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ABSTRACT

This paper reports development of a low-power standalone heat detector using a Critical-Temperature Switch. The
Critical-Temperature Switch, which is a thermally sensitive and passive component whose resistance decreases significantly
at 70 C due to a metal-insulator transition, provides reliable temperature measurements. This digital-like behavior of the
Critical-Temperature Switch can detect fires without a microcontroller, meaning that it can minimize the power consumption
of the standalone heat detector. The experimental results showed that the standalone heat detector using the
Critical-Temperature Switch complied with the Notification of the National Emergency Management Agency. Compared to
conventional standalone heat detectors, only 70% of the power was consumed monitoring the fires.
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Figure 1. Temperature-resistance curve of (a) muRata’s NTC

Thermistor (NXRT15WF104) and (b) ETRI’s CTS.

= AIFES MCUS ADCE o]g3te AE AAsk7] u
ol 7122 MCU F32to] IZ{o]al o]|& Qlsle] 4H]
AEe FAassh=d IAE 7HA L Yk

B Rl uEAny g gAzle] a6 Ay

Huslol 05 S0l UE L AL 1A 9l

YA E 9] X|(Critical-temperature switch, CTS)E &-&3}
= ke A S AL ok =3 A=A At
54 45 B8l &4 AHs gofstal, o] 54E o8
g AR daElEs A, O dagES o83t
o YALEZAAE o] &3 GEHRY F2 AT E
TSR THE YALELAAE 0|87 HEHRY
A7 GEAREY A 719 FA5 7E 55 o7l
w3 A S Pk, %174]9_1:¢.?/];<]§ o] &% B=7
By F22 A9 71E AF s A E A7 44
Hes vws)] ®Bod).

2. 87 ZX| 2V2AS

2.1 YARE=ALK]
YAE2A= vlUFE ©]4tskE(Vanadium  dioxide,
VOy)olAl dojues F45-HAA Aol d4S o] 83 &4}

g uE4ny e

A7 N 71

Initializing Initializing
the MCU the MCU

The MCU enter stop The MCU enter stop
mode mode

I !

The MFU \_Nﬂke up The CTS start fire
periodically monitoring

Read the NCT
thermistor resistance

Did the CTS
detect a fire?

with an ADC

Did the MCU
detect a fire?

Wakeup the MCU by
the CTS

Start a Fire Alarm
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commonly used in conventional standalone heat
detectors and (b) CTS made with VO, and used in
developed standalone heat detector.
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Figure 3. Functional block diagram of the standalone heat detector
using the CTS.
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Figure 4. Fire detection circuit (R = 500 k).
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Figure 5. The prototype of the standalone heat detector using the CTS. (a) Top view of the prototype assembly. (b) Bottom view.
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Table 1. National Regulations for a Standalone Fire Alert in Article 5-2 of Notification No. 2019-10 of the National Emergency
Management Agency, Excluding the Rule Related to Plastic Case and Battery Specification, and Experimental Results

Section No National Regulations Experimental Results
1 User Can Test a Fire Detector with a Button. ZifivAaI:Zeroic? was Blinking, and Test Sound was
) When a Fire Detector Detects a Fire, an Alert Sound and | The Red LED was Blinking, and the Alert Sound
a Blinking LED Must be Activated. was Activated at 70 C
A Fire Detector Must have Components for Status
3 Indication. The Amber LED was Blinking Every 55 s

(Blinking Period Between 30 s and 60 s)

Alarm. (> 70 dB at 1 m)

A Fire Alert Must Last for 10 min. The Alert Sound and
Silence Ratio Must be Between 2:1 and 1:1 and Alert

4 Sound Must be Below 2 s. The Volume Must be at Least
85 dB at 1 m. The Alert Sound can also Include Voice

Fire Alarm Repeated Continuously
Alert Sound ~ 0.7 s
Alert Sound: 86 dB / Voice Alarm: 71 dB

When the Voltage of a Battery is Lower than the Voltage
Specified by the Manufacturer, a Fire Detector Must

When the Voltage of a Battery is below 2.8 V,

ice Al he Red 1 Blinki
> Raise an Alarm for 72 hours. The Alert Sound can also \Rlzlzeate d ag:)lnzrrlliotlsel (e\(/joijg Zf: m: 1;101r(11§];3;nd
include Voice Alarm. (> 70 dB at 1m) P Y ’
A Fire Al t be Stopped by a Butt d U
mustlrinovjntl;lain;?re ]e)ete(c)f)ir;i is yD?sabllledonAali‘lre = The Fire Detector was Stopped by a Button and the
7 ) Amber LED was Blinking twice every 20 s. The Fire

the Fire Alarm within 15 min.

Detector must be Back to the normal State after Stopping

Detector was Back to the Normal State after 6 min
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Table 2. Comparison of a Standalone Heat Detector Using a CTS and Conventional One

Using a CTS

Conventional

Heat Detection

Critical Temperature Switch

NTC Thermistor and MCU

Detection Method Phase Transition of VO,

Periodically reading NTC Thermistor resistances using ADC

Detection Interval Continuously Within 8 s
Detection Time Immediately Within 8 s
Power Consumption per Second Approximately 3 pA Approximately 4.3 pA
Operation Voltage 3V 3V
© STM32L4E A EHste] AR5t oH, QA=A & Agency” (2019).
# 48)5) 4. S. H. Park and J. Cho, “A Study on the Development of
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