
 Application Note 

RL78/G22 
Multiwavelength Smoke Detector Reference Design 
Introduction 
This application note describes a reference design for an ultra-low-power Multiwavelength Smoke Detector 
using the RL78/G22 microcontroller and an AFE (Analog Front-End IC).  

This design targets photoelectric smoke detectors and adopts a multi-LED smoke discrimination technology. 
By utilizing light of different wavelengths, it enables high-precision smoke detection, reducing false alarms 
and improving detection performance.  

This application note provides a detailed explanation of the system configuration, operating principles, and 
smoke testing, supporting developers in effectively utilizing this design. 

Target Device 
RL78/G22 

 

Note: The hardware and sample software for this Multiwavelength Smoke Detector are provided for 
reference purposes only in development and are not guaranteed by our company as a finalized product. 
When using the hardware and sample software, please conduct sufficient evaluation in an appropriate 
environment before use. 
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1. Overview 
This User's Manual (Solution) contains information about the "Multiwavelength Smoke Detector POC 

(Proof of Concept) board with RL78/G22 microcontroller and AFE (Analog Front-End IC)" and sample 
software to efficiently create Multiwavelength Smoke Outline of developing detectors. 

The hardware and sample software for this Multiwavelength Smoke Detector are for development 
purposes only, and we do not guarantee that it will work as a product. When using hardware and sample 
software, please use it after thorough evaluation in an appropriate environment. 

 

Operation check device 
The operation of the sample software is checked with the following devices mounted on the 

Multiwavelength Smoke Detector POC board (hereinafter referred to as the POC board). 

• RTK7RL22SMD00000BJ (Multiwavelength Smoke Detector POC Board) 
• R7F102GBE2DNP#YJ1 (on-board MCU) 
• RAA23910X (on-board AFE) 

 

1.1 Functional Principle of Photoelectric Multiwavelength Smoke Detector 
The photoelectric Multiwavelength Smoke Detector consists of an LED (transmitter) that emits light in a 

case called a smoke chamber and a photodiode (receiver) that detects the light. Air flows through this 
chamber, and in the event of a fire, smoke will be contained. 

The structure of the smoke chamber prevents external light from entering the smoke chamber so as not to 
interfere with the measurement. Both the transmitting light source (LED) and the receiving photodetector 
(photodiode) are located at an angle of about 140 degrees, so that the light does not shine directly on the 
detector in clean or less polluted air. As ambient smoke enters the smoke chamber, the transmitted light is 
scattered with these smoke particles and received by the detector, which triggers an alarm as a fire alarm if it 
exceeds the set threshold. 

 

1.2 Residential and Commercial Smoke Detector 
The type called Residential Smoke Detector is a dedicated type that is installed in various houses such as 

homes and apartments. Most of these detectors are streamlined with reliable features and low cost. It is 
usually battery-powered, has a simple configuration that sounds an alarm on its own, and has limited 
communication and coordination control functions. 

Commercial Smoke Detectors, on the other hand, are more comprehensive in terms of features and 
operating range. Commercial installations must be able to communicate through wire or wirelessly, with DC 
power supply voltage (12~48V) or AC power, battery backup, connection to a central control panel (receiver) 
and control in conjunction with a fire alarm system. 
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2. Multiwavelength Smoke Detector POC Substrate 
2.1 Overview of POC Substrate 

The Multiwavelength Smoke Detector can be implemented using only the RL78/G22 microcontroller 
mounted on the POC board, AFEs, LEDs (transmitters), photodiodes (receivers), and a few external 
components. The transmitting LEDs are positioned in such a way that the light beam is scattered to the 
receiver only when there is smoke or dust. This board detects scattered light with infrared IR LEDs 
(hereinafter referred to as Red LED) and Blue LEDs of different wavelengths, especially for the purpose of 
recognizing the type of smoke as a multiwavelength type. 

2.2 POC Board Features and Hardware Specifications 
POC substrates have the following characteristics: The specifications are listed in Table 2-1. 

• "OR" type power supply configuration (DC24V~40V main power supply, USB power supply, E2Lite 
emulator power supply, user serial power supply, main unit debug power supply) 

• Compact, low-power, high-performance microcontrollers 
• Analog front-end IC provides smoke detection driver and op amp  
• Alarm LED (Red) and external notification signal circuit 
• User LED (Green) 
• User Buttons 
• Photoelectric smoke detection of multi-wavelength light using two types of LEDs (IR and Blue) 

 

Table 2-1.  POC Board Specifications 

No. Large Items items specifications remarks 
1 power supply Mains power supply DC24～40V Current Limit max160uA 
2 LED Infrared (IR) Forward 

LED 
Wavelength 850nm  

3 Blue Forward LED Wavelength: 470nm  
4 Infrared (IR) 

Backward LED 
Wavelength 850nm  

5 Photodiode Wideband type Wavelength: 
400~1100nm 

 

6 alarm Red LED flashing Mains power supply 
52mA pull-in 

 

7 size Notification Signal 
Generation 

75.50mm x 95.50mm x 
1.6mm 
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2.3 System Benefits from Renesas Component Integration 
• The low-power Multiwavelength Smoke Detector analog front-end RAA23910X includes 2xLED 

drivers, 2xPhotodetector inputs with programmable gain transimpedance amplifiers, ADC+DAC, 
linear regulator for MCU power supply, 3.3V or 5V operation, and more. Compared to discrete 
designs, the number of components, board space, and overall system cost are significantly 
reduced.  

• The highly integrated AFE can be used for light detection of different IR wavelengths, greatly 
improving the accuracy of the Smoke Detector and making it possible to consider a UL217 or 
UL268 compliant Multiwavelength Smoke Detector system. 

• Equipped with an RL78/G22 microcontroller and Data Flash, it is possible to store non-volatile data 
(alarm counters, operating hour meters, etc.). (The sample software does not have any functions) 

• Very few external components required = > lowest BOM and smaller solution size。 
 

2.4 Features of Analog Front-End IC RAA23910X 
The highly integrated RAA23910X low-power analog front-end IC contains all the peripherals and features 

required for a photoelectric smoke detector system that is primarily focused on residential smoke detector 
design. Therefore, it is easy to realize a electronic circuit for Multiwavelength Smoke Detector with only two 
main components: MCU + AFE. 

• 8-Bit DAC Adjustable Current (45mA~300mA, or 90mA~600mA) 
• Photodetector TIA amplifier + PGA (programmable gain up to 160 MV/A) 
• 10-bit ADC for photodetector input 
• General Purpose I/O - Single-wire TX/RX interface 
• LDOs for microcontroller power supplies 
• SPI interface 
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3. UL Test Requirements 
3.1 Types of Tests and Criteria 

The performance of the Smoke Detector is specified in UL Standards UL217 and UL268. Among them, 
different criteria are specified for the smoke test of the photoelectric smoke detector depending on the 
different combustion products and combustion conditions shown in Table 3-1. From UL217 (8th edition) and 
UL268 (7th edition), cooking disturbance smoke test and polyurethane smoldering flame test are added. 

 

Table 3-1. UL Testing: Smoke Test Types and Criteria 

No. Exam name time Opacity & MIC Combustion remarks 

1 
Fire Test Alarms must not 

occur for more 
than 4 minutes 

No provision Paper & Wood Smoke profile 
available 

2 
Smoldering Test No Stipulated 

Statement 
Alarm before opacity 
exceeds 29.26%/m 
(10%/feet) 

Ponderosa 
Pine Bar 

Smoke profile 
available 

3 
Polyurethane Fire 
Test 

6 minutes after 
the end of the 
exam 

Alarm before the opacity 
exceeds 15.47%/m 
(5.0%/feet) 

polyurethane Smoke profile 
available 

4 
Polyurethane 
Smoldering Test 

No Stipulated 
Statement 

Alarm before the opacity 
exceeds 34.23%/m 
(12.0%/feet) 

polyurethane Smoke profile 
available 

5 

Cooking 
Disturbance 
Smoke Test 

No Stipulated 
Statement 

Do not raise an alarm 
with an opacity of 
4.84%/m (1.5%/feet) or a 
MIC value of 59.3~49.2 

hamburger Smoke profile 
available 

 
Smoke testing should be performed using a Smoke Detector whose sensitivity is adjusted to the range 

described in UL standards. 
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3.2 Concept of opacity 
There is an indicator of opacity in the judgment criteria of the UL standard. This is a measure of how 

difficult it is for light to pass through per unit length, and is calculated from the transmittance of light in order 
to quantify the visibility of the fire lineup. 

3.2.1 How to measure opacity 
The method of measurement of opacity is defined by the UL standard. 

Figure 3-1 shows a schematic diagram of the method for measuring opacity in the UL standard. 

In this measurement method, the opacity is calculated from the ratio of the transmittance Tc in the absence 
of smoke and the transmittance Ts in the presence of smoke. 

 

Figure 3-1.  Schematic diagram of how to measure opacity  

3.2.2 Defining Opacity 
The opacity at a given distance d is expressed by Equation 3-1. 

In this case, Tc is the transmittance without smoke at a distance d, and Ts is the transmittance at a 
distance d when there is smoke. 

 

𝑸𝑸𝒖𝒖 = �𝟏𝟏 − �
𝑻𝑻𝑻𝑻
𝑻𝑻𝑪𝑪
�
𝟏𝟏
𝒅𝒅
�ｘ𝟏𝟏𝟏𝟏𝟏𝟏 

Equation 3-1 

For example, if we consider %/foot, if the measurement of Ts and Tc is the value when measured at 5.0 
feet as standard, the opacity will be as shown in Equation 3-2. 

 

𝑸𝑸𝒖𝒖𝒇𝒇 = �𝟏𝟏 − �
𝑻𝑻𝑻𝑻
𝑻𝑻𝑪𝑪
�
𝟏𝟏
𝟓𝟓
�ｘ𝟏𝟏𝟏𝟏𝟏𝟏 

Equation 3-2 

 

 

 

1.524m(5.0 feet) 

Ultra Low Voltage Automotive Spotlight Lamps. 

Type 4515 or equivalent, rated 6 VDC. 

Color Temperature: 2373±50 Kelvin. 

Weston Model 594RR Photonic Cellar Equivalent  

Selenium Barrier Layer Type Photocell 
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If Ts/Tc is 80% at 5 feet, the opacity is 4.365%/foot, as shown in Equation 3-3. 

 

𝑸𝑸𝒖𝒖𝒇𝒇 = �𝟏𝟏 − (𝟏𝟏.𝟖𝟖)
𝟏𝟏
𝟓𝟓�ｘ𝟏𝟏𝟏𝟏𝟏𝟏 

         = ［𝟏𝟏 − 𝟏𝟏.𝟗𝟗𝟓𝟓𝟗𝟗𝟗𝟗］ｘ𝟏𝟏𝟏𝟏𝟏𝟏 

𝑸𝑸𝒖𝒖𝒇𝒇 = 𝟗𝟗.𝟑𝟑𝟗𝟗𝟓𝟓 (%/ft) 

Equation 3-3 

 

Similarly, in the case of opacity in meters, from 5 feet = 1.524 m, Equation 3-3, which shows the opacity in 
units of 1 foot, becomes Equation 3-4 in units of 1 m, and the opacity is 13.62%/m. 

 

𝑸𝑸𝒖𝒖𝒎𝒎 = �𝟏𝟏 − (𝟏𝟏.𝟖𝟖)
𝟏𝟏

𝟏𝟏.𝟓𝟓𝟓𝟓𝟗𝟗�ｘ𝟏𝟏𝟏𝟏𝟏𝟏   

= ［𝟏𝟏 − 𝟏𝟏.𝟖𝟖𝟗𝟗𝟑𝟑𝟖𝟖］ｘ𝟏𝟏𝟏𝟏𝟏𝟏  

𝑸𝑸𝒖𝒖𝒎𝒎 = 𝟏𝟏𝟑𝟑.𝟗𝟗𝟓𝟓(%/m) 
Equation 3-4 

 

Therefore, a 𝑸𝑸𝒖𝒖𝒇𝒇 of 4.365(%/ft) and a 𝑸𝑸𝒖𝒖𝒎𝒎 of 3.62(%/m) show the same smoke concentration. 
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4. Smoke detection by POC substrate 
4.1 Photoelectric Detection Method 
The smoke chamber to be installed on the POC board should have the structure shown in Figure 4-1. A 

cover is required to prevent ambient light. It is necessary to provide a shading block in the smoke chamber 

so that the light emitted from the LED does not directly enter the photodiode. Make sure that the light emitted 
by the LEDs and scattered by the smoke particles that have entered is detected by the photodiode. In 

addition, each LED and photodiode should have a guide to reduce the spread of light. 

Figure 4-1.  Smoke Chamber Structure 
 

The scattered light detected by the photodiode is amplified by the TIA (Trans Impedance Amp) inside the 
AFE-IC and converted into digital data by the ADC of the RL78/G22. In addition, the transfer rate shown in 
Section 4.2 is used to treat the detected value of scattered light from each LED as the same indicator. 

Smoke detection uses different wavelengths of Red and Blue LEDs, which have different scattering 
characteristics depending on the type of smoke. In addition, photodiodes that can detect a wide range of 
colors from Red to Blue are selected. Table 4-1 shows the parts list of photoelectric sensors mounted on 
POC boards. Table 4-2 shows a list of the drive currents for each LED. In addition, depending on the 
structure of the smoke chamber, it is necessary to select an appropriate one, including the LED pointing 
angle. 

 

 

Red Backward 
LED 

Red Forward 
LED 

Blue 
Forward 

 

photodiode 

Shading Blocks 

Intrusive smoke 
particles 

Light Guide Cover the 
entire area with a 
cover to prevent 
the intrusion of 
ambient light. 

At the same 
time, make sure 
that the cover is 
covered with a 
mesh that allows 
smoke to 
penetrate. 
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Table 4-1.  Photoelectric wire sensor components 

Name Ref. number Model name wavelength package 
Red LEDs (Red 
Forward, Red 
Backward) 

D11,D12 2 SFH 4554 850nm Lead product 
(shell-shaped 
Φ5mm) 

Blue LED 
(Blue Forward) 

D13 1 HLMP-CB3A-
UV0DD 

470nm Lead product 
(shell-shaped 
Φ5mm) 

photodiode D14 1 SFH 203 400-1100nm Lead product 
(shell-shaped 
Φ5mm) 

Note: When using 3.3V, the Blue LED cannot be used. 
 

 

Table 4-2.  LED drive current 

Name drive current 
Red Forward LED 76mA 
Blue Forward LED 48mA 
Red Backward LED 170mA 
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4.2 Transmission ratio 
The photodiode receives different intensities for each LED. In order to evaluate these with the same index, 

the intensity ratio between the scattered light received by the photodiode and the direct incident light of the 
LED is used as the transmission rate, as shown in Equation 4-1. 

 

𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝒎𝒎𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝑻𝑻𝑻𝑻𝒓𝒓𝑻𝑻𝑻𝑻＝ 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑻𝑻𝑹𝑹𝑹𝑹𝒅𝒅 𝑻𝑻𝑻𝑻𝒓𝒓𝑹𝑹𝑻𝑻𝑻𝑻𝑻𝑻𝒓𝒓𝒊𝒊 𝑻𝑻𝒇𝒇 𝑻𝑻𝑹𝑹𝑻𝑻𝒓𝒓𝒓𝒓𝑹𝑹𝑻𝑻𝑹𝑹𝒅𝒅 𝒍𝒍𝑻𝑻𝒍𝒍𝒍𝒍𝒓𝒓 𝒅𝒅𝑹𝑹𝒓𝒓𝑹𝑹𝑹𝑹𝒓𝒓𝑹𝑹𝒅𝒅 𝒃𝒃𝒊𝒊 𝑻𝑻 𝒑𝒑𝒍𝒍𝑻𝑻𝒓𝒓𝑻𝑻𝒅𝒅𝑻𝑻𝑻𝑻𝒅𝒅𝑹𝑹
𝑳𝑳𝑻𝑻𝒍𝒍𝒍𝒍𝒓𝒓 𝑻𝑻𝑹𝑹𝑹𝑹𝑹𝑹𝒑𝒑𝒓𝒓𝑻𝑻𝑻𝑻𝑻𝑻 𝑻𝑻𝑻𝑻𝒓𝒓𝑹𝑹𝑻𝑻𝑻𝑻𝑻𝑻𝒓𝒓𝒊𝒊 𝒘𝒘𝒍𝒍𝑹𝑹𝑻𝑻 𝑳𝑳𝑳𝑳𝑳𝑳 𝒍𝒍𝑻𝑻𝒍𝒍𝒍𝒍𝒓𝒓 𝑻𝑻𝑻𝑻 𝒅𝒅𝑻𝑻𝑻𝑻𝑹𝑹𝑹𝑹𝒓𝒓𝒍𝒍𝒊𝒊 𝑻𝑻𝑻𝑻𝑹𝑹𝑻𝑻𝒅𝒅𝑹𝑹𝑻𝑻𝒓𝒓 𝑻𝑻𝑻𝑻 𝑻𝑻 𝒑𝒑𝒍𝒍𝑻𝑻𝒓𝒓𝑻𝑻𝒅𝒅𝑻𝑻𝑻𝑻𝒅𝒅𝑹𝑹

  

Equation 4-1 

The light reception intensity of each LED when it is directly irradiated with the photodiode is measured in 
advance, and the ratio of the detected scattered light to this is used as the transmission rate.  

4.3 TIA Gain Settings 
Figure 4-2 shows the block diagram of the TIA implemented inside the AFE-IC. The TIA (Trans Impedance 

Amp) converts and amplifies the faint light detection current of the photodiode into a voltage value, which is 
then further amplified by the PGA (Programmable Gain Amp). This signal (PHOTO_OUT) is input to the AD 
converter of the RL78/G22.。 

The gain must be set softly according to the intensity of the scattered light, TIA_INPUTGAIN and 
TIA_PGAGAIN. If these sensitivities are too low, the scattered light will not be captured, and if the sensitivity 
is too high, the data will be saturated. In the sample program, the following settings are set as defaults. 

INPUTGAIN setting1 2.5MΩ 

PGAGAIN setting1 8X 

 

 

 
Figure 4-2.  TIA Block Diagram and Its Installation Functions 
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4.4 AD Conversion and Transmission Ratio Calculation 
The photo detector detected by the AFE-IC is amplified and finally input into the RL78/G22's AD converter. 

Since the conversion result of the D converter is a digitally converted value, conversion calculation is 
required for the transfer rate to the original value. 

Equation 4-2 and Equation 4-3 show how to calculate the original signal voltage from the conversion result 
of the AD converter. 

At this time, 2.048 indicates the reference voltage of the RL78/G22ADC, 1024 indicates the full count of 
the AD converter, and the values in parentheses of INPUTgain and PGAgain indicate the setting values of 
the various tests shown in Section 5.2, respectively.。 

 

𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝒎𝒎𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝑻𝑻𝑻𝑻𝒓𝒓𝑹𝑹 (𝑻𝑻𝒖𝒖𝒎𝒎𝑹𝑹𝑻𝑻𝑻𝑻𝒓𝒓𝑻𝑻𝑻𝑻)＝𝑴𝑴𝑹𝑹𝑻𝑻𝑻𝑻𝒖𝒖𝑻𝑻𝑹𝑹𝒅𝒅 𝒍𝒍𝑻𝑻𝒍𝒍𝒍𝒍𝒓𝒓 𝑻𝑻𝑹𝑹𝑹𝑹𝑹𝑹𝒑𝒑𝒓𝒓𝑻𝑻𝑻𝑻𝑻𝑻 𝑻𝑻𝑻𝑻𝒓𝒓𝑹𝑹𝑻𝑻𝑻𝑻𝑻𝑻𝒓𝒓𝒊𝒊 𝑨𝑨𝑳𝑳 𝑹𝑹𝑻𝑻𝒍𝒍𝒖𝒖𝑹𝑹− 𝑻𝑻𝒇𝒇𝒇𝒇𝑻𝑻𝑹𝑹𝒓𝒓
𝟏𝟏𝟏𝟏𝟓𝟓𝟗𝟗

  

 x 2.048÷[INPUTgain(2.5M)ｘ PGAgain(x8)] 
Equation 4-2 

 

𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝒎𝒎𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝑻𝑻𝑻𝑻𝒓𝒓𝑹𝑹 (𝒅𝒅𝑹𝑹𝑻𝑻𝑻𝑻𝒎𝒎𝑻𝑻𝑻𝑻𝑻𝑻𝒓𝒓𝑻𝑻𝑻𝑻)＝ 𝑳𝑳𝑻𝑻𝑻𝑻𝑹𝑹𝑹𝑹𝒓𝒓 𝑻𝑻𝑻𝑻𝑹𝑹𝑻𝑻𝒅𝒅𝑹𝑹𝑻𝑻𝒓𝒓 𝒍𝒍𝑻𝑻𝒍𝒍𝒍𝒍𝒓𝒓 𝑻𝑻𝑹𝑹𝑹𝑹𝑹𝑹𝒑𝒑𝒓𝒓𝑻𝑻𝑻𝑻𝑻𝑻 𝑻𝑻𝑻𝑻𝒓𝒓𝑹𝑹𝑻𝑻𝑻𝑻𝑻𝑻𝒓𝒓𝒊𝒊 𝑨𝑨𝑳𝑳 𝑹𝑹𝑻𝑻𝒍𝒍𝒖𝒖𝑹𝑹 − 𝑻𝑻𝒇𝒇𝒇𝒇𝑻𝑻𝑹𝑹𝒓𝒓
𝟏𝟏𝟏𝟏𝟓𝟓𝟗𝟗

  

 x 2.048 ÷[INPUTgain(2.5M)ｘ PGAgain(x8)] 
Equation 4-3 

 

The transmission rate can be calculated by dividing the above numerator by the denominator. 

 

As shown in Equation 4-2 and Equation 4-3, the AFE-IC has an offset that must be measured and corrected 
in advance. There are two ways to make corrections. Please refer to Section 5.1 for the method of 
characteristic analysis and reflection in the alarm firing level value. 

• A method in which the detection value is measured with the light shielded, the offset voltage is 
grasped in advance as a light reception level value, the characteristic analysis is performed 
excluding the offset value, and the alarm firing level is determined by including the offset value. 

• A method of measuring by hard-correcting the offset voltage by setting the LED_COMP, and 
determining the characteristic analysis and alarm firing level without offsetting. 

 

The sample program is judged by including the offset voltage for basic data collection, but if various 
conditions are determined, it can be hard-corrected in advance with a LED_COMP for simplicity. In addition, 
if you make a hard correction, the photosensitive dynamic range will be slightly expanded. 
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5. Smoke Detection Algorithm 
The results of the Smoldering Wood, Cooking Nuisance, and Polyurethan Fire tests using smoke detection 

algorithms are described. 

5.1 Smoke Detection Algorithm and Software Settings 
5.1.1 Smoke Detection Algorithms 

The various tests listed in Section 5.2 use the following algorithms: 

• Using a Red Backward LED with a small numerical difference in transmission rate depending on 
the type of smoke, the alarm is stopped until the level of opacity (4.84%/m) that should not be 
triggered by the Cooking Nuisance. 

• Next, Cooking Nuisance and non-Cooking Nuisance are judged by the magnitude of the 
transmission rate of the Red Forward LED and the Blue Forward LED. 

• Red > Blue cases are judged as Cooking Nuisances, and Blue > Red cases are judged to be non-
Cooking Nuisances and an immediate warning is issued. 

• Finally, an alarm is always set before the opacity exceeds 15.47%/m. 
 

Figure 5-1 shows the flow of operation that incorporates this smoke detection algorithm. 

Figure 5-1.  Judgment Flow Diagram of the Smoke Detection Algorithm 
 

The details of each judgment threshold are shown below. 

• ALM_REDFWD1: Indicates the threshold value of the Red Forward LED to switch from '6-second 
interval measurement of the Red Forward LED' to '2-second interval measurement of the Red 
Forward LED, Blue Forward LED, and Red Backward LED' by detecting changes in the 
surrounding environment, including smoke generation. 

• ALM_REDBACK: Indicates the threshold that determines when to start detecting the type of 
smoke. 

• ALM_REDFWD2: Indicates the threshold that determines when an alarm must be triggered.  
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5.1.2 Setting thresholds for software 
In order to simplify the process, the algorithm shown in Section 5.1.1 uses not the transfer rate, but the 

numerical value obtained by replacing the photodiode light reception value calculated backwards from 
Equation 4-1, Equation 4-2, and Equation 4-3 using an AD converter. This workflow is illustrated in Figure 
5-2. Table 5-1 shows the specific threshold values set in the sample program. Note that this value includes 
the offset of the AFE. 

 

 

 

 

 

 

 

Figure 5-2.  Flow for Setting Thresholds to Software 
 

Table 5-1.  Sample Program Judgment Thresholds 

Judgment threshold Sample program settings explanation 
ALM_REDFWD1 120 The threshold value for detecting changes in 

the surrounding environment, including 
smoke generation, with a Red Forward LED 
and switching to measurement using three 
LEDs. 

ALM＿REDBACK 200 The threshold that determines when to start 
detecting the type of smoke. 

ALM_REDFWD2 290 A threshold that determines when an alarm is 
triggered. 

 
  

Collect data on the 
relationship between opacity 

and transmission rate. 

Analyze using transfer rate. 

Determine the transmission 
rate threshold for each LED. 

Calculate the original AD 
value corresponding to the 

threshold transmission rate for 
each LED. 

For each LED, the threshold 
value of the AD value is 

incorporated into the judgment 
algorithm. 

Conduct automatic 
judgments. 
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5.2 Test Results 
5.2.1 Smoldering Wood Test 

Figure 5-3 and Figure 5-4 (enlarged view of Figure 5-3) show the results of the Smoldering Wood test. Red 
is the change in the transmission rate of the Red Forward LED, blue is the change in the transmission rate of 
the Blue Forward LED, orange is the change in the transmission rate of the Red Backward LED, and the left 
axis is the numerical value. The green color corresponding to the value on the right axis indicates the change 
in opacity, and the dark blue indicates the opacity when the POC board issues a warning. The yellow line 
indicates the opacity that the alarm should not exceed. Table 5-2 shows the POC board warning information. 

 

 
Figure 5-3.  Smoldering Wood Test Results 

 

 
Figure 5-4.  Enlarged view of Figure 5-3  
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Table 5-2.  Smoldering Wood Test Alarm Notification Result Table 

item time unit remarks 
Start of data recording 0:00:00 Hours:Minutes:Seconds - 
Combustion material input 0:02:00 Hours:Minutes:Seconds - 
Alarm Warning Time 0:04:18 Hours:Minutes:Seconds Time since the start of data 

recording 
Alarm opacity 6.98 %/m Opacity when an alarm is 

triggered 
Standards for Alarm Triggering 29.26 %/m Warning is required before this is 

exceeded 
 
 

The characteristics of the test results are shown below. 

• Up to 3 minutes and 14 seconds (1 minute and 14 seconds after the combustion material is 
inserted), detection is performed only by the Red Forward LED, and after the Red Forward LED 
exceeds the threshold value, detection begins with the addition of the Blue Forward and Red 
Backward LEDs. 

• Smoke is detected at 4 minutes and 18 seconds (2 minutes and 18 seconds after the combustion 
material is added) and an alarm is issued. 

• The opacity at the time of alarm is 6.98%/m, which indicates that smoke detection is sufficiently low 
compared to the alarm judgment standard of 29.26%/m. 

• The transmission rate of the Red Forward is low compared to the transmission rate of the Blue 
Forward. 

 

5.2.2 Cooking Nuisance Test 
Figure 5-5 and Figure 5-6 (enlarged view of Figure 5-5) show the results of the Cooking Nuisance test. 

Table 5-3 shows the POC board notification information. 

 

 
Figure 5-5.  Cooking Nuisance Test Results  
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Figure 5-6.  Enlarged view of Figure 5-5 

 

 

Table 5-3.  Cooking Nuisance Test Alarm Notification Result Table 

item time unit remarks 
Start of data recording 0:00:00 Hours:Minutes:Seconds - 
Combustion material input 0:01:00 Hours:Minutes:Seconds - 
POC Alarm Notification 0:03:00 Hours:Minutes:Seconds Data Recording Start Time Criteria 
POC Utterance Opacity 14.78 %/m Opacity at the time of issuance 
Alarm Criteria 4.84 %/m No further notice shall be issued 

below 
 
 

The characteristics of the test results are shown below. 

• Up to 1 minute and 44 seconds (44 seconds after the combustion material is inserted), detection is 
performed only by the Red Forward LED, and when the Red Forward LED exceeds the threshold 
value, detection begins with the addition of the Blue Forward LED and the Red Backward LED. 

• Smoke is detected at 3 minutes 00 seconds (2 minutes 00 seconds after the combustion material is 
added) and an alarm is issued. 

• The opacity at the time of alarm is 14.78%/m, which is higher than the standard of 4.84%/m, which 
is the criterion for not alarming. In other words, false alarms caused by cooking can be prevented. 

• Unlike ordinary smoke, the transmission rate in Forward of Red is reversed from the middle to the 
transmission rate in Forward of the Blue and is higher. 
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5.2.3 Polyurethane Fire Test 
Figure 5-7 and Figure 5-8 (enlarged view of Figure 5-7) show the results of the Polyurethan Fire test. Table 

5-4 shows the POC board warning information. 

 

 
Figure 5-7.  Polyurethan Fire Test Results  

 

 
Figure 5-8.  Enlarged view of Figure 5-7  
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Table 5-4.  Polyurethan Fire Test Alarm Alerting Status 

item time unit remarks 
Start of data 
recording 0:00:00 Hours:Minutes:Seconds - 

Combustion material 
ignition 0:01:00 Hours:Minutes:Seconds - 

POC Alarm 
Notification 0:01:12 Hours:Minutes:Seconds Data Recording Start Time Criteria 

POC Utterance 
Opacity 14.61 %/m Opacity at the time of issuance 

Alarm Criteria 15.47 %/m Warning is required before this is 
exceeded 

 
 

The characteristics of the test results are shown below. 

• Up to 1 minute 08 seconds (08 seconds after ignition of the combustion material), detection is 
performed only by the Red Forward LED, and when the Red Forward LED exceeds the threshold 
value, detection begins with the addition of the Blue Forward LED and the Red Backward LED. 

• Smoke is detected in 1 minute and 12 seconds (12 seconds after the combustion material is 
ignited) and an alarm is issued. 

• The opacity at the time of alarm activation is 14.61%/m, which is less than the standard of 15.47 
when the alarm must be issued. 

• Unlike ordinary smoke, the transmission rate is higher in the Red Forward than in the Blue 
Forward, as in the case of Cooking Nuisance. 

 

For reference, the Smoldering Polyurethan test results are shown in Figure 5-9. Similar to normal smoke, 
the transmission rate of the Blue Forward LED is greater than that of the Red Forward LED. 

 

 
Figure 5-9.  Smoldering Polyurethan Test Results 
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5.3 Parameter setting 
Table 5-5~Table 5-8 lists the parameters for this solution. 

 

Table 5-5.  Parameter List (Overall Control) 

Variable 
type 

Variable name Data content 

unit16_t APP_u16Use_SMS Whether or not to use SMS in Easy judgment mode. 
0: Do not use. 1: Use. 

unit16_t APP_u16Use_UART Whether or not the AD conversion value is serially 
output. 
0: Do not output. 1: Output. 

unit16_t APP_u16LED_Enable LED Lighting Enabled/Disabled 
LED lighting control at the timing of LED lighting 
0: Remains unlit. 1: Lights up. 
* In SMS operation, it works fixed to "light up". 

unit16_t APP_u16Seq1_LED LEDs used in Easy judgment mode. 
0: Red Forward. 1: Blue Forward. 
During SMS operation, which LED to use in the SMS 
process is set. 

unit16_t APP_u16Seq1_IntTime Easy judgment mode measurement period [ms]. 
LSB:1[ms]. Specified in 100[ms] increments. 
If a fraction is specified, less than 100 [ms] is truncated. 

unit16_t APP_u16Seq2_IntTime Detailed judgment mode measurement period [ms]. 
LSB:1[ms]. Specify in units of 100 [ms]. 
If a fraction is specified, less than 100 [ms] is truncated. 

unit16_t APP_u16AlarmRedFwd1_Threshold Red anterior threshold 1. 
The AD conversion value corresponding to the 
propagation rate of 0.004 in the Red Forward. 

unit16_t APP_u16AlarmRedBack_Threshold Red backward threshold. 
The AD conversion value corresponding to the 
propagation rate of 0.017 behind the Red. 

unit16_t APP_u16AlarmRedFwd2_Threshold Red anterior threshold 2. 
The AD conversion value corresponding to the 
transmission rate of 0.033 in the Red Forward. 

 
 

Table 5-6.  Parameter List (Red Forward LED) 

Variable 
type 

Variable name Data content 

unit8_t APP_u8LED_RF_Current LED Red Forward current. 
LED Red Forward Current = 45mA + 31mA = 76mA. 

unit8_t APP_u8LED_RF_InputGain LED Red Forward PD input gain. 
0:1.25MΩ, 1:2.5MΩ, 2:3.75MΩ, 3:5MΩ. 

unit8_t APP_u8LED_RF_PGAGain LED Red Forward PD PGA Gain. 
0:1.6X, 1:8X, 2:16X, 3:32X. 

unit8_t APP_u8LED_RF_TIAIComp LED Red Forward AFE Offset Correction. 
Correction = -0.25mV x APP_u16LED_RF_InputGain x 
APP_u16LED_RF_PGAGain. 
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Table 5-7.  Parameter List (Blue Forward LED) 

Variable 
type 

Variable name Data content 

unit8_t APP_u8LED_BF_Current LED Blue Forward current. 
LED Blue Forward Current = 45mA + 3mA = 48mA. 

unit8_t APP_u8LED_BF_InputGain The PD input gain when using the LED Blue Forward. 
0:1.25MΩ, 1:2.5MΩ, 2:3.75MΩ, 3:5MΩ. 

unit8_t APP_u8LED_BF_PGAGain PD PGA gain when using Blue Forward LED. 
0:1.6X, 1:8X, 2:16X, 3:32X. 

unit8_t APP_u8LED_BF_TIAIComp LED Blue Forward offset correction. 
Correction = -0.25mV x APP_u16LED_BF_InputGain x 
APP_u16LED_BF_PGAGain. 

 
 

Table 5-8.  Parameter List (Red Backward LED) 

Variable 
type 

Variable name Data content 

unit8_t APP_u8LED_RB_Current LED Red Backward current. 
LED Red Backward Current = 45mA + 125mA = 170mA. 

unit8_t APP_u8LED_RB_InputGain PD input gain when Red Backward LED. 
0:1.25MΩ, 1:2.5MΩ, 2:3.75MΩ, 3:5MΩ. 

unit8_t APP_u8LED_RB_PGAGain Red Backward LED PD PGA Gain 
0:1.6X, 1:8X, 2:16X, 3:32X. 

unit8_t APP_u8LED_RB_TIAIComp LED Red Backward Offset Correction. 
Correction = -0.25mV x APP_u16LED_RB_InputGain x 
APP_u16LED_RB_PGAGain. 
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6. Register Settings 
Table 6-1~Table 6-4 lists the register settings for this solution. 

 

Table 6-1.  List of AFE Register Settings 

Register 
Name Bit Feature name The variable value to set, or a fixed value 

TIA 3:2 TIA_INPUTGAIN 
APP_u8LED_RF_InputGain 
0:1.25MΩ 1:2.5MΩ 2:3.75MΩ 3:5MΩ 

TIA 1:0 TIA_PGAGAIN APP_u8LED_RF_PGAGain 
0:1.6X 1:8X 2:16X 3:32X 

ADC_CFG 1 ADC_EN 
0x1 
0x1 = ADC is powered up 
 when ADC_EN = 0x1 and AFE_EN pin = high 

 

Table 6-2.  List of LED Settings in Detail judgment mode 

LEDs to 
be set 

AFE 
Register 

Name 
Bit Feature 

name Variable values to set 

Red 
Forward LED1 7:0 LED1 

APP_u8LED_RF_Current 
LED Red Forward current = 45mA + 
APP_u8LED_RF_Current 

Red 
Backward LED2 7:0 LED2 

APP_u8LED_RB_Current 
LED Red backward current = 45mA + 
APP_u8LED_RB_Current 

Blue 
Forward LED2 7:0 LED2 

APP_u8LED_BF_Current 
LED Blue Forward current = 45mA + 
APP_u8LED_BF_Current 

 
 

Table 6-3.  List of MCU Register Settings at the Start of AD Conversion 

MCU 
Register 

Name 

Variable values 
to set remarks 

ADCEN 1U enable AD clock 

ADCE 1U enable AD comparator 

ADIF 0U clear INTAD interrupt flag 

ADMK 0U enable INTAD interrupt 

ADCS 1U enables conversion operation 
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Table 6-4.  MCU Register Settings at the End of AD Conversion 

MCU 
Register 

Name 

Variable values to 
set remarks 

ADCS 0U disable conversion operation 

ADMK 1U disable INTAD interrupt 

ADIF 0U clear INTAD interrupt flag 

ADCE 0U disable AD comparator 

ADCEN 0U disable AD clock 
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7. Nomenclature 
• IC  Integrated Circuit 
• POC Proof of Concept 
• SW  Software 
• HW  Hardware 
• MCU Micro Controller Unit 
• CPU  Central Processing Unit 
• AFE  Analog Front End 
• LED  Light-Emitting Diode 
• PD  Photodiode 
• IR  Infrared Radiation 
• TIA  Transimpedance Input Amplifier 
• PGA  Programmable Gain Amplifiers 
• DAC  D/A converter or digital-to-analog Converter 
• ADC  A/D converter or analog-to-digital Converter 
• SPI  Serial Peripheral Interface 
• UART Universal Asynchronous Receiver Transmitter 
• ROM Read-Only Memory 
• RAM Random Access Memory 
• DC  Direct Current 
• AC  Alternating Current 
• LDO  Low-Dropout voltage regulator 
• GPIO General-Purpose Input and Output 
• TX  Transmission 
• RX  Reception 
• USB  Universal Serial Bus 
• PCB  Polychlorinated Biphenyl 
• PC  Personal Computer 
• SINI  System Initialization 
• APP  Application 
• IDE  Integrated Development Environment 
• UL  Underwriters Laboratories 
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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. Precaution against Electrostatic Discharge (ESD) 

A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps 

must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be 

adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity. 

Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and 

measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor 

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices. 
2. Processing at power-on 

The state of the product is undefined at the time 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 time 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 time 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 time when power is supplied until the power reaches the 

level at which resetting is specified. 
3. Input of signal during power-off state 

Do not input signals or an I/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O 

pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal 

elements. Follow the guideline for input signal during power-off state as described in your product documentation. 
4. 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 

the 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. 
5. Clock signals 

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program 

execution, wait until the target clock signal is 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. Additionally, 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. 
6. Voltage application waveform at input pin 

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between VIL 

(Max.) and VIH (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the 

input level is fixed, and also in the transition period when the input level passes through the area between VIL (Max.) and VIH (Min.). 
7. Prohibition of access to reserved addresses 

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these 

addresses as the correct operation of the LSI is not guaranteed. 
8. Differences between products 

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

The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms 

of 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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