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Introduction

This tutorial manual is designed to provide the user with an understanding of the hardware functionality of the Smart
Analog IC 500 evaluation board TSA-IC500 and its development tool chains. It is intended for users evaluating this
Smart Analog IC platform and using this evaluation board.

Target Devices
Smart Analog IC 500 (RAA730500DFP) and RL78/G1A (RSF10ELEAFB)
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Smart Analog Smart Analog Development Tutorial for TSA-IC500

1. Overview

This application note describes an example of developing a program that drives a phototransistor and controls LEDs in
the Smart Analog development environment, by using the Smart Analog IC 500 evaluation board TSA-IC500
(TSA-IC500) on which a circuit configurable Smart Analog IC 500 and RL78/G1A are mounted.

1.1 Development environment

Use the latest version of development tools for the Smart Analog development environment.

Sensor Select Web Simulator Renesas VA Version 2.0.0.0 or later

Analog Front End Design Tool SA-Designer V1.02.00 or later

IDE CubeSuite+ V2.00.00 or later
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2. Required items

Prepare the items below before starting development by following the steps described in this document.

Required items

e  Tessera Technology evaluation board TSA-IC500 incorporating Smart Analog IC
e Renesas on-chip debugging emulator E1

e New Japan Radio phototransistor NJL7502L

e LED x 2 (any color)

e 470 Q resistor x 2 (1/8W)

o 1kQ resistor (1/8W)

e  50-pin female socket (2 x 25 pins) x 2 and 50-pin male header (2 x 25 pins) x 2

e Board x 2

21 Tessera Technology evaluation board TSA-IC500 incorporating Smart Analog
IC

JERERA, -8
[ ..J U it

Smart Analog IC 500 (RAA730500DFP) and RL78/G1A (R5F10ELEAFB) are mounted on this board.

How to obtain TSA-IC500

Corporate customer - Place an order with a Renesas distributor.
Private customer - Purchase the product from the Tessera Technology website.

®  Tessera Technology Inc.
http://www.tessera.co.jp/tsa-ic500.html (Japanese website)
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2.2 Renesas on-chip debugging emulator E1

-

N %“‘%

In this document, the E1 emulator is connected to the evaluation board TSA-IC500 and used as a debugger/flash
memory programmer.

For all product sales, samples, status and availability information, please contact a Renesas Electronics distributor or
sales representative in your area.

On-chip debugger E1
Part No.: ROE000010KCEO0

® Renesas Buy/Samples:
http://www.renesas.com/buy/index.jsp?campaign=gn_buy

2.3 New Japan Radio phototransistor NJL7502L

In this document, this phototransistor functions as a sensor driven by the Smart Analog IC. This product is available
from parts suppliers or online.
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24 LED x 2 (any color)

These LEDs are controlled from the RL78/G1A and blink to indicate the sensor operating status. This product is
available from parts suppliers or online. You can choose any color.

25 470 Q resistor x 2 (1/8W)

These resistors determine the current that flows when driving LEDs via the RL78/G1A ports. This product is available
from parts suppliers or online.
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2.6 1 kQ resistor (1/8W)

This resistor determines the current that flows when driving the sensor. This product is available from parts suppliers or
online.

2.7 50-pin female socket (2 x 25 pins) x 2 and 50-pin male header (2 x 25 pins) x 2

50-pin male header (2 x 25 pins) 50-pin female socket (2 x 25 pins)

These connect the sensor to the LEDs on the evaluation board TSA-IC500. Prepare two of each. This product is
available from parts suppliers or online.
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2.8 Board x 2

These are the boards on which the female sockets are soldered. One is used to mount LEDs, and the other is used to
mount the sensor. Prepare boards that have a space larger than a 25 x 2 matrix to connect the 50-pin sockets.

The photos below show the boards separated in two, onto which the pin sockets, LEDs, and sensor are mounted.
Prepare the board as shown in these photos.
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3. Overview of development

In this system, the phototransistor senses the amount of light and lights the LEDs accordingly. By using the Smart
Analog IC, you can amplify the signal output from the phototransistor to adjust it to an optimum value, and then digitize
the signal by using an A/D converter (ADC).

The ADC measurement range is divided into four ranges, and the LEDs are controlled to indicate "00", "01", "10", or
"11", according to the signal output from the Smart Analog IC.

Hold your hand above the sensor.

q The LEDs light according to
the amount of light received

by the sensor.

Sensor
phototransistor,

Smart Analog  R[78/G1A
IC 500

v

Actual system
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4. Procedures

The development flow described in this document is described below.

4.1 Simulating the sensor operation by using Renesas VA

Simulate the sensor operation by using a simulator (Renesas VA).

B

EE?‘-.'??IT.S..':?E;TVA Renesas RENESAS Lab. VA

Virtual Smart Analog Laboratory

s e EEN=] v - @ Cossigure | [l Anabyvis Sesngs

+ Tnmmsent Analysin _§ AC Aabysss 4 lioise Analysin b Synchrosous Detecion

Trarsiord Rusalts

Result:

- Simulation result
- Smart Analog circuit
oac na s parameters (AFE register file)

Lo gt

4.2 Creating an evaluation board

Create two boards, one to mount the sensor and one to mount the LEDs, and mount them on the evaluation board.

Result:

- LED board
- Sensor board
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4.3 Reading a register file by using SA-Designer and loading the file to

CubeSuite+ to create a program

Read the Smart Analog AFE register file created by Renesas VA, convert it to a C source file by using SA-Designer,
load the parameters to CubeSuite+, and then create the program to drive the sensor and control the LEDs.
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4.4 Checking the operation on the evaluation board

Check whether the program created in section 4.3 operates as expected on the evaluation board.

Result:

- Sensor evaluation
environment and
program
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5. Simulating the sensor operation by using Renesas VA

First, simulate the operation of the sensor and the Smart Analog IC by using Renesas VA, a web simulator provided by

Renesas.

5.1

What is a web simulator

A web simulator enables analog circuits that incorporate a sensor and Smart Analog IC to be simulated and designed
just by using a web browser. You do not need to download and install a special program. You can access the tool and
simulate the operation any time you want, as long as you can connect to the Internet.

Renesas VA provides the following features:

®  Circuit design
You can combine a Smart Analog IC and a sensor to design a Smart Analog internal circuit.
®  Transient analysis
You can check the waveform generated from the analog signal converted by Smart Analog from the input
sensor signal.
® AC analysis
You can check the amplitude frequency characteristics of the waveform processed in the Smart Analog IC.
®  Filtering effect analysis
You can check the Smart Analog filter characteristics.
® Synchronous detector operation analysis
You can check the operation of the synchronous detector incorporated in the Smart Analog IC.
® Reading and saving simulation details, and uploading and downloading the AFE register file
You can read and save simulation results, and upload and download the Smart Analog AFE register file.
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5.2 Using Renesas VA

Next, it is time to use Renesas VA.

Launch your web browser, and then access the Renesas website to obtain Renesas VA.

® Renesas VA

http://www.renesas.com/renesas_va
Renesas home page — Products — Smart Analog — Renesas VA

Smart Analeg —
CE - e [oarmnve- | |

_ SR A ———
e Ansbeg

Somar Ay W RFIAIARARE - y
e 5

Smart Analog
= T R VA
tllunm ;J onesss ¥

Click here.

Wb La L —4 (Renesas VA £ (37

Click Try Now on the top right of the screen.
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i EECAD [ Rareasa VA | TR T0
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[ L 15
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/ Click Agree.
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Click Agree on the bottom of the disclaimer screen.
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A screen for inputting your My Renesas ID and password appears.

To use Renesas VA, you need a My Renesas ID and password. If you do not have an ID, click New user? Click here to
register now to create an ID (free of charge).

Note At registration, if you select "Smart Analog" from Category under Subscribe to content / service,
Smart Analog is added to your service list. You will then be able to receive newsletters related to

Smart Analog products such as Renesas VA and SA-Designer.

My Renesas

My Renesas allows you to CONNECT with Renesas senices.
=Renesas Senices>

* Download

- Example Software

- Software Drivers and Middleware

- Application Notes

-Installation CDs (Product Activation Code}

* Receipt of Newsletters

*Informed when we make changes to documentation, or any web page on the Renesas website
Select Region
Choose Security Level

© Non-secure ) Secure

‘Choose Region and Language

[ Amoricas |
| Mainland Ghina / Hong Kong Regien fil kRSt |
| Singapore / South & Southeast Asia / Oceania English |

Asia
| st en |

[ regen
‘ Europe / Middle East / Africa English

| dapan EES

New Open Save More | Designd @ Engish | BT | signout | Feedback

RENESAS Lab. VA RENESAS

Virtual Smart Analog Laboratory

Welcome to the Virtual AFE Designer Get Started
Using the Designer:
‘Connect sensor to Analyze your View the Bill of Review a summary
an AFE design Materials of your project .
Click here.

1. Choose a sensor type
and AFE

porer ——
Select from a database of sensor part-= """ e -
numbers or create a custom sensor = channeis [ A
signal. Enter selection criteria and :ii,,..m o =)
select desired AFE
My

© gystem in A Package

[] voitage Referénce

Other
-} Voltage Reguiator

{ Prev Next >

Configurable AMpS

Configurable Amps

[=-]
[~}
=]
Istrumentation Amp [~}
3
Instrumentation Amp =
(=]

High Speed nstrumentation Amp

Type your My Renesas ID and password. The Renesas VA screen appears.
Click Get Started on the top right of the screen.
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Demignt 4

II%EI.\IES;\S Lab. '.f:&. . :{EN ESAS

Virtual Smart Analog Laboratory

{ Return to App Guidance/Usage Continue to Connect Sensors to AFE )
sensors List Selecied Sensors AFE Selection 4 Resot Filters
Amplifiers
bty sl el Sansor 0 aase 0 I-.‘-:-.:-u, Fl Man-loveting ] Difeterial
x ﬁ Phatotransstor $1 [P Transimpedance W) [ Instumantstion
Filters
Volinge Source I Lowbass P High-Fass
Current Source s g puny
2 Accelerometer DAC =
B Force [~ s senmr | Resohon [an 5
+{e
o Hall Filect MCU )
O Maggnoto-Heskstive 7] System in APackag
& Photodiode

= Phototransisior

& Acme Electric (1)
£ Avngo Technologlgdi1)

E Everlight Electrogfts (20)
EXFairchild Semjfonductor (13)
D Lite On (1)

Ebtresyd M

Sbtres x4 CH

Bbresx 7 CH

Bberesx 1 CH

KTOPTER Technology (5)
& Para Light Elecironics (1) Configrabie Anys F@ 4BEnLOFP Bldres 4 CH
B2 Visiiey. 0) It 4 48-pn LOFP SbtresniCH
& Prassure
DRTD High @ pnloFr  Smemawsod

O Temperature
O Thermistor

= Thermocouple

Sensors area.

Select the sensor to be connected to the Smart Analog IC.

In the Sensors List area, click
. Phototransistor, NJR, and then
drag NJL7502L into the Selected

Part #: NJL7502L
Manufacturer: NJR
Description: Ambient Light Sensor
Intensity (W/m2): 1nto 73
A" 5.6e-007

Here, you are using a phototransistor, so click Phototransistor to expand the tree, click NJR to expand the tree, and
then drag NJL7502L into the Selected Sensors area to specify the model number.

Oeaigns o

IRENESAS Lab. VA :{ENESAS

Virtual Smart Analog Laboratory

T . crooe sonens e | (TS BT £ B0 =

£ Retur 1o App Guidanco/Usage: Continue to Connect Sensors o AFF 3
Sensors List AFE Selection 40 Reset Filers
Bla3
Search by typing your part & nere: % 1K i
x TR LEN o
Filtars
Volage Source 7] Low-Pass ] High-Fass
Current Source
I Accalerometar DAC =
DFforce Resciution | any [=! Channgis | Am =
2 Gyro
Y mcu

X Hall Effect

X Magneto Resistive

£ Photodiode

= Phototransistor
T Acmi Flectric (1)
& Avago Techoalogies (1)
S Fweerlight Flectronics (21

System In A Package

& Fairchild Semiconducton (13) RSEYOFL Configulebin Amos with WCU = SbtrepxACH

3 Lite-On 1) Rp———— & e e 68 X4 O

£ Miciopar Industries (3} =

SINJE (1) = -0k e X TCH
HL 75021 = B dtonlore  sberesx O

o Optek Technology (5)
& Para Light Electronics {1)
o Vishay (3

G Pressure

GRTD

G Temperature

& Thermistor

& Thermocouple

GH BnlOFP  BblrmssdCH
]

o 48pn LOFP Sltresx1CH

n A B 4BunLOFP  BbdresaSCH

Click Sensor Circuit to select

the bias circuit.
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Select how to connect the sensor to the Smart Analog IC.

Sensor 0 Part Source
NILZ502L [ &1 @ Select Fram Database (€} Generse/Custom Part [_save [
o [ Qs

ble Blas Clrcult: lected Blas

Translstor Common Emlitter Com—m
w7 T BIAS

s R o 3
,:?; o é j_ |: | ' Click this icon to download the data

sheet.
—— D) T sensor o1 Select Common Collector as the
Q ﬁ > S S bias circuit type, and then click the
iﬁ "E;L | Save button on the top right of the
- v screen.

The PDF icon next to NJL7502L on the top left of the screen is linked to the NJL7502L data sheet. Click this icon to
download the data sheet.

There are four types of bias circuit connections available for NJL7502L and the Smart Analog IC. Here, select the
common collector type, which allows you to obtain the widest dynamic range when the circuit is driven at 5 V.

RENESAS Lab m RENESAS
tual Sm g Labc
. Croose Semor a7 | (ST
¢ Roturn to App Guidance/Usage Continue to Conneet Sensors to AFF 3
Sensors List Selecled Sensors AFE Seleclion 40 Resat F

SRArch by lypeng your part & hare: J\mrﬂlﬁers
et

& Sensor 0 BlAS—

™ | T > Select "RAA730500" under Part
i i =0~ x e Number, and then click the
Groee e IR o chanei [ s Continue to Connect Sensors
B ha Efct ww to AFE link on the top right of the

X Magnato Resistive
2 Photodiod

screen.

Other
Voltage Regulatos

4
U Acme Electric (1)

o Avago Technologies (1)
]

O Micropac Indusiries (3)
SHJR (1)
HJILTS0EL =]

o Optuk Technn! {5)
£ Para Light Fle
o Vishay (3)

X Pressura

"

=
=

iperatu
E2 Thermistor
G Thermocoupls

Select the Smart Analog product to use for simulation.

The current version of Renesas VA supports Smart Analog MCU (SiP that packages an AFE and MCU) and Smart
Analog IC (AFE only).

Here, you are using an evaluation board on which a Smart Analog IC (AFE only) is mounted, so select a Smart Analog
IC (RAA730500).
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RENESAS Lab. m RENESAS
Virtual Smart A g Laboratory
{ Return to Sensor Definition Continue to Analysis }
Sensors AFE - RAAT30500 1 Auto C t
@ Sensor0  (DES - = O
R D« PRE— —
I L] AMPI_OUT §

From the drop-down list for the
MPXIN21 pin, select "0.S_1" as the
signal input from the sensor, and
then click the Continue to Analysis
ot link on the top right of the screen.

jEERERELEELE |

Hit

e

g

'Sg'g )
g§§§§

i

O - e
[ RO — DAC
L ELE CEERAL =
O - sy il

yor, QUTPTS s

A screen that shows the connection of the sensor and Smart Analog IC appears.

The sensor is connected on the evaluation board in the later steps according to the connection between the sensor and
the Smart Analog IC specified here. Although the sensor is automatically connected to the MPXIN20 pin on the screen,
expand the drop-down list for the MPXIN21 pin and select "0.S 1" as the signal input from the sensor so that the sensor
is connected to MPXIN21.

Here, when you attempt to change the sensor pin from MPXIN20 to MPXIN21, the message below will be displayed.
Click OK.

Message output:
Custom sensor to AFE connections may not be supported by the Auto Configure function. To return to default
connections select "Auto Connect".

MN—=0 renesas.transim.com (DECM:

Custom sensor to AFE connections may not be
supported by the Auto Configure function. To return
to default connections select "Auto Connect”.

/ Click here.
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RENESAS Lab

he ‘."A

{ Return 1o Connect Sensors w AFE

AFE - RAAT30500

1. Choose Sensors & AFE | 2. Connect Sensors to AFE 3. Analysis m

are wie [EM=l voo - Jv

RENESAS

Cominue 1o BOM }

£ Auo Configure [ Analysis Senings

tansiont Analysis | +AC Analysis

s Dutnclion

¥ Moisn Analysis b Synchronoe

For Amp CH.2, clear the DAC Enable

check box.

~ For Gain Amp, clear the Enable and
DAC Enable check boxes.

» For Filters, clear the LPF Enable and
HPF Enable check boxes.

For Temp Sensor, clear the Enable
check box.

Click Sensor Input.

On this screen, configure settings such as the Smart Analog internal circuits, external signals input to the sensor, and the

simulation type.

The default values are already set as the Smart Analog IC constants. You can start simulation with these settings. Here,
to build the simplest configuration, use Amp CH.1 only. Clear the following check boxes that are selected by default:
DAC Enable in Amp CH.2, Enable in Gain AMP, DAC Enable in Gain AMP, LPF Enable and HPF Enable in
Filters, and Enable in Temp. Sensor.

The Volt Reg setting is used as the reference voltage for the A/D converter, so leave the setting as is (Enable selected).

Next, select the signal to input to the sensor.

Input Signal

Min:
Sine Step

v,

Max:

Delay:

Frequency:

876m
500
100u

w/m?
w/m?

Hz

s

-

Pulse Triangle

ANV

User
Defined

?

For Input Signal, select "Slne

Min: 1m W/m?
Max: 876m W/m?
Frequency: 500 Hz (default)
Delay: 100u s (default)

After specifying the above, click
the Save button on the bottom
right of the screen.

-

[
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Verify the settings by using the sine wave.

Here, specify 876 mW/m? for the maximum power of the signal input to the sensor, based on Relationship between
W/m2 and lux (Lx) below.

Relationship between W/m? and lux (Lx)
The unit of the signal input to the photodiode (used as the sensor in this procedure) is defined by using W/m”.

To make this easier to understand, we will convert the unit.

Lux (Lx) is generally used to indicate the luminance of light. The relationship between the lux (Lx) and W/m?® is
expressed as follows:

1 Lx = 1.46 mW/m? N
Therefore, estimate the luminance in lux first and then convert it to W/m2 by using the above formula.

Note To be exact, the condition "where the middle wave length of the visible light spectrum is 555 nm"
applies to this formula.

The luminance in standard homes and offices is approximately 150 to 400 lux. (The value differs depending on the
location.) In this tutorial, holding your hand above the sensor to shut down the room light is tested as the signal input
condition, so estimate the power of the signal input to the sensor to be 400 lux (Lx) = 584 mW/m®. To make allowances
for the environmental conditions, specify 600 lux (Lx) = 876 mW/m” as the maximum value.

: p pr— -
RENESAS Lab. ‘.f:&' RENESAS
Virtual 5mart Analog Laboratory

0G : 1 1. Analy CED

{ Retumn to Connect Sensors to AFE Continue to BOM
Sensors AFE - RAATI0500 amp dnoe [FN=] voo @ - v EFAuto Conligure [ Analysis Settings

» Translent Analysis  » AC Analysls  » Holse Analysis  » Synchronous Detection

. For Amp CH.1, set the DAC1 value
to |l0|l.

v For DAC Ref. Voltage, set DACVRB

/| to"AGND".

Finally, specify the Smart Analog amplifier gain and configure the bias circuit.

For Gain in Amp CH.1, use the value optimized by Renesas VA (24 dB) as is, and set the DAC1 value, which
determines the bias voltage, to "0".

For DAC Ref. Voltage, set DACVRB, the lower limit for determining the D/A converter reference voltage, to
"AGND".
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RENESAS Lab

Virty

VA

{ Return 1o Connect Sensors to ATE

Sensors

AFE - RAATI0500

amp lnde

1. Analysks m b Summary

voo: B - 1v

RENESAS

Comtinue to BOM }

£t duta Configur [ analysis Settings |

Ll - |
=L

+ Transkent Analysis * el lysis  + Nolse Analysis  » WW/
_out
T

= Click the Transient Analysis button.
Simulation starts and the estimated
time it will take is displayed.

You have now finished setting up and can start simulation.

Click the Transient Analysis button on the center top of the screen to start simulation.

Transient Results
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Eﬂ
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0.001
Time (s)

0.0014
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The waveform resulting from
simulation is displayed on the
bottom of the circuit screen.

= Check that a signal of 0 V or lower

is not output; that is, that the signal
has been clipped.

When simulation finishes, the Result link to the simulation results appears immediately below the Transient Analysis
button, and the waveforms resulting from simulation are displayed on the bottom of the circuit screen.

Based on the simulation results, you can see that the lower level of the AMP1 output is clipped. This is because the
AMP1 bias voltage has been set to 0 V and thus the operating point of AMP1is 0 V.

Based on the results, AMP1 output at 600 Lx is approximately 1.921 V, which seems to be low, so raise the gain.
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ot i WA,

{ Return to Connect Sensors to AFE

Sensors AFE - RAATI0500

RENESAS

T——— pr—— (T

Continue 1o BOM )

amm Mode [F=] voo @I v $FAuto Configure [ Analysis Settings

» Transient Analysis  » AC Analysis  + Moise Analysis  + Synchronous Detection

ﬁ Sensor 0 sias -

LAIMAME.

=2 0O n x

MP RIS —
FhIFD

PIFXINS
MPAINE

2

AR _|Hbm
LALIF4_INF=

Results will Bé shown hers afler 3 simulation Nas dean un

For AMP1, set Gain to "26 dB".
Click the Transient Analysis
button.

Set the gain for AMP1 to 26 dB, and then click the Transient Analysis button to perform simulation again.

Transient Results
SENSOR AMPS
L SENSE_OUT_1 =t AMP1_OUT
(X 24
a4
011
V- e \
[
= =1
8 007 ! 1 &
Se N
2 2o
o i A EESES /
Py / 0.3
e
2
: . 03 . ;
0 0.0002 0.0006 000 0.0014 0.0018 0.0002 0.0005 0.001 0.0014 0.0013
Time (s) Time (s)
GAINAMP and FILTERS DAC and OTHERS
bl SYNCH_OUT L Lbo_our
o0 5 ACT_OUT
o
27
o
22
=0 =
>
Y &1
£
Somge 2
0.01964 i
e
[
o
0.0 03 ; ;
0.0002 0.0008 0.0 0.0014 0.0018 0.0002 0.0005 0.001 0.0014 0.0013
Time (s) Time (s)

— Check the waveform resulting

from simulation.

Based on the simulation results, you can see that the AMP1 output has been amplified to approximately 2.4 V.

You have confirmed that sufficient output is obtained, so use this parameter.

R20AN0258EJ0100 Rev.1.00
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RENESAS Lab VA -’{ENESAS

T A o (T R D

{ Return to Connect Sensors to AFC Continue to BOM »

Sensors AFE - RAATI0500 fop bocs [FIN-] voo @3- v fFAuto Conligure [ Analysis Settings'

* Transient Analysis  * AC Analysis = » Noise Analysis  * Synchronous Detection
Result

Click the Continue to BOM
link on the top right of the

I” 1 screen.

Click the Continue to BOM link on the top right of the screen to move to the next screen.

Designy

VRrE!q‘EJSrtérﬁc LLEEr atory VA RE N ESAS

{ Return ta Analysis Continue to Summary }
Distributor Gill of materials

e TGRS ) ) Click the Continue to
Rel Qty Find Part Number Manufactures Description .
; Raariosso Contprsan A Summary link on the top
=N right of the screen.

This screen shows a list of parts used for this simulation.

Click the Continue to Summary link on the top right of the screen to move to the next screen.

R20AN0258EJ0100 Rev.1.00
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reEsss e, /A

4 vk fu BOB
Renesas RAAT30500
Sensory -

Manteshars Cirwil

& Sensor @ R ":_ Ig‘ -

Hegisters

RENESAS

Click Download to save the results.

Transiest e sults

SENSOR AP

[T T I T TR Gaer | Gk | Boen | Eobid el
et T i)
GAINAMP 3nd FILTERS DAL 583 DIWIRS

Setts
ro— o 1 Amp 1 e 3 Amp Ama 3 hmed | Speed
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| bamaor e | Cenmal | e | Dimasies | Dimbind | Caabie T Travies
o
Filler Goer | LPFla | PPl Az | oAz 2 oAC 3 oAz: | oacver | oAcveE | woo_owr
LFF > rer | Cmaties | Casied ; 8w VoD T 7 .
20, oan
=
BOM Stns w4
Astons! Parsmelen

The simulation results are displayed.

T TRET T T T T 1T}
Tena 1

© Fntorn 1o BOM

If you click the pdficon on the top right of the screen, you can download Renesas_RAA730500 . pdF, which
contains the simulation results shown on this screen.

Under Registers, click the Download button. You can download and save
Renesas.Register_.RAA730500.Sensor-XX_XX_XXXX.ini on your local disk.

This file contains the Smart Analog circuit configuration parameters (AFE register file) that were obtained as a result of

simulation.

Simulation is now complete. Next, start development on the evaluation board.
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6. Creating the sensor board and LED board

The following describes how to create the sensor board and LED board to be mounted on the evaluation board.

6.1 Soldering the 50-pin male headers (2 x 25 pins) on the evaluation board

Solder the 50-pin male headers on the top and bottom of the evaluation board TSA-IC 500.

TCHNTLBET e

TESSERA
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6.2 Creating the sensor board and LED board

Create the sensor board and LED board to be mounted on the evaluation board TSA-IC 500.

6.2.1

Sensor board - -

Solder the circuits on the sensor board as shown below.

B _— AVCG RLTE_AVDD
MJLTRO2L UMBL_DACSIOUT 2
UMBL_AMFTOUT E 2
E :
-.z* UMBL MPHIN 1D
DBL TEE ; _K?D
UMBL_BMPAINZ0 11 EFEEs
- k] MAEXHZI 14
UMBL_DAC2OUT 15 | 1B
UMBL_AMBZ0OUT 17 1B RLTA_AVREFP 2
19 =0 RLTI_AVREFM 2
1K UMBL_MPHINED 21 22 RLTE_ANIE 2
““OMBL MEATST 53 31 RLTE_AMIG 3
UMBL MPXINAD a5, 3 RLFH_AH”I:I 2
UMBL_MP AT 27 28 RLTE_ANITT 2
UMBL_DACIOUT BT UREL THPGUT RLTA_AMI12 2
UMBL_AMPZ0UT 31 EF UWEL_HPFOUT
33 34 LIMBL _LFFOUT
UMBL_MPXINSD EE 36 LIMBL_SY NCDLUT
ST ETd 3E OREL_GERFOUT
UMBL_MFATNED 39 &0 OMBL SCIH
—UWEL_ MPAIHET a1 i BT CERETH
UMBL_AMEd_IN_HE 43 44 UMEL VREFOUT
OMBL_AMES_IH_PO 4t | 25 [
UMBL_DACALUT a7 48
UMBL_AMPIOUT 40 50
F77 FFC.soamezrt /7 7
A_GHND A_GND

Sensor board circuit schematic
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Mar 31, 2014 RENESAS



Smart Analog Smart Analog Development Tutorial for TSA-IC500

6.2.2 LED board

Solder the circuits on the LED board as shown below.

DD H VDD VDD VDD
1 2
RL78_PT6 3 4 RL78_P77
RL7E_SI21 5 & RL7B_S021
RL7E_P30 7 8 RL76_SCK21 470 470
RL78_P04 E 10
RL75_Pa3 11 2 RL7E_P42
RL78_F16 13 14 RL7B_P15
RL78_P14 15 18 RL7B_P13
RL7E_S000 17 18 RL75_SI00 'NZA 'th
RL75_SCKOO 19 20
RL78_PO1 21 22 7% RL76_PDO | LED LED
RL78_P 141 73 L L e L3
25 26
RL78_/RESET 27 28 RL78_INTPO
RL78_P31 29 30 RL78_P7S
RL7E_F74 31 32 RL/B_P7a
RL7E_Pal 33 34 RL/6_P0G
RL7E_POS 35 38 RL78_P120
RL7E_PG0 ETi 38 RL7B_PET
RL75_F62 39 40 RL75_P6s
RL7E_INTP1 41 42 RL/B_INTP2
a3 a4
45 45
47 48
49 50
77 FFC-SOBMER1 / /7
D_GND D_GND
LED board circuit schematic
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6.3 Mounting the sensor board and LED board on the evaluation board

Mount the sensor board and LED board on the evaluation board.

Note Mount the LED board on the top side of the evaluation board (the side facing up in the photograph)
and mount the sensor board on the bottom side.

R20AN0258EJ0100 Rev.1.00 Page 26 of 73
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6.4 Configuring the power supply on the evaluation board

You can select an external power supply or USB bus power as the power supply for the evaluation board TSA-IC 500.
Here, we are using USB bus power, so check that the jumper pins on the TSA-IC 500 are set as below.

2
4
6

USB bus power

JP1: 1-3 shorted, JP2: 2-4 shorted

1

_3

5

2
4
6

External power supply

JP1: 3-5 shorted, JP2: 4-6 shorted

Creation of the evaluation board is now complete.

Next, create a program by using this evaluation board.

R20AN0258EJ0100 Rev.1.00
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7. Reading the AFE register file by using SA-Designer and creating a program by
using CubeSuite+

Create a program that runs on the evaluation board by using the AFE register file for the Smart Analog IC created in
section 5 and the sensor board, LED board, and evaluation board created in section 6.

71 The IC mounted on the evaluation board, connection to the microcontroller,
and the program to create

Before developing a program, note the following concerning the Smart Analog IC mounted on the evaluation board, the
microcontroller configuration, and the pins.

Smart Analog IC 500 RL78/G1A
(RAA730500DFP) (R5F10ELEAFB)
SPI
SCLK (38) SCK21 Flash
4 MPXIN21(24) SDO (39) si21 Csl2 ROM
SDI (40) S021 unit
Phototransistor —__CS(41) P73 (P7)
(NJL7502L) RESET (36) P130 (P13)
Reconfigurable
Analog Circuit Control I/0 port

Register

»AMP1_OUT (16) ]

The figure above shows the connection of the Smart Analog IC 500 (RAA730500DFP) and RL78/G1A
(RS5F10ELEAFB) pins and a diagram of the internal circuits. Smart Analog IC 500 is connected to and controlled by
RL78/G1A via the SPIL.

Copy the register values in the AFE register file to the flash memory in the microcontroller, and create a program that
drives the Smart Analog IC by transferring the register values from the SPI module in the microcontroller to the Smart
Analog IC.

R20AN0258EJ0100 Rev.1.00 Page 28 of 73
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As part of this program, create a program that lights the LEDs by controlling the LED port signals based on the sensor
signals sent to the A/D converter in RL78/G1A by the Smart Analog IC and A/D converted.

7.2 Installing SA-Designer

Install SA-Designer before creating the program.

7.21 What is SA-Designer?

SA-Designer is used to design analog front-end circuits for Smart Analog products and output the circuit data as C
source code.

In conventional analog front-end circuit development, it took a long time to prepare hardware because parts needed to
be procured for each sensor operation or each time the parts were changed. Using Smart Analog and SA-Designer
resolves this problem, because circuits can be designed simply by using a mouse on the SA-Designer screen.

Using SA-Designer, you can import AFE register files that are created by the web simulator Renesas VA and that can
be used to select the sensor, and use SA-Designer in association with integrated development environment CubeSuite+.
As a result, you can complete all processes including sensor selection, circuit design, and program development just by
using software, enabling efficient system development.

SA-Designer provides the following features:
e Designing and customizing circuits using a circuit schematic GUI
e Listing, saving and restoring created circuit data (such as register values)
e Reading the circuit design (AFE register file) created by using Renesas VA
e Creating C source files for circuit design
e  Registering projects to CubeSuite+ and building, downloading, and debugging using CubeSuite+

e Tutorial

R20AN0258EJ0100 Rev.1.00 Page 29 of 73
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7.2.2 Installing SA-Designer

Launch your web browser, and then access the Renesas website > Development Tools > Smart Analog Tools >

SA-Designer.

®  SA-Designer

http://www.renesas.com/sa_designer

Renesas home page — Development Tools — Smart Analog Tools — SA-Designer

& sa-Designer #720— F | LAH2 IL-2 OS2, - Windows Intemet Explorer [=pErp =]
- o Galts e R = ai ]
@U P/ japan. renesas.com/prod £/ /tools /smart_analog_tools/sa_designer/downloads. s b |‘r| Xl =, Bing b2

i BRCAD [ SA-Designer #550— F | LAHR TL4...

FiE (Change /X8 - HEE ' REN AR BEE

My Renesas ' 7 o 1S RREROEE.  EMEt

RENESAS

MRmR HMEH/ - WA/ M T

h=k iR LRy Smart Analoglllr—)L

SA-Designer

#ram 0 (=] s TVELRELAL

@ 5m @0 LiL] W @ 2=FaUF (1)

n.20.13 -
e = aa

Ssmart analogll

1

On the Downloads tab, click Analog Front-End Design Tool SA-Designer VX.XX.XX.

/€ Download (D3010891) | JLAHR IL-4 MOZ4X - Windows Internet Explorer

OOV ’ﬁhttp“.““-‘Japan.renesas.mm‘-“suppu {downloads/download_results/C1000000-Co9992¢ ~ | B[ 43| x |[.2 Bing » -
Jr &FIEAD - 75 ) Renesas Electronics PO... (2] ST THYA v

M pownload (D3010831) [JLAUR TLARD.. | | o~ - @ v A3P) - E-IFA(S)- Y-IO) - @~

BRDE AFER R EEEOATBa T A6, bR CERINL Y RS URES oL TR I T OEEEAL D il
NEFTOTITHRRE ET,

»

SLERS RIS S, TRORE D ZERALEL TR Y Cham RS CERSN oo SR BE LRSS ToF L
e

8. BTE DA FE
T3 R - EEERL Y
TSR,
ZYAH TR AHERT DD,
SNEFEHTACRERDULL. ARSI ETED00,
A EDM., ERA S FETER 00,

AL, BESMRLUZOMERSH T OFELTI . S IRIEHE
COEELTEL SR IEOEIEALER A

CERICOE. BICRAUES. S PR E L
B A TET RSB S DR LT S

BT RLE THR I TR SRR I DR TR LY, (FARH C Lo TI T e L T2
WENTE T, B B PEREUZIFECAT RN, B, HSOHEENEFEUSHRLD, RERORIICAL TR
st sbimiisEEngt. BAshiERAIEERE OESHEHECN —FOITVEEU I DL P BT - VAl E B VAT LA TOWRE
SFEREL L T LE T I D7 T T OT R EE TR EH IEEELT . REETIERN RN VAT LA TOE SIS IFE AL B
LET.

10. $Frtl IWRDEE R LT SHEE

11. SEEODMG| T, ThEBHLLMENSHTN IS, A0 CAN TR T PRGN E T REROBRADSEE
TR FRETFFN AT D, BEROERE AL THAUESRHERE LE T RERORGSHTN SRS OB 0T ELT
13 IR OEEERVEE Ae

m,

12, RSO R 3 — SR O E L e BRI OB UL T SRR S CERECRERY LS T

13, FEHI BT 2 OO0l ToERL EhE, E0RERNFOSERCI ELLAHHERTOE TCRS T,
FEEEC

Ol 1> bS53y b | REE-F: A A v ®100% -

Click Agree on the disclaimer screen.
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A screen for inputting your My Renesas ID and password appears. Input your ID and password.

If you do not have an ID, click New user? Click here to register now to create an ID (free of charge).

Note At registration, if you select "Smart Analog" from Category under Subscribe to content / service,
Smart Analog is added to your service list. You will then be able to receive newsletters related to
Smart Analog products such as Renesas VA and SA-Designer.

My Renesas

My Renesas allows you to CONNECT with Renesas senices.
=Renesas Senices>
* Download
- Example Software
- Software Drivers and Middleware
- Application Notes
- Installation CDs (Product Activation Code}
* Receipt of Newsletters
* Informed when we make changes to documentation, or any web page on the Renesas website
Select Region @
Choose Security Level
@ Non-secure  © Secure

Choose Region and Language
==
| Mainland China / Hong Kong Region
| Singapore / Soutn & Southeast Asia / Oceania

|
|
Asia |
|
|
|
|

[ o oren
[
‘ Europe / Middle East / Africa
 doven

& Download (D3012474) | JLRHR TL4 FO=4Z - Windows Intamet Explorer (E= Eol 5|
@O - |E http://japan.renesas.com/support/downloads/download_results/C1000000-C9999899/tools/utilities_sa-de « ‘ ‘fl X ‘ | Bing » "

¢ BREAD B Download (D3012474) | LFHR TL-4 M. |*\
mart Anaiog [C300: RAA 73000 (IEsmheo ) ~
Smart Analog IC301: RAA730301 GAMET L 7R)

SA-DesignerT# F—tL TWRTATOIAE, Z52MHLT - AERRGFIS.

EhEEH
Windows® 8 (32w HhE. 64w HiR).
os Windows® 7 (32 wHhE. 642 wHiR).
Windows Vista® (328 HiR. 64 wHiR).
Windows® XP (32w HiE)
cPU 1GHz L F (7ILFa7 CPuU |CHET)
AL AT 164 E =

AR UK TY LTI JNET Framework 3.5 SPI VA F—LENTNBLESHEVE T

Hoon—F

FOUO-FREE TrOLE IFANY AZ P 3
FFAS IO T ORESEETY —)l SA-Designer 20,227,504 bytes (19.29 .
V10700 SADesigner_Package_V10200.exe Mbytes)

=Ty ITRED

Click the Download button on the bottom right of the screen to download and save the file on your local disk.

After you have downloaded the file SADesigner_Package VXXXXX.exe, double-click it to launch the installer.
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™ Renesas Electronics Microcontroller Development Tools Installer - step 1/7

RENESAS

Welcame to the Renesas Electionics Microcantroller development toals setup progiam.
54 -Designer ¥1.02.00 [20 May 2013]
® 2012, 2013 Renesas Electianics Corporation
[Note]

Please end all Windows pragrams before executing this setup program

RENESAS Bt

Click Next.

A Installer - step 2/7 [Software License Agreement] E|

THE END USER LICENSE AGREEMENT

Please read the following end user license agreement

IQENESAS SOFTWARE LICENSE AGREEMENT ~

THIS SOFTWARE LICENSE AGREEMENT, made and entered inta
by and between Renesas Electronics Corporation, @ Japanese
corporation having its principal place of business at 262,
Ote-machi, Chiyodaku, Tokyo 1000004, Japan [LICENSOFR) and
the Customer ["LICENSEE") with the follawing terms and condiions
abaut the pravided software program ['Licensed Progran).

SECTION 1.(LICENSE)

1.1 Subiect to compling to the tems and conditions st forth herein
and executing oy for develop the other program as executing the
tights and lisenses relating ta the Licensed Program, LICENSOR
rants to LICENSEE non-exchusive and non-fransferable rights
elating ta the Licensed Progiam st forth in fallavs

Dia you accept to the end user licenss agiesment?
P

£

RENESAS

The software license agreement screen appears.

Click Accept, and then click Next.

Installer - step 3/7 [Select Components]

E3)

Companent Selection

Praduct Name Size
St Disigner Y1.02.00 (Must Instal) 12783KE
Evplanation: i ©
Fiee space:
2.480.957KE
Flequired space:
12,7998

Imstall loc.ation

\ |
Renesas m) [wr] Cu]

The location where SA-Designer is to be installed is displayed. Check the location, and the click Next.

R20AN0258EJ0100 Rev.1.00
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® Installer - step 5/7 [Installation Settings Confirmation]

Setup is now ready to install the product on your computer.
If the newer version is alieady installed . the older version may not be installed

- SA-Designer ¥1.02.00

Install lncation
C:\Program Files\Renesas Electionics

Click [Newt] button to startinstlation.

RENESAS

Click Next.

® [nstaller - step 6/7 [Installation Execution]

Install Status:

S&Designer V1.02.00Installing...

)

Abort Installations

RENESAS < Back Next > Cancel
Installation starts.

B [nstaller, - step 6/7 [Installation Execution]

Iistall Status:

SADesigner V102 00nstaling. . Installation complsted suscessfuly:

:The installation was completed. Please click [Next] button,

Abort Installations

Click Next.

E3)

# Installer - step 7/7 [Setup Completion]

Setupis complete. Click [Finish] to exit satting

- &l installations were completed succasstully

The latest product update information can bs checked when the *Launch Update Manager " is
checke:

Launch Update Manager.

S— =

Click Finish. This completes installation of SA-Designer.
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7.3 Installing CubeSuite+

Installing CubeSuite+

If you have already installed CubeSuite+, skip this procedure and go to section 7.4.

Note If you are using a CubeSuite+ version earlier than Ver. 1.02, upgrade it the latest version.
To use CubeSuite+ in association with SA-Designer, you need to install CubeSuite+ Ver. 1.02 or
later.

7.3.1 How to install CubeSuite+

See the following webpage for the features of CubeSuite+ and the environments in which CubeSuite+ can be used.
® Integrated development environment CubeSuite+
http://www.renesas.com/cubesuite+

Renesas home page — Development Tools — IDEs and Project Managers — CubeSuite+

Click the Downloads tab, click [Evaluation Software] CubeSuite+ Vx.xx.xx (Single Download) or (Multipart
Download) to download and install CubeSuite+.

Note Install the latest version of CubeSuite+ (Ver. 1.02 or later).
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7.4 Starting SA-Designer

To start programming, start SA-Designer.
Start SA-Designer from the Start menu.

All Programs — Renesas Electronics Utilities — Smart Analog Tools — SA-Designer

On the SA-Designer Start screen, click GO under Open Existing Configuration File.

S Start

Learn About SA-Designer

We recommend reading the tutorial to find out what you can do with SA-Designer.
The tutorial containg the information on how to effectively use S&-Designer.

Design New Circuit Diagram

Create a new AFE circuit diagram.

Open Existing Configuration File

Load an AFE design file of SA-Designer
‘Y'ou can also use thiz button to load files output by Renesas Virtual AFE Designer [Wa).

] Do ot show this dialog box at startup

7.5 Reading the AFE register file (.ini file) generated by Renesas VA

Open the AFE design file (Renesas.Register . RAA730500.Sensor-XX_XX_XXXX. Ini) obtained as a result
of simulating the phototransistor NJL7502L by using Renesas VA.

Sh-Degigner Question{Q00005) E|

P | Nosource genetation path exists,
“'-"/ Do wou want to set it up again?

Yes ’ Mo l [ Cancel
Click Yes.
R20AN0258EJ0100 Rev.1.00 Page 35 of 73
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Generate Options E‘

Source generation path

Folder name:
l Browse... '

Select compiler

Compiler for use:
‘CA?SKDF! [IDE: CubeSuite+) v|

“wihen AFE register data files already exists

(&) Ovenwrite () Mot ovensrite () Show meszage

notes : 1_sadesigner.h files always ovenwrite.

In the dialog box that appears, specify the path for the directory in which the source file will be created. For Compiler

for use, select "CA78KOR (IDE: CubeSuite+)", and then click OK.

The SA-Designer circuit design screen appears.

i) Renesas.Register. RAAF30500.8ensor-0.11_26_2013.ini (updated) - Circuit Diagram [R44730500 (Smart Analog IC500]]
Ciruit .
T Q, Gain
&/ oi AMPIEr S Zod(um—l DAC1_OUTIVREFINT
LA T OFF & AMP1_ouT
mexini @O
Circuit Configue
z | Custem b MPXINGER=— _ Ampifies Ch3 %m sc_Hm-0 Fllters.
z
XN O §  Gain wPxiNs B0 § cheonous e
MExIN — 7 L S ON OFF waa'gnnnuﬁar LFF=HFF +
& o —3 LPF O LPF ouT
AMP_ ON OFF
= cacmtc:mr gure Ganane_li—0 -
Cuslom
HFF
= ampiierchz O MPXINGE—D 3
MEXINEO © on Dz::m ——0:z AMEI_OU M@me
= o
B 2 o—=a A a
mexina O & <& R&ﬂ.ﬁ&' m B RN
Gircuit Configura 251 GAINAMP_OUT
;
WExins -8 5 gy
=are-
P § el AMP2_OUT
z O— DACZ_QUTIVREFINZ
ageReratien | High-eneed mode w
DAC Reference
CTES BBW!!\II
Operatione|
Upper Bnit B mplifier
3/58NDC » AMPa_IN_HNE—O
Lawer limit N ) oree W TEMP OUT AnPa_IN PR—O ON © ore O AMPa_oUT
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7.6 Starting CubeSuite+

Associate SA-Designer with CubeSuite+.
Click the button in the red frame in the figure below to start CubeSuite+.

88 Renesas.Register.RAA730500.Sensor-0.11_26_2013.ini (updated) - a-De.... [= |[51|[X]

File  Miew  Generate  Tool  Help

shiestart A UH SN ItE B &,@ B3l | RAAT30500 (Smart Analog 1C500)

Create a project for the program described in this document.

One Point Advice

Do you know?
EUDESUitE+ Tofloat a panel:

A panel can be floated by double-clicking the title bar of the panel
and moving it away from the main window.

To retumn the floating panel back inside the main window, double-
click the title bar of that floating panel.

# Displayed contents, random.

004 /043

-

Lo not show this dialog box at startup

Click OK.

On the Start tab, click GO under Create New Project.

@ CubeSuite~+ - [Stari]

File Edt Yiew Project Build Debug Tool “Window Help
@ st (B X Ba %0 |88 & - LR DM @BE Y s [
003 Q &
&, Start v x
B ~
Learn About CubeSuite+ E 2
We recommend reading the tutorial to find out what can be done in CubeSvite+.
The tutorial contains the information on how to effectively use CubeS uite+
Create New Project E]
RN, rew project can be created.
new praject can also be created by reusing the file configuration registered to an existing project.
—
Create New Multi-core Project
Open Existing Project B
Loads the project of CubeSuite+. Can also be opened directly fram the following link.
Recent Projects Favorite Projects
Nothing Mothing
Open Existing e2 studio/CubeSuite/High-performance Embedded ¥orkshop/PM+ Project B N
The project created with 82 studio and the old IDE can be converted to the CubeSuite+ pioject.
Support version ~
52 studio =
The rcpe file output by &2 studio can be read
('] Build options also cah be converted between the projects with the zame compiler [Only CC-RX is supparted in this version].
(11 Only include path and macro options can be converted between the prajects with the different compiler. @
> _ R — &
Fi = = = (= & £ e [[Fa it ] ]
553 DISCONNECT
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Note

Checked plug-ing are loaded at the CubeSuite+ start-up.
Thesze settings are enabled at the next start-up.

“You can never uncheck a check box of the grayout plugin that is required by the CubeSuite+, Alza, on the [Basic Function] tab,
it iz recommended that the checkboxes of the plug-in for the target microcontroller of the development are not cleared.

Basic Function | Additional Function

i odule Mame Description
Code Generator Plug-in Plug-in to generate the device driver automatically.
Code Generator Plug-in 2 Plug-in to generate the device driver automatically.
Debug Console Plug-in DebugCaonzale plug-in to support using standard 10,

almnF’ython Conzale Plug-in It iz & console where the lronPython commands and the CubeSuite+ enhanced featu

Fin Configuratar Plug-in Plug-in to define the device pin canfiguration.

Pragram Analpzer Plug-in Plug-in to analyze program.

Stack Uzage Tracer Ltility to display and adjust stack usage of each functions.
1 Tool Interface Protocol [TIP] Plug-in - Plug-in that acts az an interface between tools [TIP),
[ Update Manager Plug-in Plug-in to communicate with CubeSuite+ Update Manager.

If the above start screen does not appear when you start CubeSuite+, the cause might be plugins. On
the Tool menu, click Plug-in Setting, and then configure plugins as shown below.
If the start screen appears, go to the Create Project screen on the next page.

Plug-in Manager @

Select the plugins to be loaded when starting CubeSuite+. On the Additional Function tab, select "Code Generator

Plug-in", "Code Generator Plug-in 2", "[ronPython Console Plug-in", and "Program Analyzer Plug-in".

Plug-in Manager @

Checked plug-ing are loaded at the CubeSuite+ start-up.
These seftings are enabled at the next start-up.

*ou can never uncheck a check box of the grayout plugin that is required by the CubeSuite+. Also, on the [B asic Function] tab,
it iz recommended that the checkbores of the plug-in for the target microcontroller of the development are not cleared.

Basic Function | Additional Function

Module Name Dezcription

RHS50 Build tool CC-RH Plug-in Build taol plug-in to uze CC-RH compiler far RHER0,

D ebugger Collection Plug-in Debug tool plug-in ko use RHB50,R EmulatorS imulatar.
R Build tool CC-R¥ Plug-in Build tool plug-in to use CC-Fx compiler for A,

%850 Build tool CAS50 Plug-in Build taol plug-in to use CASS0 compiler for WEE0.
WEE0EZ Build tool 5 Plug-in Build taol plug-in to use 5+ compiler for WER0E 2,

W50 Emulator Plug-in Debug tool plug-in to uze Y850 Emulator,

W50 Simulator Plug-in Debug tool plug-in to use Y850 Simulator,

WEE0E 2 Emulator Plug-in Debug tool plug-in to use Y850E 2 Emulator.

[#] WE50E 2 Sirmulator Plug-in Debug tool plug-in ta use VWEE0EZ Simulator,

® RL¥8.78K0R Build tool CATEE0R Plug-in - Build tool plug-in to uze CATEKOR compiler for RLTE.78K0R.
RL¥8.78K0R Emulator Plug-in Debug tool plug-in to use RL7E.78K.0R Emulator.
(BFL73,70K0R Sirmulatar Plug-in Debug tool plug-in to use RL7E,78K0R Simulator.

78K.0 Build tool CAZSK.D Plug-in Build taol plug-in to use CAFBKD compiler for 78K0.
TAK.0 Emulator Plug-in Debug tool plug-in to uze 78K0 Emulator,
TEK.0 Simulator Plug-in Debug tool plug-in to use 78K0 Simulator,

[ ) o ][]

On the Basic Function tab, select "RL78,78K0R Build tool CA78KO0R Plug-in", "RL78,78KOR Emulator Plug-in", and

"RL78,78KO0R Simulator Plug-in". Click OK.

R20AN0258EJ0100 Rev.1.00
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On the Start tab, click GO under Create New Project, and then specify the settings shown below.
Select RL78/G1A to generate the code.

Create Project

Microcontroller:

Using microcontroller:

8 Fi5F10ESE(25pin)
W RSF10EBE(32pin)
W FSF10EGE(48pin)

(Y B a W IR R (T m 1 W N a P A b

% RL7E/G14 (ROM:E4KE)

¥ RL78/G1E [ROM:4BKE)
¥ AL78/G1E (ROM:GAKE)

Update. ..

Product Mame:FR5F10ELE
Internal ROM sizelk Butes] 64
Internal Rék size[Bytes) 4096

w

Kind of project:

Project name:

Flace:

| Application(C4 73K 0R)

| Tutorial-1

| CADocuments and Settingsh D eskiop

Make the project folder

| CADocumentz and SettingzhwsexiDesktophT utorial-14Tutonal-1. mtp)

[] Pass the file composition of an existing project to the new project

I Create l Cancel ] [ Help

After you complete the above settings, click the Create button.

Microcontroller: RL78

Using microcontroller: RL78/G1A
(ROM:64KB) > R5F10ELE(64pin)

Kind of project:
Application(CA78KO0R)
Project name: Any
Place: Any

R20AN0258EJ0100 Rev.1.00
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7.7 Configuring the code generation settings

Create the program to actually run the microcontroller.

Here, you create the program by generating the code that configures the initial microcontroller settings, simply by
specifying parameters on GUI screens.

Basically, you can start setting the function you want to configure by double-clicking it in the project tree.

Configure each feature by following the procedures below.

7.71 Assigning clock generator pins
Froject Tree 1 X
t @ 2@

= _f; Tutorial-1 (Project)

RSF10ELE {Microcontroller)

; In the project tree, double-click Clock Generator.

Inkerrupt

Serial

A/D Converter
Timer

.r? wiatchdog Timer
Real-kime Clock.

Interval Timer
Clock OutputfBuzzer Oukput
DA Contraller
W voltage Detector
A, CATEKOR (Build Tool)
e, RL78 Simulator (Debug Toal)
1 Program Analyzer (Analyze Tool)

=LY File
3?< Startup
< *
Praject Tree rx % Property ®F| Code Generator
¢ @ 8 @A & % Generaste Code | L @ T G @ & [

= _ﬁ Tutorial-1 (Project)

Pin assignment | Clock setting | On-chip debug setting | Confirming reset source
RSF10ELE {Microcontroller)

Fin azzignment zeting

On the Pin assignment tab,

| Code Generator (Design Tool) H A A
_ ] PIORO bit = 1 click Fix settings.
' Port [ FIORT Bit =1
W Inkerrupk
W Serial Once the pin assignments have been fised i is not possible to change them |Rer.
W AJD Comerter A new project must be created to change the zettings.
-a Timer ’ Fix settings
W Watchdog Timer
& Real-time Clock Pin Fumeian
B Inkerval Timer P70 KR
R20AN0258EJ0100 Rev.1.00 Page 40 of 73
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On-chip debug setting for clock generator

ol Property i! Code Generator”
&

| Generate Code | %

Pirn azsignment || Clock setting

On-chip debug operation setting

n< I S R B ) -

On-chip debug setting

Confirming reget source || Safety functions

) Unused

On-chip debug operation

® Used setting: Used

RAM function setting

(#) Used

Security [0 zetting
Use Security 1D
Security D

Security D authentication failure etting
() Do hot erage flash memony data

(%) Erase flazh memomy data

7.7.2 Assigning port pins
Project Tree 3 x
: © 2 &

=l _f_f, Tutorial-1 {Project)*

I RSF10ELE {Microcontroller)

W Serial
W AfD Converter
B Timer
t? ‘Watchdog Timer
W' Real-time Clock
& Inkerval Timer
& Clock Qutput/Buzzer Qukput
W' DA Conkroller
W' Vaolage Detector

Ay CA7BKOR (Build Toal)

=) RL78 Simulator {Debug Toal)

1 Program Analyzer (Analyze Tool)
= [ File

35 Skartup

) Unused

(0=00000000000000000000

In the project tree, double-click Port.

R20AN0258EJ0100 Rev.1.00
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Configure port 0. Port 0 is used to control the LED that blinks according to the behavior of the sensor.

Port0: Select Out for P0OO.

T4 Property B;«I Code Generator®

g H Generate Code | G E# @ 7 G @ & T D W & O
[ Portd I’n:nrt'l Port2 | Port3 | Portd | PortS | Port6 | Port? | Port12 | Part13 | Portl4 | Portls
P
) Unuszed ) In (%) Out e_ []1
PO
@ Unused  On O ow [ Pullup ] TTL buffer
POz

Configure port 7. Port 7 is used to control the CS pin on the Smart Analog IC.
The active level of the output from this port is High, so select the check box "1" on the right end of the output port.

Port7: Select Out for P73.

T Froperty I‘;I Code Generatar®
S T cenerstocode | 5% # £ B & T D W A O
Portd | Partl || Port2 | Pork3 | Portd | Port F'n:nrn:nrt12 Port13 | Portld || Partl5s
F70

) Unuzed 2 In () Out 1 Full-up
Fi

® Unuzed  Oin O ow [ Bullup [] M-ch
F72

) Unuzed 2 In () Out 1 Full-up
F73

) Unuzed O Ik (%) Out e' 1
F7d

Select

Configure port 13. Port 13 is used to control the RESET pin on the Smart Analog IC.

Port13: Select Out for P130.

" Property F;‘I Code Generator®
@ ':’;ml Generate Code | T} @ T A 'b & = r:D 1) fﬂ; =

Paortd | Port1 || Port2 || Paort3 | Portd || Port5 )| Paortg | Port? F'u:urt11 Port13 l’-:urt'l# Partla
P130

) Unuzed ‘ (&) Ot é 11
P137
*) Unuzed 3 n
R20AN0258EJ0100 Rev.1.00 Page 42 of 73
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Configure port 14. Like port 0, port 14 is also used to control the LED that blinks according to the behavior of the
sensor.

— Port14: Select Out for P140.

"5 Property 33:\] Code Generator®

4Ty '3:\] Generate Code | 0 | SE ¢ ,_f LJ:.TH. -b ,-_ﬁ} ] f;z) S[b)] ”gi; =

Portd | Portl | Port2 | Port3 | Portd | Ponts || Ports || Port? | Partl2 F'n:nrt'lil Part14 I’n:nrt'IE
F140

) Unuzed O In =) Out || €= 11
F141

® Unused 0 In ) Out ] Pull-up

7.7.3 Configuring the A/D converter

Project Tree 3 x
} © 8@
= _f; Tutorial-1 {Project)*
9 RSF10ELE (Micracantraller)
= °:~| Code Generator (Design Tool)
@ Clock Generatar — | the project tree, double-click A/D Converter.
t? Part
W Interrupt

t? Watchdog Timer

Reeal-time Clock

Clack OutputjBuzzer Qukput
DA Controller
W Yoltage Detector
A, CAZBKOR (Build Tool)
e, RL78 Simulator (Debug Toal)
& Program &nalyzer (Analyze Tool)
- [ File

4'35 Startup

L
& Interwval Timer
L
[

R20AN0258EJ0100 Rev.1.00 Page 43 of 73
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% Property” ®H Code Generator®
) | Generate Code
A/D converter operation zetting

) Unuzed

Comparator operation setting

) Stap

Fiezolution zetting

{#) 12 hits
YREF[+] zetting

YREF[-] zetting
(&) AMSS
Trigger mode zething
(%) Software trigger mode
() Hardware trigger no wait mode

() Hardware tiigger wait mode

(&) AvDD ) AVREFP

Lo T D& EDME QD

(%) Used

(%) Dperation

() Bhits

() Intemal reference voltage

() AVREFM

Scroll the screen to the bottom

Operation mode zetting
(%) Continuous select mode

() One-shaot select mode
AMID - AMITZ analog input selection

AMITE - AMI30 analog input zelection

() Continuous scan mode

() One-shot scan mode

AMIO - ANIT2

A/D converter operation
setting: Used

Comparator operation
setting: Operation

Operation mode setting:
Clear all the check boxes.

[ &M O &N17
] aNIZT ] &NIz2
e O aMiz7

aiL channel selection

[ &NIS L
[ &NIz4

] &NIZ3

D
[ ANIZ5
[ amiz0

Corerzion time zetting

Power valtage range
Converzion time mode

Conversion time

27 <ADD < 36

Maormal 1

54 1728/CLE)

Corveerzion rezult upperdower bound walue zetting

(%) Generates an intermupt request INTAD] when ADLL £ ADCRH ¢ ADUL

A/D channel selection:
Select ANI7.

This program only uses ANI7, so clear the check boxes for all the other A/D converter pins AIN16 to AIN30.

R20AN0258EJ0100 Rev.1.00
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774 Configuring the serial interface
Project Tree o x
: © 2 [E

= ﬁ_ﬁ Tutorial-1 {Project)*
{8 RSFI0ELE (Micracontraller)
= Code Generator (Design Todl) — |1 the project tree, double-click Serial.
?:? Clock Generator
t? Park

& Timer
Q? ‘Wakchdog Timer
o Real-time Clack,

Interval Timer
! Clock Sutput{Buzzer Oukput
! DMA Contraller
W yolbage Detector

Ay, CATEKOR (Build Tool)

2! BL78 Sirmulator (Debug Tool)

i‘) Program Analvzer (Analyze Tool)
= [ File

5?-5'_(, Skarkup

Serial array unit 1 uses channel CSI21, so select "CSI21" and specify its function.

Click the SAU1 tab.

" Property F:\I Code Generator”

44 A A
Ty Dﬁl Zenerake Cods f—-_ e B ,,5:' bl & ,._E"' Channel 1:

CSl21
Transmit/receive function

: Charinel | 5121

Function

Channel 1 C51A L | Tranzmit/receive function L

! Property F:\I Code Generator”

= Ci L} 5 A S W
) o GenersteCode | T S® % T Y @ & Click the CSI21 tab.
saU0 | SAUT | ican
 Channel csiz1 | |
Function
Channel 0
Chantel 1 | C5121 L | | Tranzmit/receive function L
R20AN0258EJ0100 Rev.1.00 Page 45 of 73
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Smart Analog
T Property B;ul Code Generator”
;_.‘ GJ Gererate Code | % R o@d T G :r} & E I':Zh <03 ,g.i |
Saln | SaUl | icao
Channel LS
Tranzfer mode getting
(®) Single transfer mode ) Continuaus transfer mode
[rata length =etting
) 7 hits & 8 bits
Transfer direction zetting
Specifization of data iming
[The below figures are for M5B data trangfer direction.]
) Type1 ) Type 2
SCKp Qg 0y I Iy O I 10 S Ny
S0p o7 Y oe Jos Jou)os foe fm oo S0p Vo7 D& 05 o6 D3 § 02 fod ) on
Slp input irming t+t+tt+tt t 4 SR input timing t ttt 1+t t 4
O Tupe 3 ) Tupe 4
SCKp SCKp SN I oy 6
S0p o ¥ o7 Yo os fou o3 oa o1 o sOp o o7 {oe o5 Joufog foa fod oo
Slp input tirming + 4+ + + + + + + Slpinputtiming ¢ 4+ + 4+ + + + ¢+

Scroll the screen to the bottom

Transfer direction

setting: MSB

Transfer rate setting:
Baudrate: 312500

Transfer rate setting
Clack made Internal clock [master) w
Baudrate 12500 w | [bpz) | 3725.49)
Interrupt zetting
Transfer interrupt priority (IMTCS121) Lo -
Callback function zetting
Transmizzion end Reception end QOwerun error
R20AN0258EJ0100 Rev.1.00 Page 46 of 73
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7.7.5 Configuring the watchdog timer

Project Tree o x
: © 2@
= _f; Tutorial-1 {Projecty*

8 1oF10ELE (Microcontroller)
= °:~| Code Generatar {Design Tool)
f Clock Generatar
f Part
W Interrupt
d: Serial
E A0 Converker

- In the project tree, double-click Watchdog Timer.
& <«

Interwal Timer
Clack, Qukput[Buzzer Oukput
DA Conkroller
W woltage Detector
4, CATEKOR (Build Tool)
=, RL7S Sirmulator (Debug Toal)
& Program &nalyzer (Analyze Tool)

=- [T File

1.3?< Startup

T Property 33;4 Code Generator™
‘fj cle Generate Code | 5 Hi# @ T i, -i’j & [El r',,';’) 13 ﬂgj =]
W atchdog timer operation setting
(*) Unused ™ “H‘i
Watchdog timer operation
setting: Unused
R20AN0258EJ0100 Rev.1.00 Page 47 of 73
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7.8 Generating code

Click Generate Code to generate code.

In the project tree, under the File folder, C source files and header files are generated.

Click Generate Code.

' Program Analyzer {Analvze Tool)
=LY File
# ﬂ Build tool generated files
, = | Code Generator
‘_’_j r_main.c
; ‘ij r_syskeminit.c
‘_’_j r_CQ_cge.c
E_; F_CQ_Cgo_User.c
'-'_3__; r_cg_pork.c
i ‘ij r_CQ_port_user.c
‘f_j r_cg_serial.c
‘ij r_cg_serial_user.c
‘_’_j r_cg_adc.c
i ‘ij r_cg_adc_user.c
""_-_i r_cg_macrodriver.b
*'__i r_cg_userdefine b
u r_cg_cac.h
} "_j r_cg_port.h
‘."_-_j r_cg_serial.b
~ - *'__; r_cg_adc.h

-_— ..

’------
\------’

o

E4l

LT Aden

Watchdog himer operation setting

&) Unused () Used

Output

MO0409000:r_cg_serial.h was generated.d

MO405000:r_cg adc.c was generated.d
HO409000:r cg adc user.c was generated.J
HO409000:r_cg ade . h was generat.ed_(J

MO0409003: The operation of generating file was successful_(J
[EOF]

! All Messages f.{ *Code Generator ,{ *R.apid Build /

F1 Fa =]

Fy

|J F5 F& F1 Fa 'H'Fﬂ

i m

Files for code that initializes the microcontroller are generated.
APIs that control specific features are also generated.

R20AN0258EJ0100 Rev.1.00
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7.8.1 Generating and registering C source files of circuit parameters

Return to the operation using SA-Designer.

Use SA-Designer to generate C source files of the Smart Analog IC parameters and register the generated C source files
to Cube Suite+ automatically.

Click the icon enclosed by the red frame in the figure below.

8 Renesas.Register.RAAT30500.Sensor-0.11_26_2013.ini (updated) - Sa-De... [= ][51|[X]

File  Wiew  Gemerate  Tool  Help

b start [ sl e > @Y @ |BE] | RAA730500 (Smart Analog 1CS00)

Sh-Designer, Information{l00002]

- ) Generation of an AFE register data source file and regiskration of the file to a project were completed.

Lo« ]

Click OK.

i'J tr_cg_port.h
"J t_cg_serial.b
oo tlrenedh
i '-'_:J r_sadesigner_reg.c
b5 r_sadesigner.h |
I "J r_sadesigner_reqg.h I

The C source files of circuit parameters are registered
in the CubeSuite+ project tree.

[F ]

[
[/
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7.9 Supplement for the files generated by SA

-Designer

The Smart Analog IC parameters are defined as structure variables (const) in CubeSuite+.

Double-click r_sadesign

™ Tutorial-1 - CubeSuite+ - [r_sadesigne »_reg.c]

er_reg.c.

File Edit “%iew Project Buld Debug  Tool Wi

& start | [BH L X 5y

dow  Help
: YRy

PN I

SH G EE QS35

COoOnsSt smartanalog T
L

'ﬂ!l Build tool generated files — -

53_?_(, Startup

Project Tres o > 1 Property 3:\] Code Generator | ;'f 1_zadesigner_reg.c
t @ 2= R0 | &R oo Columns *
77} .
1 Program Analyzer (Analyze Tool) 4| |Line| |F
BjFIlE 43 LR R R R R LR RS R LR R R LR R R L]

gp smartanalog data[] =
T .y -

S

& { 0x0b, 0Ox0d },
BI.EE:ZJodeGel_nerator a7 { 0xlz, 0%02 }, \‘
=l r_main.c 48 { 0x00, 0x10 },
lfﬂr_S\,fsteri'uinit.c 49 { O=x01, O=07 }, I
l:dr_n:g_cgc.c 50 { 0x03, 0O=xdE i, I
ﬂr_cg_cgc_use C 51 { Ox04, Ox00 }, I
éﬂr_cgjort.c 52 { 0x05, 0x21 },
&] r_cq_port_usd.c 53 { 0x0&, Ox0= }, |
& r_cq_serial.c 54 { 0=07, 0x00 }, |
'ﬂr_cg_serial usbr.c 22 b ox08, 0x00 1, |
|5 i 56 { 0x09, 000 },
o r_cq_adec 57 { 0x0a, 0x00 }, |
ﬂr_cg_adc_use C Sg { O=0c, Ox08 1}, I
"J r_cg_macrodrifer.h 59 { 0=x0d, 0=x00 I,
i'J r_cg_userdefige b &0 { 0O=0e, 0Ox05 }, I
| r_cq_cach 61 { 0x0f, 0xd5 1, |
] r_cq_port.h 162 { 0xl0, 0xd5 }, ]
i'J r_cg_serial.hv ss { Oxll, Oxll I, /
l Output
2 Ilnformat.ion(HDZDDDDZJ : The following plug-ins are not enabled.‘J
| [ ' all Messages ,{: *Rapid Euild /
= |]F5 F& 1 [ I]F.‘} Fa

The circuit parameters are generated as const variables defined in the form of {address, data}.

{OxFF, 0x00%} in the last line is a delimiter value.

7.10 Editing the program

7.10.1 r_main.c
Open r_main.c in the project tree.

Add the lines in blue.
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/*****************************************************************************

B R R o R e R R R R R R R R AR AR SR R R R R R R R R R R R AR e

Includes

A A A A A A A A A A A A A A A A A A A A A A A A AA A AAAAAALAAAXAAAAAAAXAAAALAAAAAAAIAAAXAAAA LA A A A LA XA hhX

*****************************************/

#include "r_cg_macrodriver_h"

#include "r_cg_cgc.h"

#include "r_cg_port.h"

#include "r_cg_serial_h"

#include "r_cg_adc.h"

/* Start user code for include. Do not edit comment generated here */

#include "'r_sadesigner.h" } Include the source files generated by
/* End user code. Do not edit comment generated here */ SA-Designer.

- LA - "
#include "r_cg_userdefine.h
/*****************************************************************************

R S o S e R e R R R R S R R R e R e R e R R S R S S e S e S e S o
Global variables and functions
AAEAAEEAIEAIAIAAXAAXAAXAAAXAAXAAXAAXAAXAAXAATAIAAIAAIAIAXAAXAAXAATAITAIAAIAIAAAXAAXAAAITAIAAIAIAAIAXAXAAAIAAAXhAdkh*X

*****************************************/

/* Start user code for global. Do not edit comment generated here */

void R_SAIC Write(smartanalog t * const p_saic_data);

void R_SAIC Create(void); De_clare the SPI function and global
extern const smartanalog_t gp_smartanalog_data[]; variables.

/* End user code. Do not edit comment generated here */

void R_MAIN_Userlnit(void);

/*****************************************************************************

AEIXAAAXAAAXAAXAXAAAXAAAXAXAAAIAAAXAAAAIAAAAdXAdAddX

* Function Name: main

* Description : This function implements main function.
* Arguments : None

* Return Value : None

R R S R S e e e S R A R S A R A e R R A R R A R R R A R R A e A R R R R A R R O AR R R R R R R R e e o e

*****************************************/

void main(void)

{

R_MAIN_UserlInit(Q);

/* Start user code. Do not edit comment generated here */
R_CSI121 Start();

R_SAIC_Create(); Configure initial setting of SPI and Smart
R:ADC_gtart() : Analog IC and start A/D converter.
while (1U)

{

}

/* End user code. Do not edit comment generated here */

/*****************************************************************************

AEEAAAIAAAXAAAAXAAAXAAAAAAAXAAAAAAAAAAXAAAXAAAXkX

* Function Name: R_MAIN Userlnit

* Description : This function adds user code before implementing main function.
* Arguments : None

* Return Value : None

AE A A A A A A A A A A A A A A A A A A A A A A A AA A AAAAAAAAAXAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AL AAXAdhhX

*****************************************/

void R_MAIN_UserlInit(void)

{
/* Start user code. Do not edit comment generated here */
E1O;

/* End user code. Do not edit comment generated here */
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}

/* Start user code for adding. Do not edit comment generated here */
void R_SAIC Create(void) ™

{

volatile uintl6_t w_count;
/* Analog IC Reset */
P13.0 = 0U; o i i >- Reset the Smart Analog IC.
/* Change the waiting time according to the system */
for (w_count = 0OU; w_count < Ox1A; w_count++)

{
NOPQ);

} <
/* Analog IC Reset release */

P13.0 = 1U; >— Cancel the Smart Analog IC reset period
R_SAIC Write(gp_smartanalog_data); and call configuration function

3} _
void R_SAIC Write(smartanalog_t * const p_saic_data)
{

uint8 t adrs;

uint8 t dat;

uint8 t wait;

smartanalog_t *p_saic write;

PMC3 = Oxfc;

CSIMK21 = 1U; /* mask INTCSI21 */

p_saic _write = p_saic_data;

while (p_saic write->address != Oxff) Detect a delimiter.

{

P7.3 = 0U; /* SAIC CS=L */

/* SA stable waiting time (tSKA) */

for (wait = OU; wait < 1U; wait++) Select a chip

{

NOPQ);

3

adrs = (p_saic _write->address & Ox7f) | 0x80; /* O0x80 is data write mode */
S1021 = adrs; /* send SAIC Address data */

Address transmission

while (CSIIF21 == 0U); /* wait for CSI send */

CSIIF21 = 0U; -

dat = p_saic_write->data;

S1021 = dat; /* send SAIC Regiseter Data */ S Data transmission
while (CSIIF21 == 0U); /* wait for CSI send */

CSIIF21 = 0;

/* SA Stable waiting time (tkKSA) */ '<<

for (wait = 0U; wait < 1U; wait++)

{

NOPQ);

}

P7.3 = 1U; /* SAIC CS=H */

/* SA Stable waiting time (tSHA) */ >>_ Cancel chip selection
for (wait = 0U; wait < 1U; wait++)

{

NOP(Q);

} - -

p_saic_write++;

}
} -/
/* End user code. Do not edit comment generated here */

When you complete coding up to here, save the changes.
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7.10.2 r_cg_adc_user.c

Open r_cg_adc_user .c in the project tree.
Add the lines in blue.

/*****************************************************************************
R o o o B e R e R R R S R R e R e R e R e R R S S S S e S e S e D e o

Global variables and functions

R R S o B e R S R R R R R R e R e R e R S R R R S R e R R R S S R R R e B e e D S S R R e R e R e R S S e S e e S S

*****************************************/

/* Start user code for global. Do not edit comment generated here */
uintlé t g tmp = 0; Define the variable for acquiring A/D
/* End user code. Do not edit comment generated here */ conversion results

/*****************************************************************************

AR R R R e e R e e e

* Function Name: r_adc_interrupt

* Description : This function is INTAD interrupt service routine.
* Arguments - None

* Return Value : None

AE A A A A A A A A A AA A A A A A A A A AA A A AA A AAAAAALAAAXAAAALAAAXAAAALAAAAAAALAAAAAAAAAAAAAA LA AAAXhX

*****************************************/

__interrupt static void r_adc_interrupt(void)

{

/* Start user code. Do not edit comment generated here */

uintlé_t adcr_2bit = O;

R_ADC _Get Result(&g tmp);

/* Example of updating LED by dividing A/D-converted value by 4 */
/* Use higher 2 bits out of A/D-converted lower 12 hjits of g tmp */
adcr_2bit = g tmp >> 10;
/* Change the LED control port pin output based on 2-bit value. 1: LED = OFF, O:
LED = ON */

switch (adcr_2bit)
{

case OU: PO.O

P14.0 = 1; Divide the A/D conversion result

break; by 4 to use each for LED control.
case 1U: PO.O

P14.0 = 1;
break;

case 2U: PO.O
P14.0 = 0;
break;

case 3U: PO.O
P14.0 = 0;
break;
default: /* Through */ .//
break;

}

/* End user code. Do not edit comment generated here */

}

/* Start user code for adding. Do not edit comment generated here */
/* End user code. Do not edit comment generated here */

1.

1]
o

1
=

0;

When you complete coding up to here, save the changes.
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7.11 Building the program

When you complete editing the source files, generate a program (load module) by using the Builds the project button.
Click the button enclosed by the red frame in the figure below.

® Tutorial-1 - CubeSuite+ - [r_main.c]

File Edit Wiew Project Build Debug Tool Window Help
oo DAL X 00 HE A - k& a6 66"
SEFFRE ORBR S )

Proiect Tree Box % Property-| ®E| Code Generatogfl) | rege’ [ rmanc | e ade_userne - x
A
: @83 4089 =
W Inkerval Timer 4| |Line| | &| =
| W Clotk Output/Buzzer Output 41 J |
H oM Controller P B [
; Wolkage Detector :j i”‘“i“:é !
LA CATSKOR (Build Tool) Fineiude
h _ 25 $include ”
- RL7B St (Debug Tool} e finciude
0 Program Analyzer (Analyze Taol) a7 finclude "
= (e 48 /* Start not edit comment generated here */
1) Build tool generated fies 49 $include "
5 Startup 50 /* End use] ent generated here */
[ 1 Code Generator 51 #include "
> ! I S s
&b man.c
a8 53 | G1obal variables and functions

If no error is output here, the program has been generated successfully.

If an error is output, check the error message and review the settings configured in section 7.7 and 7.10.

7.12 Creating a program execution environment (connecting the emulator)

Connect the evaluation board, E1 emulator, and computer.

Prepare two USB cables.

e  Use one USB cable to connect the E1 emulator to the computer.

e  Use the other USB cable to connect the evaluation board to the computer.

Connect the E1 emulator and evaluation board TSA-IC 500 by using the cable that comes with the E1 emulator.
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7121 Configuring the debug tool

Configure the debug tool.

= Property ﬁle Code Generator” j _sadesigner_reg.c :f _main.c :f 1_og adc userc
t @ 8@ 1] | W Calumins T
= |f Tutorial-1 {Project* ~ | ILine| [ &
%RSFIDELE (Microcontroller) &8 /#* Use upper 2-bit within the A/D walue of g_tmp lower 12-bit *
= B:,_J Code Generator (Design Tool) 69 adcr_Zbit = g_tmp >» 10;
..é,_“ Clock Generator 70 /* Change the pin cutput of LED control port at 2-bit walue. 1:
E? Part '?'ZI: .?wicch {adcr_z2bit)
— T2 {
& Inkerrupt 73 case OU: BO.0O = 1:
& Serial 74 P14.0 = 1;
5‘3? A)D Converter 75 break:
& Timer 76 case 10: BO.0 = 0:
W watchdog Timer 77 P14.0 = 1;
W Realtime Clock s break;
W Interval Timer ';3 ;ijEDZU:DPO'D =1
& Clock OutputfBuzzer Oubput N ’
B DMA Contljolllfer i B.]: break;
_ BZ casgse 3U: PO.0O = 0;
AT E4 break: \
2 [ jal) (Debug Taal) - 2
J:) Program Analyzer (analyze Tool r Usig DeEug s | RLZSHECLIBE
=] jgﬁ Propetty N N I .,
Build tool generated files .
X statun IES RL7S E20(Serial)
- [1] Code Generator Output RL7S EZ Emulatar
‘-d _main.c W0403029: Ple 5T Sl ent §ecuing.‘J . .
= w || MO040300Z: The lc-lg is: C:3\Documents and SettingsitoolgiiDesk

In the project tree, right-click RL78 E1(Serial) (Debug Tool), point to Using Debug Tool, and then click RL78

E1(Serial).

Configure the power settings for the E1 emulator connection and the setting to enable memory space access during
program execution.

2 © 3| @&

= ﬁ Tutorial-1 {Project}y*
8 RSF1DELE (Microcontraller)

1

=) File
ﬂ Build tool generated files
FSE Skartup

=] [E Code Generator
‘ﬂ r_main.c
ﬂ t_syskeminit.c
'ﬂ r_og_cge.c
‘ﬂ t_Cg_£go_user.c
ﬂ r_cg_pork.c
'E_:J r_cg_pork_user.c
‘ﬂ r_cg_serial.c
ﬂ r_cg_serial_user.c
'E_:J r_cg_adc.c
'ﬂ r_cg_adc_user.c

In the project tree, double-click RL78 E1(Serial) (Debug Tool).
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Configure the settings as shown below.

T Froperty B;I Code Generator® j 1_zadezigner_reg.c j _main.c j _og_ado_uzerc
=, RL73E1(Serial] Praperty
E Internal ROM/ARAM

E Clock
Main clock freguency [MHz] Idzing internal clock
Sub clock frequency(kHz] |Jzing internal clock,
i SUW
El Connection with T arget Board
Fower target from the ermulator. [k Mo
P
Security ID [F£2] DDO0OO00O0OO0DDDDOO000
Permit flazh programming ez
|lgze wide woltage mode e
Eraze flash ROM when starting Mo

Power target from the emulator. [MAX 200md]
Select whether or not to zupply power fram the emulator.

\ Connect Settings /N Debug Tool Settings /{{ Download File Settings /{{ Hook Transaction Settings ,f

Connect Settings tab > Connection with Target Board > Power target from the emulator. (MAX 200mA):
No

1 Property B:‘I Code Generator® j 1_zadesigner_reg.c j _mair.c j _cg_ado_uzerc
= RL73 E1{Serial) Froperty

EH Memory
b emary mappings [0]

H Access Memory while Bunnmg
Access by stopping execution

|Jpdate dizgplay during the execution
Display update intervallms]

E Maszk for Input Signal
task TARGET RESET signal Mo
task INTERMAL RESET signal Mo

Dizplay update interyalms]
Specifiez the interval for updating the watch panel and memory panel dizplay during execution in unitz of 100 ms. Tt
zpecifiable walue range iz from 100 to B5500. Fractions are rounded up.

\ Connect Settings ) Debug Tool Settings (§  Download File Settings ,{’ Haak Transaction Settings /

Debug Tool Settings tab > Access Memory While Running
Access by stopping execution: Yes

Display update interval[ms]: 100
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713

Download the created program (load module) to the microcontroller. Click the button enclosed by the red frame in the
figure below.

@ Tutorial-1 - CubeSuite+ - [Property]

Downloading the program to the microcontroller

A

: @ 8IE

Property BH Code Generator

File Edit “iew Project Build Debug Tool ‘Window Help

8 e BE X B0 OB S A - L EE : 866/
I PEE DPRRS

Project Tree 3 x

j 1_sadesigner_ieg.c

=4 AL7E E[Serial] Property

= _ﬁ Tutorial-1 (Projecty*
& RSF10ELE {Microcantraller)
J Code Generator {Design Tool)
A, CATEKOR (Build Toal)
LB e PR T
O Program Analyzer {Analyze Tool)
= [ File

ﬂ Build tool generated files

E Memory

Memory mappings
Werify on wiiting to memory

B AccessMemory While Running
Aocess by stopping execution
Update display during the execution

Display update inte
Break
E Mask for Input Signal

[0]
Yes

Yes
Yes
100

7.14 Monitoring the A/D-converted values

Values A/D-converted in the program are stored in the variable g_tmp.

watch list.

@ Tutorial-1 - RL78 E1(Serial) - CubeSuite+ - [r_cg_adc_user.c]

To monitor the operation, add g_tmp to a

File Edit Wew Project Buid Debug Tool Window Help
r 3 B . = y B u —~
oo DA G X B[00 HE A - LA L @M EE6M
FEREE 0PIAS
Project Tree X h j’ 1_zadesigner_req.c :‘[ [_Main.c. :f r_cg_ade_userc® | ¥ oA x |LocalVaiables
) 3 ] B 8= e | Columns + [Z] | mokation ™ "}5 Encading
9 RSF10ELE (Microcontroller) #|{Line| | |33 Address |{ol ¢ || curent
k‘;.] Code Generator (Design Toal) SE * Description : This functior— Meme
A, CATEKOR (Build Tool) s * Arguments : Hone
5!, RL78 E1(Serial} {Debug Toal) &0 " Return Value : None
e 61 LR L LT T T e
‘) Program Analyzer {Analyze Tool) - . P .
. 82 _ interrupt static void r_ad:
= Fe 63 coz18 | B¢
ﬂIBU"d tool generated files 64 /* Start user code. Do not et
CR
7 startup &5 0022¢ UINt16_t adCr_ 2l
= [ S Code Generator &8 0DZ2zd R_ADC Get Resulf(& |
iﬂ r_main.c &7 /* Example of LE eqgister to Watchl
&| +_systeminit.c 68 | /* Use upper Z-bit wigy Register to Analysis Chart
(3] 00234 adcr Zbit = g tmp >>
- r_cg_cgoc _ [ gy
‘_j eacae merc 70 /* Change the pin ou %, Register Action Event..,
= T T : 71 00239 switch (adcr Zbit
‘ﬂ r_cg_port.c 72 | . ( - ) ,}g Cut Chrl+3
& r_ca port_user.c 73 0024a case OU: P0.0 = 1; |43 Copy Ctr+C
& r_cg_serial.c 74 0024d P14.0 = 1; = Rvre
‘ﬂ r_cg_setial_user.c 75 Qo250 break; i CPLU Regist
i 76 00252 case 1U: PO.0 = O: Ay Find... Chrl+F
77 00255 Pl4.0 = 1; Fy —
— | 7= 00258 break; 5 et ce Comnece:
; 79 0025 20: PO.O = 1; |/ G5, A]
| v e userdsfine.h o 002 5; ;i:eaé= 0 1
| v cg_egeh N : ' 7, Back to Last Cursor Position
S g1 00260 break:
sJ| '{?{'?’F;PL || =2 00262 case 30z BO.0 = 0; | gotoHere
*
b3 | & s @ SetPCoHere .
Fi 2 3 Y [| 5 & 1 8 X e
3 Jurnp bo Function Fiz
Performs registration to Watc .. | Line 65/93 Column 24 Insert | ‘Western European (Windows) E]BREAK @200.00
A Tag Jump Shift+F1lZ |

In the project tree, double-click “r_cg_adc_user.c”. In the right pane, double-click g_tmp in code, right-click the same
g_tmp, and then select Register to Watch1.

If Register to Watch1 does not appear, on the menu bar, click Debug and then Download to add the watch registration
function.
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7.15 Running the program to check the sensor operation

Run the program downloaded to the microcontroller to check the sensor operation.

Click the button enclosed by the red frame in the figure below.

® Tutorial-1 - RL78 E1(Serial) - CubeSuite+ - [Watchi]

File Edit Wiew Project Build Debug Tool window Help '
@ otat | (B S X B @0 o] 5B A T TR NIC) (O Che TN
FEHER D23 Q|5
Project Tree X j’ 1_sadesignel_reg.c j I_main.c j r_cg adc_userct | ¥ A i
A n . NN .
: 038 @ A9 89| = ~ ey | Columns - [ | @ % 1] % | Notation
% RSF1DELE (Microcontroller) || Line| | | 33| Address |m & Valy
Code Generator (Design Tool) 58 * Description : This functiol
A CATEKOR (Build Tool) 58 " Arguments : None
£, RL7E E1(Serial) (Debug Toal) €0 * Return Value : lNone
,-\.) 8l LR R LR R R R R L Ll GRS
(3 Program Analyzer (Analyze Tool) - X . 4
. y g2 _ interrupt staticgfoid r ad:
= brie 63 sozie | =1
ﬂBui\d tool generated files 64 /* Start use ode. Do ot e
R
57 Startup 65 0022c uintlé_t r_Zbit = O;
[ Code Generatar 65 00z22d B _ADC_Gg# Result (&g_tmp):e
& r_main.c 67 f* i
€] r_systeminit.c €8 . ’* wiatchl 1 x
2| ® L ) X | wotation~
Watch Walue Twype (Byte Sizme)
oy tmp 175 (0x00zf) unsigmed short(Z)

The value of g_tmp that has been added is displayed.

Take an action such as holding your hand above the sensor or move the sensor to a light source such as a fluorescent
light, and confirm that the g_tmp value changes according to the sensor operation.

Also check that the LEDs light.

Here, display the sensor operation in graph form to make it easy to grasp.

Stop the program. Click the button enclosed by the red frame in the figure below.

® Tutorial-1 - L7 E1{Serial) - CubeSuite+ - [r_ce_adc_user.c]
File Edit ‘iew Project Build Debug Tool Window Help

& start | (BBl [ X By @[ O | 50 HE A - © Bf 7@ oefauuid B @Oy BEM == L
CEHER D88 Q S
Project Tree rx j 1_sadesigher_reg.c jlﬁmamc ju:g‘a= 4 » x [Watchl T X
5} @82 @ [ 89| = e | o [ & % I X | nowton-
% RSFL0ELE (Microcontraller) # | |[Line| |33 Address E] &F | | Wamen Talus Type(Byce Size)
“;’{ Code Generator (Design Tool) SE * Description : This — v g tup 176 (0x002f) wnsigned short (Z)
4, CATEKOR (Build Tool) 58 * Arguments : None
25! RL78 E1(Serial) (Debug Toal) &0 * Return Value : Nonf
=y 51 B R
1 Program Analyzer (Analyze Tool) . interrupt static v
= 3re &3 00218 i
ﬂEui\d tool generated files 54 /* Start user code.
&7 stertup 65 002zc | |uintlé_t ader_zbit =
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7.16 Displaying the sensor operation in graph form on the Analysis Chart panel

To display the sensor operation in graph form, perform the following steps 1 to 3.

@ Tutorial-1 - RL78 E1 (Serial) - CubeSuite+ - [Project Tree]
File Edit View Project Build Debug Tool Window Help

CEX

¥ By [0 [ gp 8 B - @& SRR O NN Wi
Deqg R s
'_1[ I_main.c j _cg ade usercl L.-"\Z‘ Analysis Chart =4 3¢ |Watchl e
@] 2 |E ® & QX howions
; 2 i Samplin Reflect | Tetsh Yosue/ Trpe
Analysis method: &’ Sampling (] oo © g rtup 170 (0x002a) unsig]
Trigger. (To use the trigger function, configure the prope...  peor [Setting: [Ct] ke:
(&) % auis [Time)
O awis Valug)
Target Cur: 5
Time:
chl:
y chz:
|_lliCode Generator ch3:
U t_sadesigner_req.c chd:
'J r_sadesigner.h C:g:
b= r_sadesigner_reg h Eh?:
chi: T
chi:
chil: < | >
W TIME oyt 202ms 839058 40s5833ms gm; R || ||E] LocalVariables ﬁ CPLU Fegister '? W atchl /7
CUES [EACTES | 4 || 7 x
[2] 1 ﬁ3 @ chz [ cha: (& cha: || tEoF A
q_tmp [none] [hone] [none]
GUImLes ¥y 255 ¥y 255 ¥ Mgy 255
& ers: [ che & chr: (& cha: B <
¢ | % ||, ¥ariable ¥alue Changing Chart A Execution Time{Percentage) Chart > |\ Al fcod. (tRaL {fPr. A BULL 4 fDe. [ ¥
] 2 =] ™ [es & 2] g [es ] Fn Fiz

1. Click the Displays Analysis Chart panel icon on the top left of the screen.

2. A blank graph appears. Click the Reflect button above the graph.

3. Confirm that g_tmp has been added below the graph.
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In the project tree, double-click Program Analyzer (Analyze Tool).

@ Tutorial-1 - RL78 E1(Serial) - CubeSuite+ - [Property]
File Edit W¥iew Project Build Debug Tool ‘Window Help

@ ostart |[BHE S X By @0 OB & v Z G @ Defadtbuld rd@EhM @®E"s=6= [
FEEEE 2PABAS
Project Tree ax Froperty ?j Dizaszsemble] j 1_sadesigner_req.c j’ I_main.c j r_cg adc L ¥ p 3 |Watchl ax
% D 3 [# ;_.!\? Analysiz Chart Property E] [+ & @ 5d Cﬂ ¢ | Motation~ ;
= :_ﬁTutorial—l {Project)* S| Eene!al ) ) AN watcn Value Type!
€ RSF10ELE (Microcantralle| || Analvsis method Fiealtime sampling @ o tup 170 (0x002a) unsig
Code G tor (D ’
A\ CE?ZK;:e:'IDdrT( e|S|gn Auto adjustrent None
(Build Tool) Time per gric|Tims/Div] 500ms
Specify foreground color and background color Na
Cursar-4 colar [] PalelGreen
E1 Build tool generated f Cursor-B colar [ PaleTurquoize
57 startup Zoom-1 calor [ &4.255.10.79
[]} Code Generator Zoom-2 colar [ G491, 228,22
‘ﬂ _sadesigner_req.c Zoom-3 calor [] B4.5.109, 239
=T e Zoom-4 color [ k4,255 94,208
U r_sadesigrer.h N
L - = Trigger
.J r_sadesigner_reg.h Use trigger function No
E Channel 1 =
Yariable/address 1 g_tmp
Walue per gridlVal/Div] 1 500
[u] -2000
| oo o e
E Channel 2 < | >
Wariable/dddress 2
E| LocalVariables CPU Register
Type/Size 2 Auta ‘] # 2 |':|W'—atch1’_
Yalue per gid[V¥al/Div] 2 255 Cutput a x
Offset 2 1] [E0F] A
Color 2 [ 192,91, 228, 22 y
El Channel 3 s
Dffset 1
Specify the offset for the variable value. The offset is added to the variable value in drawing chart.
-
< | » |\ Variable ¥alue Changing / ~ |\ Al.. {Cod. [*Ra. [*pr.. [*Bu.. [*De.. /%
1 e 3 & 1 g H 3 i 1] i

[m]BRERK [Doxonzen | EoRITEESerisl) | (40792 5

Variable Value Changing tab > General >  Auto adjustment: None
Time per grid[Time/Div]: 500ms
Channel 1 > Value per grid[Val/Div] 1: 500
Offset 1: -2000

R20AN0258EJ0100 Rev.1.00 Page 60 of 73
Mar 31, 2014 RENESAS



Smart Analog Smart Analog Development Tutorial for TSA-IC500

When you have finished the above settings, click the icon enclosed by the red frame in the figure below to run the
program again.

® Tutorial-1 - RL78 E1j{Serial) - CubeSuite+ - [Analysis Chart]

File Edit %iew Project Buid Debug Tool Window Help
& st | [ ; ¥ OB |0 | G S A - ; i G Defauleuid - ; Oy "My
ST OPIQAS
Project Tree rx :f 1_zadesigner_reg.c :f _main.c :f r_cg_adc_user.c| L’\? Analysiz Chart 54 x | Walchl
2 ©3\@ @ eI
= _ﬁ Tutorial-1 {(Project)* i o . Pefiect Wat.ch Valus Type!
iERSFIDELE {Microcontrolle Analysis method. 4" Sampling 2 Zoor v og_tup 435 Wx0lb3) unsigl
‘TJ Code Generator (Design 7| || Trigger: [To use the tigger function, configure the properties of tigger settings o Cursor: [Setting: [C] ke
4, CATBEOR (Build Tool)
S50 RL7E E1(Serial) (Debug T * s Time)
“Liragram Anakyzer (Analy: L o = i awis (Value)
=1 leﬂE \ J l J \ Target Curzor-|
ﬂ Build tool generated F Tirne: -
.rs_ﬁ Startup chl
ch
|_-ﬂ| Code Generator ch3
‘ﬂ r_sadesigner_reg.c ché
u r_sadesigner.h I \ \ ] Dng
u r_sadesigner_reg.h - J Eh?
IR
ch3.
IRRIRTERY AL | e
T chit:
Ty U | s
chl3:
VS chld: -
chlf: - < | k3
eh18: ) A] Local Varisbles ﬁ CPLU Fegister |’:| Watch] /7
¥ TIME 00t S00ms 43:054ms Dutpt o x
4 ¥ [tromy ~
A chi A chz Acha: A ehe: )
a_tmp [none) [more] [nome] =
W "yt 500 TV 255 TV 255 ¥ 255
JAohE ok SAohT: Aochin - ]
3 | 3 i Execution Time{Percentage) Chart / > |\ Al 4 Cod. A *Ra. 4 P f*Bu.. [*De.. /¥
1 e 3 & L] ) ” 3 i n e
E]RUN [:) Running @ERL7E E1(Serialy @ Measuring

On the Analysis Chart tab, take an action such as holding your hand above the sensor or moving the sensor to a light
source such as a fluorescent light, and confirm that the sensor operation is displayed in graph form.

The program is now created.

Stop the program.
Click the button enclosed by the red frame in the figure below.

@ Tutorial-1 - RL78 E1{Serial) - CubeSuite+ - [Analysis Chart]
File Edit “ew Project Build Debug Tool Window Help

@ oot [[BE X By @0 5B & - 2 &g G oefauteuid -
FERER PRI
Praject Tree X j 1_sadezigner_reg.c j 1_mair.c: j 1_co_adc_user.cl L,.E,]Analysis Chart 5 4 x
} 08 @& E1ES
= N ;
= |75 Tutorial-1 {Projecty* . Valus Type!
i : %] i Sampl Reflect :
B RSFLOELE (Micracantralle| || Anabvsis methad:  u? Sampling S i Zaor; ry b {0x01b3) unsig

J Code Generator (Design 7| || Trigger: (To uge the trigger function. configure the properties of tigger settings o... Cursor: [Setting: [CHi] ke...
A, CATBKOR (Build Toal)

i erial) (Debug T # awiz [Time]
?;L?gs S J-) e g:-‘ L o o ' awiz [Value]
[ le Target Cursor-+
- ':mBuwld tool generated f } \ IJ ll IJ \ Tlifje: -
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Terminate the debug tool to finish debugging.

Click the icon enclosed by the red frame in the figure below.

@ Tutorial-1 - RL78 E1{Serial) - CubeSuite+ - [r_main.c]
File Edit “ew Project Build Debug Tool Window Help

@ oot | [JEH G X G @0 5B & v 100% v f GF Defaultbuid x| &
FELEE 088 QI AR WONCEC R WE=N ek
Praject Tree I x ; : Tl : = o lsatarek o w
- I j’ 1_zadesigner_reg.c j’ I_main.c j’ 1_cg_adc usercl | pe! Analsis Chart 4 Disconnects from the debug tool and stops/d o, (Shift-+F5) |
: @ 2@ B0 | o> Moy | Coumns v B & O X "N
= [ﬁ Tutorial-1 {Project)* 4 ||l Line| | 313 Address @ F w| | Watch Type |
5& RSF10ELE {Micracantr SE eXtern const smartanaleog t gp smartanalog dati— v g tup uns1ig
Code Generatar (Desi 59 /* End user code. Do not edit comment generat:
,g‘ CATEKOR, (Build Taol) &0 void R_MAIN UserInit (void):
- i &1 ) e R R R KK KRR R R R R R R K W R R K AR R AR R
25! L7 E1{Serial) (Debu - . . .
B sl 5 62 Function Name: main
= .n:ugram nakyzer (An 63 # Description : This functicn implements main
=) j!' File a4 * Arguments : None
f-_ﬂ Buid tool generat: 65 * Return Value : None
rs'?<.qh=rh|n AR o e R R e e S e e o o e o R e o R R e e o e e o R o R e o Ry

Save the project and terminate CubeSuite+.

D Tutorial-1 - RL78 E1{Serial) - CubeSuite+ - [Project Tree]

File Edit Wiew |Project | Build Debug Tool Window Help
@ Start [; Lﬁ Create New Project, .. - @ @ DefaulBuild = | &
3 2 5 |8 openroect. BN ®® G " s=c2%
Favarite Projects P N - =
; j’ 1_cg_adc_user.cl L-ﬂ? Analysiz Chart 5 4 x |wiatchl o 2
add s B @ | % ] X | notation-
iy a | | Warch Value Typel
34 n const smartana]_og_t gp_sm.a:ccanalog_dac:‘ = v g tmp 171 {(0x00ab) unsigl
JCnde * d user code. Do not edit comment generat:
“ Ca7E Lg Clase Project R_MATN UserInit (void):
: R R KRR R KRR R R R R R R R KRR R R R R R R R R R R KR
% RL =% Save Project Chrl+5hift+5 ion Name: main
j Fro h iption : This function implements main
= File ¢ bments : Hone
ﬂ Bu hrn Value : None
:’gﬁ Sk Rk A AR AR AR AT IR AA AR RN A A AR A AR AR R R R AN F
) [_'D ¢ Ej Save Project and Develapment Tools as Package. .. hain (woid)
el . M es =F;]

Remark: When CubeSuite+ is started the next time and this project is loaded, the above settings are automatically
restored.
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On the File menu, click EXit to terminate CubeSuite+.

@ Tutorial-1 - RL78 E1{Serial) - CubeSuite+ - [Project Tree]

File | Edit View Project Build Debug Tool Window Help

Mew V| O | SR8 & - o G DefaultBuid RN
[ open... ko q = @ j‘ Lo .é. |® ._[}/‘. My | g= = 2= |
Open with Encading. .. = R = R = R =
2 e ﬁ' 1_zadesigner_req.c ﬁr_maln.c: ﬁl_cg_adc_user.c! L,-'\?Analyms Chart s 4 x |Watchl ax
Add L i] f‘)j oo e Columns < @ @ e L]l‘ X | Makation >
[_g Close Project e EE Address @@‘ A | Vatch Talus Type!
. ] . o tmp 171 (Ox00ab) unsigl
G Closer—maln'c =] E}'****ki***k****k****kiz***k****kt**tk*********: -
[ saveProject  Ct+shiftes  F * File Name i r main.c
- . r * Wersion : CodeGenerator for RL7B/G1AR Vi
Wegy oave Project As... B * Device(s) : RSF10ELE
u:i ] * Tool-Chain : CRTSEOR
L P # Description : This file implements main fw
5 L * Creation Date: 11/28/2013
IE““ 2 R AR A A AR RN A AR A AR A AR AN AT AR AT A AR AR R RN A AR TR
B
@ Save Al Ctrl+Shift+4 Y SRR e R R L e L T
_,] B Pragma directive b
5 e e R e e
= n /* Start user code for pragma. Do not edit cor
3 B nd user code. Do not edit comment generatt
A B /* End di I di
=]
RecentFiles » ] E}'****ki***k****k****kiz***k****kt**tk*********:
. L Includes
Recent Projects L4 e e o e o okl o R o e
$include "r cg_macrodriver.h"
#include "r_: b 4 | >
Fimalmda Te co omees R = IVERNTE F P

Terminate SA-Designer.

iR Renesas.Register.RAA 730500, Sensor-0.11_26,_ 2013.ini - SA-Designer,

S

File | View  Generate Tool Help
: Mew... Chrl+h Eoch B &R @ B RAATS0500 (Smart Analog ICS00)
EE Open. .. Chrl+C .
0500.8ensor-0.11_26_2013.ini - Circuit Diagram [RAAT730500 (§

e save Ctrk+s

Save fs, .

1 Cg-:ﬁmlt Separate settin W |
Recent Files p [ureble Amplifiers gurs | °5p J
C\, Gain
! 2ol r— !
Properties DACT_OUTVREFIN1

OFF (% | 8 AP oUT

MPXING == __ Amplifier Ch3 e
or k wmExNSE—O 5

Gainj

[Zloses Sa-Desian g oN OFF Ds
O
[=9
I —
( ’M’BL' GAINAMP_Il—C
Evs —_—

On the File menu, click EXit to terminate SA-Designer.

You are asked whether to save the AFE register file used here. Save the file, as necessary.

Keep the evaluation board, the E1 emulator, and the computer connected because they will be used to write the program
to the microcontroller in the next step.
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717 Writing the program to the microcontroller

Write the program to the RL78/G1A. Start the programming tool from the Start menu.

All Programs > Renesas Electronics Utilities > Programming Tools > Renesas Flash Programmer Vx.xx

Welcome!

l (%) Create new workspace.

(%) Basic mode (3 Ful mode

() Open latest workspace.

|E:\Documents and Settings\toolgi\Local Settings\Application Data\Renesas Flash Frogra

() Open workspace.

l Mext ' Cancel

In the Welcome dialog box, select Create new workspace, Basic mode, and then click Next.

Create new workspace

3

wiorkzpace Mame:

Project Mame:

Falder:

Microcontroller: | RL7E w |
Eilter: [G1a |
Using T arget Micracontroler:

Group Device Name Infarmmatiar o
RL78/G14 REFI1CEBC

RL78/G14 RSF10ERD

RL78/G14 REF10ERE

RL78/G14 REF10EGA

RL7E/G14 RSFICEGC

RL78/G14 RSFI0EGD

RL78/G14 REF10EGE

RL78/G14 REF1CELC

|C:\Documents and SettingshLocal Settings\application 0 at | Browse...

On the Create new workspace screen, select RL78/G1A - RSF10ELE under Group and Device Name, type any
workspace name, and then click Next.

(The workspace name is automatically inserted to the Project Name box.)
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Communication Interface [g|
Tool v
%\’L Interface:
=% i '
~
-
- /

l MNest LCancel

Confirm that Tool is set to "E1", and then click Next.

)

Frequency

Target Device Connection

Interface: UaRT-chD

Interface Speed:

Supply Ozcillator

Frequency: | | MHz

Fultiply rate: | |

Use the interface speed selected by default as is. Click Next.

Power Supply E|

Power supply from the emulator

[] Power target fram the emulatar.

Additional Settings

Click Next.
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Project Settings le

Basic Settings | Other Settings

Bl Device Information File

E Target

E Using Tool

Device Information File

Click Complete.

£= Renesas Flash Programmer (Supported Yersion)

File  Tool  Microcontroller  Help

Microcontroller: |REF10ELE |

User/Data area: |
| |

Command: |Autoprocedure(EP) |

Start

’ Clear Output Panel ]

Click the Browse button and specify Fi lename . hex from the project files created in the above procedure.
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£= Renesas Flash Programmer, (Supported Yersion) |:||:[g|

File  Tool  Microcontroller  Help

Microcortroller: |REF10ELE |

User/Data area; |Tutoria|—1.he>< | ’ Browse...
| |
Command: |Autoprooedure(EP) |
Start
) > 4

Clear Dutput Panel

Click Start. Programming then starts.

&= Renesas Flash Programmer (Supported Yersion)

Fle  Tool  Microcontroller  Help

Microcontroller: |REF10ELE |

Lser/Data area; |Tutoria|-1.he>< H Browse. ..

Command: |Autoprooedure(EP) |

Start

0%

0%

50%

B0%

Tox

B0%

90%

100

PASS

Autoprocedurs(E P PASS

------ End[Autoprocedure(E )] -
==========[Dizconnect] ==========

|

Clear Output Panel ]

When PASS is displayed, the program has been written successfully.
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&- Renesas Flash Programmer (Supported Version)

File | Tool  Microcontroller  Help

_] Create a new workspace

Lﬁ Open a workspace LE |
Exit hex | I Browse...

|

Command: |Autoprooedure(EP) |

Start

200 -~
A B
A0

B0

Bz

T

a0

90

100%

F455

Autoprocedurs(E.P) PASS

------ EndiAutoprocedure(E P -

========== [Disoonnect] ==========

W

’ Clear Output Panel ]

On the File menu, click EXit to terminate the Renesas Flash Programmer.

The program is now written.

Disconnect the cables between the computer and E1 emulator, and between the E1 emulator and evaluation board
TSA-IC 500.

Do not disconnect the cable between the computer and evaluation board TSA-IC 500 because it is used to supply power
to the evaluation board.

The program creation by using SA-Designer and CubeSuite+ is now complete.

Finally, check the operation.
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8. Checking the operation on a real machine

Check the operation on a real machine.

Press the RESET (SW2) switch on the evaluation board to reset the IC on the evaluation board.

Actual system

Hold your hand above the sensor (seen on the near side in the above figure) to confirm that indication of the LEDs
changes according to the luminance around the sensor.

The Smart Analog system has now been developed.

If you still have time to go further, try the following:

o Tune the sensitivity of the sensor by changing the gain setting in Renesas VA.
e Increase the number of LEDs.

e Light LEDs in different ways.

If your system do not work properly
If your system does not work properly, review the following:
e Read section 7 and confirm that the settings and program code are correct.

e  Check that the evaluation board, sensor board, and LED board are connected correctly.
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9. Supplement

This application note describes how to simulate the sensor operation, how to develop a program for microcontroller
operation, and how to verify the operation on a real machine, for those who use Smart Analog for the first time.

Based on the knowledge presented in this application note, we recommend you to try controlling other types of sensor
and using Smart Analog internal features (such as filtering and synchronous detector).

Smart Analog products offer additional useful features. Three representative examples are provided below.

9.1 Multi-sensor control
A Smart Analog IC incorporates multiplexers with six channels, each of which has a differential pair on its input stage.

By using a multiplexer and the configurability (that enables changing the amplifier usage among inverting,
non-inverting, differential, and transimpedance dynamically) of the built-in amplifier, you can use multi-sensor control
that allows you to control multiple sensors with different control method at the same time.

———> m
Smart Analog

onfigurable
AFE
|:I'\ N MCU
7 //
Sensor 3 ————> AFE3» .— Sensor 3
= b/ —
Conventional system System that runs Smart Analog
Temperature sensor% Smart Analog
C onfigurable
Humidity sensor d AFE
P MCU
Dirt sensor @

Odor sensor g —

Example of multi-sensor control using Smart Analog
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9.2 Low power operation achieved by intermittent operation

In a Smart Analog IC, the incorporated analog circuit blocks can be turned on and off individually.

By using this feature, you can control an analog circuit block so that it is turned on when it is sensing, and off when it is
not sensing, which reduces the power consumption.

f Smart Analog % Smart Analog % Smart Analog

O ) &)
AFE MCU AFE MCU AFE MCU

@ @ @

. e
Sensina Set AFE & MCU to sleep mode. Sensina

F )

mA 4 Set AFE & MCU to sleep mode. Wake up AFE & MCU

) Y Overview of power consumption /

>

Example of low-power operation using Smart Analog
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9.3 Auto calibration control

In Smart Analog ICs, you can change the parameters such as the gain and offset voltage for internal analog circuits
dynamically.

By using this feature, a sensitivity drop caused by dirt or long-term sensor drift can automatically be corrected.

Sensor Sensor output
AFE
output Output AFE output (tuned)
New
product Analog /\j MCU L-.F. == J.
front-end i S
(AFE) | ]
AFE output (not tuned) <
|
1 1
1
A ontrols the AFE output so I Sensor output
that it is kept within a range I ]
TN with which the sensor can . : >
always operate normally. New Number of years
Change over Adjusts the gain according
time to the sensor status.

Example of auto calibration control using Smart Analog

In addition to the above features, you can use many other features.

Try your new idea with Smart Analog.
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Website and Support

Renesas Electronics Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/contact/

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that
have been issued for the products.

1.

Handling of Unused Pins

Handle unused pins in accordance with the directions given under Handling of Unused Pins in the

manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of 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.

Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the 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.

Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not
access these addresses; the correct operation of LSl is not guaranteed if they are accessed.

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.

— 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.

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.

— 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

the incorporation of these circuits, software, and information in the design of your equipment. Renesas ics assumes no

ictor products and You are fully responsible for

use of these circuits, software, or information.

others.

third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

the product's quality grade, as indicated below.

equipment; and industrial robots etc.

use of Renesas Electronics products beyond such specified ranges.

please evaluate the safety of the final products or systems manufactured by you.

no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

regulations and follow the procedures required by such laws and regulations.

products.
1

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

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

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or

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

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic

"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 specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage

range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the

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 degradation or any other appropriate measures.

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

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

10. Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the

contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics

. 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 contained in this document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) "Renesas El " as used in this means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

for any losses incurred by you or third parties arising from the

Because the evaluation of microcomputer software alone is very difficult,
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