_ReadErr(0x80, 0x11)

C Return )
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12.3.2 Sensor control module flowchart

void TEMP_LI nit( void )

Max. «— 0
Min. <— OxFFFF

Upper threshold <— g4
Lower threshold «+— 58

[ Return ]

164 = 32°C*2, 58 = 29°C*2

User's Manual U20226EJ1VOUM

Processing overview

e |Initialize the temperature sensor
e Initialize relevant variables

99




TUnsigned8

TEMP_SetUpper(TUnsigned16 Value)

TUnsigned8
rc<«—20

Parameter "Value" >
Lower threshold 2

arameter "OVaIue"
Max. (99 C)?

<

Upper threshold <—

Parameter "Value"

"rg"

TEMP_ABOVE_LIMIT

"o

TEMP_INTERFERING_PARAMETER

A

returmn rc;

User's Manual

: Handle the local variable "rc'

U20226EJ1VOUM

Processing overview

e Setting Upper threshold

" as a return code. A value of 0 indicates no error.

TE MP_ABOVE_LIMIT" = "maximum value exceeded" error

"TEMP_INTERFERING_PARAMETER" = "incorrect setting" error

100




TUnsigned8 Processing overview

TEMP_SetLower( TUnsigned16 Value) s
® Setting Lower threshold

TUnsigned8 rc <— 0 : Handle the local variable "rc" as a return code. A value of 0 indicates no error.

arameter "Value" <
Upper threshold ?

Yes

Lower threshold <—
Parameter "Value" ?

"ot

TEMP_INTERFERING_PA RAMETER :"TEMP_INTERFERING_PARAMETER" = "incorrect setting" error

return rc;
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TUnsigned16 Processing overview

TEMP_GetUpper(void) e Acquire the Upper threshold value

e Acquire the Lower threshold value

e Acquire the maximum-rotation value

e Acquire the minimum-rotation value

return " Temp.Upper" threshold variable.

] : Return the value of the Upper

: The Temp structure includes values
such as the maximum, minimum,
and threshold values.

TUnsigned16
TEMP_GetLower(void)

return " Temp .Lower" : Return the value of the Lower
threshold variable.

TUnsigned16
TEMP_GetMax( void)

return "Te mp.Max" :Return the value of the maximum temperature variable.

TUnsigned16
TEMP_GetMin(void)

[ return "TEMP.Min * j :Return the value of the minimum temperature variable.
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No

void

TEMP_Run(void)

Processing overview

TUnsigned16 RawValue =
ADC_GetResult()

: Output voltage of temperature
sensor is measured

RawValue = 0

No

RawValue = Raw Value/74

RawValue =
(2 * 318) - RawValue

Temp.LCDValue +=
RawValue

Temp.PD Value +=
RawValue

Update
maximum/minimum
temperature

\
Update how many times
the process data has
been acquired

Acquired times= 87

Yes

Calculate the average
temperature, and then
update the relationship
with the threshold values

e Specify the highest and
lowest temperature data
transmitted to the master

e®Reset how many times
process data has been
acquired and
Temp.PDValue

]

‘ Update the display
interval counter

Counter = 128 ?

Yes

Yes——

Return

e This is the main task processing for the
temperature sensor.

® Constantly execute this processing from
the main loop.

o Perform the following processing by using
a counter to determine the timing:

e — Convert the voltage value in the sensor
output to a temperature value.

o — Average results eight times to determine
the temperature value.

e — Update process data.
e — Update the local display.

: Convert the voltage value to a temperature

‘ ‘ Display_Write Temperature() ‘ ‘

® Reset the display
interval counter and
Temp.LCDValue

[
|

Return

(Parameter is Temp.LCDValue/512)
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: Update the temperature display by LED
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12.3.3

Display control module flowchart

void Display _I nit(void)

Display_SetRegister(
DISALAY_REG_DISPLAY_TEST,
1)

Wait

Display_SetRegister(
DISPLAY_REG_DISPLAY_TEST,
0)

Display_SetRegister(
DISPLAY_REG_GONFIGURATION,

0x01)
|

Display_SetRegister(
DISPLAY_REG_INTENSITY,
0x3F)

[ Return ]

Processing overview

e Initialize MAX6958, which is used for
local LED display.

: Wait by executing the NOP instruction in

:DSp.13 Table 15 "I ntensity" Max (63/64)

User's Manual U20226EJ1VOUM

:DSp.16 Table 16 "Test mode" display test mode

a for loop 65,535 times.

:DSp.16 Table 16 "Test mode" Normal Operation

: DS p.12 Table 13 "Configuration/Global Clear Digit Data" D5=0, D=0, S=1
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void Processing overview

Display_SetRegister (

TUnsigned8 Address, e Specify register settings for MAX6958,
TUnsigneds Value) which is used for local LED display, by
way of the 12C bus.

Buffer[ 0]«— Address

Buffer 1] < Value : "Buffer" = "TUnsigned8 Buffer[6];" (in Display.c)

12C_Write(
DISPLAY_ I2CADDRESS, 2, :"DISPLAY_I2C_ADDRESS" is 12C address of MA X6958,
Buffer) , and "2" is the data length.

[ Return ]
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void
Display_SetTemperat ure(void)

Display_SetRegister(
DISPLAY_REG DECODE_MODE,
0x03)

Display_SetRegister(
DISPLAY_REG.DDIGIT2,
0x63)

Display_SetRegister(
DISPLAY_REG_DIGIT3,
0x4E)

Display_SetRegister(
DISPLAY_REG_SEGMENTS,
0x00)

Display_WriteLasfTemperature()

[ Return ]

Processing overview

e Display the temperature as a two-digit
decimal value for local LEDs DIGO and
DIG1, and display "°C" for DIG2 and
DIGS.

: Specify the decoding mode. Decode DIG1 and DIGO as a hexadecimal value.

: Write a character code as a segment pattern. Display "o " for DIG2.

: Write a character code as a segment pattern. Display "C" for DIG3.

: Set up LEDs other than DIGO to 3 (7 segments). Turn off all LEDs.

: Display the temperature by using the saved temperature value ("LastTemperature").
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Processing overview

void Display_SetMenu(void) e Prepare the menu display for local

display.

o When this function is executed, DIGO
and DIG1 are set to display a fixed
segment pattern, and DIG2 and DIG3
are set to display a fixed two-digit
numerical value.

Display_SetRegister( . .
DISPLAY REG_DECODE_ MODE, : Specify the decoding mode. Decode DIG2

0x00) and DIG3 as a hexadecimal value.

Display_Param( : Specify the segment pattern displayed for DIGO

0x00, 0x00, and DIG1, and the numerical value displayed for DIG2 and DIG3.
0x00) DIG0/1 <— nondisplayed , DIG2/3 <— "00"

[ Return j
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void
Display_WriteLastTemperature(void)

Buffer[ 0] «+— 0x20
Buffer[ 1]« "LastTemperature" / 10
Buffer[ 2] < "LastTemperature"% 10

12C_Write(
DISALAY_I2C_ADDRESS, 3,
Buffer)

[ Retu rn j

Processing overview

e Regard the value of the static variable
"LastTemperature" as the temperature
value and display it using the local LEDs.

e The display format is the four digits
"NN°C" (where NN is a two-digit decimal
value).

: "Buffer" = "TUnsigned8 Buffer [6]; "(in Display.C)

: "0x20" = The DIGO start specification, where "%" is the modulo operator.

:"DISPLAY_I2C_ADDRESS" is 12C address of MA X6958,

"3" is the data length.
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i Processing overview
void

Display_ WriteTemperature(

' o Regard the value of the parameter
TUnsigned8 Degrees)

"Degrees" as the temperature value and

display it using the local LEDs.

o Update the static variable
"LastTemperature" with the value of
"Degrees".

e The display format is the four digits

"NN°C" (where NN is a two-digit decimal
value).

“"LastTemperature" «— "Degrees"

Display_WriteLastTemperature( )

[ Return j

User's Manual U20226EJ1VOUM 109



void
Display_SetUpper(void)

Display_SetRegister(
DISPLAY_REG_SEGMENTS,
DISPLAY_SEG_LED1)

[ Return ]

void
Display_SetLower( void)

Display_SetRegister(
DISPLAY_REG_SEGMENTS,
DISALAY_SEG_LED3)

[ Return j

void
Display_SetNorma (void)

Display_SetRegister(
DISPLAY_REG_SEGMENTS,
DISRAY_SEG_LED2)

[ Return ]

: Specify segment control.
Turns on LED1 (Above) only.

: Specify segment control.
Turns on LED3 (Below) only.

: Specify segment control.
Turns on LED2 (Between) only.
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Processing overview

e Control "Above (LED1)", "Between
(LED2)", and "Below (LED3)", the static
LEDs used for local display.

e Display_SetUpper() only turns on
"Above".

e Display_SetLower() only turns on
"Below".

e Display_SetNormal() only turns on
"Between".
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void
Display_Param(
TUnsigned8 Digit0,
TUnsigned8 Digit1,
TUnsigned8 Value)

Buffer[0] +— 0x20

Buffer[1] <— "Digit0"

Buffer[2] <«— "Digit1"

Buffer[3] «— "Value" / 10

Buffer[4] <— "Value"% 10

Buffer[5] <— "LED4+LED5turn on"
However, if "Value" is an odd number,
specify "LED4+LED5+DIG3 DP illumination”
for Buffer[5].

: "Buffer" = "TUnsigned8 Buffer[6];" (in Display.c)

:"0x20" = D 1GO start specification, where "%" is
the modulo operator.

: Buffer[1)/[2] is the segment pattern of DIGO/1.

12C_Write(
DISARLAY_I12C ADDRESS, 6,
Buffer)

[ Return ]

Processing overview

e Display the segment pattern specified by
the Digit0 and Digit1 parameters for DIGO
and DIG1.

e Regard the value specified by the
parameter Value as a two-digit decimal
value, and display this value for DIG2
and DIG3.

e The display format is the four digits
"XYNN" (where X/Y is any segment
pattern and NN is a two-digit decimal
value).

Buffer[3)/[4] is the numerical value displayed for DIG2/3.
Buffer[5] is display data of static LEDs other than 7 segments.

: "DISPLAY_I2C_ADDRESS" is I12C address of MA X6958,

"6" is the data length.
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12.3.4 12C driver module flowchart

Processing overview

void 12 C _In it(void
~Init( ) e Initialize the hardware (the "lICA"

macro) used for I2C communication.

IICAEN «— 1

IICRSV «— 1
STCEN «— 1

IICCTL1 <— 0x0c : Set FastMode - Enable Digital Filter
IICWL <— 25 : Set Clock Timing to 400 kHz 20MHz / 25
IICWH «— 25

IICCTLO «—— Ox1c

IICE <— 1 : Enable 12 Coper ation

Set P60/P61 input mode
P60/P61 output latch <— 0

[ Return ]

User's Manual U20226EJ1VOUM 112



Processing overview

void 12C_StartCo ndition(void) lssue the 12C start condition
(] u ition.

STT+—1

Return

Processing overview

void 12 C_StopCondition( void) ® |ssue the I12C stop condition

SPT «— 1

Return

Processing overview

void 12C_S endByte(

TUnsigned8 Value) e Transmit the eight bits of data
specified by the parameter "Value"
to the 12C bus.

IICAIF <— 0 : "IICAIF" is IICA interrupt request flag
|
IICA +— Value : "lICA" is IICA shift register
No———»
IICAIF=1 ?
Yes

Return
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void 12C_Write(

Processing overview
TUnsigned8 Address,

TUnsigned8 Length, o Transmit one frame of data to the 12C bus.
TUnsigned8 * pData)

o The parameter "Address" is the 12C
address, Length is the frame size, and
pData is a pointer to the transmitted data.

12C_StartCondition()

12C_SendByte(
Address)

i=0 : Use the local variable "i" as a counter.

Yes 12C_SendByte(
pData[ i])

i=i+1

i < Length ?

No

12C_StopCondition()

Return

User's Manual U20226EJ1VOUM 114



12.3.5

Key input module flowchart

void KEYS _Init(void)

Enable the on-chip pull-up
resistors P7.0, P12.0,
P5.0, P5.1, P1.7, P1.6,
and P5.3.

TAUOEN <— 1
TPSO <— 0x05
TMRO03 «— 0x0000

[ Return j

: Use timer 03 for timing control.

TUnsigned8 KEYS_Get(void)

Bit7 :
Bit6 :
Bit5 :
Bit4 :
Bit3 :
Bit2 :
Bit1 :
Bit0 :

Save the following pin statuses to the
bits of the return code "KeyBuffer".

P1.7 ("« " of the directional pad )
P1.6 (" 1 " of the directional pad )

Fixed to "1"
P7.0 (SW3)

P5.3 (" | " of the directional pad )

P12.0 (SW2)

P5.1 (" —" of the directional pad )
P5.0 ( "PUSH" of the directional pad )

KeyBuffer«— not(KeyBuffer)

[ return Key Buffer J

User's Manual
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Processing overview

e Initialize key-input hardware.

Processing overview

e Acquire the current key input status
as a bitmap.

e In the return value, set bits
corresponding to keys being pressed
to "1".

: Reverse the bit value because the key is in the low active state.
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+— No

TUnsigned8
KEYS_Get Debounced( void)

Processing overview

e Acquire the status of a stable key,
and return it.

Local variable Key1
+~— KEYS_Get()

5

Keyl!=0?

Yes

TDRO03 G, 65000
TSOL.3 «—1

TMIFO3<+—0

No——»

TMIFO3 =17

TTOL.3+—1

: "0" indicates no key input.

: Setting the interval of timer 03 and operation start

: Interrupt request release of timer 03

: Was the timer 03 wait finished?

: Operation stop of timer 03

Local variable Key2
«~— KEYS_Get()

o 1=z

Yes

Key1<—0

return Key1

[ |

: Does the current key differ from the previous key?

: Return the value indicating no key input.

: Return the value indicating local variable "Key1".
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12.3.6 A/D conversion module flowchart

Processing overview

void ADC_lInit (void) e Initialize the hardware for converting a
voltage output by the temperature
sensor to a digital value.

ADCEN «— 1 : Enable the setup of SFRs for A/D conversion

ADM +— 2 : Stop conversion, specify the select mode, stop
the A/D voltage comparator, and set the conversion clock to fCLK/20

ADCE +— 1 : Enable the A/D voltage comparator

Switch PORT15.3 to
the analog input mode

Enable A/D
converter interrupt

[ Return ]
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void

ADC_StartConversion(void)

ADS «— 0x0B

ADCS «— 1

: Start conversion

HALT()

[ Return ]

User's Manual

: Enter the HALT mode (standby).

U20226EJ1VOUM

Processing overview

e A/D conversion starts and HALT

mode is set.

: Select the P153/ANI11 pin as the A/D conversion target.
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Processing overview

TUnsigned16

ADC_GetRes ult(void) e Gets A/D conversion result
TUnsigned16 tmp +— ‘5 ) . ) ) .
: Save the conversion result acquired by the interrupt handler in a local variable.
ADCValue q y P
ADCValue <—0 : Clear the conversion result acquired by the interrupt handler.
Return tmp : Return the conversion result saved in the local variable.

Processing overview

__interrupt void

ADC_Inte rrupt(void) e This is the A/D conversion interrupt
handler.

e Store the A/D conversion result in a
variable to be passed to the
ADC_GetResult() function.

e Execute this function when A/D
conversion finishes.

ADCValue «— ADCR : Acquire the value from the A/D conversion
result register, and then save the value in a static variable.

ADCS <—— 0 : Stop conversion

Return
(from interru pt)
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CHAPTER 13 10-LINK RPM SENSOR SAMPLE

For the 78K0OR-Link It! board, the demo software introduced in chapter 12 is already written to the
microcontroller at shipment.
This chapter introduces another sample program, that for the RPM sensor.

To use the sample program for the RPM sensor, the program must be written to the 78KOR-Link It! board.
The file to write is SamplePrograms¥rpm_sensor¥hex¥rpm_sensor.hex. For further details please refer to
CHAPTER 4 and CHAPTER 10.

The basic usage method, notes, and other information are the same as for the temperature sensor.

This sample program uses the magnetic sensor on the 78KOR-Link It! board, which is introduced in 3.19. This
sensor generates pulses according to the magnetic field strength and switches of the north and south poles.
When a magnet is attached to an object that can be rotated and the object is rotated near the sensor on the
board, the number of pulses generated per fixed period of time increases and decreases according to the
rotation speed. This can be used to measure RPM. In addition, by changing a constant defined in the source
code, it is possible to adjust the RPM calculation method according to how many magnets are attached to the
object to be rotated.

Caution When operating the 78K0OR-Link It! board in the standalone mode without using a debugger,

the jumpers and switches on the board must have the factory settings described in 7.1
Factory Settings for Jumpers and Switches.

13.1  Demo Features

After writing the sample program for the RPM sensor to the board, if |O-Link communication with the master
device is established, the current board RPM value is displayed. All RPM values are displayed in rpm.

DIG3

Figure 13-1. EZ-0010 RPM Sensor Demo Display

The current RPM is displayed with 4 digits (DIGO to DIG4). The user can set two (maximum-rotation threshold
value/minimum-rotation threshold value) thresholds, set by default to 500 rpm, 200 rpm respectively, when the
board is connected. LED1 to LEDS3 are alarm LEDs representing thresholds set by the user.

o LED1 lights up when the measured RPM is above the maximume-rotation threshold value

o LED2 lights up when the measured RPM is between the two thresholds

o LEDS3 lights up when the measured RPM is below the minimume-rotation threshold value
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13.1.1  Min/Max Rotation Display

The minimum/maximum rotation measured since the sensor has been connected to the 10-Link master can be
readout on the display at any time when pressing SW2 for the minimum-rotation, and SW3 for the
maximume-rotation. Refer to Figures 13-2 and 13-3.

Figure 13-3. Maximum-Rotation Readout (1500 rpm)

13.1.2 RPM thresholds setting

The user has the ability to set two thresholds (a Lower and an Upper threshold).

DIG1 DIG3

Figure 13-5. Default Lower Threshold (500 rpm)

(1) To enter the settings menu, press the Center button on SW4. The display thereafter shows the current
value of the lower threshold. Refer to Figures 13-4 and 13-5.
e Pushing the SW4 button to the right increments the lower threshold in 100rpm steps
e Pushing the SW4 button to left decrements the lower threshold in 100rpm steps
e Pushing the SW4 button up, increments the upper threshold it in 100rpm steps
e Pushing the SW4 button down decrements the upper threshold in 100rpm steps

When displaying or setting the maximume-rotation threshold, LED1 and LED2 turn on. Similarly, when
displaying or setting the minimum-rotation threshold, LED2 and LEDS3 turn on. The upper threshold can never
be lower or equal to the lower threshold.
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(2) To confirm the settings, press the center button on SW4 again. The display thereafter, reverts to the
current measured RPM display.

All of the RPM values, thresholds values and settings can also be changed or read using the TMG USB IO-LINK
Master device tool.

13.2 Using 78KO0R-Link It! Board demo with TMG IO-Link Device Tool.

The 10-Link device tool can be used for the configuration of IO-Link masters, setting and steering parameters
as well as the diagnosis of I0-Link devices.

I0-Link master initiates the communication, and channels information from the board to the host machine. The
operator is able to see the information on the host machine via the installed 10-Link Device Tool.

13.2.1  Getting started with the TMG master
The user has the ability to set two thresholds (a Lower and an Upper threshold).

(1) Launch the 10-Link device Tool.

(2) Once the tool is up and running, two panes can be seen in the GUI (Topology on the left, and Catalog
on the right),see Figure 13-6.

"% 10-Link Device Tool

File  Projeck  Options  View  Help

|| 2|8 ofine B2 + 47 & | specisist = | @
Topology 4 Iy — Catalog
exit online connection : = O
Device catalog 5 62 Venda
Online status P-B OPDeikces
= G2 10-Lirk-Devices
l = 2 Vendo
setup online connection .S
+ (= Leuze
# 2 SENSOPART

+ D SICK AG
# 3 TMG TE GmbH

Topology

Common field

Figure 13-6. 10-Link Device Tool GUI
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The topology pane shows the topology from the PC interfaces to the 10-Link Devices. The Catalog pane
shows all the Devices installed with the tool.

On the symbol bar, two icons (setup/exit online connection) allow to set the 10-Link line status.
When the line is Online, the “Online status” symbol will blink green with the symbol “online”

The common field is currently blank but it will display the description of the devices present in the Topology
view.

13.2.2 Updating the 10-Link Device catalog

Before the 78KOR-Link It! R.P.M. sensor can be displayed in the device tool, the 10-Link devices catalog must
be updated
(1) Inthe Catalog pane, right click on “lO-Link Devices” and select [Actuate catalog]

" 10-Link Device Tool E‘Elg‘

File Project  Options  Visw  Help

iE 9|3 offire B4 ET + 47 4 Specidist = | (D) |
i e | O

Topology Catalog
=18 PCinteraces |

2] @ Wendor
3 DP-Devices
- Actuate catalog
@G0 BALLUFF
&0 Leuze
(2 SENSOP&RT
-2 SICKAG
-0 TMG TE GrabH

Figure 13-7. Catalog update <1>
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(2) Press[Yes]inthe small window with the message [Do you want to insert 78KOR-Link It! R.P.M. Sensor
of NEC Electronics (Europe) into the catalog? No skips the shown device - Cancel stops updating catalog]

X 10-Link Device Tool

FEX

File  Project  Options  Yiew  Help
|2 |8y offire B ZY 4+ 47 & | Specialist = | |

Topology Catalog

-3 PCnterfaces

02 DP-Devices

=] @ 10-Link-Devices
=73 Vendar

w03 SICK AG
S DTG TE GbH

10-Link Device Tool

Do you want ko insert 78KOR-Link It! R.P.M. Sensor of MEC Electronics (Europe) into the catalog?
Mo skips the shown device - Cancel stops updating catalog

|_. Yes J[ Mo ][ Cancel ]

Figure 13-8. Catalog update <2>
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13.2.3 Catalog update confirmation

A successful update will show the NEC Electronics (Europe) vendor and the 78KOR—Link It! R.P.M. sensor, in
the 10-Link Devices section of the catalog. The TMG USB 10-Link master can also be seen under PC Interfaces

section of the catalog.

"/ 10=Link Device Tool

File  Project Options  View Help

PE =S ofire 82T ¢ 47 4 | Specialict = | (D |

T,

CATANE =]
ERuEIPC
Vendor

i
-3 Balluft
#-13 Leurs
=13 TG
1 TMG USE I0-Link Master
=] @ DP-Devices
=13 I0-Link-Devices
=3 Vendor
[+ G2 BALLUFF
3] @ Leuze
= @ MEG Electronics {Europe)
H e TBKOR-Link I! RP M. Sensor
H @ 78KOR-Link Itt Temperature Ser,
[+ G2 SENSOPART
-3 SIK AG
172 TMG TE GimbH

£ | =

Figure 13-9. Catalog update confirmation

13.2.4 10-Link communication set-up

(1) From the Catalog pane, drag and drop the TMG USB I0-Link Master into the Topology pane.

(2) Leftclick on TMG USB IO-Link Master DE in the Topology pane, and the 10-Link Master’s details can
be seen in the Common pane (centre section of the window).

. I0-Link Device Tool FE®E

File  Project Options  Wiew Help

iH @S offine 2537 + 47 ¥ | Specialist = | (D) |

TOPOTOE: comman | (]

Cataiog w
=3 Po-Interfaces

=l TMG USE ID-Link Master DE o
= & VJ";::?,';E,‘ =18 Vendor
IO-Link = N e %3 Balluff

.............. G2 Leuze
Device  [TMG LISB I0-Link Master [ Vendor TMG TE GrmbH =@ THe
i . " —I TMG USE ID-Link Master
Wersion 107 | [ 3 DP-Devices
Interface | TMG LISB 10-Link Master D ~J = 3 D-Link-Devices

i il = 8 Vendor
Connected Device -G BALLUFF
Device name | ‘ G2 Leuze

=3 NEG Electronics (Europe)
@ 78KOR-Link It FLP.M. Sensor
e TKOR-Link It Temperature Ser|
1 73 SENSOPART

Device ID

r
Vendor nams |
Vendor 1D I

el

= @ SIK AG
& G2 TMG TE GmbH

-

£l ||

Figure 13-10. TMG USB IO-Link Master
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(3) Left click on the "Setup online connection” icon in the Device Tool GUI, will show the "Check Config"

button under "Connected Device" in the Common section.

. I0-Link Device Tool

File  Projest Options Wiew Help

il 9B onine B 2T o+ 47 & | Specialist (@ |

TP, commen | B | oarame &
=G PC-Interfaces

. i rech:

Q@IO-Link _F= [J*
= m i )
Device |TMG USB 10-Link Master [| Vendar TG TE GmbH P )
: e o R i 1 TMG USE I0-Link Master
veein (U] (2 DP-Devices
Tnterface  |TMG LISE I0-Link Master DE ~J =2 I-Link-Devices
=1 Vendor

Connected Device | %2 BALLUFF

Devics 1D
Vendor name
11D SENSOPART

e 101
T2 SI0K AG

Check Confia 1 2 TG TE G

@ 73KOR-Link It RP M. Sen
€ 78KO0R-Link Tt! Temperatuy

®

Device name ‘

)

®

2

< I | = <

Figure 13-11. Online status, Check Config

(4) Click on the "Check Config" button.

The LEDs on the Master will blink as the master tries to connect to the 78KOR—-Link It! board If the 78 KOR—Link
It/ board is working and the master can connect to it, a small window will show with information on the board and
a “Take over type of device into engineering” button. See Figure 13-12. Check Config successful. If the
master cannot connect to the 78KOR—Link It/ board a window with an error message “can’t read configuration”
will appear. See Figure 13-13. Check Config failure.

2 I0-Link Device Tool

File Project Options  View  Help
il 9 (B onine B (3T 4+ 47 3 | Specialist = [ D |

TOROTOE: common | =] [oaweE &J
=2 PC-Interfaces

«—1 TMG USB ID-Link Master DE ppeess recnnaiagl
@ IO-Link = (= “tew
P L men - Balluff

.............. 2 Leuze
Device  [TM@ USB I0-Link Master [| Vendor TMG TE GmbH =G T
—I TMG USE I0-Link Master
Wersion  [107 | -7 DP-Devices
Interface | TMG USB I0-Link Master DE ~|J =53 O-Link-Devices

Online b Leuze

78KOR-Link It R.P.M. Sensor b NEC Electronics {Eurape)
7BKOR-Link It RP M. Sensor
7BKOR-Link 1 Temperature Ser,

Cinss | [ Taks ver typs of devics into snginssring |

£ |

%

Figure 13-12. Check Config successful
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. 10-Link Device Tool DEx

= NN

File Project Options  View Help

B 29 + 47 4[| Specialis

TOROTOE!

—1 TMG USE I0-Link Master DE

comman |

Version 107

Gonnected Deviee
Device name |
Device 1D

Wendor name
Wendor 1D

@ IO-Link "g‘é

Device i:fMG USE 10-Link Master [| Vendor

—I TMG USE IO-Link Master
Interface TMG‘USB-IO*[mk Master DE =@ 10-Link-Devices

=159 BALLUFF

=153 NEC Electronics (Europe)
& 72KOR-Link 1! RPM. Sensor
e T2KOR-Link It! Temperature Ser
175 SENSOPART
SICK AG
TMG TE GmbH

I0-Link Device Tool

@ Can't read configuration

Caution It can happen sometime that the “can’t read configuration” message appears in the Device
Tool when the Master is not properly initialized. Unplugging the master from the USB port of
the host machine and re-starting the Device tool solves this problem. Also please check the
board settings are properly set for |0-link communication and that the board is properly

Figure 13-13. Check Config failure

connected to the I0-Link master.

(5) Click onthe “Take over type of device into engineering” button

The 78KOR—-Link It! R.P.M. Sensor will now appear under the TMG USB IO-Link Master DE in the

topology pane, and details on the board can be read in the Common pane

" 10-Link Device Tool BEE
File  Project Options  View Help

= TER S 20 + 17 4 || Seecilit

TOPOIOE! cammaon ]

(= —I TMG USB I0-Link Master DE
@ [0] 73KOR-Link Itt RPM. Sensor|

Version  [107

Connected Device

Device name  [78
Device ID [Dx1BGD01

Vendor D [0018G

Device [TMG USB 10-Link Master [| Wendar

Interface  [TMG UISE I0-Link Master DE

nk It R.P M. Sensa|
Vendor name  |NEG Electronics (Europe) |

Gheck Config

[ & Po-Interfaces
= G Vendar
2 Balluff

" Leuze

= NER ]

—I TMG U3B I0-Link Master|

DP-Devices
I0-Link-Devices

Wendor

& 02 BALLUFF
2 Leuze

=2 NEG Electranics (Europe)

TBKOR-Link It R.PM. Sen|
TBKOR-Link I Temperatu|

02 SENSOPART
& 2 SICK AG
2 TMG TE GmbH

[ )| [ 5
Figure 13-14. 10-Link communication active
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The I0-Link communication is now active and we can have a closer look at the device and the sensor
application running on the board

The Common pane provides information on the connected device such as:
e Device name: 78K0R-Link It! R.P.M. Sensor

e Device ID: 0x18C000

¢ Vendor name: NEC Electronics (Europe)

e Vendor ID: 0x018C

e Picture of the lo-Link device connected to the master

13.2.5 78KOR-Link It! Board sensor demo in IO-Link device tool

In this section we see how the 78K0R—Link It! Board works with the 10-Link Master and how the demo’s
features explained earlier can be used from the 10-Link Device tool GUI.

Left click on the 78KOR-Link It/ R.P.M. Sensor in the topology pane to display generic information on the board

in the Common pane. Next to the Common tab, two other tabs can be seen (Process data and Parameter).

. 10-Link Device Tool BE®
File  Project Options  View Help
id| 9 (B onine B3 ¢ 7 4 | Specialist = | (D) |
TOGIE; Gomimar | Process data | Parameter ]
= I TMG USE I0-Link Master DE .
0] T8KDR-Link B RP M Sensor e I0-Link NEC

Device name  [TAKOR-Link 1 REP M éa:. Hersteller: [NEG Electronics '_(:Eurn
Part D

Froducer 1D [0x0180

Device ID: [0x180001 ]

Device description | NES_Electronics_Furope 100 0x0180 (IGO0 ML

Document wersion (10 Device version |10

Date of creation  [May 27,2008 | 10-Link version [1

Figure 13-15. 78KOR—-Link It! R.P.M. Sensor in device tool
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(1) Common tab

The Common pane provides information on the device such as:
e Picture of the device
e Device name, Product ID, Device ID, vendor name
e Port used on the master. Here the kit is connected to port 0.
e Device description file, its version and date of creation.
e Device version

e |O-Link version.

(2) Process data tab
The Process data tab displays the sensor measurements (process data inputs from the sensor).

L 10-Link Device Tool BEE

File  Praject Options  “Wiew Help

|2 (S one 828+ || Seecilist 1) @ |

kupuue [Gommon | Frocess data | Parameter | [#]
B I TMG USB I0-Link Master DE Nartie Processdata Urit
[0] 78KOR-Link It R.P M. Sensor
Threshald State b lowy
Current RPM. 0 RPM.
Min FLP.M. 0 RPM.
Max RP M. 1] F.FM.

Figure 13-16. R.P.M. Sensor Process data

The user can find information such as the Min/Max RPM, the Current RPM, and the Threshold State (above,
between, and below, representing LED1, LED2, and LEDS3 respectively). (The actual threshold values are
displayed on the Parameter tab.) The values measured by the sensor are displayed on the Process data tab.
(This is process data input from the sensor.)
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(3) Parameter tab

The Parameter tab displays the default settings of the sensor, but also enables the user to teach the sensor by
writing new thresholds values to the board.

From the tabs on the parameter page we can find general read only vendor specific parameters such as:
e Vendor and product names
e Hardware, firmware revisions

From the tabs on the parameter page we can find read/write device specific parameters such as:

o Upper/Lower Thresholds

%, I0-Link Device Tool BEE

File  Project Options  View Help
id |2 (S onine Se|El + ¥ & || Specialist g (D |
TORETOE [ Common || Process data | Farameter | ]
2 1 TMGE USE I0-Link Master DE Mame R Preadjustment Value Unit
/3 [0 7BKOR-Link It RPM. Sensor 2> General | M |

Wendar Name R MEGC Electronics (Europs)  |NEG Electronics {Europe)
Wendor Text .R fwwweunecelcom .wwweunecelzom .
Product name .R :?BKUR*LinK It RPM Senzar i?BKURﬁLink ' FPM Sensor.
Order number .R :'."SKDR-LINKIT .78KDR-LINK1T .
Hardware revision .R :1 a0 .1 a0
Firmware revision .R :‘I a0 .‘I a0
>3 Device Parameter . . .
Lower Threshaold .R,-"W :QDD IQDD :R.P.M.
Upper Threshald |Rew |50 |50 [RPM.
< | >

Figure 13-17. R.P.M. Sensor Parameter page

13.2.6 78KOR-Link It! RPM Board sensor Teach-in
When the user opens the parameter page for the first time, the device specific parameters are set to their
default values. The “Pre-adjustment” and “Value” columns match each other in the parameter page, see Figure
13-17.

The “Pre-adjustment” column displays the default sensor settings. The “Value” column displays the current
sensor settings

(1) Read parameter from the 78K0R-Link It! Board sensor

To read or refresh the display of the current parameter, click Left in the cell corresponding to the parameter you
want to read from under the “Value” column. The cell is highlighted in blue and the current parameter value is
displayed.

Figure 13-18 shows the reading of the lower RPM threshold of 200rpm set on the board.

The same procedure is used to read the Upper threshold set on the board.
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2, 10-Link Device Tool DE®

File  Project Options  View Help

PH 2 B orie B (EF o+ 47 | Specialist | @ |

TOPOToE: [ Gommon | Process data | Paramefer | 2]
= 1 TMG USE I0-Link Master DE Mame R Preadjustment Yalue Unit
¥ [0 7BKOR-Link 1! R.PM. Sensor i _

Wendor Name R MEC Electronics (Europe)  |MEG Electronics (Europe)
“endor Text R éwwwsunecelzum .wwwsunecelgum .
Product name .R i'."SKDR-Link It RPM Senzor ;78KDR—Link It RPM Sensor.
Crder number .Fl i'.I‘BKDF{—LINKI'I' .?BKDR—LINKIT .
Hardware revizion R i‘I a0 .‘I a0
Firmware revigion R i‘I a0 .1 a0
#2r Device Parameter . .
Lawer Threshald RAY 200 MR.PM.
Upper Threshald .R/W 5500 500 iiR.P.M.
< | >

Figure 13-18. Lower Threshold value reading

(2) Write parameter to the 78K0R-Link It! Board sensor

The teach-in functionality allows changing the valid RPM range on the fly by modifying the Upper/Lower
thresholds.

To write or teach a parameter to the board, click Right in the cell corresponding to the parameter you want to
change from under the “Value” column. The cell is highlighted in blue and a dialog box will open to enter the new
value.

Next, enter the new value in the dialog box as a multiple of 100 times, and then press the Enter key on the
keyboard. The new parameter is now passed to the board. You can check with the SW4 joystick that the
parameter has been passed correctly to the board.

The Thresholds LEDs will automatically display what the current measured RPM is with regards to the new
range.

Caution For this sample software, because the maximum and minimum-speed threshold values are
managed as multiples of 100 times, be sure to enter 0 for the tens and ones places. Ifa
number other than 0 is specified, it is discarded. Any multiple of 100 from 0 to 9,900 can be
specified.

Figure 13-19 shows the dialog box and the setting of the Lower threshold to 300rpm.
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. 10-Link Device Tool EE®

File  Project Options  View Help
P9 S onine D5 B O+ 7 4 | Specialist = [ (D |

TaRGE Gommon || Process data |t Faramefer S|
= I TMG USE 10-Link Master DE Mathe RAY | Preadjustment Walue Unit
- I [ 78KOR-Lirk B RPM,. Sensor | ||[772 General | \ |
Vendar Name |[R NEG Elestronios | NEG Elestronics |
Wendar Text !F{_fwwweunecelcom | eurecel com |
Froduct name !rwaKnR—Link 1 R. |78KDR-Link IV R..|
Order number R (TBKOR-LINKIT  |7BKOR-LINKIT |
Hardware revision !rh 10 [110
Firmware revision 'R_h a0

|

110 |

27> Device Parameter | ‘ |
Lower Threshald IR/W §2EIU
Upper Threshold !W 500

Diegen Wert ibertragen
Zuletzt gesinderte Werte dbertragen

Werte nach Eingabe sofort schraiben

Figure 13-19 78KOR—-Link It! R.P.M. Sensor Thresholds setting

The maximum-rotation threshold value can be specified in the same way. In addition, specify values such that:

Minimume-rotation threshold value < maximume-rotation threshold value
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13.3 Adjusting Number of Pulses Per Rotation

For this sample application, it is assumed that three pulses are input per rotation by default.

The number of pulses is generally determined by how many magnets are attached to the object to be rotated,
but the number of pulses (the number of magnets) can be changed by changing the value of the
PULSE_PER_ROUND constant defined in source code "sensor.c".

The default is as follows:
#define PULSE_PER_ROUND (3) /* pulse output per 1 round */

As an example, to change the number of pulses per rotation to eight (when there are eight magnets), change
the above definition as follows:

#define PULSE_PER_ROUND (8) /* pulse output per 1 round */

Next, rebuild the project, write the modified HEX file to the board, and then begin operation.

13.4 Flowcharts for IO-Link RPM Detection Sensor Sample Program

This section provides the flowcharts for this sample program. This program is made up of the functions below.
(Below, items that are divided according to these functions are called modules.)

(1) Main reset

(2) Sensor control

(3) Display

(4) Display (RPM sensor)

(5) Application layer for the 10-Link protocol stack

(6) I*C driver

(7) Key input

Flowcharts of the functions included in the above modules are provided below.
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13.4.1 Main reset module flowchart

static Processing overview

void sensor_main(void) e This is the main processing for the

RPM application

\ \ init_unused_iop() \ \ Initialize unused I/O ports
OSMC= 0x01 e Operation speed mode control register frequeng higher than 10MHz
OSTS = 0x07 e Set osc. stabilization time selection to 2/ 18/fx
CMC =0x51 e Clock operation mode register X1 csc. mode, XT1 osc. mode, fx > 10 MHz
CKC = 0x08 e System clock control register fclk = fih
CSC = 0x00 e enable X1, XT1 operation

Waiting for oscillation
stabilization time

[ ] 12C_Init() | | :nitialize the I2C

| | Display init) | | :Initilize the local LED display

‘ ‘ Display_SetRPM() ‘ ‘ : Display the initial screen

| |STACK Init(Params) | | : nitilize the 10-Link protocol stack
|| KEYSmit) | | :initialize the key input

B senso‘r nit) | | nitialize the RPM

‘ Enable master interrupt ‘

‘ ‘STACK_Start(COM2)‘ ‘ : Starting processing of 10-Link protocol stack (transfer rate 38,400 bps)
‘ ‘ STACK_Run() ‘ ‘ : Tasks for the RPM protocol stack

‘ ‘ RPM_Run() ‘ ‘ : Tasks for the RPM sensor

‘ ‘ Menu_Run() ‘ ‘ : Tasks for the user setting menu
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void main(void)

sensor_main()

User's Manual

: This is the main processing for the RPM

U20226EJ1VOUM

Processing overview

e Main processing
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<1

static void

MENU_Run(void)

‘ ‘ KEYS_GetDebounced() ‘ ‘ Key extraction processing

Was the "Center"

Processing overview

e User menu task processing

key pushed?

Yes

The "menu status" is set
to executing

|
S

Switching to menu display‘

as the key
W o

Yes

Decrement -100 the Lower
threshold value, and then
update the display

]

Was the key
g

Yes

Increase +100 the Lower
threshold value, and then
update the display

S —

Was the key
" o

Yes

Decrement -100 the Upper
threshold value, and then
update the display

]

Was the key
" "o

Yes

Increase +100 the Upper
threshold value, and then
update the display

‘_‘

Was the "Center"
key pushed?

14— No

Yes

The "menu status" is
set to not executing

<2>

User's Manual

‘ KEYS_GetDebounced() ‘ ‘ Key extraction processing

e

<1>

Was the key
"SW3" ?

Display the past Max value

Is "SW3" still
being pressed?

Was the key
"SW2" 2

Yes

14— No

‘ Display the past Min value‘

Y954J
_ Is "SW2" still

being pressed?

» No

Re turn

<2>

Is the "menu status"
et to executing?

‘No

Return

U20226EJ1VOUM
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void Processing overview

AL_D oProcessing(void) e Application layer function

® This is a callback routine for the
protocol stack.

. * Each function that starts with "_AL_"
—AL DoProcessing RPM() is in the "al_rpm" module.

[ Return ]

void
AL_New Output I nd( TBoolean PDValid)

_AL_NewOutputl nd_RPM(PDValid)

[ Return j

void void AL_Readl nd(
AL_Writel nd( TUnsigned16 Index,

TUnsigned16 Index, TUnsigned8 Sublndex)

TUnsigned8 Sublndex,
TUnsigned8 Length,

TUnsigned8 *pData) _AL_Readind_RPM(Index,
Sublndex)
_AL_Writelnd_RPM(
Index, [ Return j
Sublndex,
Length,
pData)

[ Return ]
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13.4.2 Sensor control module flowchart

void

pulse_count_start(vod

INTP2 interrupt
disabled

Pulse counter
(pulse_cnt) clear

INTP2
enable

interrupt
d

[ Return J

void

pulse_count_stop(void)

INTP2

disabled

interrupt

[ Return j

User's Manual

: Pulse count start processing

: Pulse count stop processing

Processing overview

e Start or stop counting pulses from
the magnetic sensor.

U20226EJ1VOUM
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__interrupt void
intp2_h andler(void)

Pulse counter
< Oxffff ?

Yes

Pulse counter + 1
No

[ Return ]

User's Manual

U20226EJ1VOUM

Processing overview

e This is the INTP2 interrupt handler.
e Specify the use of RB3.

e Only perform processing at the rising
edge of INTP2.
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Processing overview

void sensor_init( void)
o |Initialize the RPM sensor

o Initialize relevant variables and timer 07
and INTP2 interrupt.

Max. «<— 0
Min. <— 9999

Upper threshold«— 500
Lower threshold <— 200

Clear the buffer for saving
the count value for each : FS = sampling period
FS.

Use index 0 to access the
buffer for saving the count
value for each FS.

Sample count +— 0

Set timer 07 to the 1/16th

second (62.5 ms) interval : Base FS generation on a 62.5 ms interval.
mode.

Disabled Interrupt of timer 07

Operation start of timer 07

Setting the INTP2 to
rising edge detection

Clear INTP2 interrupt
request

pulse_count_start() : Start counting pulses from the magnetic sensor

Initialize the counter for
generating the sampling
timing.

Re turn
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TUnsigned8
RPM_SetUpper(TUnsigned16 Value)

TUnsigned8
rc «— 0

Parameter "Value" >
Lower threshold ?

Parameter "Value" <
Max.?

Upper threshold <+—
Parameter "Value"

] No

return rc;

User's Manual

: Handle the local variable "rc

U20226EJ1VOUM

Processing overview

e Setting Upper threshold

" as a return code. A value of 0 indicates no error.

No
e e
RPM_ABOVE LIMIT "RPM_ABOVE_LI MIT"= "maximum value exceeded" error
»
"rc" «— "RPM_INTERFERING_PARAMETER" = “incorrect setting" error
RPM_INTERFERING_PARAMETER
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TUnsigned8 Processing overview

RPM_SetLower(TUnsigned16 Value) s L hreshold
® Setting Lower thresho

TUnsigned8 rc <— 0 : Handle the local variable "rc" as a return code. A value of 0 indicates no error.

Parameter "Value" <
Upper threshold ?

Yes

Lower threshold <—
Parameter "Value" ?

"rg"

RPM_INTERFERING_PARAMETER :"RPM_INTERFERING_PARAMETER" = "incorrect setting" error

A

return rc;
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Processing overview

TUnsigned16

RPM_GetUpper(void) e Acquire the Upper threshold value

e Acquire the Lower threshold value

e Acquire the maximum-rotation value

return " Rpm_Upper" - Return the value of the Upper e Acquire the minimum-rotation value

threshold variable.

TUnsighed16
RPM _GetLower(void)

return "Rpm_Lower" : Return the value of the Lower
threshold variable.

TUnsigned16
RPM_GetMax( void)

[ return "Rpm_Max" :Return the value of the maximum RPM variable.

TUnsigned16
RPM _GetMin(void)

return "Rpm_Min " j :Return the value of the minimum RPM variable.
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TUnsigned32
sum_sample(
TUnsigned16 * buf,

size_t

size)

TUnsigned32 rc «— 0 : Handle the local variable "rc" as a return code.

size_t

i+—0

i < Parameter "size" ? >—

Yes

rc <— rc+ buf[ i]

<1

+ 1

] No

I

return rc

User's Manual U20226EJ1VOUM

Processing overview

® Add the number of values indicated by the
"size" parameter to the array elements
indicated by the "buf" parameter, and then
return the result.
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void
RPM_ Run(void)

Is there a timer 07
interrupt request?

Cancel the timer 07
interrupt request

—r gy

Yes

Reset the FS timing
generation counter

pulse_count_stop()

d<— pulse_cnt

pulse_count_start()

Save the latest number of
pulses, which is saved in
the variable "d", to the
array rpm_buf 1.

Update the rpm_buf

index buf_index.
I

Increment the sample
counter in the range in
which the maximum
number of samples is
not exceeded

I

rpm_cnt «—
sum_sample(rpm_buf
, MAX_SAMPLE)

rpm_cnt <+—
RPM calculation
equation (rpm_cnt)

Round the rpm_cnt value
to 9,999 if it exceeds
9,999.

\

Update the value of the
Min/Max RPM

[
Specify the process data
corresponding to the
"Above", "Between", and
"Below" LED‘s.

Set Min/Max RPM values
and the current RPM to
process data

[
\ \ Display_WriteRPM(d) \ \

Processing overview

e This is the main task processing for the
RPM sensor.

® Constantly execute this processing from
the main loop.

e Perform the following processing at the
sampling timing:

No e — Update the number of counted pulses.

e — Update the RPM value.

e — Update process data.

o — Update the local display.

No——» : Decrement the timing generation counter,
and assume the FS timing if the value is 0.

Return

: Stop counting the number of pulses.

: Save the current number of pulses to the local variable "d".

: Resume counting the number of pulses.

: Use buf_index to index rpm_buf[ ], and then increment

buf_index after saving the number of pulses.

: Round the index because rpm_buf[] is used as a ring buffer.

: Perform processing such that the number of elements in the

ring buffer is not exceeded by the value of the sample counter.

: Add all saved sample values to the ring buffer,

and then save the result to the variable rpm_cnt.

: Use the number of pulses calculated above to calculate the RPM value.

The equation is:
RPM = total-number-of-counted-pulses x FS x 60/number-of-samples/number-of-pulses-per-rotation

: This is because "9999" is specified as the maximum RPM value that can be displayed.

: Update the displayed RPM value. (Here, d is the RPM value calculated this time.)
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13.4.3 Display control module flowchart

Processing overview

void Display_ I nit(void)

o Initialize MAX6958, which is used for
local LED display.

Display_SetRegister(
DISPLAY _REG_DISPLAY_TEST, :DSp.16 Table 16 "Test mode" display test mode
1)

Wait : Wait by executing the NOP instruction in a for loop 65,535 times.

Display_SetRegister(
DISPLAY_REG_DISPLAY_TEST, :DSp.16 Table 16 "Test mode" Normal Operation
0)

Display_SetRegister(
DISPLAY_REG_GONFIGURATION, : DSp.12 Table 13 "Configuration/Global Clear Digit Data" D5=0, D=0, S=1
0x01)

Display_SetRegister(
DISPLAY_REG_INTENSITY, : DS p.13 Table 15 "I ntensity" Max (63/64)
O0x3F)

[ Aot ]
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void

Display_SetRegister (

TUnsigned8 Address,
TUnsigned8 Value)

Buffer[ 0]«— Address
Buffer[ 1] «— Value

12C_Write(
DISRLAY_I2C_ADDRESS, 2,
Buffer)

[ Return ]

User's Manual

Processing overview

e Specify register settings for MAX6958,
which is used for local LED display, by
way of the 12C bus.

: "Buffer" = "TUnsigned8 Buffer[6];" (in Display.c)

:"DISPLAY_I2C_ADDRESS" is 12C address of MA X6958,

"2" is the data length.
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13.4.4 Display (RPM sensor) module flowchart

Processing overview

void Display_SetRPM(void) e Display the RPM as a four-digit

decimal value for local LEDs DIGO to
DIG3.

Display_WriteLastRPM( ) : Display the RPM by using the saved RPM value ("LastValue").

Return

Processing overview

void Display_SetMenu(void) e Prepare the menu display for local

display.

e When this function is executed, DIGO
and DIG1 are set to display a fixed
segment pattern, and DIG2 and DIG3
are set to display a fixed two-digit
numerical value.

B;SgﬂQ&tRRSEIStSé&)DE MODE : Specify the decoding mode. Decode DIG2
0x00) - - - ’ and DIG3 as a hexadecimal value.

Display_Param _RPM(
DPARAM_MENU, : Specify no segment display for "DPARAM_MENU". "0x0000" is a temporary RPM value.
0x0000)

[ Return j
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void
Display_SetUpper_ RPM( void)

last_seg +—
DISPLAY_SHEG _LED1

Display_SetRegister(
DISPLAY _REG_SEGMENTS,
last_seg)

[ Return ]

void
Display_SetLower_R PM(void)

last_seg «—
DISPLAY_SEG_LED3

Display_SetRegister(
DISPLAY_REG SEGMENTS,
last_seg)

[ Return j

void
Display_SetNormal_RPM(void)

last_seg «—
DISPLAY_SEG _LED2

Display_SetRegister(
DISPLAY _REG_SEGMENTS,
last_seg)

[ Return j

User's Manual

Processing overview

: Segment data saving area
<—Turns on LED1 (Above) only.

: "last_seg" = "static TUnsigned8
last_seg;" (in rpm_disp.c)

e Control "Above (LED1)", "Between
(LED2)", and "Below (LED3)", the static
LEDs used for local display.

e Display_SetUpper_RPM() only turns on
"Above".

e Display_SetLower_RPM() only turns on
"Below".

e Display_SetNormal_RPM() only turns on
"Between".

: Specify segment control.
Use "last_seg".

: Segment data saving area

<—Turns on LED3 (Above) only.

: Specify segment control.
Use "last_seg".

: Segment data saving area

<—Turns on LED2 (Above) only.

: Specify segment control.
Use "last_seg".

U20226EJ1VOUM

: "last_seg" = "static TUnsigned8 last_seg;" (in rpm_disp.c)

: "last_seg" = "static TUnsigned8 last_seg;" (in rpm_disp.c)
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static void Display _RPM( Processing overview
TUnsigned16 value,
TUnsigneds seg) e Regard the value of the parameter
"value" as the RPM value and
display it by using the local LEDs.

e Use the parameter "seg" as the
static LED illumination data for
display.

e The RPM value display format is
"NNNN" (where NNNN is a
four-digit decimal value).

Do not suppress zeros.

Display_SetRegister(
DISPLAY _REG DECODE_MODE, : Specify numerical value decoding. The four digits DO to D3 are the decoding target.
LED_DEC_ALL)

Bufer[0] «<— "DISPLAY_REG_DIGITO"
Bufer[1] «<— Assign the value in the thousands
place of the decimal value "value".
Buferf2] «—  Assign the value in the hundreds . b s . " .
place of the decimal value "value". : "Buffer" = "static TUnsigned8 Buffer[ 6];" (in rp.n)_dllsp.c)
Bufer[3] «— Assign the value in the tens place | :"DISPLAY_REG_DIGIT0" =DIGO start specification.
of the decimal value "value".
Bufer[4] «<— Assign the value in the ones place

of the decimal value "value".
Bufer[5] «— "seg"

12C_Write( :"DISPLAY_I2C_ADDRESS" is 12C address of MA X6958,
DISPLAY 12C_ADDRESS, 6, "6" is the data length.
Buffer)

[ Re turn ]
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void Display_Param_RPM( Processing overview

TUnsigned8 kind,

TUnsigned16 value) e Regard the value of the parameter

"value" as the RPM value and
display it by using the local LEDs.

o Use the parameter "kind" as the
static LED illumination data for
display.

e The RPM value display format is

"NNNN" (where NNNN is a
four-digit decimal value).
Do not suppress zeros.

Assign a value to the local variable "seg" according
to the value of the parameter "kind" as follows.

kind = DPARAM_LOWER : seg = Specify LED3+LED2 illumination

kind = DPARAM_UPPER : seg = Specify LED1+LED2 illumination
kind = DPARAM_MIN : seg = Specify LED3+LED4/5 illumination

kind = DPARAM_MAX : seg = Specify LED1+LED4/5 illumination
If kind is any other value : Ség = Specify no illumination

Display_RP M(value, se g)

[ Return ]
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Processing overview

static void ) )
Display_ WriteLastRPM(void) . Usg the values saved in the static
variables "LastValue" and "lase_seg
to perform display processing for
the RPM value and static LEDs.

Display_RPM(LastValue, last_seg)

[ Return j

Processing overview

void
Display_Wri teRPM
Tuasigr;edm value)( e Use the values saved in the
parameter "Value" and static

variables "lase_seg"to perform
display processing for
the RPM value and static LEDs.

Display_RPM(Lasalue, last_seg)

[ Return ]
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13.4.5 10-Link protocol stack application layer module flowchart

Processing overview

void
_AL_DoProcessing_RPM( void) e The AL handler is "AL_DoProcessing()".

[ Return }

i Processing overview
void _AL_New Outputind_RPM(

TBodean PDValid) e The AL handler is "AL_NewOutputind()"

{ Return ]
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void AL_Write Ind_RPM(

TUnsigned16 Index,
TUnsigned8 Sublndex,

TUnsigned8 Length,
TUnsigned8 * pData)

* The parameter "Sublndex"
is not used

Local variable "d"<—
*pData x 100

ndex = 0x40
(Lower ?)

AL_WriteErr(0x80, 0x30)

Processing overview

The AL handler is "AL_NewOutputind()".

This processing is executed when
writing the Index data (Lower
threshold/Upper threshold).

: Return to the calling function because transmission and reception are being

performed by dividing the Upper and Lower values by 100.

No

: The parameter "pData" points to the write data transmitted from the host.

A

AL_WriteErr(0x80, Ox11)

AL_WriteErr(0x80, 0x30)

rc=
RPM_SetLower (d)

AL_WriteErr(0x80, rc)

rc=
RPM_SetUpper(d)

AL_WriteErr(0x80, rc)

No. ‘

AL_WriteReq( )

AL_WriteRes( )

Return

User's Manual

U20226EJ1VOUM
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* The parameter "Sublndex" Processing overview

void ;
_AL_ReadInd_RPM( is not used e The AL handler is "AL_ReadInd()".
TUnsigned16 I ndex, e This processing is executed when
TUnsigned8 Sublndex) reading the Index data (Lower

threshold/Upper threshold, vendor name )

Branch according
to the "Index" value

0x10
- AL_ReadRes(sizeof(VendorName), VendorName)
Ox11
» AL_ReadRes(sizeof(VendorText), VendorText) »
0x12
- AL_ReadRes(sizeof(ProductName), ProductName) »
0x13
» AL_ReadRes(sizeof(ProductID) , ProductID) »
0x16 | AL_ReadRes(sizeof(HardwareRevision),
o HardwareRevision) 7]
0x40
»  buf[0] «<— bellow threshold value/100
AL_ReadRes(sizeof(buf), buf) »
0x41
»  buf[0] <— above threshold value/100
AL_ReadRes(sizeof(buf), buf) >
Others
- AL_ReadErr(0x80, 0x11)

C Return )
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13.4.6

I’C driver module flowchart

void 12 C _In it(void)

IICAEN «— 1

IICRSV +— 1
STCEN «— 1

IICCTL1 <— 0x0c
IICWL <— 25
IICWH «— 25

IICCTLO <— Ox1c

lICE «— 1

Set Pe0/P61 input mode
P60/P61 output latch «— 0

[ Return ]

User's Manual

Processing overview

e |nitialize the hardware (the "IICA"
macro) used for I2C communication.

: Set FastMode - Enable Digital Filter
: Set Clock Timing to 400 kHz 20MHz / 25

: Enable 12 Coper ation

U20226EJ1VOUM
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void 12C_StartCondition(void)

STT<+—1

[ Return ]

void 12 C_StopCondition( void)

SPT +— 1

[ Return ]

void 12C_S endByte(

TUnsigned8 Value)
IICAIF <—— 0 : "lICAIF" is lICA interrupt request flag
IICA +— Value : "lICA" is lICA shift register
NO—————P
IICAIF=17?
Yes

[ Return ]

User's Manual U20226EJ1VOUM

Processing overview

e |Issue the 12C start condition.

Processing overview

® |ssue the I2C stop condition.

Processing overview

o Transmit the eight bits of data
specified by the parameter "Value"
to the 12C bus.
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void 12C_Write(

TUnsigned8 Address, Processing overview
TUnsigned8 Length, ]
TUrTssig::ds * glggta) e Transmit one frame of data to the 12C bus.

® The parameter "Address" is the 12C
address, Length is the frame size, and
pData is a pointer to the transmitted data.

12C_StartCondition()

12C_SendByte(
Address)

i=0 : Use the local variable "i" as a counter.

Yes 12C_SendByte(

pData[i])

i=i+1

i <Length ?

No

12C_StopCondition()

Return
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13.4.7

void KEYS_Init( void)

Enable the on-chip pull-up
resistors P7.0, P12.0,
P5.0, P5.1, P1.7, P1.6,
and P5.3.

TAUOEN <— 1
TPSO «— 0x05
TMRO03 «— 0x0000

[ Return j

TUnsigned8 KEYS_Get(void)

Key input module flowchart

Save the following pin

statuses to the bits of the
return code "KeyBuffer".
Bit7 :
Bit6 :
Bit5 :
Bit4 :
Bit3 :
Bit2 :
Bit1 :
BitO :

P1.7 ("< " of the directional pad )
P1.6 (" T " of the directional pad )
Fixed to "1"

P7.0 (SW3)

P5.3 (" l " of the directional pad )
P12.0 (SW2)

P5.1 (" —" of the directional pad )

P5.0 ( "PUSH" of the directional pad )

KeyBuffer<— not(KeyBuffer)

[ retu rn Key Buffer J

User's Manual

: Use timer 03 for timing control.

U20226EJ1VOUM

Processing overview

Initialize key-input hardware.

Processing overview

Acquire the current key input status
as a bitmap.

In the return value, set bits
corresponding to keys being pressed
to "1".

: Reverse the bit value because the key is in the low active state.

159




+«— MNo

TUnsigned8
KEYS_Get Debounced( void)

Processing overview

e Acquire the status of a stable key,
and return it.

Local variable Key1
«~— KEYS_Get()

5

Keyl!= 07

Yes

TDRO03 G, 65000
TSOL.3 «—1

TMIFO3<+—0

No———— |

TMIFO3 =17

Yes

TTOL.3<+—1

: "0" indicates no key input.

: Setting the interval of timer 03 and operation start

: Interrupt request release of timer 03

: Was the timer 03 wait finished?

: Operation stop of timer 03

Local variable Key2
«~— KEYS_Get()

o 1Kz

Yes

Key1<+—0

return Key1

E |

: Does the current key differ from the previous key?

: Return the value indicating no key input.

: Return the value indicating local variable "Key1".
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CHAPTER 14 CABLES

14.1  USB interface cable (Mini-B type)

ML=

// )

Series A" Plug \\ //

i

I

Series "Mini-B" Flug

Series "A" Plug  Series "Mini-B"

B (=)

O o =
¢

=

Plug

Figure 14-1. USB interface cable (Mini-B type)
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