LENESAS APPLICATION NOTE

RL78/G10 RO1AN4081EC0100
. Rev.1.00
Smart Power Strip Dec. 31, 2017

Introduction

This document describes a Renesas microcontroller RL78/G10 application for a smart power strip.

Target Device
RL78/G10

When applying the sample program covered in this document to another microcomputer, modify the program according
to the specifications for the target microcomputer and conduct an extensive evaluation of the modified program.
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1. Description

1.1 Abstract

Smart power strip (master-slave outlets intelligent control) is a very popular kind of household appliance. It is widely
used in the intelligent linkage control and power saving of the connecting devices, such as mainframe computer with
peripheral equipment, television with set-top box and router, etc. This application note provides a smart power strip
application based on the low power consumption and small package MCU of Renesas' RL78/G10. Its main product
characteristic is when the device connected to the master outlet turns on or turns off, MCU turns on or turns off the
power supply of the device connected to the slave outlet automatically. The intelligent linkage and power saving are
realized by this way.

1.2 Specifications and Main Technical Parameters
Technical Parameters

e Voltage rating: 220 VAC

e Current rating: 10A

e Power rating: <2000 W

e Master outlet power detection threshold: >30W

o Slave outlet power supply ON-OFF delay setting: 100 ms

e Slave outlet power supply ON-OFF control method: Relay method

Specifications

¢ Intelligent linkage control and power saving: If the device connected to the master outlet turns on or
turns off, the power supply of the slave outlet will be
turned on or turned off with a delay of 100 ms
automatically.

e Operating temperature: -10°C~40°C
e Operating humidity: 30% RH ~ 95% RH
RO1AN4081EC0100 Rev.1.00 Page 3 of 20
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2. RL78/G10 Microcontroller
2.1 RL78/G10 Block Diagram

Figure 2.1 shows the block diagram of RL78/G10 (10-pin products).

Program Flash
up to 4KB

SRAM
up to 512B

System

Interrupt
Controller
4 Levels

Clock Generation
Internal

SPOR
(Selectable Power
On Reset)

On-Chip
Debugging

HALT

STOP
SRAM on

RL78 CPU
20MHz Operation

CISC Harvard Architecture
3-stage Pipeline

20MHz@2.7V to 5.5V,
SMHz@2.0V to 5.5V

Voltage range: 2.0 to 5.5V

Safety

TRAP function

Timers

Timer Array Unit
16-bit, 2ch

WDT

Analog

ADC
8/10-bit x 4ch

Communication

1x CSI/
1x UART/
1x Simple [2C

Figure 2.1 RL78/G10 (10-pin products) Block Diagram
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2.2 Key Features

Minimum instruction execution time: Can be changed from high speed (0.05 ps @ 20 MHz operation with high-
speed on-chip oscillator) to low speed (1.0 us @ 1 MHz operation)
General-purpose registers: 8-bit register x 8

ROM: 1 to 4 KB, RAM: 128 to 512 bytes

Selectable high-speed on-chip oscillator clock: 20/10/5/2.5/1.25 MHz (TYP.)
On-chip single power supply flash memory

On-chip debug function

On-chip selectable power-on-reset (SPOR) circuit

On-chip watchdog timer (operable with the dedicated low-speed on-chip oscillator)
On-chip key interrupt function: 6 key interrupt input pins

On-chip clock output/buzzer output controller

On-chip BCD (binary-coded decimal) correction circuit

1/O port: 8

Timer

8/16-bit timer: 2 channels

Serial interface

CSl: 1 channel

UART: 1 channel

Simplified 1°C communication: 1 channel

8/10-bit resolution A/D converter: 4 channels

Standby function: HALT or STOP mode

Power supply voltage: Vop =2.0t0 5.5V

Operating ambient temperature: Ta = -40 to +85 °C

RL78/G10 is widely used in small consumer electronics for industry, office, home appliance, healthcare, security and
city application.

2.3 Pin Configuration
Figure 2.2 shows the pin configuration of RL78/G10 (10-pin products).

P40/KRO/TOOLO/(PCLBUZOY(TIO1/TOO1) O 1O ~ 2 10 |=—=0O PO4/ANI3/TIO1/TO01/KRS
P125/KR1/RESET O -2 s 9f—=0O PO3/ANIZITOO0/KRA/(INTP1)
PA37/TIO0/INTPO C 3 < % 8 =0 P0O2/ANI1/SCK00/SCLO0/PCLBUZO/KR3
Vss O 4 2 = 7 [=—=0O PO1/ANIO/SI00/RXDO/SDAO0/KR2
Voo O 5 - 6 =0 P00/SO00/TXDO/INTP1

Figure 2.2 RL78/G10 (10-pin products) Pin Configuration
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3. System Outline

3.1 Principle Introduction

After system initialization is completed, MCU detects whether a device is connected to the master outlet or not through
a low cost single-phase active energy metering chip in real-time. To improve the anti-interference capability, the default
threshold is set to 30 W. Meanwhile, the MCU also detects the power of the device connected to the master outlet with
filtering method by using software trimmed mean in real-time. When the power of the device connected to the master
outlet is larger than the default threshold, the MCU uses a relay to turn on the power supply of the slave outlet. When
the power of device connected to the master outlet is less than the default threshold, MCU uses relay to turn off the
power supply of the slave outlet. By this way, the intelligent linkage control between master and slave outlets and the
power saving can be realized.

Figure 3.1 shows the system block diagram.

AC Low Cost RC
220V Step-Down Power

12~24V
RL78/G10 (10-pin)
12V ~ 24V ]
|
Voltage Regulator > VoD P03 —»| NPN AC
(5.0VDC) - })T Slave Device 220V
' Outlet
Relay
= RESET =£
Single-Phase Active Pulse 3l Devi
Energy Metering Parts g TAU a\gauﬂee;nce
i 12~24V CLOCK (backup)
]
Relay On-chi
Master Device { NPN P40/TOOLO > Degucgg;?ar
AC Qutlet
220v$ 1
Figure 3.1 System Block Diagram
3.2 Peripheral Functions to be Used
Table 3.1 lists the peripheral functions to be used and their usage.
Table 3.1 Peripheral Functions to be Used
Peripheral Function Usage
Channel 0 of TAUO Measure pulse from energy metering IC to check whether an electric
appliance (> 30 W) is turned on in master outlet.
Channel 1 of TAUO Operated as a 20 ms counter.
When count to 200 ms continuously, that indicates there is no load in
master outlet.
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3.3 Pins to be Used
Table 3.2 lists the pins to be used and their function.

Table 3.2 Pins to be Used

Pin Name Description

P40/TOOLONote On-chip debug
/ Relay control signal for master outlet

P125/RESET Hardware reset
P137/T100 Power measurement frequency signal input
Vss Ground
Vbb Power supply voltage
P0O0/TxDO0O UART transfer (reserved)
PO1/RxDO0O UART receive (reserved)
P03 Relay control signal for slave outlet

Note: When JP1 setting is pinl-2 shorted, P40 is connected to E1 debugger interface as the TOOLO function.
When JP1 setting is pin2-3 shorted, P40 is connected to the relay for the master outlet as control signal.

3.4 Operating Instructions
1) After system initialization is completed, the master outlet is connected to the power supply.

2 If an electric appliance (> 30 W) is turned on in the master outlet, the slave outlets will be connected to the
power supply. If there is no appliance or there is an appliance which is turned off or an electric appliance (< 30 W) is
turned on in master outlet, the slave outlets will be cut off from the power supply.
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4. Hardware

There is a low cost RC step-down circuit to transform 220 VAC voltage to 24 VDC voltage then supplies it to the relay.
And further, TL431A buck circuit reduces 24 VDC voltage to 5 VDC voltage then supplies it to the MCU and the low
cost single phase active energy metering chip. And there are two Omron single relays. One is to control master outlet
power supply, the other is to control all slave outlets power supply. Energy metering chip detects the active power of
the device in master outlet, and sends the energy signal to the MCU via a pulse. The MCU receives the pulse and
calculates the value of the power to control the relays.

Figure 4.1 shows the board picture.

220 VAC +«— | .

Master outlet ¢——

Slave outlet €¢——

Slave outlet €——
(backup)

* YCB17RL7BG10QS0510

864989

Figure 4.1 Board Picture
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4.1 Power Supply Cir

cuit

Figure 4.2 shows the schematics of the power supply circuit.

Power Supply

1
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IM2W
—— C3 D1 S2VDC
L 220V L o 1l A .
—— i
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D3 Tt
IN4007

N_GND
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Q1
t MMBT3904L

VDD

M
.

16V 0

—C6

0. 1uF

68ulF

Figure 4.2 Power Supply Circuit

Low cost RC step-down circuit transforms 220 VAC voltage to 24 VDC voltage then supplies it to the relay. And
further, TL431A buck circuit reduces 24 VDC voltage to 5 VDC voltage then supplies it to the MCU and the low cost
single phase active energy metering chip.
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4.2 Energy Metering Circuit
Figure 4.3 shows the schematics of the energy

metering circuit.
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Figure 4.3 Energy Metering Circuit

Energy metering circuit detects the energy of the device connected to the master outlet through a low cost single-phase
energy metering chip in real-time. The input values are the current and voltage of the master outlet load, the output
value is square wave of which frequency is proportional to load power. In actual use, it is needed to determine the
sampling resistance (R13) according to the actual situation.
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4.3 Slave Power Control Circuit

Figure 4.4 shows the schematics of the slave power control circuit.

L 220V IN

L 220V SL 3 i:

R18
1

+24VDC

T

i

+ I
Oohm
D4
IN4007

GSLE-14-24VDC Q2
MMBT3904L RI7_ g1 c
N_GND

4.7K

Figure 4.4 Slave Power Control Circuit

Slave power control circuit consists of NPN triode and an Omron single relay. The slave outlet power supply can be
enabled or disabled through the control signal of SLC from the MCU.
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RL78/G10

4.4 Master Power Control Circuit
Figure 4.5 shows the schematics of the master power control circuit.

L 220V IN
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Figure 4.5 Master Power Control Circuit

Master power control circuit consists of NPN triode and an Omron single relay. The master outlet power supply can be

enabled or disabled through the control signal of MTC from the MCU.
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5. Software

5.1 Integrated Development Environment
The sample code described in this chapter has been checked under the conditions listed in the table below.

Table 5.1 Operation Check Conditions

Iltem

Description

Microcontroller used

RL78/G10 (R5F10Y16)

Operating frequency

High-speed on-chip oscillator (HOCO) clock: 20 MHz
CPU/peripheral hardware clock: 20 MHz

Operating voltage

5V (can run on a voltage range of 2.7 Vto 5.5 V.)

SPOR detection voltage

When power supply falls: TYP. 2.84V (2.70 V to 2.96 V)
When power supply rises: TYP. 2.90V (2.76 V to 3.02 V)

Integrated development
environment (CS+)

CS+ V6.00.00 from Renesas Electronics Corp.

C compiler (CS+)

CC-RL V1.05.00 from Renesas Electronics Corp.

Integrated development
environment (e2 studio)

e2 studio V6.0.0 from Renesas Electronics Corp.

C compiler (e2 studio)

CC-RL V1.05.00 from Renesas Electronics Corp.

5.2 Option Byte

Table 5.2 summarizes the settings of the option bytes.

Table 5.2 Option Byte Settings

Address Value Description
000COH/010COH 11101111B Watchdog timer counter operation enabled
(counting started after reset)
000C1H/010C1H 11110111B SPOR detection voltage
When power supply falls: TYP. 2.84V (2.70 V to 2.96 V)
When power supply rises: TYP. 2.90V (2.76V to 3.02 V)
000C2H/010C2H 11111001B Operating frequency: 20 MHz (2.7 V ~ 5.5 V)
000C3H/010C3H 00000101B Disables on-chip debugging

RO1AN4081EC0100 Rev.1.00
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5.3 Operation Outline

The tasks of the whole system are listed as below: reset/initialization task, idle task, measuring timeout task, metrical
data processing task, slave controlling task, exception handler task.

Figure 5.1 shows the block diagram for the tasks transition.

Reset /
Initialization

Exception Handler Task

A
Idle 94

Slave Controlling Task

+/ Metrical Data Processing

Master load exists Task
g_flag.bit.Timeout = 0

Measuring Timeout Task

Figure 5.1 Tasks Transition Block Diagram

Q) Reset / Initialization

After power-on the system executes reset/initialization operation. System status and related global variables used by
users are initialized. After the initialization is completed, system will execute idle task.

2 Idle Task

When the system is in idle task, it means system has completed all the tasks. In idle task, the only operation is
transferring the system to measuring timeout task.

3) Measuring Timeout Task

In this task the system judges whether the routing inspection of the power signal hits timeout. If the routing inspection
times out that means there is no load in master outlet, the timeout flag is set and then the system is transferred to slave
controlling task. If the routing inspection is not out of time, the timeout flag is cleared and then the system is transferred
to metrical data processing task.

4) Metrical Data Processing Task

In this task, system measures the pulse signal from the single-phase active energy metering chip with TAUO channel 0
input pulse interval measurement function. It filters data with trimmed mean filtering method, then gets the final
measurement result. The system the compares the final measurement result with the default threshold, and then sets the
related flag bit of slave outlet control. After the task is completed, the system is transferred to slave controlling task.

RO1AN4081EC0100 Rev.1.00 Page 14 of 20
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(5) Slave Controlling Task

In this task, in order to realize the intelligent linkage control and power saving, the system turns on or turns off the
power supply of the device connected to the slave outlet according to the related flag bit of the slave outlet control and
the timeout flag. After the task is completed, the system is transferred to idle task.

(6) Exception Handler Task

If an exception occurred in the system task transition (system is not in status between (2) ~ (5)), the system will be
transferred to exception handler task. In this task, system initializes all the related peripheral functions and the related
global variables used by users. After the exception handler task is completed, the system is transferred to idle task.
Exception handler task is used to improve the anti-interference capability of the software.

RO1AN4081EC0100 Rev.1.00 Page 15 of 20
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5.4 Flow Chart

541 Main Processing
Figure 5.2 and Figure 5.3 show the flowchart for main processing routine.

C Start )

|

| Disable interrupt

|

System peripheral Initialize CGC, PORT, TAUO modules
initialization TAUOQO: Input pulse interval measurement
R_Systeminit() TAUO1: Interval timer

|

User initialization
R_MAIN_Userlnit()

Enable interrupt

ask identification:
g_current_task

IDLE TASK MEASURING_TI | METRICAL_DATA_ | SLAVE_CON | EXCEPTION_H
- MEOUT_TASK PROCESSING_TA | TROLLING_ | ANDLER_TASK
SK TASK (default)
\ 4 \ 4
A C D

Transfer to Measuring
Timeout Task

Figure 5.2 Main Processing (1/2)

RO1AN4081EC0100 Rev.1.00 Page 16 of 20

Dec. 31, 2017 RENESAS



RL78/G10

Smart Power Strip

No

Filtering data
R_Data_Filter()

Yes
\ 4
Set flag “Timeout” to Set flag “Timeout” to
TRUE FALSE
\ 4
Initialize variables
A 4 y

Transfer to Slave
Controlling Task

Transfer to Measure Data
Processing Task

Flag “Timeout”
== FALSE and flag “SlavePower”
== ON?

No

A 4

Slave powers on

Slave powers off

A 4

Transfer to Idle Task

Above threshold?

A
Set flag “SlavePower” to Set flag “SlavePower” to
ON OFF
<
v

Transfer to Slave
Controlling Task

A 4
E

hdwinit()

A

R_MAIN_Userlnit()

A 4

Transfer to Idle Task

Figure 5.3 Main Processing (2/2)
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5.4.2 User Initialization
Figure 5.4 shows the flowchart for user initialization.

(" RMAIN_Usernit) )

\ 4
Wait for power-on stabilization

\ 4
Master powers on

}

Initialize variables

Set flag “SlavePower” to OFF
Set flag “Timeout” to FALSE

}

Slave powers off

A 4

TAUOO start operation
R_TAUO_ChannelQ_Start()

A 4

TAUOL1 start operation
R_TAUO_Channell_Start()

\ 4

( Retum )

Figure 5.4 User Initialization
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5.4.3 TAUO Interrupt Processing
Figure 5.5 ~ Figure 5.6 show the flowchart for TAUO channel 0 interrupt and TAUO channel 1 interrupt.

( r_tau0_channelO_interrupt() )

The width of input pulse is
measured and result is
assigned to
g_tau0_chO_width

|

The measurement is stored into
buffer array

A\ 4
| Initialize the counter value |

\ 4

( Retum )

Figure 5.5 TAUO Channel O Interrupt Processing

( r_tau0_channell_interrupt() )

No
counter value >0 ?

Yes

| counter value - 1 |

( Return )

Figure 5.6 TAUO Channel 1 Interrupt Processing
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6. Sample Code

The sample code is available on the Renesas Electronics Website.

7. Reference Documents
RL78/G10 User's Manual: Hardware (RO1UH0384)
RL78 Family User's Manual: Software (R01US0015)

(The latest versions of the documents are available on the Renesas Electronics Website.)

Technical Updates/Technical News

(The latest information can be downloaded from the Renesas Electronics Website.)

All trademarks and registered trademarks are the property of their respective owners.
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Website and Support

Renesas Electronics Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/contact/

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas.
For detailed usage notes on the products covered by this document, refer to the relevant sections of the document as
well as any technical updates that have been issued for the products.

1. Handling of Unused Pins
Handle unused pins in accordance with the directions given under Handling of Unused Pins in the
manual.
— The input pins of CMOS products are generally in the high-impedance state. In operation with
an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
LSI, an associated shoot-through current flows internally, and malfunctions occur due to the
false recognition of the pin state as an input signal become possible. Unused pins should be
handled as described under Handling of Unused Pins in the manual.
2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.
— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states of
pins are not guaranteed from the moment when power is supplied until the reset process is
completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power reaches
the level at which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

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

access these addresses; the correct operation of LSI is not guaranteed if they are accessed.
4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become

stable. When switching the clock signal during program execution, wait until the target clock signal

has stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock
signal. Moreover, when switching to a clock signal produced with an external resonator (or by
an external oscillator) while program execution is in progress, wait until the target clock signal is
stable.

5. Differences between Products

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

— The characteristics of Microprocessing unit or Microcontroller unit products in the same group
but having a different part number may differ in terms of the internal memory capacity, layout
pattern, and other factors, which can affect the ranges of electrical characteristics, such as
characteristic values, operating margins, immunity to noise, and amount of radiated noise.
When changing to a product with a different part number, implement a system-evaluation test
for the given product.
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11.
12.
(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.

o

Notice

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

the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by

you or third parties arising from the use of these circuits, software, or information.

Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other disputes involving patents, copyrights, or other intellectual property rights of third parties, by or

arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawing, chart, program, algorithm, application

examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

You shall not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages

incurred by you or third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics products.

Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The intended applications for each Renesas Electronics product depends on the

product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.
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