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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 sal es 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.

Y ou should not ater, 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. Y ou 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. 'Y ou 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 el ectronic appliances, machine tools; persona electronic equipment; and industria 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; agrospace 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 heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy 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.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




l{ENESAS APPLICATION NOTE
H8/300H, H8/300L Super Low Power Series

Example of Driving an MCU from a Low-Voltage Power Supply
by Using a Step-Up DC/DC Converter and Start-Up IC

Introduction

A minimum operating voltage appliesto LSl circuitsin general, and not just to the Super Low Power Series. Operation
will not proceed when the power-supply voltage is at alower value. However, constraints of the following types may
apply, according to the system.

» Power-supply voltages can fall because batteries are drained.
e Operation with asmall solar panel may necessitate operation with alow power-supply voltage.

To satisfy such constraints, examples of using a step-up circuit to drive an MCU are introduced in this application note.
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‘ z H8/300H, H8/300L Super Low Power Series
u E N ESAS Example of Driving an MCU from a Low-Voltage Power Supply

by Using a Step-Up DC/DC Converter and Start-Up IC

1. Step-Up Circuit

In this application note, a switching regulator with an on-chip FET for step-up PWM control (S-8353 Series) and
a charge-pump | C with super-low-voltage operation for starting up step-up DC/DC converters (S-882Z Series), both
manufactured by Seiko Instruments Inc., are used in a step-up circuit.

Normally, acircuit will be drivable by a step-up DC/DC converter on its own. However, using the charge-pump IC
with super-low-voltage operation to start the converter up allows the operation of circuits from even lower power-
supply voltages (as low as 0.3 V). More detailed descriptions of the |Cs used in the step-up circuit follow.

1.1 Switching Regulator with On-Chip Step-Up PWM Control FET: S-8353 Series

The S-8353 Seriesis a CMOS step-up switching regulator, the main components of which are a reference-voltage
source, oscillator circuit, power MOS FET, error amplifier, phase compensation circuit, and PWM control circuit.

Configuring a step-up switching regulator simply requires the addition of an external coil, capacitor, and diode.

Low-voltage operation:  Startup at 0.9 V (Ioyt = 1 mA) guaranteed

Low current drawn: 18.7 pA (3.3 V, 50 kHz, typ.) during operation
0.5 YA (max.) during shutdown
Duty cycle: On-chip PWM control circuit

0% to 83% (30-kHz and 50-kHz models)
0% to 78% (250-kHz models)
External parts: Coail, capacitor, and diode
Output voltage: Selectablein 0.1-V steps between 1.5 and 6.5 V (for separate Vpp/V out types)
Selectablein 0.1-V steps between 2.0 and 6.5 V (for types without separate Vpp/Vout)
Oscillation frequency: 30 kHz, 50 kHz, and 250 kHz selectable

Soft-start function: 6 ms (50 kHz, typ.)
CONT Voo Vour
_O ) N

IC internal
power supply

Oscillator circuit

+

0 q PWM control
circuit

with soft start circuit

Reference voltage phase compensation |:

J
N

Figure 1 Block Diagram of S-8353 Series
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by Using a Step-Up DC/DC Converter and Start-Up IC

1.2 Charge-Pump IC with Super-Low-Voltage Operation for Starting up Step-Up
DC/DC Converters: S-882Z Series

The S-882Z Series differs from conventional charge-pump ICs that fully depleted SOI (silicon on insulator) technology
is applied to produce a charge-pump IC for starting up step-up DC/DC converters which enables operation at super low
voltages. Since they are capable of stepping up extremely low input voltagesin the 0.3- to 0.35-V range, this series
enables the effective usage of very weak energy sources. The stepped up electric power is stored in the startup capacitor.
After this capacitor reaches the discharge-start voltage, it is discharged to provide power to start up the step-up DC/DC
converter.

Operating input voltage 0.3to3.0V

Current drawn: 0.5 mA max. (at V |y = 0.3 V) during operation
0.6 pA max. (at Vy = 0.3 V) during shutdown

Discharge-start voltage: 1.8t02.4V (selectablein 0.2 V steps)

Shutdown voltage: Discharge-start voltage + 0.1 V (fixed)
Oscillation frequency: 350 kHz typ. (at Viy = 0.3 V)

Small package: SOT-23-5 package

External component: startup capacitor (Cpour). 1 unit’

Note *: A Schottky diode or power-smoothing capacitor may also be required, according to the values of the output-
smoothing capacitor for the step-up DC/DC converter and of the output voltage.

CPOUT ,L Ccpout
© —
[
i 777
Vin M1 ouT
(“ Charge pump circuit ; ® @
%
Oscillator circuit
CLK signal COMP1
Ves EN-
L—@

Note *: Parasitic diode

Figure 2 Block Diagram of S-882Z
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H8/300H, H8/300L Super Low Power Series

u {E N ESAS Example of Driving an MCU from a Low-Voltage Power Supply

by Using a Step-Up DC/DC Converter and Start-Up IC

1. Inthe S-882Z Series, input of a power-supply voltage of 0.3 V or more to the V,y pin makes the oscillator start
operation, producing the CLK signal as an output signal.
2. ThisCLK signal drives the charge pump, and the power from the V, pin is converted to stepped-up electrical

power in the charge-pump circuit.

3. The stepped-up electric power output from the charge pump circuit gradually charges to the startup capacitor
(CcpouT) connected to the CPOUT pin, the voltage on the pin gradually rises.
4. When the CPOUT pin voltage (V cout) reaches or exceeds the discharge-start voltage (V crouti), the output signal of
the comparator (COMP1) changes from high to low level. This switches the discharge-control switch (M1) from off

to on.

5. When M1 is switched on, the step-up electric power stored in Ccpoyr is discharged from the OUT pin.
6. When discharging proceeds until V cpoyr fallsto the level of the discharge-stop voltage (V cpout2), M1 is switched

off, and the discharge is stopped.

7. When the VM pin voltage (V) reaches or exceeds the shutdown voltage (V oer), the output signal (EN-) of the
comparator (COMP2) changes from low level to high. This makes the oscillator circuit stop, and the device enters

the shutdown state.

8. When V), does not reach or exceed V or, the step-up electric power from the charge-pump circuit reaches Cepout

again (from here, return to the step 3).

Note: When discharge to the OUT pin stops and recharging of the startup capacitor (Ccpour) IS restarted, Cepoyr must
be charged until the voltage on the CPOUT pin (Ccpoyr) falls below the discharge-stop voltage (V cpoutz)- In

this case, the following condition must be met:

Condition: OUT pin voltage (Vout) < Discharge-stop voltage (V cpoutz)-

®-CPOUT /. Cepout_|
&/ R
Charging J
Discharging 7T
v M1 ouT
Q) ® ® Charging pump circuit 4 ()
L Oscillator circuit CLK signal COMP1
Detecting
) -
VM
— )
Vssz) = !
COMP2

Figure 3 Example of Operation for S-882Z Series
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2. Example of Using a Step-Up DC/DC Converter to Drive an MCU

In the example given below, the switching regulator with on-chip step-up PWM control FET (S-8353 Series) and
charge-pump |1 C with super-low-voltage operation for starting up step-up DC/DC converters (S-882Z Series) are
combined to drive a Super Low Power Series MCU from an input voltage of 0.3 V.

Figure 4 shows the connections between the MCU and the S-8353 Series and S-882Z Series devices.

VOUT =30V
V|N=0.3V |OUT=1mA
O 7000 Pl Yeo
d
L SD2
r Super Low Power
J< Series MCU
Ccpout — SD1
cPOUT CONT Voo
ouT
Vin . Vour
S-882Z Series S-8353D30MC
VM
Cn —_— Vss Vss T
777 777 777 777 777

Figure 4 Example of Using a Step-Up Circuit to Drive an MCU

Table 1 shows the major parts used.

Tablel Major Parts Used

Part Name Symbol Manufacturer Part No.

Super Low Power Series — Renesas Technology Corp.  (Various; depends on the

MCU products)

S-882Z Series — Seiko Instruments Inc. S-882720-M5T1G
(Discharge-start voltage setting:
2.0V)

Step-up DC/DC converter — Seiko Instruments Inc. S-8353D30MC
(Output voltage setting: 3.0 V)

Inductor L Sumida Corporation CDRH5D18-101 (100 pH)

Schottky diode SD1,SD2 Rohm Co., Ltd. RB551V-30

Startup capacitor Ccrout — 10 pF (ceramic type)

Input capacitor Ci — 47 uF

Output capacitor C. — 33 pF (ESR > 50 mQ)

Power smoothing capacitor Cypp — 1 pF (ceramic type)

Note: Following the above connection diagram and constants does not guarantee successful operation.
Set the actual constants after thoroughly evaluating operation with the actual application.
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The above figure shows an application circuit example with targeted values of V| = 0.3V, Vour =3.0V, and
IOUT =1mA.

In order to operate the Super Low Power Series MCU, increasing output current of step-up DC/DC converter and
reducing current drawn by the MCU is required.

To reduce the current drawn by the MCU, the following countermeasures can be considered.

* Reduce the number of operating power-supply voltage of the MCU

* Reduce the operating frequency for the MCU

» Usethe on-chip oscillator for system clock (in case of product with on-chip oscillator for system clock)

» Switch the LSI circuit from the active (high-speed) mode to the active (middle-speed) mode after areset. Switch it
to the sub-active mode after stabilization of sub-clock oscillation.

» When the software does not operate, transit to the standby mode or watch mode.

The following chart shows the transition from the active (high-speed) mode to the active (middle-speed) mode after
areset, the transition to the sub-active mode after the sub-clock oscillation is stabilized, and then the transition to
the watch mode.

»  Flow which minimizes the current drawn by general products of the Super Low Power Series

( Release from the reset state )

Immediately after release from the reset state, | Since the MCU is in active (high-speed) mode after the reset,
transition to the active (middle-speed) mode immediately place it in the active (middle-speed) mode.

Sub-clock oscillation stabilized? Wait for the sub-clock (32.768 kHz) oscillation stabilization time

- - and place the MCU in the sub-active mode.
Yes During this process, initialize the peripheral /0 and
internal RAM.

Transition to the sub-active mode

Transition to the watch mode After completing the initial settings, enable interrupt requests
and place the MCU in the watch mode.
e Generation of an interrupt as a trigger for releasing the MCU from
the watch mode releases the MCU from the watch mode
Processing and places it in the sub-active mode. Execute software processing
to return the MCU to the watch mode.
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The products for which the on-chip oscillator can be used as the sub-clock enable the transition to the sub-active mode
to be made without waiting for the oscillation of the external sub-clock to be stabilized.

»  Flow which minimizes the current drawn by products for which the on-chip oscillator can be used as the sub-clock.

C Release from the reset state )

Set the on-chip oscillator
as the sub-clock source Change the initial settings immediately after release from

the reset state, since the external oscillator is set as
the clock source for the sub-clock.
After that, place the MCU in the sub-active mode.

Transition to the sub-active modg

Initialize the peripheral functions|  ------- Initialize the peripheral I/O and internal RAM.

Transition to the watch mode After completing the initial settings, enable interrupt requests
and place the MCU in the watch mode.
e Generation of an interrupt as a trigger for releasing the MCU from
the watch mode releases the MCU from the watch mode and
Processing places it in the sub-active mode. Execute software processing
to return the MCU to the watch mode.

3. Reference Documents

1. Datasheet
STEP-UP, PWM CONTORL or PWM/PFM SWITCHABLE BUILT-IN TRANSISTOR SWITCHING
REGULATOR S-8353/8354 Series:
Seiko Instruments Inc.

2. Datasheet
ULTRA-LOW VOLTAGE OPERATON CHARGE PUMP IC FOR STEP-UP DC-DC CONVERTER STARTUP
S-8827 Series:
Seiko Instruments Inc.
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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any intellectual
property rights or any other rights of Renesas or any third party with respect to the information in this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out
of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. Allinformation included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, 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 products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com)

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in light
of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas products
are not designed, manufactured or tested for applications or otherwise in systems the failure or malfunction of
which may cause a direct threat to human life or create a risk of human injury or which require especially high
quality and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare,
combustion control, aerospace and aeronautics, nuclear power, or undersea communication transmission. If you
are considering the use of our products for such purposes, please contact a Renesas sales office beforehand.
Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

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

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions.
Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or
damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the evaluation of microcomputer
software alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas products
are attached or affixed, the risk of accident such as swallowing by infants and small children is very high. You
should implement safety measures so that Renesas products may not be easily detached from your products.
Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.

© 2007. Renesas Technology Corp., All rights reserved.
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