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1.Introduction

In recent years, the management and control of the heat generated by electronic components
in equipment has become a major issue, and onboard over temperature monitoring and
temperature protection solutions have become increasingly important.

We have launched an Over Temperature Detection IC Thermoflagger™ (TCTH Series) as a new
solution for over temperature monitoring in electronic equipment. We have also developed an
Over Temperature Detection IC Thermoflagger™ application circuit example using this product as
a reference design (hereinafter referred to as "this Design"), which is capable of detecting over
temperature with a simple configuration; that is done by only combining it with a PTC thermistor.
This design has a simple configuration which detects the rise of temperature above alert
temperature. This Reference Guide describes this specification and operation procedure.

This design uses an Over Temperature Detection IC Thermoflagger™ TCTHO21AE. In addition,
small-package MOSFETs SSM3K35MFV and SSM3J35AMFV are used to drive LED.

Thermoflagger™ can be used with various sensors which utilize change in resistance for

detection. Other application circuits including light detection circuit (using CdS sensor) and
pressure detection circuit (using pressure sensor) are also described in this document.
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2.Specifications and Appearance
2.1. Specifications
Table 2.1 lists the main specifications of this circuit.
Table 2.1 Circuit Specifications
Circuit ™ Onboard :
Name Thermoflagger Sensor Power Supply Operation
Red LED turns ON
TCTHO21AE PTC ® if the temperature of either
AE1 (Push-pull type) thermistor USB Type-C PTC thermistor exceeds its
alert temperature.
Table 2.2 Specifications of Other Application Circuits
Circuit ™ Onboard ,
Name Thermoflagger Sensor Power Supply Operation
Blue LED turns ON if the
sensor’s surrounding is bright
AE2 CdS sensor Red LED turns ON if the
CTHO2 sensor’s surrounding is dark
TCTHO21AE ®
] fom USB Type-C
(Push-pull type) Blue LED turns ON if pressure
sensor is pressed
AE3 Pressure sensor Red LED turns ON if pressure
sensor is not pressed
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2.2. Circuit Block Diagram

Fig. 2.1 shows the block diagram of over temperature detection circuit. Fig. 2.2 and Fig. 2.3
show the block diagrams of other application circuits.
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Fig. 2.1 Over Temperature Detection Circuit Block Diagram (AE1)
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Fig. 2.2 Light Detection Circuit Block Diagram (AE2)
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Fig. 2.3 Pressure Detection Circuit Block Diagram (AE3)
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2.3. External View and Component Layout

Fig. 2.4 to Fig. 2.6 show the external view of this design and Fig. 2.7 shows the layout of the
main components.

Over temperature detection IC ad
TCTHO21AE o

TCTHO21AE

Pressherel = = TOSHIBA

Fig. 2.4 PCB Front View (Circuit AE1, Over Temperature Detection Circuit)
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Fig. 2.5 PCB Front View (Circuit AE2, Light Detection Circuit)
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Over temperature detection IC
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Fig. 2.6 PCB Front View (Circuit AE3, Pressure Detection Circuit)
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Fig. 2.7 PCB Component Layout (Front View)
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3.Schematic, Bill of Material, and PCB Pattern

3.1. Schematic

Refer to the following file:
Over Temperature Detection Circuit (Circuit AE1) RD225-SCHEMATIC2-xx.pdf
Light Detection Circuit (Circuit AE2) RD225-SCHEMATIC3-xx.pdf
Pressure Detection Circuit (Circuit AE3) RD225-SCHEMATIC4-xx.pdf
(xx is the revision number.)

3.2. Bill of Material

Refer to the following file:
Over Temperature Detection Circuit (Circuit AE1) RD225-BOM2-xx.pdf
Light Detection Circuit (Circuit AE2) RD225-BOM3-xx.pdf
Pressure Detection Circuit (Circuit AE3) RD225-BOM4-xx.pdf
(xx is the revision humber.)

3.3. PCB Pattern

Fig. 3.1 shows the pattern of the PCB.
Also refer to the following file:
RD225-LAYER-xx.pdf
(xx is the revision number.)
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<LAYER1 >

<LAYER2>

Fig. 3.1 PCB Pattern (Front View)
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4.0peration

4.1. Operation Procedure
4.1.1. Circuit AE1

The standard procedure for starting circuit AE1 is as follows.

- Connect a USB charger to USB Type-C® connector (J1). The blue LED turns on at normal
temperature.

- If PTC thermistor 1 (alert temperature: approx. 80 °C) or PTC thermistor 2 (alert temperature:
approx. 105 °C) is heated, and if its temperature exceeds its alert temperature, Thermoflagger™
will detect over temperature and turn on the red LED. Thermoflagger™ is able to detect the over
temperature of any of the PTC thermistor irrespective of the temperature of other PTC thermistor.

PTC Thermistor 1

Over temperrature detection IC

TCTHOZ1AE

PTC1 TCTHO21AE
L 0

T PTC Thermistor 2

USB Type-C® Connector (J1)

Fig. 4.1 PCB Front View (Over Temperature Detection Circuit Example)
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4.1.2. Circuit AE2

The standard procedure for starting circuit AE2 is as follows.

- Connect a USB charger to USB Type-C® connector (J1). If the surrounding of the CdS sensor
is bright, the resistance of the CdS sensor is low, therefore the blue LED is on.

- If the surrounding of the CdS sensor becomes dark, the resistance of the CdS sensor increases,
therefore the red LED turns on.

Over temperature detection IC
TCTHO21AE

TCTHO21AE
(6] PTCGOOD

R7_— 4
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st here |

TOSHIBA

T CdS Sensor

USB Type-C® Connector (J1)

Fig. 4.2 PCB Front View (Light Detection Circuit Example)
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4.1.3. Circuit AE3

The standard procedure for starting circuit AE3 is as follows.

- Connect a USB charger to USB Type-C® connector (J1). If the pressure sensor is not pressed,

the resistance of the CdS sensor is high, threfore the red LED is on.

- If the pressure sensor is pressed, the resistance of the pressure sensor decreases, therefore
the blue LED turns on.

Over temperature detection IC
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T Pressure Sensor

USB Type-C® Connector (J1)

Fig. 4.3 PCB Front View (Pressure Detection Circuit Example)
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4.2. External Connector Specifications

The external connector specifications of this circuit are as follows.

Table 4.1 Input Connector Specifications

Input Connector Input Voltage

J1
5V

(USB Type-C®)
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5.Precautions

-Be careful not to touch any part of the PCB other than the sensor, as it may get destroyed by
static electricity.

-Do not apply excessive voltage to USB Type-C® connector.

-When disposing of this PCB, follow the instructions of your local authorities.

% Thermoflagger™ is a trademark of Toshiba Electronic Devices & Storage Corporation.

% USB Type-C®, USB-C® is a registered trademark of USB Implementers Forum.

% Company names, product names, and service hames may be trademarks of their respective
companies.
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Terms of Use

This terms of use is made between Toshiba Electronic Devices and Storage Corporation (“We”) and Customer who downloads
or uses this Reference Design. Customer shall comply with this terms of use. This Reference Design means all documents
and data in order to design electronics applications on which our semiconductor device is embedded.

Section 1. Restrictions on usage

1. This Reference Design is provided solely as reference data for designing electronics applications. Customer shall not use
this Reference Design for any other purpose, including without limitation, verification of reliability.

2. Customer shall not use this Reference Design for sale, lease or other transfer.

3. Customer shall not use this Reference Design for evaluation in high or low temperature, high humidity, or high
electromagnetic environments.

4. This Reference Design shall not be used for or incorporated into any product or system whose manufacture, use, or sale is
prohibited under any applicable laws or regulations.

Section 2. Limitations

1. We reserve the right to make changes to this Reference Design without notice.

2. This Reference Design should be treated as a reference only. WE ARE NOT RESPONSIBLE FOR ANY INCORRECT OR
INCOMPLETE DATA AND INFORMATION.

3. Semiconductor devices can malfunction or fail. When designing electronics applications by referring to this Reference
Design, Customer is responsible for complying with safety standards and for providing adequate designs and safeguards for
their hardware, software and systems which minimize risk and avoid situations in which a malfunction or failure of
semiconductor devices could cause loss of human life, bodily injury or damage to property, including data loss or corruption.
Customer must also refer to and comply with the latest versions of all relevant our information, including without limitation,
specifications, data sheets and application notes for semiconductor devices, as well as the precautions and conditions set
forth in the "Semiconductor Reliability Handbook".

4. Designing electronics applications by referring to this Reference Design, Customer must evaluate the whole system
sufficiently. Customer is solely responsible for applying this Reference Design to Customer's own product design or
applications. WE ASSUME NO LIABILITY FOR CUSTOMER'S PRODUCT DESIGN OR APPLICATIONS.

5. WE SHALL NOT BE RESPONSIBLE FOR ANY INFRINGEMENT OF PATENTS OR ANY OTHER INTELLECTUAL
PROPERTY RIGHTS OF THIRD PARTIES THAT MAY RESULT FROM THE USE OF THIS REFERENCE DESIGN. NO
LICENSE TO ANY INTELLECTUAL PROPERTY RIGHT IS GRANTED BY THIS TERMS OF USE, WHETHER EXPRESS OR
IMPLIED, BY ESTOPPEL OR OTHERWISE.

6. THIS REFERENCE DESIGN IS PROVIDED "AS IS". WE (a) ASSUME NO LIABILITY WHATSOEVER, INCLUDING
WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF
DATA, AND (b) DISCLAIM ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO THIS
REFERENCE DESIGN, INCLUDING WITHOUT LIMITATION, WARRANTIES OR CONDITIONS OF FUNCTION AND
WORKING, WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF
INFORMATION, OR NONINFRINGEMENT.

Section 3. Terms and Termination

It is assumed that Customer agrees to any and all this terms of use if Customer downloads or uses this Reference Design. We
may, at its sole and exclusive discretion, change, alter, modify, add, and/or remove any part of this terms of use at any time
without any prior notice. We may terminate this terms of use at any time and without any cause. Upon termination of this terms
of use, Customer shall eliminate this Reference Design. Furthermore, upon our request, Customer shall submit to us a written
confirmation to prove elimination of this Reference Design.

Section 4. Export Control

Customer shall not use or otherwise make available this Reference Design for any military purposes, including without
limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). This Reference Design may be controlled under the applicable export laws
and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Act and the U.S. Export
Administration Regulations. Export and re-export of this Reference Design is strictly prohibited except in compliance with all
applicable export laws and regulations.

Section 5. Governing Laws
This terms of use shall be governed and construed by laws of Japan, without reference to conflict of law principle.

Section 6. Jurisdiction
Unless otherwise specified, Tokyo District Court in Tokyo, Japan shall be exclusively the court of first jurisdiction for all
disputes under this terms of use.

© 2023
Toshiba Electronic Devices & Storage Corporation 15715 2023 Igg 1‘1"
ev.



