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Introduction
The Renesas kit Detect it! is based on the low pdBebit microcontroller RL78/I1D.
The kit contains 4 boards which are demonstratbtiseomost common detector types available in theket:

- Glass break detector and motion detector used ynaiiglecurity & surveillance system
- Monoxide carbon detector and smoke detector ushdriman protection system.

The user can easily test these 4 detector boardised! all the boards contained into the Detekititire
preprogrammed and ready for quick demonstration.

The boards demonstrate the new Renesas microdentRil78/11D specifically designed for detector Bqgttions,
thanks to its low power features, enhanced anatwg £nd and smart peripherals.

The boards are designed to allow some flexibiltyr example, nearly all pins of the microcontrolee connected to
some header, the user can chose between powarebgrlpower from a battery, the user can easilyaaBOD
extension thanks to the 12 bit standard pin hesaldronto the board.

User can connect the boards to external tool foudging and flashing the boards.

Update information about this kit can be found o fiollowing webpagewww.renesas.eu/detector/

Target Device
RL78/I1D devices, Family part numbers starting viRtbF117.
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1. Hardware overview
The solution kit Detect it! includes 4 differenpis of detector demonstrator:

- Glass Break detector demonstrator

- Carbon Monoxide detector demonstrator (CO detgctor
- Motion detector demonstrator

- Smoke detector demonstrator

The purpose of those boards is to show that thegenmicrocontroller RL78/11D MCU - used in eachrdo- is a
perfect device for implementing low power sensaigies for detectors with a minimum of external comgnts. In
each case, the board shows a different detectiog tise RL78/11D and its embedded analog peripbesath as
internal operational-amplifiers, comparators antimized power saving MCU features. The new RL78/H43 some
major advantages for detection against previousSRUMZU families.

The Renesas MCU RL78/11D has specific featuresaaatbenefit to such type of detectors/sensorgxdample
usually requiring low power features like low avgeacurrent drain and long battery life.

The RL78/11D MCU has low power clock/timer and $pfieatures in STOP mode that needs less than @{ah even
when Real-Time-Counter operated with 32kHz crystédtchdog timer operated with 15kHz clock, 12-bterval
timer and Low Voltage Detect functions are all dadband all RAM data retained.

The RL78/11D also has integrated operational aneptifand comparators that can be used for sensmsur@ments at
low power. Current drain for the RL78/11D integic@perational amplifiers and comparators dependadaiors such
as external bias resistor values, which operatiangilifier and comparator modes are used and homy rtlaannels are
enabled during standby. The integrated operatiamglifiers of the RL78/11D have both a low powerdaand high
speed mode. In Low Power mode, the operationalifiergk typically drawing about 2.5uA typical ftne first
channel (plus ~2.0pA per each additional channil) @ainBandWidth (GBW) = 40kHz. In High Speed mpthe
current draw is around 140puA typical for first chah(plus ~120pA per each additional channel) @B =

1.7MHz.

All boards have a different sensor depending omteasurement that needs to be done:

O Glass Break detector demonstrator use a microptoodetect noise that emulate glass break event.

O Carbon monoxide detector (CO detector) demonstretes a chemical sensor

O Motion detector demonstrator use a specific PIRsehased on infrared technology to detect movement
O Smoke detector demonstrator use a smoke chamhhbremitter and receptor diode

All boards are processing the measurement comang these sensors with amplification and filteritage done by the
microcontroller.

There is possibility to power each board by bat{8hy lithium battery) or by power supply. All thetkctor boards
demonstrate a low current consumption. For the gaef the demonstration, the goal was to achiéatary life of 4
years or more using a CR123 lithium battery. Furtigimization can be done in true application taimize further
the current consumption of the board. Only onegogi€R123 is provided into the kit for the 4 boards

2. Detector application brief explanation

Here are brief explanation of function of each lbiparcluding top level block diagram.

2.1 Glass Break detector board design explanation

The Glass Break detector is designed to start aldren a glass break sound event occurred. By capseg the goal
is to start alert when high frequency sound isaetf and to filter all loud sounds such as louddhelap, slamming
door, book slammed down on a table or barking ttogas designed to detect simulated glass breaktesech as
emulated by the Interlogix 5709C-W glass break $ou.
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Figure Glass Break sensor block diagram

The microphone is the first element of the anatogtfend. The microphone is used as the sensgfdes break event.

The microphone used is an Electret with frequersponse from 25Hz to 16kHz.

The microphone is AC coupled to both a low passtaghd pass sections, so that microphone output € ariations

does not affect the operational amplifier filteadpoints:

» 2-stage low pass filter uses 2 channels (ChO arid @HRL78/I1D internal operational amplifiers oW power
mode at about 4.5uA typical current drain total.

O The first stage has a nominal gain of 31 and aoffitut-off frequency @ 34Hz.

O The second stage has a nominal gain of 26 abfdtlut-off frequency @ 154Hz.

O Therefore in both cases, GBWP (gain x frequencylipet) used on each stage is less that the opeahtion
amplifier GBW = 40 kHz rating in low power modein&e the operational amplifiers have a low curdain in
low power mode, they can be left on constantly tmitor a loud transient sound event.

» 2-stage high pass filter uses 2 channels (Ch2 &3) & RL78/11D internal operational amplifiershigh speed
mode at about 262u A total for both channels typicatent drain.

O The first stage has a nominal gain of 20 and upgéoff/cut-off frequency @ 24kHz.

O The second stage has a nominal gain of 5 and upl&ff/cut-off frequency @ 1447Hz.

O Therefore in both cases, the GBWP (gain x frequemoyguct) used is less that the operational anepl@BW =
1.7 MHz rating in high speed mode. Since the dmeral amplifiers have a higher current drain (>18Qoer
channel) in high speed mode, they are only turmethi@rmittently when analyzing a loud sound transievent.

So in glass break detector demonstration, the datipeal amplifiers are used.

A buzzer is used to give the alarm, it is managethb MCU (transistor driver).

The push button is used for the reset function.

The board can be powered by a 3V lithium battefRX€3). It can also be powered by power supply (&dqy supply
or external power). One battery CR123 is provihta the kit for the 4 boards. The E1 debuggerisprovided.
Caution: Battery should never be installed whengi&il power supply or external power supply via C/INOL.

2.2 CO detector design explanation

The carbon monoxide detector is designed to alanervthe concentration of CO gas is measured aseplevel of
100ppm. A higher threshold level can be set invearfe if desired.
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The chemical sensor CO sensor canister is useetéatdCO gas at 100ppm +/- 10 ppm and greater.efosal such as
CO Check ™ or Model HO-CO rev2 test CO gas candeel to simulate an event.

In the case of the CO detector, only 2 operatiangblifiers are used: they are used to process @€bseurrent to
voltage and look for CO gas exceeding the pre-tdeterd threshold.

ReSiStor E' RefererE R == i
CO Sensor . Bias ) Voltages | InterrU£ts
. t
Cannister: | ————-— L,
| DC Bias U
1
' & Trans-
. and
. conduc- an TE
' tance 5 I).'gr'\tal | 1\\[ P4 Buzzer
eripherals
_ll Amp: p
: Data -
| <
1
« Unused:
External i b E1 OCD
Components:| + | ebugger Emulator
RL78/11D G782

Figure CO sensor block diagram

The CO chemical sensor is the first element oftteog front end. The CO gas sensor is used aetisor for
concentration of CO gas. It is a CO sensor canfsigaro TGS5042 CO gas sensor) and it is usedoige a linear
output current that is proportional with CO gasantration. Its specification is 1.2nA-2.4nA perPRand the
calibrated output value is printed on the cani@farexample 1402 indicates 1.402nA/PPM).

The CO sensor is connected to 2-stage processaiggafiont end:

O 1 stage DC bias: uses single channel (Ch1l) of RLI8hternal operational amplifier in low power meedt
about 2.25p A typical current drain. This stagelengents a voltage follower configuration from aistige
divider at VDD/11 (nominally 0.3Volt @ VDD = 3.3\gnd provides a low impedance to the CO sensor
negative terminal bias point.

O 1 stage Trans-conductance amplifier: uses singlara# (Ch0) of RL78/I1D internal operational aniplifin
low power mode at about 2.25pA typical currentmirai

O For the both the DC bias and Trans conductanceifinmonfigurations, the required frequency resgmis less
than 1Hz and the operational amplifier GBW = 40khkiting in low power mode is more than adequatecei
the 2 operational amplifier channels together had/®u A typical current drain in low power mode,\ttoan be
left on without a huge increase in STOP/standbyemdrent. As the CO sensor has a relatively tomg
constant (>10 seconds) to fully react to the COogexentration levels, the operational amplifiezechto be left
on constantly.

So in this CO sensor detector demonstration, omge&rational amplifiers are used.

A buzzer is used to give the alarm, it is managethb MCU (transistor driver).

The push button is used connected, but not usdei€O detector demonstrator.

The board can be powered by a 3V lithium battef{23). It can also be powered by power supply (&igr supply
or external power). One battery CR123 is providgd the kit for the 4 boards. The E1 debugger tspnovided.
Caution: Battery should never be installed whengi&il power supply or external power supply via S/INO1L.
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2.3 Motion detector design explanation

The Motion detector demonstration can alarm wheaoraan moves within 4 meters in front of the PIRr¢jectric
InfraRed) sensor within an angle of +/-45degreeticadly, and +/-70 degrees horizontally as meaddirem the
normal (apex) point perpendicular to the front tR Bensor surface.

For this Motion sensor design, the 2 integratedatpmmal amplifiers are used to monitor PIR sersuplified voltage
and look for PIR levels exceeding the pre-deterchieesholds. The operational amplifiers are uadugh speed
mode in this Motion sensor demonstrator.

Pyro-eIeCtric Resistor :' Reference  mmmmmmm | T
InfraRed Bias ! Voltages Interrupts
(PIR) Network ' o ] 3 Volt
Sensor: -k [ Battery
) | 2-stage CPU
G ' AC- i
/| Coupled Digital
' Amp: Peripherals
Optical X ! P
Fresnel il
Lens: : DEiE ”
i Unused:
External R, C | | Debugger E1 OCD
Components: : _________ Emulator
\ N
RL78/11D RL78

Figure Motion sensor block diagram:

The PIR (Pyroelecctric InfraRed) sensor is thd Btsment of the Analog Front End. The muRata paniber IRA-
E700STO PIR sensor is used to detect IR energygelsahat are detected when a warm object sucthasian being
comes into the range of the sensor. PIR sensiigrafed energy is further enhanced by a whienglucent Fresnel
lens placed in front of the PIR transducer. ThesRkel lens has a hemispheric shape with a honely sbaped cells in
the plastic mold. These Fresnel lens cell shapas énhance the sensed IR energy peak-to-pealgeatanges as the
human being advances across the front of PIR sensor

The PIR sensor is connected to 2-stage processaiggfront end:

O The first stage AC amplifier uses single channel 6hRL78/11D internal operational-amplifier in lopower
mode at about 2.25pA typical current drain. Thégye is AC coupled from the PIR sensor output tth,Gb as
to eliminate any PIR DC bias variations. The staganplifier has a nominal gain of x101, and an uppk-off
frequency ~15.9Hz.

0 The second stage AC amplifier: uses single op-amaprmel ChO has a nominal gain of x33.9 max (x6.Yain
roll-off/cut-off frequency @32.9HZ max (6.5HZ minlhe gain of this ? stage is adjust by the 900K
potentiometer (labeled JP9). The input of thfesPage is AC coupled (DC-blocked) frorfi dtage (AMP10)
output. However the output of%stage (AMPOO) is DC coupled to ADC input ANI4 a@dmparator input
IVREFO. In all cases of the''stage and™® stage Amplifier settings, GBWP (gain x frequencyduct) used on
each stage is less that the op-amp GBW = 40KHZAgati low power mode. Since the op-amps have a low
current drain in low power mode, they can be laeftonstantly to monitor PIR sensor pulse enerdye dutput
of AMPOO is monitored by Comparator input IVCMPieh is on the same MCU pin as AMP0OO. The
explanation of Comparator function to trigger MCldkeup is below.

So in this Motion sensor detector demonstratioty @roperational amplifiers are used.
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Note : The motion sensor board has a second/ateeRIR sensor connected to MCU internal operatimgplifier
channels Ch2 and Ch3. However, these Ch2/Ch3 tipesihamplifiers are not currently activated bg th
current Firmware revision, then the second PIR@ewdl not draw current. (However there is an diddal
current drain thru R67 and R93 of about 0.34uA @3t could be eliminated by removing either afgb
resistors).

A buzzer is used to give the alarm, it is managethb MCU (transistor driver).

The push button is used for the reset function.

The board can be powered by a 3V lithium battef{23). It can also be powered by power supply (&igy supply
or external power). One battery CR123 is provided the kit for the 4 boards. The E1 debugger tsonovided.
Caution: Battery should never be installed whengi&il power supply or external power supply via SKINO1.

24 Smoke detector design explanation

The Smoke detector is an infrared reflective snaxkesor type. It will alert when smoke (or simulasetbke) is
detected for 3 seconds.

In order to test the smoke detector board, youusanproduct like “smoke check” or “smoke in a chréind spray in
order to simulated smoke. The board will work witlal smoke as well. The board is designed to rejegiambient
infrared light from direct/indirect sunlight or mamade IR sources. For the smoke sensor, the itéehoperational
amplifiers of the RL78/I1D are used to perform thwerent to voltage (trans-conductance) conversemadad to detect
IR photodiode avalanche (reverse bias) current weiected IR light is present. Only 2 operatioaaiplifiers are used
in the Smoke detector demonstrator, and they ageatipg in High Speed mode. The RL78/I1D compasaswe not
used for this Smoke detector design.

VCC/VDD e
/ . S .
/ R N \ Resistor Reference
6 gt . Bias Voltages Com- lnterrui)ts
mitter Net k
/ If smoke particles I___fiN_oI__ =
LED present, IR light . ' DC AMP
. will be reflected : CPU
from Emitter to \ - & Trans- d
' Photodiode . \ conduc- an
H once Digital
. @ / : Armp: Peripherals
\ . Rl ol
. 1
. = 1 Data Push-
\ IR / ! S| Button
. Photodiode * | '
~ N ' Unused
- External R, C ! E1 OCD
Optical Smoke Chamber Components: ! Debugger
(to reduce ambient light) Tuonien, 0. meys Emulator
N
RL78/11D (RL—IB

Figure Smoke sensor block diagram

The optical smoke chamber is the first elemenhefanalog front end, this chamber is used to rethecambient light.
Inside an Infrared emitting LED and Infrared Phabolé are used to detect smoke particles by refld&dight.

This optical smoke chamber is connected to 2 ojper@tamplifiers of the RL78/11D:

- First stage (DC) trans-conductance (current toagal) amplifier

- Second stage DC amplifier, to provided addition@l @ain.

The on-chip comparators are not used in the Smeksos board.

A buzzer is used to give the alarm, it is managethb MCU (transistor driver).

The push button is used for the reset function.
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The board can be powered by a 3V lithium battefR{€3). It can also be powered by power supply (&dqy supply
or external power). One battery CR123 is providgd the kit for the 4 boards. The E1 debugger tspnovided.
Caution: Battery should never be installed whengi&il power supply or external power supply via S/INOL.

3. Boards layout

Below are pictures of each board with short exgianaof the main parts. The name of each boardiitem, on the
PCB (Please look at the PCB to identify each board)

3.1 Glass Break detector board layout
Please check the name of the board you are lo6ldhdSSBREAK_SENSOR_I11D"

Header for most
of the pins

Microphone
{Sensor)

| ﬁrsl‘:‘? -

LA T

t, 52

Renesas
RL7E/I1D
microcontroller

-' ' Button Reset

Buzzer

12-pin {2x6)
sPIMOD

JP11 JP10

Figure Glass break detector top view
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L= ]
L X X ]
(AN DN |

LE N X X N N

¥ -ny-108-%116

Battery location
(CR123)

Figure Glass break detector bottom view

3.2 CO detector board layout
Please check the name of the board you are logkifg SENSOR_11D”
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Header for most
of the pins

DNI_J10

Renesas
RLZE/11D
microcontroller

000(000000OC

;&-1 OQQ®® | o nsua _e

~—0 088 &0 -‘@EDE‘ F Button Reset
- .l ~ DN_JH tad
: i~ ; S e

P11 IP1O

w]
- =
12-pin {2x6) ==
SPI MOD =

Figure CO detector top view
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CO sensor

-l i g
TO®® mHews
'9® N
PeOeOes

L N N NN N N N N N

e wi PESOOHES

- Ik
“-l@@-rlis

Batterylocation
(CR123)
Figure CO detector bottom view

3.3 Motion detector board layout
Please check the name of the board you are lo6M&TION_SENSOR_I11D”"
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Header for most
of the pins

ey

Nkt

J'l
]

Renesas
RL7E/11D
microcontroller

TR R T T B
L W R S S

-

Button Reset

Buzzer

12-pin (2x6)
SR MCD

PIDNl Al

JP11 JP10

13

Figure Motion detector top view
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FIR sensors

b -dy-18@-¥11G

o nl®

i
—_—— i M N N N
YN Y |

* ]

"B X N NeNeNeHeNeNoNoNol |

Batterylocation
{CR123)

Figure Motion detector bottom view

3.4 Smoke detector board layout
Please check the name of the board you are lodERHOKE_SENSOR_I1D"
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Debugger
/Fash

connector
(2x7)

12-pin (2x6)
SPIMQOD
Battery
location

Button Reset

Buzzer

Renesas
RL7E/11D
microcontroller

Header for most
of the pins

13

(X XN N Ne] _=
(X LR R He

S114-881-A0-

Smoke Sensor
Charmber

Figure Smoke detector equipped with Smoke chamberb  ottom view
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o B A B 110
seseee0 o N,
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S114-0801-R0~- 1

L
®
L
®
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S -
900000 RRENS-
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Figure Smoke detector without Smoke chamber bottom view

4. Content of the CD-ROM
The CD content is listed here:

Table CD ROM content list
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CD ROM folder Description of resources

Samples Programs IAR Samples programs for each demonstrators boards
* |AR samples program for Glass Break demonstrator
* IAR samples program for CO demonstrator
* |AR samples program for Motion demonstrator
* |AR samples program for Smoke demonstrator
Documentation * User manual of the Detect it! kit
» User manual of the microcontroller RL78/11D
» Quick start guide of the Detect it! Kit
» Datasheets of the various sensors and crystals used.
For each demonstrator boards :
» Schematics
» Gerber files
» Bill of Material

Acroread PDF reader

Application Leading Tool Latest version of Code generator tool provided by Renesas for RL78 series
including RL78/11D

Renesas Flash Latest version of Flash Programmer tool provided by Renesas for all MCU

Programmer

Videos » Detect it! Kit Promotion video

» Detect it! Kit Technical video

By default, all the content of the kit will be iaied in the following folder on your local PC:
<C:\Renesas\Workspace\YDETECT-IT-RL78 >

You can easily access to the content via the “Staghu, in the “Program” sections undeiRenesas Electronics
Tools> then<YDETECT-IT-RL78> . Just click on the document you want to open.

Renesas Electronics Application Leading Tool
Feresas Electronics ed studio 3.0
. Renesas Electronics Tools
YDETECT-T-ALTE.
Lty Sample Programs
Manuals

leor| Spplication Leading Tool for RLTE R
lpo] DETECT-IT QuickStart Guide
i) DETECT-IT User Manual
Renesas Flash Programmer Release f
| BOM
Datasheets
Gerber
Schermatics
Wideos
YRPERLTEL1Z

Renesas Electronics Utilities -

m

1 Précédent

| flechercher les programmes et fichiers 2 |

Figure Opening Detect it! content via Start menu

You can go also directly toG:\Renesas\Workspace\YDETECT-IT-RL78 > which is the default installation program to
open the documentation provided with the kit.
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5. Board description

5.1 Glass Break detector board
Here are the pictures of the Glass Break sensadboa

Header for most
of the pins

Microphone
{Sensor)

Renesas
RLZE/11D
microcontroller

' Button Reset

Buzzer

12-pin (2xB)
SPI MOD

Figure Glass Break detector components top view
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Battery location
(CR123)

P -ny-188-¥116

Figure Glass Break detector components bottom view

51.1 Oscillators
Each board is equipped with 2 oscillators:
* A 20MHz oscillator
0 The 20MHz oscillator is sold onto each board anmthested to the MCU. But it is not used by the aggtion.
O Instead the internal High Speed on-chip oscillafahe RL7/11D is used by each application. Sopl21/X1
and pin P122/X2 are used as Input.
* Please change the settings if you wish to usextezreal oscillator.
* A 32,768kHz quartz
0 Itis connected to the MCU
O Itis operating and used by the application (esilgdby the RTC).

5.1.2 Description of Jumper J
Table Description of jumper of Glass Break detecto  r
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Jumper Status Function

J1 Closed Power supply of the MCU and others components [MCU, Alarm/buzzer,
AVDD via L1, U1 Vin (optional), pull up resistors, R16/R10 and R13/R19]:
power from battery or power from E1 via CNO1-pin 5, CNO2-pin 4
Caution: Battery should never be installed when using E1 power supply or
external power supply via CNO2/CNO1

Open Current measurement of the MCU and others components [MCU,
Alarm/buzzer, L1and AVDD, U2 Vin (optional), pull up resistors] by
connection of the ampere meter

J2 Closed Power supply of some components [R18, R17, R15, R11, J3] on glass break
detectors board
Open Current measurement of some components [R18, R17, R15, R11, J3] by
connection of the ampere meter
J3 Closed Usage of RL78/I1D comparators
(motion detector and glass break detector board)
Open Comparators are not used, IVREFO & IVREF1 are not used

(CO detector and smoke detector board)

In order to start the demonstration of the GlassaBrdetector, please ensure that this initial gométion is done:

e J1 should be closed
* J2 should be closed
* J3 should be closed

5.1.3 Description of Potentiometer JP
Table Description of potentiometer of Glass Break detector

Potentiometer Function Comment

JP10 IVREF1 Set JP10 potentiometer for IVREF1 (DNI_J3, pin 1) = 2.0V
comparator 1 Approximately (0.58*VDD) at VDD = 3.4V
(Use a voltmeter with at least 10MQ input impedance as lower
impedance (such as 1MQ) will significantly load down the resistor bias
chain).

JP11 IVREFO Set JP11 potentiometer for IVREFO (DNI_J2, Pin 12) = 1.2V
comparator 0 Approximately. (0.35*VDD) at VDD = 3.4V
(Use a voltmeter with at least 10MQ input impedance as lower
impedance (such as 1MQ) will significantly load down the resistor bias
chain).

514 Buzzer:
The buzzer is used for alarm by the applicatiois ttonnected to MCU pin PO1/PCLBUZ1

5.1.5 Description of Push Button

The push button is connected MCU pin P137 / INTRORB, and used as “Reset” function. The Interfupttion can
be found in the project file “r_cg_intc_user.c”

Table Description of push button of Glass Break de  tector
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Button Status Function
SW1 Un-pressed INTPO is high — no operation
Pressed INTPO goes low — interrupt function is executed which defeats alarm

(software depending)

5.1.6 Battery place holder

Each board is equipped with a CR123 battery holfeere is a reverse polarity protection (P-chaM®ISFET).
Only one battery CR123 is provided into the kittioe 4 boards.

Be careful when placing the battery to pay attent@the polarity.

Caution: Battery should never be installed whengi&il power supply or external power supply via SKINO1.

5.1.7 Microcontroller RL78/11D

The Renesas 48-pin RL78/I1D MCU is the main elenoétihe demonstrator board.

The reference used in this demonstrator is thedsiggomponent of the family RL78/I11D. It is a 48 QIFP package
with 32kB Flash and 3kB RAM embedded. The part nemig: R5F117GCGFB.

The 48-pin RL78/I1D MCU has 4 channels of operati@mplifier, 2 channels of comparators, and d tftd1 1/0
lines (including digital and analog interfaces).

4 headers of 12-pin each that bring out most oMK&J I/O pins. Pins for access to device portpatls of the
RL78/11D MCU are connected to:

UM-YDETECT-IT-RL78 V1.30 Page 22 of 59
RENESAS



DETECT-IT RL78/11D detector boards kit

Kit User Manual

Connector  Pin RL78/11D port name Function
DNI_J1 1 PO1/PCLBUZ1 BUZZER

2 POO P00

3 /IRESET RESET

4 P124/XT2/EXCLKS XT1

5 P132/XT1 XT2

6 P137/INTPO SW1 input

7 P122/X2/EXCLK P122

8 P121/X1 P121

9 REGC REGC

10 VSS VSS

11 VDD VDD

12 P60 P60
DNI_J2 1 P61

2 P62

3 P63/SSI00

4 P57/(TI03/TO03)/INTP4/VCOUT1

5 P56/SCKO0/SCLOO/INTP3

6 P55/SI00/RxD0/SDAOO/INTP2/TOOLRXD

7 P54/SO00/TxDO/INTP1/TOOLTXD

8 P53/KR2/SO01/VCOUTO

9 P52/KR1/S101/SDA01/TI03/TO03

10 P51/KR0/SCK01/SCL01/T102/TO02 ouT2

11 P50/(TI00/TO01)/RTC1HZ OuUT1

12 P30/(SCKO00)/(SCLO0)/TIO0/TO0L/IVREFO  IVREFO
DNI_J3 1 P31/T101/TO00/PCLBUZ0/IVREF1 IVREF1

2 P32/KR3/(T101/TO00)/INTP6 P32

3 P33/(T102/TO02)/INTP5 P33

4 P20/ANI13/IVCMP1/AMP30 AMP30

5 P21/ANI12/AMP3- AMP3-

6 P22/ANI11/AMP3+ AMP3+

7 P23/ANI10/AMP20 AMP20

8 P24/ANI9/AMP2- AMP2-

9 P25/ANI8/AMP2+ AMP2+

10 AVDD AVDD

11 AVSS AVSS

12 P17/ANI7/AMP10 AMP10
DNI_J4 1 P16/ANI6/AMP1- AMP1-

2 P15/ANIS/AMP1+ AMP1+

3 P14/ANI4/IVCMPO/AMPOO AMPOO

4 P13/ANI3/AMPO- AMPO-

5 P12/ANI2/AMPO+ AMPO+

6 P11/ANIZ/AVREFM

7 P10/ANIO/AVREFP

8 P130

9 P40/TOOLO

10 PO4/ANI18

11 PO3/ANI17

12 P02/ANI16
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5.1.8 Description of PMOD connector J9

It is a 12-pin (2x6) SPI PMOD standard interfad¢ezan be used to add external application boards as Wi-
Fi/wireless.

Table Description of PMOD connector of Glass Break detector

Connector Pin Function

J9 MCU P63
MCU P57
MCU P54
MCU P32
MCU P55
MCU P52
MCU P56
MCU P33
GND
GND
VDD
VDD

OO |N|[O|O|R|WIN|EF

[E=Y
o

(=Y
(=Y

=
N

5.1.9 Description of board edge connectors CNO1 and CNO2
There are a 14/26 dual row edge connector thadlbalsuse of:

* E1 on-chip debug/flash connection :
This interface can be used with for debug sessidardlash programming session.
E1 on-chip emulator and flash programmer 14-pibaibcable is connected to CNO1 (pins 1-7) and C{@0% 1-
7) for debug and flash programming. Pin 1 of Ebaoin cable is oriented to CNO1-pin 1. However, rege
connection between E1 and CNO1/CNO2 pins 1-7 willaause board damage.

» 26-pin TK-interface board.

Table Description of board edge connector of Glass Break detector

Connector Pin Function El Connector Pin Function E1l

# pin # # pin #
CNO01 1 No Connect (E1) 1 CNO02 1 GND (E1) 2

2 No Connect (E1) 3 2 No Connect (E1) 4

3 ToolO (E1) 5 3 T_RESET (RESET 6

IN) (E1)

4 No Connect (E1) 7 4 VDD (E1) 8

5 VDD (E1) 9 5 RESET (E1) 10

6 No Connect (E1) 11 6 GND (E1) 12

7 RESET (E1) 13 7 GND (E1) 14

8 No pin ) 8 No pin )

9 MCU P63 ) 9 No Connect

10 MCU P54 ) 10 No Connect

11 MCU P55 ) 11 No Connect

12 MCU P56 ) 12 No Connect

13 No Connect ) 13 No Connect
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5.2 CO detector board
Here are the pictures of the CO sensor board

Header for most
of the pins

DNI_J10

Renesas
RL78/11D
microcontroller

Button Reset

oooroooooo.aVP

(3 Mce00O8®0O000 g

Hom_» o 8 Flole I AN E{"’”’“ 415 DIA_Jw

70O @®® @ =f]§l=

R42 C36

JFio

Buzzer

12-pin (2x6)
SPIMOD

[+ 2]

JP11 JP10

O
=
e

P

Figure CO detector components top view
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0 sensor

TOO® e wa
'*e N
P08 eGeEs
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e

'll

Batterylocation
{CR123)

Figure CO detector components bottom view

5.2.1 Oscillators
Each board is equipped with 2 oscillators:
* A 20 MHz oscillator
0 The 20 MHz oscillator is sold onto each board amthected to the MCU. But it is not used by the apibn.
O Instead the internal High Speed on-chip oscillafahe RL7/11D is used by each application. Soplr21/X1
and pin P122/X2 are used as Input.
« Please change the settings if you wish to usextezreal oscillator.
e A 32,768kHz quartz
O Itis connected to the MCU
O Itis operating and used by the application (esplydby the RTC).

5.2.2 Description of Jumper J

Table Description of jumper of CO detector
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Jumper Status Function

J1 Closed Power supply of the MCU and others components [MCU, Alarm/buzzer,
AVDD via L1, U1 Vin (optional), pull up resistors, R16/R10 and R13/R19]:
power from battery or power from E1 via CNO1-pin 5, CNO2-pin 4
Caution : Battery should never be installed when using E1 power supply or
external power supply via CNO2/CNO1

Open Current measurement of the MCU and others components [MCU,
Alarm/buzzer, L1and AVDD, U2 Vin (optional), pull up resistors] by
connection of the ampere meter

J2 Power supply of some components [R18, R17, R15, R11, J3] on glass break
Closed
detectors board

Current measurement of some components [R18, R17, R15, R11, J3] by

Open connection of the ampere meter
J4 Opened Normal operation
1-2 Optional REGC = 1.8V to AVREFP (with SW change)
2-3 Optional AIC1702L-25 output = 2.5V to AVREFP (with SW change)
DN_J10 Closed Use less — no amplification of trans impedance amplifier
May bypass with Resistor to change the Impedance
Open Filter (R45 & C20 used) between Amp0 Out and AmpO —
DN _Ji4 Direct connection to Ground (please check schematics for more details) - no
Closed ; -
influence for the CO detector application
Open R32 is used (please check schematics for more details) - no influence for the

CO detector application

In order to start the demonstration of the CO deteplease ensure that this initial configurati®done:

» J1 should be closed

» J2 should be closed

* DN_J10 should be open

e DN_J14 can be closed or opened

5.2.3 Description of Potentiometer JP
Table Description of potentiometer of CO detector

Potentiometer  Status Function

JP10 IVREF1 Could be used when J3 is closed (please check schematics for more details).
comparator 1

JP11 IVREFO Could be used when J3 is closed (please check schematics for more details).

comparator 0

5.2.4 Buzzer:
The buzzer is used for alarm by the applicatiois ttonnected to MCU pin PO1/PCLBUZ1

5.2.5 Description of Push Button
The push button is connected MCU pin P137 / INTRORA. It is not used in the current CO detectqaliaption.

Table Description of push button of CO detector

Button Status Function
SW1 Un-pressed INTPO is High — no operation
Pressed INTPO goes Low — no operation
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5.2.6 Battery place holder:

Each board is equipped with a CR123 battery holfeere is a reverse polarity protection (P-chaM®SFET).
Be careful when placing the battery to pay attent@the polarity.

Only one battery CR123 is provided into the kittiog 4 boards.

Caution: Battery should never be installed whengi&il power supply or external power supply via @KINO1

5.2.7 Microcontroller RL78/11D

The Renesas 48-pin RL78/11D MCU is the main elenoétihe demonstrator board.

The reference used in this demonstrator is thedsiggomponent of the family RL78/I11D. It is a 48 QIFP package
with 32kB Flash and 3kB RAM embedded. The part nemis: R5F117GCGFB.

The 48-pin RL78/I1D MCU has 4 channels of operati@mplifier, 2 channels of comparators, and d tftd1 1/0
lines (including digital and analog interfaces)

4 headers of 12-pin each that bring out most oMK&J I/O pins. Pins for access to device portpatls of the
RL78/11D MCU are connected to:

Table Description of connector of CO detector
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Connector  Pin RL78/11D port name Function
DNI_J1 1 PO1/PCLBUZ1 BUZZER

2 POO P00

3 /IRESET RESET

4 P124/XT2/EXCLKS XT1

5 P132/XT1 XT2

6 P137/INTPO SW1 input

7 P122/X2/EXCLK P122

8 P121/X1 P121

9 REGC REGC

10 VSS VSS

11 VDD VDD

12 P60 P60
DNI_J2 1 P61

2 P62

3 P63/SSI00

4 P57/(TI03/TO03)/INTP4/VCOUT1

5 P56/SCKO0/SCLOO/INTP3

6 P55/SI00/RxD0/SDAOO/INTP2/TOOLRXD

7 P54/SO00/TxDO/INTP1/TOOLTXD

8 P53/KR2/SO01/VCOUTO

9 P52/KR1/S101/SDA01/TI03/TO03

10 P51/KR0/SCK01/SCL01/T102/TO02 ouT2

11 P50/(TI00/TO01)/RTC1HZ OuUT1

12 P30/(SCKO00)/(SCLO0)/TIO0/TO0L/IVREFO  IVREFO
DNI_J3 1 P31/T101/TO00/PCLBUZ0/IVREF1 IVREF1

2 P32/KR3/(T101/TO00)/INTP6 P32

3 P33/(T102/TO02)/INTP5 P33

4 P20/ANI13/IVCMP1/AMP30 AMP30

5 P21/ANI12/AMP3- AMP3-

6 P22/ANI11/AMP3+ AMP3+

7 P23/ANI10/AMP20 AMP20

8 P24/ANI9/AMP2- AMP2-

9 P25/ANI8/AMP2+ AMP2+

10 AVDD AVDD

11 AVSS AVSS

12 P17/ANI7/AMP10 AMP10
DNI_J4 1 P16/ANI6/AMP1- AMP1-

2 P15/ANIS/AMP1+ AMP1+

3 P14/ANI4/IVCMPO/AMPOO AMPOO

4 P13/ANI3/AMPO- AMPO-

5 P12/ANI2/AMPO+ AMPO+

6 P11/ANIZ/AVREFM

7 P10/ANIO/AVREFP

8 P130

9 P40/TOOLO

10 PO4/ANI18

11 PO3/ANI17

12 P02/ANI16

UM-YDETECT-IT-RL78 V1.30

RENESAS

Page 29 of 59



DETECT-IT RL78/11D detector boards kit

Kit User Manual

5.2.8 Description of PMOD connector J9
It is a 12-pin (2x6) SPI PMOD standard interfad¢ezan be used to add external application boards as Wi-

Fi/wireless

Table Description of PMOD of CO detector

Connector

Pin Function

J9

MCU P63

MCU P57

MCU P54

MCU P32

MCU P55

MCU P52

MCU P56

MCU P33

OO |N|[O|O|R]|W[N|F-

GND

=
o

GND

[N
[

VDD

=
N

VDD

529 Description of board edge connectors CNO1 and

There are a 14/26 dual row edge connector thatibalsuse of:

* E1 on-chip debug/flash connection :

CNO2

This interface can be used with for debug sessidardlash programming session.
E1 on-chip emulator and flash programmer 14-giban cable is connected to CNO1 (pins 1-7) and C§0% 1-
7) for debug and flash programming. Pin 1 of Ebaoin cable is oriented to CNO1-pin 1. However, rege
connection between E1 and CNO1/CNO2 pins 1-7 willaause board damage.
e 26-pin TK-interface board.

Table Description of edge connector of CO detector

Connector  Pin Function El Connector  Pin Function El
# pin # # pin #
CNO01 1 No Connect (E1) 1 CNO02 1 GND (E1) 2
2 No Connect (E1) 3 2 No Connect (E1) 4
3 ToolO (E1) 5 3 T_RESET (RESET 6
IN) (E1)
4 No Connect (E1) 7 4 VDD (E1) 8
5 VDD (E1) 9 5 RESET (E1) 10
6 No Connect (E1) 11 6 GND (E1) 12
7 RESET (E1) 13 7 GND (E1) 14
8 No pin ) 8 No pin :
9 MCU P63 ) 9 No Connect
10 MCU P54 ) 10 No Connect
11 MCU P55 11 No Connect
12 MCU P56 ) 12 No Connect
13  No Connect ) 13 No Connect
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5.3 Motion detector board
Here are the pictures of the motion sensor board

Header for most
of the pins

Ll
ION_SENSOR_11D REV:

scapans  RTET]

Renesas
RLZE/ 11D
microcontroller

[ R e
= A [ A I Wk -

-

N
A

Button Reset

Buzzer

12-pin (2x6)
SPIMOD

JP11

JP10
13

Figure Motion detector components top view
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PIR sensors
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Figure Motion detector components bottom view

53.1 Oscillators
Each board is equipped with 2 oscillators:
* A 20 MHz oscillator
0 The 20 MHz oscillator is sold onto each board amthected to the MCU. But it is not used by the apibn.
O Instead the internal High Speed on-chip oscillafahe RL7/11D is used by each application. Soplr21/X1
and pin P122/X2 are used as Input.
* Please change the settings if you wish to usextezreal oscillator.
* A 32,768kHz quartz
O Itis connected to the MCU
O Itis operating and used by the application (esilgdby the RTC).

5.3.2 Description of Jumper J

Table Description of jumper of Motion detector

UM-YDETECT-IT-RL78 V1.30 Page 32 of 59
RENESAS



DETECT-IT RL78/11D detector boards kit Kit User Manual

Jumper Status

Function

J1 Closed

Power supply of the MCU and others components [MCU, Alarm/buzzer,
Lland AVDD, U1 Vin (optional), pull up resistors]: power from battery or
power from E1 via CNO1-pin 5, CNO2-pin 4

Caution : Battery should never be installed when using E1 power supply or
external power supply via CNO2/CNO1

Open

Current measurement of the MCU and others components [MCU,
Alarm/buzzer, L1and AVDD, U2 Vin (optional), pull up resistors] by
connection of the ampere meter

J2 Closed

Power supply of some components [R87, R95, R64/R88, R67/R93, J3] on
motion detector board

Open

Current measurement of some components [R87, R95, R64/R88, R67/R93,
J3] by connection of the ampere meter

J3 Closed

Usage of RL78/I1D comparators
(motion detector and glass break detector board)

Open

Comparators are not used, IVREFO & IVREF1 are not used
(CO detector and smoke detector board)

J8 Open

Single PIR sensor operation (Second PIR sensor is not powered)

1-2

Dual PIR sensor operation with single bias - second PIR is powered with
same power supply as first PIR sensor, via the same resistor R87. (Some
software change is necessary to use dual PIR operation with single bias)

2-3

Dual PIR sensor operation with separate bias (with SW change) - second PIR
is powered with independent power supply. (Some software change is
necessary to use dual PIR operation with separate bias)

In order to start the demonstration of the Motietedtor, please ensure that this initial configarais done:

e J1 should be closed
» J2 should be closed
» J3 should be closed
» J8 should be opened

5.3.3 Description of Potentiometer JP
Table Description of potentiometer of Motion detec  tor
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Potentiometer Status Function

JP9 Used to set the Set JP9 potentiometer for about 50% (mid-point) of rotation, and CW
2nd operation  rotation of JP9 increases motion sensitivity. The Motion sensor can
amplifier Gain  be empirically tested to alarm starting at 4-5 meter distance by
(for Sensor 1)  rotating JP9 potentiometer clockwise to increase sensitivity.

However, too much sensitivity may cause some false alarms due to
ambient IR light sources (incident outside light, etc).

JP10 Usedtosetup Set JP10 potentiometer for IVREF1 (DNI_J3, pin 1) = 2.1V
IVREF1 Approximately (0.62*VDD) at VDD = 3.4V
(Use a voltmeter with at least 10MQ input impedance as lower
impedance (such as 1Meg) will significantly load down the resistor

bias chain).
JP11 Usedtosetup Set JP11 potentiometer for IVREFO (DNI_J2, Pin 12) = 0.85V
IVREFO Approximately (0.25*VDD) at VDD = 3.4V

(Use a voltmeter with at least 10MQ input impedance as lower
impedance (such as 1Meg) will significantly load down the resistor
bias chain).

JP12 Used to setthe Same function as JP9, but for Sensor 2 (beside C25)
2nd operation
amplifier Gain
(for Sensor 2)

5.34 Buzzer
The buzzer is used for alarm by the applicatiois ttonnected to MCU pin P0O1/PCLBUZ1.

535 Description of Push Button

The push button is connected MCU pin P137 / INTRORS, and used as “Reset” function. The Interfupttion can
be found in the project file “r_cg_intc_user.c”

Table Description of push button of Motion detecto r

Button Status Function
SW1 Un-pressed INTPO is high — no operation
Pressed INTPO goes low — interrupt function is executed which defeats alarm

(software depending)

5.3.6 Battery place holder

Each board is equipped with a CR123 battery holfeere is a reverse polarity protection (P-chaM®ISFET).
Be careful when placing the battery to pay attent@the polarity.

Only one battery CR123 is provided into the kittiog 4 boards.

Caution: Battery should never be installed whengi&il power supply or external power supply via @KINO1.

5.3.7 Microcontroller RL78/11D

The Renesas 48-pin RL78/I11D MCU is the main elemoétite demonstrator board.

The reference used in this demonstrator is thedsiggomponent of the family RL78/I11D. It is a 48 QIFP package
with 32kB Flash and 3kB RAM embedded. The part nemisér R5F117GCGFB.

The 48-pin RL78/I1D MCU has 4 channels of operatl@mplifier, 2 channels of comparators, and d wftd1 1/0
lines (including digital and analog interfaces).

4 headers of 12-pin each that bring out most oMI&J I/O pins. Pins for access to device portpatls of the
RL78/11D MCU are connected to:

Table Description of connector of Motion detector

UM-YDETECT-IT-RL78 V1.30 Page 34 of 59
RENESAS



DETECT-IT RL78/11D detector boards kit

Kit User Manual

Connector  Pin RL78/11D port name Function
DNI_J1 1 PO1/PCLBUZ1 BUZZER

2 POO P00

3 /IRESET RESET

4 P124/XT2/EXCLKS XT1

5 P132/XT1 XT2

6 P137/INTPO SW1 input

7 P122/X2/EXCLK P122

8 P121/X1 P121

9 REGC REGC

10 VSS VSS

11 VDD VDD

12 P60 P60
DNI_J2 1 P61

2 P62

3 P63/SSI00

4 P57/(TI03/TO03)/INTP4/VCOUT1

5 P56/SCKO0/SCLOO/INTP3

6 P55/SI00/RxD0/SDAOO/INTP2/TOOLRXD

7 P54/SO00/TxDO/INTP1/TOOLTXD

8 P53/KR2/SO01/VCOUTO

9 P52/KR1/S101/SDA01/TI03/TO03

10 P51/KR0/SCK01/SCL01/T102/TO02 ouT2

11 P50/(TI00/TO01)/RTC1HZ OuUT1

12 P30/(SCKO00)/(SCLO0)/TIO0/TO0L/IVREFO  IVREFO
DNI_J3 1 P31/T101/TO00/PCLBUZ0/IVREF1 IVREF1

2 P32/KR3/(T101/TO00)/INTP6 P32

3 P33/(T102/TO02)/INTP5 P33

4 P20/ANI13/IVCMP1/AMP30 AMP30

5 P21/ANI12/AMP3- AMP3-

6 P22/ANI11/AMP3+ AMP3+

7 P23/ANI10/AMP20 AMP20

8 P24/ANI9/AMP2- AMP2-

9 P25/ANI8/AMP2+ AMP2+

10 AVDD AVDD

11 AVSS AVSS

12 P17/ANI7/AMP10 AMP10
DNI_J4 1 P16/ANI6/AMP1- AMP1-

2 P15/ANIS/AMP1+ AMP1+

3 P14/ANI4/IVCMPO/AMPOO AMPOO

4 P13/ANI3/AMPO- AMPO-

5 P12/ANI2/AMPO+ AMPO+

6 P11/ANIZ/AVREFM

7 P10/ANIO/AVREFP

8 P130

9 P40/TOOLO

10 PO4/ANI18

11 PO3/ANI17

12 P02/ANI16
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5.3.8 Description of PMOD connector J9
It is a 12-pin (2x6) SPI PMOD standard interfad¢ezan be used to add external application boards as Wi-

Fi/wireless.

Table Description of PMOD of Motion detector

Connector

Pin Function

J9

MCU P63

MCU P57

MCU P54

MCU P32

MCU P55

MCU P52

MCU P56

MCU P33

OO |N|[O|O|R]|W[N|F-

GND

=
o

GND

[N
[

VDD

=
N

VDD

5.3.9 Description of board edge connectors CNO1 and

There are a 14/26 dual row edge connector thatibalsuse of:

* E1 on-chip debug/flash connection :

CNO2

This interface can be used with for debug sessidardlash programming session.
E1 on-chip emulator and flash programmer 14-gban cable is connected to CNO1 (pins 1-7) and C§0% 1-
7) for debug and flash programming. Pin 1 of Ebaoin cable is oriented to CNO1-pin 1. However, rege
connection between E1 and CNO1/CNO2 pins 1-7 willaause board damage.
e 26-pin TK-interface board.

Table Description of edge connector of Motion dete  ctor

Connector  Pin Function El Connector  Pin Function El
# pin # # pin #
CNO01 1 No Connect (E1) 1 CNO02 1 GND (E1) 2
2 No Connect (E1) 3 2 No Connect (E1) 4
3 ToolO (E1) 5 3 T_RESET (RESET 6
IN) (E1)
4 No Connect (E1) 7 4 VDD (E1) 8
5 VDD (E1) 9 5 RESET (E1) 10
6 No Connect (E1) 11 6 GND (E1) 12
7 RESET (E1) 13 7 GND (E1) 14
8 No pin ) 8 No pin :
9 MCU P63 ) 9 No Connect
10 MCU P54 ) 10 No Connect
11 MCU P55 11 No Connect
12 MCU P56 ) 12 No Connect
13  No Connect ) 13 No Connect
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54 Smoke detector board
Here are the pictures of the smoke sensor board:
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fFash
connector
......... (2x7)

Buzzer

JP10
12-pin (2x6)
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microcontroller
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Battery
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Figure Smoke detector components top view
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S114-001-A0-

Smoke Sensor
Chamber

Figure Smoke detector components bottom view

541 Sensor connection
Please be careful when connecting the IR LED anph@&odiode.

Table Description of sensor connector of Smoke det  ector

Sensor Connector & pins  Function

IR J10-pins 7 &8 Connection of IR photodiode : Cathode K on pin 8 (J10-pin8), Anode

photodiode receive A on pin 7 (J10-pin7)

IR LED J1l-pinsl&2 Connection of IR LED : Cathode K on pin 1 (J11-pin 1), Anode A on
transmit pin 2 (J11-pin 2)

5.4.2 Oscillators
Each board is equipped with 2 oscillators:
* A 20 MHz oscillator
0 The 20 MHz oscillator is sold onto each board amthected to the MCU. But it is not used by the apaibn.
O Instead the internal High Speed on-chip oscillafahe RL7/11D is used by each application. Soplr21/X1
and pin P122/X2 are used as Input.
« Please change the settings if you wish to usextezreal oscillator.
e A 32,768kHz quartz
O Itis connected to the MCU
O Itis operating and used by the application (esplydby the RTC).

54.3 Description of Jumper J
Table Description of jumper of Smoke detector

UM-YDETECT-IT-RL78 V1.30 Page 38 of 59
RENESAS



DETECT-IT RL78/11D detector boards kit Kit User Manual

Jumper Status Function
J1 Power supply of the MCU and others components [MCU, Alarm/buzzer, AVDD
via L1, U1l Vin (optional), pull up resistors]: power from battery or power from
Closed E1 via CNO1-pin 5, CNO2-pin 4

Caution: Battery should never be installed when using E1 power supply or
external power supply via CNO2/CNO1

Current measurement of the MCU and others components [MCU,

Open Alarm/buzzer, L1and AVDD, U2 Vin (optional), pull up resistors] by connection
of the ampere meter
J2 Closed Power supply of some components [R67/68, J6] on motion detector board
Open Current measurement of some components [R67/R68, J6] by connection of the

ampere meter

J3 Closed Usage of RI78/11D comparators
(motion detector and glass break detector board)

Comparators are not used, IVREFO & IVREF1 are not used

Open (CO detector and smoke detector board)
J6 Closed Enable IR LED transmission (Provide CON2/J11 with VDD_Sensor)
Opened Disable IR LED transmission.
J7 Closed 1-2  Enable IR LED photodiode reception (Normal Operation)
Disable IR LED photodiode transmission, could be used by test mode (with SW
Closed 2-3 change)

In order to start the demonstration of the Smokedler, please ensure that this initial configunaiis done:
» J1 should be closed

» J2 should be closed

» J3 should be open

» J6 should be closed

e J7 (pins 1-2) should be closed

» Please check that IR photodiode and IR LED arddoep

544 Description of Potentiometer JP
Table Description of potentiometer of Smoke detect  or

Potentiometer  Status Function

JP10 IVREF1 Could be used when J3 is closed (please check schematics for more
comparator 1 details).

JP11 IVREFO Could be used when J3 is closed (please check schematics for more

comparator 0 details).

545 Buzzer
The buzzer is used for alarm by the applicatiois ttonnected to MCU pin PO1/PCLBUZ1

5.4.6 Description of Push Button

The push button is connected MCU pin P137 / INTRORB, and used as “Reset” function. The Interfupttion can
be found in the project file “r_cg_intc_user.c”

Table Description of Push button of Smoke detector

Button  Status Function
SW1 Un-pressed INTPO is high — no operation
Pressed INTPO goes Low — interrupt function is executed which defeats alarm

(software depending)
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5.4.7 Battery place holder

Each board is equipped with a CR123 battery holfeere is a reverse polarity protection (P-chaM®SFET).
Be careful when placing the battery to pay attent@the polarity.

Only one battery CR123 is provided into the kittiog 4 boards.

Caution: Battery should never be installed whengi&i1l power supply or external power supply via @KINO1

548 Microcontroller RL78/11D

The Renesas 48-pin RL78/11D MCU is the main elenoétihe demonstrator board.

The reference used in this demonstrator is thedsiggomponent of the family RL78/I11D. It is a 48 QIFP package
with 32kB Flash and 3kB RAM embedded. The part nemis: R5F117GCGFB.

The 48-pin RL78/I1D MCU has 4 channels of operati@mplifier, 2 channels of comparators, and d tftd1 1/0
lines (including digital and analog interfaces).

4 headers of 12-pin each that bring out most oMK&J I/O pins. Pins for access to device portpatls of the
RL78/11D MCU are connected to:

Table Description of connector of Smoke detector
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Connector  Pin RL78/11D port name Function
DNI_J1 1 PO1/PCLBUZ1 BUZZER

2 POO P00

3 /IRESET RESET

4 P124/XT2/EXCLKS XT1

5 P132/XT1 XT2

6 P137/INTPO SW1 input

7 P122/X2/EXCLK P122

8 P121/X1 P121

9 REGC REGC

10 VSS VSS

11 VDD VDD

12 P60 P60
DNI_J2 1 P61

2 P62

3 P63/SSI00

4 P57/(TI03/TO03)/INTP4/VCOUT1

5 P56/SCKO0/SCLOO/INTP3

6 P55/SI00/RxD0/SDAOO/INTP2/TOOLRXD

7 P54/SO00/TxDO/INTP1/TOOLTXD

8 P53/KR2/SO01/VCOUTO

9 P52/KR1/S101/SDA01/TI03/TO03

10 P51/KR0/SCK01/SCL01/T102/TO02 ouT2

11 P50/(TI00/TO01)/RTC1HZ OuUT1

12 P30/(SCKO00)/(SCLO0)/TIO0/TO0L/IVREFO  IVREFO
DNI_J3 1 P31/T101/TO00/PCLBUZ0/IVREF1 IVREF1

2 P32/KR3/(T101/TO00)/INTP6 P32

3 P33/(T102/TO02)/INTP5 P33

4 P20/ANI13/IVCMP1/AMP30 AMP30

5 P21/ANI12/AMP3- AMP3-

6 P22/ANI11/AMP3+ AMP3+

7 P23/ANI10/AMP20 AMP20

8 P24/ANI9/AMP2- AMP2-

9 P25/ANI8/AMP2+ AMP2+

10 AVDD AVDD

11 AVSS AVSS

12 P17/ANI7/AMP10 AMP10
DNI_J4 1 P16/ANI6/AMP1- AMP1-

2 P15/ANIS/AMP1+ AMP1+

3 P14/ANI4/IVCMPO/AMPOO AMPOO

4 P13/ANI3/AMPO- AMPO-

5 P12/ANI2/AMPO+ AMPO+

6 P11/ANIZ/AVREFM

7 P10/ANIO/AVREFP

8 P130

9 P40/TOOLO

10 PO4/ANI18

11 PO3/ANI17

12 P02/ANI16
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5.4.9 Description of PMOD connector J9

It is a 12-pin (2x6) SPI PMOD standard interfad¢ezan be used to add external application boards as Wi-
Fi/wireless.

Table Description of PMOD of Smoke detector

Connector Pin Function

J9 MCU P63
MCU P57
MCU P54
MCU P32
MCU P55
MCU P52
MCU P56
MCU P33
GND
GND
VDD
VDD

OO |N|[O|O|R]|W[N|F-

=
o

[N
[

=
N

5.4.10 Description of board edge connectors CNO1 an  d CNO2
There are a 14/26 dual row edge connector thatibalsuse of:

* E1 on-chip debug/flash connection :
This interface can be used with for debug sessidardlash programming session.
E1 on-chip emulator and flash programmer 14-pibaibcable is connected to CNO1 (pins 1-7) and C{@0% 1-
7) for debug and flash programming. Pin 1 of Ebaoin cable is oriented to CNO1-pin 1. However, rege
connection between E1 and CNO1/CNO2 pins 1-7 willaause board damage.

e 26-pin TK-interface board.

Table Description of edge connector of Smoke detec  tor

Connector Pin Function E1l Connector Pin Funtion El

# pin # # pin #
CNO1 1 No Connect (E1) 1 CNO02 1 GND (E1) 2

2 No Connect (E1) 3 2 No Connect (E1) 4

3 ToolO (E1) 5 3 T_RESET (RESET 6

IN) (E1)

4 No Connect (E1) 7 4 VDD (E1) 8

5 VDD (E1) 9 5 RESET (E1) 10

6 No Connect (E1) 11 6 GND (E1) 12

7 RESET (E1) 13 7 GND (E1) 14

8 No pin ) 8 No pin :

9 MCU P63 ) 9 No Connect

10 MCU P54 ) 10 No Connect

11 MCU P55 : 11 No Connect

12 MCU P56 ) 12 No Connect

13 No Connect ) 13 No Connect
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6. Theory of operation

6.1 Glass Break detector theory of operation

6.1.1 Analog Front End circuit of Glass Break detec  tor

The Analog Front End circuit consists of a microp&olow pass filter and high pass filter. To impéha glass break
sensor an Electret microphone monitors ambientdgasorthat sound amplitude, frequency band and sduration are
analyzed to distinguish between ordinary sharp/auhds versus actual glass break events. Any swddge in
sound level will have some low frequency (envelag@jtent or “thud” event, even if the event mainds high
frequency components like breaking glass. Genegaliye glass break event will have high frequesaynd
components greater than 1 KHz, and at least 10@magidn.

» Low pass filter with comparator interrupt

At MCU power startup, the low pass filter operatibamplifiers are initialized and biased at VDDiyere VDD
depends on the CR123 lithium battery voltage (20¥%3.1V). With no sound events, both low pass afienal
amplifier stage outputs will be at VDD/2 (1.35V1&®5V). Even though this audio filter is referredas “Low
Pass/Low Frequency” there is AC coupling betweenticrophone and first stage of low pass filted A€ coupling
between the first stage output (Operational anglith1) and the second stage input (OperationalifeniChO0).
Therefore any DC bias variations are eliminatedvben operational amplifier analog front end staged, besides, the
microphone will not reproduce sounds much below28&Equency.

The output of low pass second stage (Operationpliien ChO) is DC coupled into the Comparator ihpnd ADC
input of the MCU (since they connected internaltytbe same MCU pin 39). For a sufficiently loud sdwvent, the
RL78/11D MCU internal comparator triggers an MCleimupt (when IVREF voltage threshold is exceedethjch
wakes up the MCU out of STOP mode.

If a Low Frequency amplitude output from AMPOO trégs the Comparator O window interrupt, then theP&\vand
AMP3 operational amplifiers are turned on in Higte®d mode. At this point, further Operational afigsiAMPO
output and Comparator O interrupts are ignorederA2ms stabilization wait time, Comparator 1 windovinterrupt is
enabled and a 200ms time interval is started.df@bhmparator 1 window interrupt occurs before 200meout, then
the Glass Break alarm is sounded. If no Compafateindow interrupt occurs before 200ms, then ns&Break is
sounded and the MCU configures the AMP1 and AMP&ational amplifiers back to Low Power consumptioode
and turns off AMP2 and AMP3 off. Then MCU returnsSTOP mode, waiting for next loud sound event.

Note: All four RL78/I1D operational amplifiers musither be placed in low power or high speed modether.
Therefore, the low pass filter (Operational amgtitthannels Ch0 and Ch1l) are ignored when thegagh
filter is enabled.

» High Pass Filter:

Since the high pass filter needs both high gaintagh frequency response up to ~15kHz range, thle peed
operational amplifier mode is needed (with GBW #MHZz). The high pass filter is not powered on uatier a loud
sound event occurs, since high speed operationaifanmode draws ~260uA for 2 operational amplifthannels.
After enabling the 2 operational amplifiers chasngelhigh pass filter, approximately 1ms of staaition time is
required. The high pass filter second stage outpperational amplifier Ch3) is also DC coupled iateecond ADC
input channel and that ADC input is sampled forr8@&tfter first low frequency sound event is detcliea minimum
of 100ms of high frequency activity is detectea tfiass break sensor alarm is sounded for a miniofuzrseconds.
After sampling, the high pass filter and 100ms hefepsed with < 100ms high frequency detectiorhibh pass filter
is turned off and the low pass filter operationabdifiers are turned on again. Otherwise if th®6s threshold for
high frequency content is exceeded (and alarm edglthe high pass filter can be turned off and pass filter turned
back on (operational amplifier in low speed mode)pok for a new sound event.

Note: all four RL78/I1D operational amplifiers nsther be placed in low power or high speed ntodether.
Therefore, the low pass filter outputs are ignosden the high pass filter stages are enabled.

As summary, here is the method how the Glass Bdetdctor works generally:

UM-YDETECT-IT-RL78 V1.30 Page 43 of 59
RENESAS



DETECT-IT RL78/11D detector boards kit Kit User Manual

1. AMP1 and AMPO are always powered in Low Power camsion mode (GBW = 40KHZ), with the MCU in
Stop mode. Comparator 0O is always powered in Lpeefl mode also, and is configured for Window
Comparator interrupt mode.

2. When a sound event occurs and is loud enough, &émuency (envelope) waveform can occur at AMPOO
output. If AMPOO output is > IVREF1 or <IVREFO,eth a comparator interrupt will wake up the MCU.

3. After MCU wakes up, AMP2 and AMP3 are turned oiigh Speed mode (GBW = 1.7MHZ). At this point

all operational amplifiers are in High Speed madece there is only one setting for all 4 operatlon

amplifiers. (It is impossible to set AMP1 and AMPOLow Power mode with AMP2 and AMP3 in High

Speed mode.) Then a 2ms time interval is stamedcamparator interrupts disabled to wait for AM&1I

AMP3 stabilization. At this point, the AMPOO outgand Comparator O interrupt) is ignored.

At the end of 2ms interva interrupts are enabled, but Comparator O intérigugisabled.

Enable Comparator 1 (from AMP30) interrupt in wimdmode.

Start 200ms timer interval for interrupt.

If a High frequency wave component from AMP30 teggComparator 1 window interrupt (AMP30 >

IVREF1 or AMP30 < IVREFO0), then the Glass Breakmas sounded for 2 seconds minimum.

8. However, if 200ms timer interrupt occurs withouy@omparator 1 window interrupt, then no Glass Brea
alarm is sounded. Then the MCU changes operatamalifiers mode back to AMP1 and AMPO in Low
Power consumption with AMP2 and AMP3 turned offiagdhen MCU goes back to Stop mode.

9. VDD_Sensor = VDD is always enabled on AMP2, AMP8 &@omparator IVREF1/IVREFO reference resistor
chain.

N o ok

6.1.2 MCU/digital system and maintain low currentd  rain for long battery life

» Low power interval timers like Real Time Counte?;Hit Interval Timer, 2 units of 8-bit Interval Tan

The low power interval timers are used to timerfanitoring of high frequency content by sampling ttigh pass

filter every 100ms or so after the low frequencyrsib envelope is detected. If a glass break evesshibld is observed,
the alarm is turned on for 2 second minimum by ¢tiognl second interrupts.

» Medium speed On-Chip Oscillator (4 MHz MOCO) apécal Low Power CPU run mode:

The usage of this Low Power mode and this 4MHz MQgS€illator allow both a fast (4us typical) waketimpe and
low current drain (134pA @ 1MHz). Since CPU periance is usually not critical for sensor applicagioa lower
speed native clock at 1MHz/2MHz/4MHz can be usetkiad of the High Speed On-Chip Oscillator (24MH2CGOD).

6.2 CO detector theory of operation

6.2.1 Analog Front End circuit of CO detector
The Analog Front End circuit consists of the COssgrcanister, DC bias amplifier, and trans-conchagaamplifier.

* CO sensor canister

The Figaro TGS5042 CO canister can typically de@et® 000ppm of CO gas concentration in a lineshifan and has
good accuracy when the unit calibration value (gt@anon outside) is incorporated into the currentdatiage
conversion equations.

From experimentation, it was found that this COssemas a relatively slow reaction time, confirnrethe
specification - typically needing >~60 secondsuityfregister an accurate CO gas concentration.leiso, once the
CO gas has entered the canister and chemicallyioechion the anode and cathode, there is a longioadaime
(>~120 seconds per specification) for the CO seagoent to decay back to zero for ambient CO gasentration of
Oppm.

Note Operation Principle (extracted from TECHNICIMNFORMATION FOR TGS5042 document:
5042Technicallnfo0512.pdf)
The electrolyte of TGS5042 is a very low conceidradf mixed/prepared alkaline electrolyte consigtof
KOH, KHCO3, and K2CO3. The mixed alkaline electtelpcts as a buffer solution with a pH value maratza
between 7~10. When CO passes through the backiagdad reaches to the working electrode, electaoas
generated resulting from the reaction between GDaaons in the electrolyte such as OH-, HCO3-, and
CO32- . By creating a short circuit between thekivay and counter electrodes with external wiringcons
move to the counter electrode through the extemrabtg. At that point, the consumed anions in thecgolyte
at the working electrode are replenished and movee electrolyte by the reaction of CO2, wated an
electrons.
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(chemical equations can be seen in full Technitirmation for TGS5042 document)

» DC bias amplifier (Ch1 operational amplifier)

At MCU power startup Ch0 and Ch1 operational argtfare initialized in low power mode. Chl isdeid at
VDD/11, where VDD depends on the CR123 lithium &ativoltage (2.7V to ~3.1V) or slightly higher ifitElebugger
is used for power (often around 3.3V) . The resibtas network for Ch1 plus (+) input draws ldsst 0.7pA over the
possible VDD power supply range. However the beffleoutput of Chl operational amplifier presentsvaiimpedance
and constant voltage even as the CO Sensor squussibly >10puA when CO Gas concentration of 10,p@®pr
more. Since the resistor bias network voltage @ag slightly with resistor tolerance, the ~VDD/liablevel output on
Ch1l AMP10 output is measured by ADC input ANI7 ¢éov& as the baseline for CO sensor current-to-gelta
measurements.

» Current-to-voltage trans-impedance amplifier (Cp@rational amplifier)

As the CO gas concentration increases, the CO sensent proportionally increases and flows irite path of 909K
feedback resistor causing a linear voltage increaste operational amplifier output. The ChO agienal amplifier
output is a voltage level is established by theatiqn:

AMPOO voltage =~ VDD/11 + (CO current x 909000 Q)
Note : CO current is in nA/PPM.

This resulting output is periodically measured By@conversion of input ANI4. The alarm is sounadten the
AMPOO voltage exceeds the AMP10 voltage by an emeaepresenting 100ppm. This voltage increasendspm
the CO sensor calibration level printed on the stani For example, with a CO sensor having caitmavalue of 1425
(1.425 nA/PPM), the voltage increase threshold =

100ppm x 1.425E-9 nA/ppm x 909000 Q = 0.1295V

The method to determine 0.1295V increase abov¥BHa/11 bias point is described in the ADC sectiaholv.

6.2.2 MCU/digital system and maintain low currentd  rain for long battery life

» Low power interval timers like Real Time Counte®;Hit Interval Timer, 2 units of 8-bit Interval Tan
Real Time Counter interrupt at 1 second rate isl tsavake up MCU to take ADC voltage measurement3 different
values:

O AMP10O (DC bias = VDD/11),
0 AMPOO (DC bias + CO sensor increase)
O internal VBGR = 1.45V.

» ADC conversion with internal VBGR = 1.45V (homina#ference voltage:

ADC conversions are performed both on the ~VDD/ibE tevel (on AMP10) and the total voltage on AMPO®ith
the CO sensor calibration number of 1425 (1.42%pA), the voltage increase with 100ppm is 0.1295ihce the
full-scale ADC reference voltage is based on VDO, WDD can be variable from 2.7V to 3.5V, the AD@nwersion
codes are ratio-metric with VDD. That means that+VDD/11 voltage level measure at AMP10 will beoastant
digital code. However, the CO sensor voltage iaseewill be a constant value at 100ppm. Thatmlsans the
AMPOO output will have a larger ADC conversion cadeen VDD = 2.7V compared to when VDD = 3.5V. To
counter the ratio-metric ADC conversion when ushizC voltage reference = VDD, we also take an AD@Gwrsion
of VBGR = 1.45V and scale the AMPOO conversion aditgly. This conversion can be seen in the caoui
equation to trigger the CO alarm:

If(adc_co > (adc_bias + adc_adiss * (0.1425*0.909/1.45)),
Note : where :
adc_co = ADC conversion digital code of AMPOO
adc_bias = ADC conversion digital code of AMP10
adc_adiss = ADC conversion digital code of inteMBIGR = 1.45V (nominal)
And the constants are 1.425 nA/ppm x 100ppm, 90&kd 1.45V
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» Medium speed On-Chip Oscillator (4 MHz MOCO) apécal Low Power CPU run mode:

The usage of this Low Power mode and this 4MHz MQs3@illator allow both a fast (4us typical) waketipe and
low current drain (134pA @ 1MHz). Since CPU pemfance is usually not critical for sensor applicasioa lower
speed native clock at 1MHz/2MHz/4MHz can be usetkiad of the High Speed On-Chip Oscillator (24MH2GOD).
However, the present demonstration uses Low Speéed Mode @ 8MHZ system clock speed.

» PCLBUZ1 buzzer output:
When CO alarm threshold is achieved, the PCLBUZputus enabled

6.3 Motion detector theory of operation

6.3.1 Analog Front End circuit of Motion Detector
The Analog Front end circuit consists of the Pyeotic Infrared (PIR) sensor, and 2 stages of AGpted amplifier.

* PIR sensor

The muRata part number IRA-E700STO PIR sensorymsal peak-to-peak output levels in the 1mV-10navige for
detected IR sources. To make these small AC volthgages strong enough to be measured by the M@Gilg w
rejecting ambient Infrared light levels, a largénga needed to amplify the 1mV-10mV typical pulsgsto a 2-3Vpeak
to peak voltage range. Amplification is accomptidhin 2 stages of operational amplifiers, as folow

» First stage AC-coupled amplifier (Chl operatiormapéfier)

At MCU power startup, ChO and Ch1l operational afige are initialized in Low Power mode. The fissage of AC-
coupled amplifier is non-inverting and amplifieg tAIR output pulse approximately x101. In low powede, this
operational amplifier draws ~2.25uA quiescent aurtgpically. For example, a +5mV peak pulse frdma PIR sensor
output will result in a ~+0.505V pulse at the outpAMP10. The timing of the first stage pulsegsverned by the
R65 (10K2) and C56 (22 F) time constant, coupled thru the @81Q) and C57 (10nF) RC network.

» Second stage AC-coupled amplifier (ChO operatianaplifier)

The second stage has an adjustable gain from a&33.9 and is inverting. Since the second stadged-coupled, it is
un-affected by any DC bias variation in the PIRssgror the first stage amplifier. However, theosetstage positive
(+) input is biased at VDD/2, at the midpoint ofymr supply voltage, so the AMPOO output is also VDBt
guiescent condition with no PIR output change (alzipg). This bias network is composed of two MIbresistors
(R64 and R68), and therefore only adds about 0.3&urfent drain to the battery load.

With the example of a +5mV PIR sensor pulse, an86%V pulse coming from first stage, the secondestautput
should go to the VSS (0V) rail and momentarily sati®l there. Even a short pulse from the PIR sensloset up a low
and high-going excursion on Ch0 (AMPOO) outputifasfor about 1 second. This ~1second settling tisddue to RC
time constants on both the first stage and thergkstage. After receiving an input pulse, therignof second stage
settling is governed by the R89 (343kand C55 (22uF) time constant, coupled thru tifepiRentiometer @ to
900kQ) + R90 (220K2) and C57 (22nF) RC network.

» Comparator input ICOMPO

There are two comparator reference voltages tidmbtlo comparator pairs — IVREFO for the high refieeeand
IVREF1 for the low reference. ICOMPO is tied to@mparator pair. This configuration allows the IZBO input to
trigger an MCU (wakeup) interrupt on either :

O single threshold ICOMPO > IVREFO only,

O or (2) single threshold ICOMPO < IVREF1 only,

O or (3) the “window” mode which triggers on eithéreashold condition (1) or (2).
The Motion sensor takes advantage of the windowanathere the MCU interrupt is triggered at ~0.67DD for
positive going threshold and ~0.3x VDD for negatieng threshold. These threshold values aresiag 2
potentiometer settings (JP11 and JP10). When MBQO output has excursions triggering these thidskalues, the
Motion sensor alarm will sound as long as the IC@ONHRerrupts keep occurring. ICOMP1 has an idahfignction
on 2 additional comparators, although ICOMP1 comfmarpair is not used in the Motion sensor designe
comparators in Low Speed mode with MCU voltage la&gon @1.8V draws 2.2 A typical in Window interrupbde.

» Comparator IVREFO and IVREF1 voltage reference

There is a single resistor bias chain that sets (MREFO and IVREF1. The total resistance of tthain is about
2.3MQ, so additional current consumed by this resisbaircis only ~1.4uA @3.3V supply. Setting of IVRE&nd
IVREFL1 is explained in section.

Motion Sensor board setup/calibration below.
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When using VDD = 3.4V from E1 emulator, please faflewing values:
IVREFO = ~ 0.86V (0.25*VDD), IVREF1 = ~ 2.1V (0.62V*VDD)

6.3.2 MCU/digital system and maintain low currentd  rain for long battery life

» Low power interval timers like Real Time Counte?;Hit Interval Timer, 2 units of 8-bit Interval Tan
Real Time Counter interrupt at 1 second rate isl tisavake up MCU, and count 1sec intervals forralerinimum
timing.

» ADC conversion with internal VBGR = 1.45V (homina#ference voltage:
ADC unit isnot used in the Motion sensor design since the Comparatmddiv trigger mode is used.

» Medium speed On-Chip Oscillator (4 MHz MOCO) apeédal Low Power CPU run mode:

The usage of this Low Power mode and this 4MHz MQgS€illator allow both a fast (4us typical) waketimpe and
low current drain (134pA @ 1MHz). Since CPU periance is usually not critical for sensor applicagioa lower
speed native clock at 1MHz/2MHz/4MHz can be useteiad of the High Speed On-Chip Oscillator (24MH2GD).
However, the present demonstration uses Low Speed Mode @ 8MHZ system clock speed.

e PCLBUZ1 buzzer output:

When the Motion sensor threshold is triggered G&BUZ1 output is enabled for multiple durationslsecond ON
and 1second OFF, until the ChO (AMPOO) output isamger triggering Comparator ChO interrupts.

6.4 Smoke detector theory of operation

6.4.1 Analog Front End circuit of Smoke detector

The Analog Front End Circuit consists of the Iné@emitter (LED), IR Photodiode detector, and geseof DC-
coupled amplification

+ Infrared emitter LED:

An ordinary Infrared LED, as typically used in arfrared Remote Controller, is driven at about 8roAMard current
thru an NPN transistor controlled by the MCU. Tlghhevel block diagram- show at the beginningha$ tuser manual
- omits the transistor driver for simplicity. Thisrared LED is only enabled for ~200ms every 8osels sample
interval, so as to keep the average battery culo@nt The output angle of the infrared emittedrbéa relatively
narrow at +/- 17.5 degrees and pointed away framRhphotodiode detector.

» Infrared photodiode (detector):

An Infrared Photodiode (and Infrared Emitter) isumted inside an Optical smoke chamber, where thenbler is
made of non-reflective, black plastic with bafftesallow smoke/smoke particles to enter the chanthdrlargely
blocks most external, ambient light from enterifithe Infrared LED output is off axis from the Infea photodiode.
Both the Infrared LED and Infrared photodiode asefed towards the center of the Optical smoke dieta circle,
with ~120 degrees angle between the emitter mambsnd photodiode detector surface. With no reflgcemoke
particles, little of the IR emitted light is capéarby the photodiode. With reflecting smoke p#&tiche IR Photodiode
is able to “see” enough infrared light energy toyide avalanche current thru the reverse biasetbghamle, and that
increased current is amplified by operational afigsliChl (AMP10). The position of the IR emitterdaiiR photodiode
is quite sensitive to allow a good operation ofdkéction.

» First stage DC-coupled trans- impedance amplifir1( operational amplifier):

At MCU power startup, ChO and Chl operational afigph are left disabled to conserve power. Evesg&nds, the
MCU enables both channels in high speed mode aitd foa the operational amplifiers to stabilizee&e refer to
timing diagram and waveforms in the figure belot.timeframe “A”, Chl (and ChO0) operational amggifiis turned
on and stabilizes in less than 125us. Stage rama-impedance amplifier with a XMfeedback resistor - configured
to amplify a small current, such as 0.1pA to 2u A& faroportional output voltage, by a factor of 1Mit. For example,
a 0.2pA input would result in a 0.2V DC voltageregmse on the operational amplifier Chl output.
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e Second stage AC coupled amplifier (ChO operatiangblifier):
The second stage is non-inverting and has a g&tn Die upper frequency (cut off/corner) is ~8 KHz.

At time “B”, an ADC conversion samples (and saubs)reference ChO voltage level, which is propodido the
Photodiode current amplified by Ch1 and ChO, wiathimfrared LED energy emitted, so only ambient rdofrared
energy is measured.

At time “C” the IR LED is turned on and it takespapximately 160-180us for the resulting trans-imgreak result to
settle at ChO output.

Then at “D”, a second ADC conversion reading ietakand saved).
At time “E”, the IR LED and both operational am@if channels are turned off.

A smoke detection algorithm is implemented thakfoat the increase in Infrared Photodiode deteatiorent from
ambient condition (Infrared LED OFF) to InfraredREON condition. A running average of the “deltatél (ADC
measurements at timeframe D — timeframe B) is tatied. The most recent delta level has the highegghting, and
the algorithm looks at both the magnitude in Phimtdel current change (delta), as well as the raiehahge. This is
done to make the smoke detector react quickly withesponding to IR Photodiode output random chauage to
ambient Infrared noise energy.

Edit Views Measurements Tools Help
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Figure Waveforms of Smoke detector sampling

Note : The RED waveform is the output of ChO operetl amplifier
The BLUE waveform is the Infrared LED enable sigfegh level indicates LED is on). Horizontal (tijne
reference is 100us per division.

» Inputs comparators with low level and high level iW@shold:

The comparators are not used in this smoke detesitme the ADC is used to measure the output 6ffGhSmoke
level threshold. Therefore Jumper J3 which poweed VREFO and IVREFL1 resistor bias chain can beoked to save
current drain.
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6.4.2 MCU/digital system and maintain low currentd  rain for long battery life

» Low power interval timers like Real Time Counte®;Hit Interval Timer, 2 units of 8-bit Interval Ten
Real Time Counter interrupt at 1 second rate isl tsavake up MCU, and count 1second intervals fama minimum
timing. Every third interrupt, the smoke level igasured, and otherwise the MCU goes back to stamdiole.

» ADC conversion with internal VBRG = 1.45V (nominaleference voltage:
The ADC unit is used to measure the ChO outputdtefi Photodiode Trans- impedance amplified signil) and
without the Infrared LED enabled.

» Medium speed On-Chip Oscillator (4 MHz MOCO) apeédal Low Power CPU run mode:

The usage of this Low Power mode and this 4MHz MQs3@illator allow both a fast (4us typical) waketipe and
low current drain (134pA @ 1MHz). Since CPU pemfance is usually not critical for sensor applicasioa lower
speed native clock at 1MHz/2MHz/4MHz can be useteiad of the High Speed On-Chip Oscillator (24MH2GD).
However, the present demonstration uses Low Speed Mode @ 8MHZ system clock speed.

» PCLBUZ1 buzzer output:
When Smoke alarm is triggered, the PCLBUZ1 outp@riabled for multiple durations of 1second ON &setond
OFF, until the ChO (AMPOO) output is no longer grgging Comparator ChoO interrupts.

7. How to operate the boards with battery

In order to use the boards with the battery, pl@aake sure you are equipped with a 3V Lithium bgt@R123. Only
one CR123 battery is provided with each kit.

Once the jumpers of each board are set, pleasanftile below steps.

7.1 Glass Break detector demonstration using battery

Step 1/ Insert the CR123 battery into the battery locatibthe Glass Break detector (this is on the revside of the
board), please be careful about the polarity.

Step 2/ Press the reset button.

Step 3/ Test the Glass Break board with some differ@igen For more information, please refer to chaptérl of
this User Manual.

Step 4 / Stop the alarm by pressing the reset button.
Step 5/ Power off the detector by removing the battery.

7.2 CO detector demonstration using battery

Step 1/ Insert the CR123 battery into the battery lamatf the CO detector (this is on the reverse sfdbe board),
please be careful about the polarity.

Step 2/ Press the reset button.

Step 3/ The CO detector is impossible to test withowcsfic equipment. For more information, please rédechapter
9.2.1 of this User Manual.

Step 4 / Stop the alarm by pressing the reset button.
Step 5/ Power off the detector by removing the battery.

7.3 Motion detector demonstration using battery

Step 1/ Insert the CR123 battery into the battery lamatf the Motion detector (this is on the reveiide f the
board), please be careful about the polarity.

Step 2/ Press the reset button.

Step 3/ The motion detector is easy to test. For mof@rmation, please refer to chapter 9.3.1 of thisiManual.
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Step 4 / Stop the alarm by pressing the reset button.
Step 5/ Power off the detector by removing the battery.

7.4 Smoke detector demonstration using battery

Step 1/ Insert the CR123 battery into the battery lamatf the Smoke detector (this is on the reverde sf the
board), please be careful about the polarity.

Step 2/ Press the reset button.

Step 3/ The Smoke detector board is not easy to testowitspecific equipment. For more information, pkeeefer to
chapter 9.4.1 of this User Manual.

Step 4 / Stop the alarm by pressing the reset button.
Step 5/ Power off the detector by removing the battery.

8. How to start the boards with IAR

The following description about the work with th8R Embedded Workbench. It is presented with theidfotietector
demonstrator but it will work similarly with thelogrs 3 boards.

Please note that the E1 debugger used in thioadstnot provided into the kit. Please contactryional sales office or
your distributor for ordering an E1 debugger. (Plagt number of the E1ldebugger is YROEOOO010KCEOGeEE
European customers).

Step 1/ Install the samples programs and the documentafitime Detect it! kit. Insert the Detect it! CD your PC and
run the installation in order to install the samptegrams and documentation on your PC.

By default, the installation folder isGx\Renesas\Workspace\YDETECT-IT-RL78>.

The samples programs can be easily find in thevotig folder : <C:\Renesas\Workspace\YDETECT-IT-RL78\Sample
Programs>.

The documentation can be easily find in the follogvfolder : <C:\Renesas\Workspace\YDETECT-IT-RL78\_Manuals>

Step 2/ Install IAR Integrated Development Environmemsért the IAR CD provided into the kit into your Pahd
click on IAR Embedded Workbench installation. Iiistiae evaluation version on IAR Embedded Workbeforh
RL78.

You can usually chose between installing one ofdliewing version:
- Kickstart evaluation version (unlimited in time bimited in code size to 16kB)
- An evaluation version limited in time to 30 dayg balimited in code size.
You may have to request a key for the kickstadrlae to IAR, in order to complete the installation.

Caution: In case you have already other versidARfinstall, please be carefully to specify a neldér for the
installation.

Step 3/ Hardware connection of E1
Connect your PC to E1 debugger via the USB cable.

Please note that the E1 debugger used in thi®sdstnot provided into the kit. Please contactryooal sales office or
your distributor for ordering one : the part numbé&the Eldebugger is YROEOOOO10KCEOO-EE.

Connect E1 to the Motion detector board via 14eannector.
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14 way flexi cable

USB cable

Figure Connection of E1 to PC and to board (example of Motion detector)

Be careful because the cable with the red colordfwis pin 1 of the connector) should be connetdaoin CNO1_pin
1. Look following picture for illustration.

Caution: Battery should never be installed whengi&il power supply or external power supply via SKINO1.

i SN 2
d __?!OSNJS AY3ugs

Figure Connection of E1 to board (example of Glass Break detector)

Step 4/ Once the sample programs are copied on your RClA#R Embedded Workbench is installed, please dpen
samples programs with IAR.

You can access the samples programs from yourstanti, in the Program sections und®&enesas Electronics Tools>
then<YDETECT-IT-RL78> by clicking on< Samples Programs>.

Or you can go directly toG:\Renesas\Workspace\YDETECT-IT-RL78\Sample Programs> which is the default
installation program.
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Reresas Electronics &pplication Leading Taal
Fenesas Electronics 62 studio 3.0
, Renesas Electronics Tools
WDETECT-IT-RLTE

| iy Sample Programs

kanuals

, Spplication Leading Tool for RLTE R

[sery DETECT-IT QuickStart Guide

il DETECT-IT User Manual

Renesas Flash Programmer Release i

. BOBRA
Datasheets
Gerber
Schermnatics
Videos
YRPBRLTEL1Z

Fenesas Electronics Ltilities -

m

| Précédent

| recharcher les prograrmmes et fichizrs o |

Figure Opening samples programs via Start menu
Then go to the folder of the board you would likeptay with.

For example go to the folderDETECT IT! kit_|AR sample program_Motion detector> and double click on the IAR
Project with extension .EWW< RL78 |1D_motion_sensor.eww>.

applilet3_stc
Debug
settings
LISEr_SKC
L BLT8_I1D_rnotion_sensordep
|| BLT2_I1D_rnotion_sensar.ewd
|| RLTE_I1D_rmotion_sensor.ewp

4 BLTE_I1D_rnotion_sensor,ewnan

Figure Opening IAR project

After double click on the file .EWW, the IAR EmbesttiWorkbench will be opened automatically and yan see the
following window as below.
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¥ RLT8 I1D_motion_sensor - IAR Embedded Workbench IDE ¥ = 2 &J -
| File | Edit “iew Praject Emulatar Teaols Window Help
NE WD S| ) aio o A YR EPERAH IUNS| LD
Workspace = [ _main.c | user_main.c fl ~x
|DEbU9 T _ oot const uintd t opbyteZ = OxAdll; —;J
Filos fe BE e #pragma location = "OPTEYIE™
- = __root const uintf_t opbyted = 0x540;
EFRL?8_11D_motion_sensor-... «
_EDapl”eLSm S* et security ID %/
_og_adcc #pragma location = "SECUID™
_cg_adec_userc __root comst uintf_t secuid[10] =
Cco_amp.c | {0x00U, 0x00U, 0x007, O0x00T, Ox00U, Ox000, Ox00U, Ox00U, 0x000,
_CO_amp_user.c |
' CH_COc.C void F_MATN UserInit(woid):
- CO_COC_USerc A
_Cg_CmpC - B /:E:G***:@**:&:&***=€-=€-=€-=€=€***:{-=€-=€-=€=€=€-**:@**:&:&***:@***:&*************************

# Function Name: main

_CO_Cmp_userc . ; ; ; ; ;
co_into.c * Description @ This function ikplepents mein fumction.
L 15 = )
co_intc_userc Argrancnts i
it * Return Value @ None
—Cg—l -C LR L
L L UsEnE - void nain(veid)
- cg_pclhuzc = 1
_eg_pclbuz_userc R_MAIN UserInmit(); 2
_Cg_port.c A% Start user code. Do not edit comment generated here 5/
_CH_pon_userc while (117)
_Chg_ncc = { 11
_co_rc_userc user main(); |
- cH_setialc H }
1r_cg_serial_userc #* End user code. Do not edit comment generated here #/
I r co wdtc ¥ il
lHL?S_HD_motion_sensol I S | =
x. .
hessages File
- 4| L | 3
& Build | Find in Files | Debug Log »
Ready Errars 0, Warnings 0 Ln 81, Col 5 Systen

Figure Project opened in IAR environment

Step 5/ Compile and build the project.

Click on the button “Make” as show in the picturddw. Your project will take a couple of secondstmnpile and
build.

& RLT8_I1D_motion_sensor - IAR Embedded Workbench IDE ¥ || = &J .

File | Edit View Project Ermulator  Tools Window  Help
D@ S| @ o v Y E R &P
Workspace i f_main.c | user_main.c
Debug e _ root const uintd_t opbytel = OxALIT; =
Filas de B3 s #pragma location = "OPTBYIE™
- = root const uintd_t opbyted = OxSdl;
BEHRL78_1N1D_motion_sensor- ... + —
l_EDaF'MBt_SfC s Bet security IR £/
| ) r_cg_adcc #pragma location = "SECUID”
| _cg_adec_userc __root comst uintf_t secuid[10] =
| ) r_co_amp.c {0x00U, 0x000U, 0x000, O0x00T, Ox00U, Ox00U, Ox00U, Ox00U, 0x000,

Figure Compile and build the project with “Make” bu tton

Then in the Build window, as the bottom, you ca@, sehen it is completed, like in the following pict showing no
errors and no warnings.
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x
Messages File i
Linking
Total number of errors: 0 =
Total number of warnings: 0 g
= 4| 1 3
2 Build [Findin Files [Debug Log x
Feady Errars 0, Warnings 0

Figure Results of the compilation

Step 6/ Download the program

Click on the button “Download and Debug”.

E‘E RL78 I1D_motion_sensor - IAR Embedded Workbench IDE r

File | Edit Wiew Project Emulator Tools “Window Help

B (FRL78_11D_motion_sensor- ...

|

r_Cg_amp.c

DEEH@ &S| BB o v R

Workspace = f_main.c | user_main.c

|DEbUQ v| _ root const uintd_t opbyted = OxALT; o
Files Sl i #pragma location = "OPTEVIE™

3 _ oot const uintd_t opbyred = O0x5400;

&1 [ applilet_src | /% Set seourity IR %/
| r_cg_adec | #pragua location = "SECUID”

r_cg_adc_userc _ root const uintd_t secuid[10] =

{0x00W, Ox00U, 0x0007, O0x007, OpQO0i, 00007, 0000, 0x00T7, 00T,

Figure Download the program with “Download and Debu g” button

Your board will be reprogrammed with this software.
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& RL78 11D motion_sensor - IAR Embedded Workbench IDE | B
File Edit ‘fiew Project Debug Emulator Tools  Window Help ﬂJ
DEE@ S BR[| Y REIE P @ SN S b BE 2O
ez 2 Ea2X
Workspace * | t_main.c |user_main.r_ iy~ [DiEasserbly = =
Debug B _ root comst wintd_t opbyteZ = OxLAN; TJ Gota v | Memary
Files Enom - #pragha Location = “ORTB¥IER Disassembly =

= ol root const uintd t opbyte3 = 0x540; i |
=fERL78_11D_motio._| v | | - - 00508 0906F4 -
H&2 (applilet_src /% Set security ID =/ 0050E apin
[Cr_cy_adec #pragma location = "SECUID” 005D ADLOFS
roco_adc_use. __root comst uintd_t secuid[10] = nosia cz
Fa B rco_ampe 5 [0x0017, Ox0077, 0x00U, 0x007, Ox0007, Ox0017, 0x00T, © 00511 o
r_CO_8mp_us.. | gos1z 61FC
r_Co_cgc.c void B_MAIN TUszerInit(woid): r_wdt_interrupt:
r_cg_cgc use.. 00514 G1FC
Lm I og_cmp.c E s## : £ ; * Exd El EEEEET] maln )
r_cg_cmp_us... L i i I : - |
@ r_c:g_intc_c I ijscr;i:zon ;}OQ;Z Function implements main functior — o519 FOS
r_cg_intc_user... i Rei:i:n s I 00s1c EFFE
rco_ite ... ey " ex . - FE_MAIN UserlInit:
roco_it_userc - . . O0051E 717AFA
roid mainwoid) L
r_cg_pclbuz.c =N nosz21 o7
r_cg_pclbuz_u... B_MATN UserInit(]; R_Systeninit:
r_c:g_purt.c A% Btart user code. Do not edit comment generated X onszz FDE301
[E1r co port use. i while (171 00525 FD9303 =
FL72_110_miction_sensor - Ir_' T e | 5 T ==
- ) =
Laog =
Wed Feb 26, 2015 16:11:13: Download complete.
Wed Feb 25, 2015 16:11:13: Loaded debugee: CA\RenesasiWorkspace\yDETECTAT-RL?B\Sample Programs\DETECT IT! kit_IAR sample pragre
Exe\RLY8_1D_motion_sensor.dd?
Wed Feb 25, 2015 16111 4: Target reset |
Wed Feb 25, 2015 16:11:14: BL78 E1/E20 Executor V2.00c[ 8 Jul 2014] E
0CD Control Code %3.03
Device chipname: RBF117GC({117gc). file wersion: vw1.00
o Boardinfo: 00008004, productid: 4100 wersion: A, firmware wersion: 07.40 -

é‘ < [ T " b

_g. Debug Log | Build | Find in Files »
Ready ML

Figure Debug session ready to start

Step 7/ Start the debug session
After you should start your debug session by dtigkbn the button “Run”

y& RL78 11D motion_sensor - IAR Embedded Workbench IDE

File Edit ‘iew Project Debug  Emulator Tools Window Help

L& 2 ) kg | e
" At
Warkspace r_main.c |user_main.r. fi =ioc |DiRSSRbH 7= =
Debug Bk _ root const uintd_t opbyteZ = OxALT; T‘ Goto v | Memory
Files fnomy - fragie Locatiom = uINBEIE Disassembly =
. — | root const uintd_t opbyted = Ox540; |
=Ra|RL78 11D motio...| v | | — 00508 D906F4
—& (O applilet_src | s% Set security ID £/ 0050B anio
[C1r_cg_adec | #pragma location = "SECUID™ 0os0D 4010F5
roco_adc_use.. | _ root const wintd_t secuid[10] = oos10 CF
Fa B r_co_amp.c |= {0x0017, 0x000, 0x00U, Ox00U, Ox00T, 0x00U, 0x000, © 00511 ca
r_CO_amp_us.. R | naog1z G1FC
r_Cg_Cgc.c | void R_MAIN UserInit(woid); r_wdt_interrupt:
r_GCH_Ccgc_use.. | 00514 61FC
I'_Cg_CmpC | Fl /:{-:{- £ * EX3 * EXEE T 3
F_CO_CMp_US.. L% # Famct?%on.Name: m.ﬂ:n . . ) . = 00516 ]
r_c:g_intc.c : }iescr:pflon & ;.L"Thls Ffunction implements main functior — o519

Figure Start the debug with “Go” button
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You can debug the program: follow step by step, satde breakpoints ... and using all the featuredablaiin IAR
Embedded Workbench.

Step 8/ Stop the debug session
In order to terminate the debug session, pleask ch the button “Stop Debugging”
" % RL78.I1D_motion_sensor - IAR Embedded Workbench IDE E=rea )

File Edit ‘iew Praject Debug Erulator Tools Window Help

SRRy )" YN IP e P AR B URS BB ML D
- R EBETLEED
Wotkspace _main.c|user_main.c f) ~ x [Disassembly i

|DEbUQ i #include "r_cg polbuz.h” —1  Goto v | Memory

=1 fe B A A% Start user code for inclifzde. Do not edit comment ger i Disassernbly a
T - [ A% End user code. Do not edit comment generated here #,

B rfﬁ- #include "r cg userdefine.h” oosoz? 73

= [ applilet_src R nosog 0906F4
r_cg_adc.c =W + + + + 444 00S0E ap10
r_co_adeo_use.. i Glabal variables and functions oos0D AD1OFE
Elr_cg_amp.e = L # # # # ks 00510 c2
r_CO_amp_us.. A% Start user code for glokal. Do not edit comment geme 00511 ca
r_cg_cgoc void user_wain(void); 00512 &1FC
f_CO_CHC_uSe.. /% End user code. Do not edit comment generated here #, r wdt_interrupt:
r_CO_cmp.c : {3 00514 61FC
r_CO_Crp_Us... prabstroption bylesy s | nain:
Bt e intce #pragua location = "OFTEYTEY 00516 FD1E0S

Figure Stop the debug session with “Stop Debugging” button

The same debugging session can be done with tkes@boards available into the Detect it! kit,hwthe associated
sample programs available in the same folder.

9. Notes and comments about board operation

9.1 Glass Break detector operation

9.1.1 Glass break Sensor Testing results

The RL78/11D-based glass break sensor works wedinatbsted with Interlogix 5709C-W glass break satar on
these modes, up to ~0.5meter distance:

» Plate Glass simulation

» Tempered Glass simulation

» Laminated Glass simulation

The glass break sensor is not sensitive to mostesnnibom sounds. Sometimes a very loud hand d¢l8pbaneter or
closer can cause a false glass break alarm.

However at 1meter distance and further, the louditdap is not detected.

If you do not have an Interlogix glass break sirtarlgor other brand simulator), you can play sommeilated track
sounds with a music player to emulate the glasakoegent, and test the reaction of the detector.

9.1.2 Glass break Sensor Current consumption result s

The current drain for the MCU and Analog Front Eqarational amplifier circuitry is about 10uA avgean standby
mode monitoring sound events, and with the alafimHdwever the microphone average current draiitdglf is about
110pA. A different microphone or different micropteocircuit topology could be investigated to redtieeglass break
sensor total average current. If a microphone otideain of 32pA or lower can be implemented, ttientarget drain
of 42.3pA average could achieve 4 year batteryflden a CR123 cell.

Alarm current is about 55mA-75mA depending on thgDAoltage. This means that the MCU active curdratn of
about 1.3mA in low speed mode at 8MHz is negligifeen the alarm is activated.
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J2

D gEEs} -vDD_SENSOR
1 2

Senseor On:

1 = disable R18/R17, R15/R11, 13
0 = enable

MCU, Alarm/Buzzer, L1 and AVDD,

o U2 VIN (optional), All pull-up resistors,
e R16/R10and R13/R9
CNOZ — bias networks

pin 4

VDD:

V55:
CNO2 —

pins 1, 6,

Figure Measurement for Glass Break detector
Current measurement can be done at J1 and J2 jsnys@mng an ampere meter.

The power consumption of each detector board isuhe of VDD current (measured at J1) and VDD_SENS$OfRent
(measured at J2).

So when you are doing current measurement, youdhemove the jumper and place the ampere metetdimig your
measurement.

J1 and J2 should be then be in position for noopatation of the board with battery or with E1 cection (CN02
power). When measuring current at J1 for exam@gudhper should always be in place, and vice versa.

9.2 CO Sensor Operation

9.21 CO Sensor Testing results

The CO sensor is working well and can achieve 160p610ppm accuracy if sensor firmware is calibdatealso
works well with the varying Power supply voltage2ofV to 3.5V. For the Figaro TGS5042 CO sensotsumsted, all
of them were within a narrow range of output vakeepnly one CO Firmware threshold value was used it was
accurate enough for 100ppm +/-10ppm. HoweverthénTGS5042 sensors were used with much higheg&0
sensor gain, the Firmware threshold (one singlstean value) would need to be modified to accomnia

The existing Firmware threshold is good for ~1.8rRB/PPM sensitivity. (TGS5042 spec range is 1.2rin2/PPM).

To test the CO sensor for gas concentration acgwaaused a Kidde Carbon Monoxide Alarm, Model KI9EP-B-
LPM, which has an LCD readout capable of showingga® concentration levels of 0-999ppm. For measemneém
setup, a Zip-LocM style bag was used to contain the CO sensor btied&idde CO alarm measuring unit and CO gas
itself. This way it is also possible to measure@&output of trans-conductance amplifier output R&O and verify

that the alarm threshold is triggered at appropfieel. For the 1.425nA/ppm CO sensor examplébfedion value is
written on the canister as explain below), and ¢@ndVDD = 3.3V, the AMPOO output should triggéret CO alarm

at approximately:

0.3V (VDD/11 bias) + 0.1295V = 0.4295V

9.2.2 CO Sensor Current Consumption results

The average current drain of the CO sensor boasdwemasured at 8.5uA @ VDD = 2.7V to 10.6pA @VDD.A3
which is well under the target goal of 42.3pA agerfor 4 year battery life. CO Alarm ON state catris about
57.7mA @VDD= 2.7V and about 73.0mA @VDD = 3.4V. i burrent is primarily due to buzzer current,tees MCU
only draws ~1.3mA-2.0mA typical @8MHz, with the thA typical value occurring with both MCU and ADCtize.
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Jz2
5 °  mEey +VDD_SENSOR
e e VDD_SENSOR powrers:
O 5 Sensor On:
IE 4 1 =disahle R1S/R20
+ 0= enable
CR123 G !

VDD

battery

WCU, Alarm/Buzzer, L1 and AYDD,

VDD: U2 VIN (optional), All pull-up resistors
CMO1-

Figure Measurement for CO detector
Current measurement can be done at J1 and J2 jsnysémg an ampere meter.

The power consumption of each detector board isuihe of VDD current (measured at J1) and VDD_SENSOfRent
(measured at J2).

So when you are doing current measurement, youdhemove the jumper and place the ampere metetdimg your
measurement.

J1 and J2 should be then be in position for noopatation of the board with battery or with E1 cection (CNO2
power). When measuring current at J1 for exam@¢udper should always be in place, and vice versa.

9.2.3 CO Sensor Calibration method

The goal is to calibrate the following threshol@0PPM CO concentration threshold calculation: Eve®ysensor
canister is calibrated, with its calibrated valbhewn on each canister. For example in the followdimjure, the value
1425 is equivalent to 1.425nA/PPM. The thresholident for 100PPM is 0.1425pA.

The current-to-voltage conversion is 0.1425uA *RG90.13V. Then change the code in user_mainthedollowing:

If (adc_co > (adc_bias + adc_adiss * (0.1425*0.909/1.45))
Or
If (adc_co > (adc_bias + adc_adiss * (1425/15950))

e OooDRRN

sse:i IEBBON
S g 1 Calibration
L =i#=100-F11E E: - i value

Figure Calibration value shown on Figaro CO sensor
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9.3 Motion Detector Operation

9.3.1 Motion Detector Testing results

The RL78/11D-based motion detector works wellslaible to detector a motion of a human with a m&s€kg or
greater from distance of 4m. The Motion detectardaan be fine-tuned with the potentiometers JiBJ®12. Please
refer to the description of the potentiometer JR® 312 for more details. Once the motion is deteah alarm will
sound.

9.3.2 Motion detector Current consumption results
The motion sensor works well and meets standbyeotspec <42.3uA average.

Standby current is about 30uA @2.7V and 34uA @38pply voltage. Out of this total, about 19-20isAurrent
drain into the PIR sensor itself thru the R87, 4@Kistor. The remaining current drain of 14uA anfrthe resistor bias
networks, 2 channels of operational amplifier eaabllow power mode, comparators enable in low dfvéadow
interrupt mode, and MCU STOP mode currents (~0.81ichuding 32 KHz/RTC, and LVD enabled). Alarm mode
current is ~66mA at VDD = 2.9V-3.0V with externalyger supply. This current is primarily due to buzeerrent, as
the MCU only draws ~1.3mA typical @8MHz.

J2
D pEey -VDD_SENSOR
i

Sensor On:

1 = disable R87, R95, R64/RSS,
0 = enahle R67/R93,13
° °

MCU, Alarm/Buzzer, L1 and AVDD,
U2 VIN (optional), All pull-up resistors

Figure Measurement for Motion detector
Current measurement can be done at J1 and J2 jsnys@mng an ampere meter.

The power consumption of each detector board isuhe of VDD current (measured at J1) and VDD_SENS$OfRent
(measured at J2).

So when you are doing current measurement, youdhemove the jumper and place the ampere metetdimig your
measurement.

J1 and J2 should be then be in position for noopatation of the board with battery or with E1 cection (CN02
power). When measuring current at J1 for exam@¢udper should always be in place, and vice versa.

9.4 Smoke Sensor Operation

9.4.1 Smoke Detector Testing results

The Smoke sensor can be tested easily by puttinglastacle between the Infrared emitting LED aredltifrared
Photodiode. Smoke sensor also works well with “SenGkeck” and “Smoke-In-a-Can” brand spray canserAdbout
0.5 to 1 second of Smoke spray, the alarm actsm@tlseconds and turns on alarm for multiple cyole® seconds ON
and 3 seconds OFF.

9.4.2 Smoke detector Current consumption results
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The Smoke sensor works well, although Standby otiisea little high at ~84pA @VDD = 3.4V, ~69pA @YD=
2.7V. It also works over target voltage range ofl¥B 2.7V to 3.5V using an E1 emulator, CR123 bgttarexternal
power supply.

J2
D mEe}+VDD_SENSOR
1 2

G VDD _SENSOR povrers:

O 5 Sensor On:
-+ 1 =dizable REZ/RES, 16
IE 0= enahle
J1
CR123 G

+VDD

MWCU, Alarm/Buzzer, L1 and AWDD,
U2 VIN [optional), All pull-up resistors

battery

Figure Measurement for Smoke detector
Current measurement can be done at J1 and J2 jsnys@mng an ampere meter.

The power consumption of each detector board isuhe of VDD current (measured at J1) and VDD_SENS$O#Rent
(measured at J2).

So when you are doing current measurement, youdhemove the jumper and place the ampere metetdimig your
measurement.

J1 and J2 should be then be in position for noopatation of the board with battery or with E1 cection (CN02
power). When measuring current at J1 for exam@gudhper should always be in place, and vice versa.

10. Support
In case of issues to operate the board, pleasé dhbere is any update available on Renesas weebsi

www.renesas.eu/detector/

Or contact your local office.

www.renesas.com

All trademarks and registered trademarks are thpaty of their respective owners.

UM-YDETECT-IT-RL78 V1.30 Page 60 of 59
RENESAS



Revision History

Description
Rev. Date Page Summary
1.00 15/09/2014 54 First version of User manual
1.10 05/01/2015 60 Small correction for first release
1.20 22/01/2015 60 Small modification
1.30 24/02/2015 60 Small corrections for improvements

A-1



General Precautions in the Handling of MPU/MCU Prod  ucts

The following usage notes are applicable to all M#OU products from Renesas. For detailed usagesrmighe
products covered by this document, refer to theviait sections of the document as well as any teghmpdates 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.

O 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.

O 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.

0 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.

0 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.

O The characteristics of an MPU or MCU 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.




Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of i products and ication You are fully ible for

the incorporation of these circuits, software, and information in the design of your i R Electronics no ibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.

2. 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.

3. 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.

4. You should not alter, modify, copy, or i isappropriate any Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or
third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.
5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on

the product's quality grade, as indicated below.

": C office i o icatit i It; test and it i ; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.
Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). 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 for which it is not intended. 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 which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range i by Electronics, ially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product istit Renesas ics shall have no liability for malfunctions or damages arising out of the

use of Renesas Electronics products beyond such specified ranges.
7. 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 ion or any other iate measures. B the ion of mi iter software alone is very difficult,
please evaluate the safety of the final products or systems manufactured by you.

8. 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.

9. 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. You should not use Renesas Electronics products or 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. When exporting the Renesas Electronics 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.

10. Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distri i of, or ise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this Electronics no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.

11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information i in this or 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.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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