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Introduction

This application note describes how to evaluate a sensor by using Smart Analog Easy Starter and Smart Analog I1C 500 or
300.

Target Device
Smart Analog IC 500 (RAA730500) and Smart Analog |C 300 (RAA730300)
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Smart Analog Evaluating Sensors By Using Smart Analog Easy Starter (Ver. 2.0)

1. Overview

1.1 General

Smart Analog Easy Starter is dedicated, intuitive Smart Analog GUI software that speeds up eval uation of sensors and
sensor modules that use Smart Analog ICs. Smart Analog Easy Starter ("Easy Starter") lets you specify all the Smart
Analog circuit parameters on the computer screen, making it easy to reconfigure circuits and adjust characteristics.

This application note describes the procedure used to evaluate a sensor by using Smart Analog Easy Starter, using Smart
Analog | C 500/300 as an example.

The procedure described in this application note is summarized below.

First, the analog circuit configuration best suited to the sensor to be used is selected from the Smart Analog |C 500/300
configurable amplifier configurations. (For how to select the amplifier configuration, see 1.3 Related Application Notes.)
The Smart Analog I C analog circuit parameters are then specified by using Easy Starter. The parameters are specified
referring to the sensor's datasheet and application examples. The signals output from the sensor are amplified by the Smart
Analog IC, A/D converted by the A/D converter incorporated in the MCU, and displayed on a graph on the Easy Starter
GUI. The waveforms on Easy Starter are checked, parameters such as the gain and offset voltage are adjusted, and then
the parameters best suit the sensor (or sensor modul€) to be evaluated are set. Any noise elementsin the signalsinput from
the sensor can be rejected by using the switched capacitor low-pass and high-pass filtersin Smart Analog | C 500/300.

1.2 Conditions Under Which Operation Has Been Verified
The operation of the sample code shown in this application note has been verified under the conditions shown below.

Table 1-1 Conditions Under Which Operation Has Been Verified

Parameter Description
Devices used RAA730500 + RL78/G1A and
RAA730300 + RL78/G1A
Evaluation boards used TSA-IC500 and TSA-IC300
External devices used S6036 made by Hamamatsu Photonics K.K.
Software Smart Analog Easy Starter Ver. 2.0

1.3 Related Application Notes
Also refer to these documents when using this application note.

e Smart Analog IC 500 Selecting Amplifiers Based on Sensor Type (RO2ANOOO8E) Application Note
Smart Analog IC 300 Selecting Amplifiers Based on Sensor Type (RO2ANO016E) Application Note
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Smart Analog Evaluating Sensors By Using Smart Analog Easy Starter (Ver. 2.0)

2. Hardware

21 Hardware Configuration Example

Figure 2-1 shows an example of the hardware configuration described in this application note. When eval uating a sensor
by using Easy Starter, a sensor board, evaluation board, computer, and USB cable are required. Power can be supplied to
the evaluation board either viathe USB bus or from an external power supply. Sensor output signals are very small, so if
noise from the USB power supply might affect the measurement results, we recommend using a stabilized external power
supply.

When using the USB power supply, the sensor board simply has to be connected to the evaluation board, whichisin turn
connected to the computer viaa USB cable. This completes the hardware setup.

Figure 2-1 Hardware Configuration Example
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2.2 Function Block

Figure 2-2 shows the function block used for SPI communication and Figure 2-3 showsthe function block used for UART
communication between the control MCU and the computer. The signal output from the sensor is converted and amplified

by a configurable amplifier in Smart Analog |C 500/300 and A/D converted by the A/D converter incorporated in the
RL78/G1A.

The A/D converted datais sent to the computer viathe USB controller or the USB adapter IC on the board. Easy Starter
receives and displays the datain the form of graphs or tables.

Smart Analog IC 500
or
Smart Analog IC 300

RL78/G1A Computer
Sensor Amplified and AD-converted
output signal i converted signal SPI UsB
Sensor »  Configurable » AD e o g > USB » USB [ GuUI
amplifier controller

Figure 2-2 Function Block When Using SPI Communication

Smart Analog IC 500
or
Smart Analog IC 300 RL78/G1A Computer
Sensor Amplified and A/D-converted
Sensor [PUSrel | Configurable [comeredSorngl oy | vave | yapy [P, USB UsEl g | ] gy
amplifier adapter IC
Figure 2-3 Function Block When Using UART Communication
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3. Software

How to evaluate the sensor by using Easy Starter is described below. For how to install the driver and how to use Easy
Starter in detail, see the help file.

3.1 Launching Smart Analog Easy Starter
After you finish hardware setup, double-click st ar t . exe in the folder in which Easy Starter was extracted to launch

Easy Starter.

T

[start g k

Figure 3-1 Smart Analog Easy Starter Icon

When Easy Starter is launched, the Start window opens.

= Start — Smart Analoe Easy Starter -oi=|

Eil=  Help

Register

Target Beard
ROK003801D000BR (RL78/G13 + Smart Analog IC501) j

Serial Part: not detected

[RAA730501]

MCuU : RL78/G13 (RSF100LEAFB)

Analog : IC501 (RAA730501Z)

Board : IC501 + RL78/G13 (ROKO03801D000BR)
ApplicationName  : IC501(RAA730501)

Figure 3-2 Start Window

3.2 Opening Main Window and Chip Config Window

The parameters of the analog circuits can be configured and changed in the Chip Config window. The first step to using
Easy Starter isto open this Chip Config window, the procedure for which is described below.

When the Start window is opened with the hardware connected, detection of the virtual serial port on the evaluation board
starts. Check that that " Serial Ports: COMxxSelected" N appears at the bottom of the window. Select "Default" for
Register and select the target board. Click the Select button to open Main Window.

Note: xxin COMxx depends on your environment. The Select button is not available if a seria port has not been

detected correctly.
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EStart — Smart Analog Easy Starter

File  Help

Register

=10 =]

Select "Default" when
Easy Starter islaunched
for the first time.

Default

W

I

ROK0278010000BR (RL78/G1A + Smart Analeg IC500)

— Select the board you are

using.

[RAA730500]
MCU : RL78/G1A (RSF10ELEAFB)

Analog  : ICS00 (RAA730500)
H Board : IC500 + RL78/G1A (ROK027801D000BR)
xXin COMXX ApplicationName  : ICS00{RAA730500)
dependS on Register values and amplifier configuration is initialized.|
your
environment.

SerialPorts: COMdSelected

ﬁ

—

Click the Select button after
you have specified the target
board.

A

Figure 3-3 Start Window

Note: When the Select button is clicked, the dialog box below is displayed. Click OK to initialize the register

configuration file.

Trying to initialize saved registerz file.

ot i

x|

Figure 3-4

Initialization Confirmation Message

To open the Chip Config window, click the Chip Config button in the Smart Analog area.

=101

Main Window — Smart Analog Easy Starter

[ A/D Conversion Gontral

—Smart Analog

Pin Name ‘ ADG Ch, ADC transfer | Graph Chip Config

AN r r Register List
AMP2.OUT ANI2 ] I
AMP3.OUT ANIE [mi - Register set
AMPA_OUT ANITE [ - Xl
CANAYP.OUT A r r —ADC Conversion Result
LPF_OUT ANIG - [nl
HREOUT |AND7 [N} r List |
TEMP_OUT ANIT? (=] =

Graph

—CPU Low consumption mode

—Smart Analog ————
Chip Config [

Reqgister List

Register set
Export

Gyclelms) w = jJ j [~ €PU On/Off Operation
Clock Select

Gaunt | C—— » § ¥y -

(Continueus) J High-speed on-chip oscillatc

Click the Chip Config
button.

.

Figure 3-5 Main Window
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The Chip Config window for the selected target board opens. In the Chip Config window, configure the parameters for

the analog circuit.

[ Ghip Gonfie - Smart Analoe Easy Starter -0 ll
() Zoomin (=) ZoomOut (), Reset
. " Clrouit .
Configurable Amplifiers  Configure [Separate setting -
3 Gain |20d8 K4
i}'Amp\lﬁer Ch1 %@_- DAC1_OUT/VREFIN1
VPXINOB-® 3 oy OFF &/ AMP1_OUT
MPXINTT @O § 1
£ Circuit Configure Iﬂ .
= |Custom = MPXINSD -—.jb‘,qmpﬁﬁsr ChS%n SC_N H=—8 Filters
MPXINZO g ; ain VPXINSI B0 3 on oFe Synchronous Filter Selection
MPXINZ1 O £ = L— 0% Detection Amplifier LPF->HPF =
5 /8dE £ LPF cutoff - il
- CUl reguenc
= Cllcm[Conf»gure GAINAMP_IN = ON '_J OFF arF : i O HPF_OUT
w L Custnm
§ \? A Gan |6dB ~ HPF cuttoff frequency
- Q, MPXINGT Il—O % Gain Reference QFF -
Amplifier Ch2zah ¢ [acE AMP3_OUT Reference
MPXINGD R 5 L o=
.: ON OFF s O__._. DAC”! OUT
MPXINGT @O & EEE—
£ Circuit Configure GAINAMP_OUT
g |Custam = 128 DACH .R&E:Edﬂay'r
MPXINAC il - 251 )
2 Gain
MPXINGT O £ m A g oor oN
5
=z O——{l DACZ_OUTIVREFINZ
AMP operation made IHigh*smEd mode T
DAC Reference Variable
voltage Qutput Voltage i}(3eneral
" egulator Tergperalure Operational
ensor mplifier
AVDD —J e AMPA_IN_NE @l—O
Y O—8 LDo_ouT _J Ol TEMP_OUT o Ol AMP4_OUT
Lawer limit N OFF AMP4_IN_PO l—O ON J OFF
Output coF Y
AGND Vollage |3.3Y ¥
2
Figure 3-6 Chip Config Window When Using Smart Analog IC 500
Chip Config - Smart Analog Easy Starter =10 x|
View &) Zoomlh (5, ZoomOut O, Reset
Circuit Jﬁ
i Confgure| Separate setting -
Configurable Amplifiers e
> Amplifier Ch15y
MPXIN1O B fo' B/ swP1_ouT
wmPxm B0 8
£ Circuit Configura
3 [Gustom - upxinso B P Amplifier Ch3S™ cc nm—e= Filters
MPXINZ0 He— g Gain MPxiNG1 B0 3 - O
wexiNzi O £ | —— ;llf,’m,,lLPF =
£ [iE - E o
= O = Girout Gonfigure < Wamvpsiour 0000000 5 preutofitequency O LPF_OUT
OFF -
3 l R, ;R Custom = O O— HPF_oUT
= 3—/ o PXiNG M —, HPF cutoff frequency
\T ! orF = wPxinGI B—O § 52 25 -
Z |6dE =
- p mpl\f“er ch23s, O 1 Input Mode
WPXINz0 el 3 ———————————0 2 [RaiFtorail =]
wexING1 B0 §
2 Circuit Configure Refarance
DAC3 OL
3 [Custom - [z = oAy RAERY
WPxINGG e 2 = 128 156 V] Goneral 2
g
pxina1 O £ Am Ilfer Ch2
BEX I [fE O———+18 aump2_ouT P
2 —J OFF
156 ) anps_nn B0 o G+ awps_our|
EDACQ ——ll DACZ_OUT/VREFIN2 AMPS_INE
OFF I—O
4 ouT
128 =] DACYs 8 PRkl
DAC F\;?ference \ 1M
voltage ! oFF
g Ou Euglu\lfé)tlé?ge £ General .S
Cppeilnly Temperature OReraﬂonal
VDD —J o Sensor mplifier
Lower limit ) Ol Loo_out o—m RUANELS O—M amP: OUT
— TEMP_OUT — L
AGHD Folbae [T = ) J oFF = Amp4N_Po B0 ) J oFF
.

Figure 3-7

Chip Config Window When Using Smart Analog IC 300
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Smart Analog Evaluating Sensors By Using Smart Analog Easy Starter (Ver. 2.0)

3.3 Configuring Parameters for the Analog Circuit

This section describes how to configure the parameters for the analog circuit in the Chip Config window. In the example
below, a photodiode is used as the sensor to be evaluated. When connecting the photodiode, select the transimpedance
amplifier configuration. A transimpedance amplifier consists of a single configurable amplifier channel and asingle D/A
converter channel. If you are evaluating another type of sensor, see 1.3 Related Application Notes for how to select the
amplifier configuration.

The following sections respectively describe casesin which Smart Analog 1C 500 and Smart Analog |C 300 are used.

3.3.1 Example setting when using Smart Analog IC 500

This section describes an example setting when using Smart Analog | C 500. The example shown in this section uses
configurable amplifier Chl and D/A converter Chl. Connect the sensor output pin to the MPXIN10 pin.

(1) Select "transimpedance amplifier" as the amplifier configuration.

Click the Circuit Configure combo box under Amplifier Chl and select " Transimpedance”.

Select the
configuration.

Click
"Transimpedance”.

-

P> Amplifier Ch1od— mosci c

I on OFF O- | AMP1_C
8 | Bttt

Circuit Configure

MPXINSGD
MPXING1

‘ MPXINGD

Figure 3-8 Specifying the Amplifier Configuration

When "Transimpedance” is selected as the amplifier configuration, the display of the Amplifier Ch1 block changes as
shown in Figure 3-9. Only the pins that must be set when using a transimpedance amplifier (MPXIN10 and MPXIN11)
are displayed; the pins that are not required (MPXIN20 and MPXIN21) disappear. The ON/OFF trackbar control and
Gain combo box for Amplifier Chl and the output voltage setting control for D/A converter Chl are also displayed.
When these settings are changed, they not only change on the Easy Starter screen; they also change the configuration of
the Smart Analog IC 500 circuits.

Only the pins that must be set for
atransimpedance amplifier are
displayed.

ON/OFF trackbar
control

AMP1_OUT

MPXINGD H:B}A.n
MPXINSTI—O & op
——1 Gain combo box

Output voltage
setting control for
D/A converter Chl

Circ

o

g \é ‘ RARY IRIA i —

Figure 3-9 Screen After Transimpedance Amplifier Is Selected
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(2) Specify the amplifier reference voltage.

Specify the amplifier reference voltage based on the sensor's datasheet and application examples. This setting determines

the reverse bias voltage of the photodiode. In this example, the D/A converter output voltageis set to 0.

= Amplifier Ch1 580
MPXINIO = T oy '_J OFF O
MEXINTT [l—O o o

E Circuit Configure

T ransimpedancig

Gain

IQOKDhm 'I
I?”S =] DACH

251

eI ¥ Amplifier Chh%.o._.
B=®: on — | offF o—y

MPXINT1 [B—O . \J
Circuit Configure

ITr“ar‘simp:edancz 'I W

Inverte:

Gain W

eferanca

R

] oAt IQOKOhm 'I
000 SetOV.
b

Figure 3-10 Specifying the Configurable Amplifier Reference Voltage

s
3/0—— Refaranca
— |

0oMS
o5

L

(3) Specify the amplifier gain“.

Because the sensor's output current is not yet known, theinitial setting is the minimum specifiable gain value, which is 20
kQ.

Note: When using a transimpedance amplifier, the gain indicates the feedback resistance.

B Amplifier Ch1S0 mon
MPXNIUEE®F on —(| oFF O =
MPXINT1 O &

Thisisthe minimum
value of 20 kQ.

Circuit Co.nﬁg.; ure
ITrar‘:simpedanc:E v| P
MPX

¢ Gain /
2 |20KOhm v.
lﬁ DAGCT milly™s I
0,00 1 |_

Figure 3-11 Specifying the Configurable Amplifier Gain

i
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Smart Analog Evaluating Sensors By Using Smart Analog Easy Starter (Ver. 2.0)

(4) Set Amplifier Chlto "ON".
After specifying the configurable amplifier configuration, reference voltage, and gain, set Amplifier Chlto "ON".

b_ — Gair
plifier Ch 1z DAC1_OUTVREFINT
MPXINIOE=® ¢ o) —J OFF B AMP1_OUT
MPXINTT [@—O 8 _ v —

c [
Transimpedy: m Set to "ON".
§ Gan MPXING l—O)
= i~
§ [20KOhm x © E

[ = At —e & .

000 ’- Circui
’ P 1 |qu1

LONngurame Ampiners Lonngure USRS o

e L < ——p——

MPXIN0 [ 3 ow J_ OFF (el AMP1_OUT
MPHINT 1 E Cimuitcdnﬁéure ~
ITrar‘sim;:edancE 'l R The AM Pl_OUT p|n is
[ . MPXING D
& Gain E eI Conna:taj
%IZOKOhm 'l E
0 ] DAC! meigy ————<C° Circui
000 v ’V I
Cust
g \$

Figure 3-12 Enabling Operation of the Configurable Amplifier

After setting Amplifier Chl to "ON", configurable amplifier Chl and D/A converter Chl start operating. If SWO01 isset to
"Short", the Amplifier Chl signal can be output from the AMP1_OUT pin.

After completing these settings, check whether the settings of configurable amplifier Chl are correct. Click the Zoom
icon on the right of the block title (Amplifier Ch1) to open the AM P1 Config window.

Sensor input pin: Gan o
Click the Zoom icon MPXIN10 pin ' SWO01, SW11, Sw12,
to Open the AM Pl AMP1 Confie — Smart Anulog Easy Starter and S\N13 ShOI’t

Config window.

mgurdame nrig

N

——O—C——1l AMP1_OUT

MPXIN1D
slifier Ch\ za: MR '_Ojg ; Lol
\J_ OFF ) OPEN j :
[> MPXINZO B—O——~ :
Lol

. ON
it Configure MPXINZ1 B—C
wimpedancs *I —4
OPEN i -
MPX2

2
Dhrn j‘r O W DAC1_OUT

DAC
|V ON /"’" D/A converter output voltage: 0V
SWOD O
Open 'IEJ

Amplifier Ch2

Figure 3-13 AMP1 Config Window

This completes configuring the configurable amplifier settings.
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(5) The variable output voltage regulator setting is specified as follows:

On this evaluation board, a variable output voltage regulator is used to generate the A/D converter reference voltage. To
enable the operation of this regulator, move the trackbar to "ON".

Variable Variable
OQutput Voltage Output Voltage
egulator egulator
LDO_OUT LDO_ouT
Vot [s3v =]
Set to "ON".
Figure 3-14 Setting the Variable Output Voltage Regulator
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3.3.2

Example setting when using Smart Analog IC 300

This section describes an example setting when using Smart Analog | C 300. In this example, configurable amplifier Chl
and D/A converter Ch5 are used and the sensor output pin is connected to the MPXIN10 pin.

(1) Select "transimpedance amplifier" as the amplifier configuration.

Click the Circuit Configure combo box under Amplifier Ch1 and select " Transimpedance”.

Select the
configuration.

Configurable Amplifiers
Amplifier Ch1Ss

\Zeom

MPXIN1O
mPxing 1 O

“Wf§;§;////

Circuit Configure

Custom b

MPXIN20
MPXINZ1 B0 § =

invgrted |

198 = DEC) %%HHW
156 [V]

SWOoo
—do—— Non

i OFF

7

-~

Click

"Transimpedance”.

10

MPXIN11

sexinz B0 £ Ynverting

LUnnyguiauie Amnpnne s

2> Amplifier ch1Sx

&
£ Clrcuit Configure

3 ]Custom VI

R\ Cliztom

|‘ an-irverting
N !

IEREREN
[Iiiacia L—

— DAC1
; 128 = .

f i OFF

= Amolifier cho™s

“

Figure 3-15 Specifying the Amplifier Configuration

When "Transimpedance” is selected as the amplifier configuration, the display of the Amplifier Ch1 block changes as
shown in Figure 3-16. Only the pins that must be set when using a transimpedance amplifier (MPXIN10 and MPXIN11)
are displayed; the pins that are not required (MPXIN20 and MPXIN21) disappear. The ON/OFF trackbar control and
Gain combo box for Amplifier Chl and the output voltage setting control for D/A converter Chb are also displayed.
When these settings are changed, they not only change on the Easy Starter screen; they also change the configuration of

the Smart Analog IC 300 circuits.

Only the pins that must be set
for atransimpedance amplifier
are displayed.

Output voltage
setting control for
D/A converter Chs

(=1
=1
=
w

> amplifier Ch2,

mexinan =9 =

lm pACt——EIRAGL AT

166 [v]

OFF

AmV

| a

ON/OFF trackbar
control

Gain combo box

Figure 3-16 Screen After Transimpedance Amplifier Is Selected
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(2) Specify the amplifier reference voltage.

Specify the amplifier reference voltage based on the sensor's datasheet and application examples. This setting determines
the reverse bias voltage of the photodiode. In this example, the D/A converter output voltageis set to 0.

Configurable Amplifiers

- amplifier Ch15y Configurable (A‘mpliﬁers
uPonio I TR = Amplifier Ch12

MPXIN1 1 O § MPXINTO B =@ & —J
g

mPxiNt 1 O & e

A SetoVv.

=

-
£ Gain

f: 20ROhm >
[128 =] DACS==®
128 166
gl — Dac,—l
£ =] RERRY

=

g L

M
o M T‘ — 1 o 157 M N
- pmplifier Ch25s 2= amplifier ch2 s,
wpxINGD le— < MPXIND g < —

Figure 3-17 Specifying the Configurable Amplifier Reference Voltage

Note: D/A converter Chl is not used in this example.

Note

(3) Specify the amplifier gain™".

Because the sensor's output current is not yet known, theinitial setting is the minimum specifiable gain value, which is 20
kQ.

Note: When using a transimpedance amplifier, the gain indicates the feedback resistance.

Configurable Amplifiers

> amplifier ch1S Thisisthe minimum value
MPXIN1O - 3 — Cr
MPxiNg1 O g urmcsncgjum oFF -y ()f 20 kQ
., | Transimpedance = [

=

B Gain
£ [20KOhm
®

g]
al! E 156
\T 1 oFF M

= amplifier ch2s
mexiNa == o —

Figure 3-18 Specifying the Configurable Amplifier Gain

(4) Set Amplifier Chlto "ON".
After specifying the configurable amplifier configuration, reference voltage, and gain, set Amplifier Ch1 to "ON".

Cireui Config

Config Configurable Amplifiers

Configurable Amplifiers

P > amplifier ch1Ss
—
:::::J?I—O [ erouT mpxin11 B0 E Circuit Gonfigure
MPXINS [Transimpedance +| MPXINS!
MPXINS % Gain MPXINS
mmﬁ;ﬂ. £ e & [aakohm ]
= ooy
g ‘L 1282;“?1 _.1%3%?991 MPXING 2 l.—; DACT— M DAL QUT
e MPXIMGI
5 bl Setto"ON". [ The AMP1_OUT pinis PN
MPXiNzD B S connected.
Figure 3-19 Enabling Operation of the Configurable Amplifier
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After setting Amplifier Chlto "ON", configurable amplifier Chl and D/A converter Ch5 start operating. If SWO01 isset to

"Short", the Amplifier Chl signal can be output from the AMP1_OUT pin.

After completing these settings, check whether the settings of configurable amplifier Chl are correct. Click the Zoom

icon on theright of the block title (Amplifier Ch1l) to open the AM P1 Config window.

Sensor input pin: SW01, SW10, SW11,
Click the Zoom icon MPXIN10 pin and SW12: Short
to Open the AM Pl S e smart Analog Easy Starter S—
Config window.
E AMP1_OUT
E Circult Configure e ON
8 ITransimpedanc:e -] mexinz1 0T [ I |
§ Gain open——] s SW13: Open
s [20K0mm -] s (G =D
L 000 VPAC® e
[ DACH —Hl AMP aperation
1an R’?{E ON / IHigh*speed made Vl
166 V]
O DACA B pact_out
D/A converter output voltage: 0 V R \? o Y orr
P age: | Amplifier Ch2
o

Figure 3-20 AMP1 Config Window
This completes configuring the configurable amplifier settings.

(5) The variable output voltage regulator setting is specified as follows:

On this evaluation board, a variable output voltage regulator is used to generate the A/D converter reference voltage. To

enable the operation of this regulator, move the trackbar to "ON".

Variable Variable
Output Voltage Output Voltage
egulator egulator

LDO_OUT
= A\
N e Gutpet,

LDO_OUT

Set to "ON".

Figure 3-21 Setting the Variable Output Voltage Regulator

RO2ANO0017EJO100 Rev.1.00

May 31, 2013 XENESAS

Page 14 of 31




Smart Analog Evaluating Sensors By Using Smart Analog Easy Starter (Ver. 2.0)

3.4 Displaying the Output Signal Waveforms

Next, optimize the analog circuit parameters by observing the output waveforms. How to specify the output signals and
display them on a graph is explained below.

(1) Specify the settingsin Main Window.

In Main Window, inthe A/D Conversion Control area, select the ADC transfer and Graph check boxes for
AMP1_OUT. Inthe ADC Conversion Result area, click the Graph button. The ADC Graph window opens. On the top
right of the window, the signals that are selected by using the corresponding Graph check boxes are indicated in red.

=1l
/D Conversion Contral P
Fin Name ‘ ADG Ch ADG transfer Chip Config -
A = Regiter List Click Graph.
AMPZOUT  |ANI T
AMPIOUT | ANE [l Register set
AMPAOUT  |ANIIG r Export
'- .
Ll ——— acorn o Thesgnals sdected by e
Select the ADC Graph check boxes are
transfer and Graph N indicated in red.
Check boxes for —CPU Low consumption Yhode
AMP1 OUT. I~ CPU On/off Operation
- Clock Select
e | T[] High-speed on-chip ascillatc =
Run Close

Figure 3-22 Specifying the Output Signal

Note: Adjust the maximum display value in accordance with the resolution of the A/D converter incorporated in the
MCU on your evaluation board.

Adjust thevaluein
accordance with the
resolution of the A/D
converter.

ADC Graph - Smart Analog Easy Starter

Figure 3-23 Changing the

Maximum Display Value
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(2) Display the output signal waveforms.

When the Run buttonin M ain Window isclicked, A/D conversion starts and the output waveform can then be measured.
The Run button changes to the Stop button while measurement isin progress. Some features become unavailable. When
changing settings, first click the Stop button.

=101 x] [l Main Window - Smart Analog Easy Starter o]
/D Gonersion Cantrol G /D Conversian Gontrol SmartAndlog
Pin Hame ‘ ADC Ch ADG transfer | Graph CIPEETE Pin Name ‘ ADO Gh ADG transfer | Grach Chip Config
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AMPIOUT  [ANI3 r [Nl Megelisr el AMPIOLT  |ANIZ 5] r eat
AMPS.OUT  |ANIIG C 5] Export AMPLOLT | ANIIE [=] r/ Features that cannot
GAINAMP OUT | AN r r e ——— (GAINAMPOUT | AN+ (5 / be used become
LPFOLT ANIS r r LPF.OUT ANIE [N Yl . .
werouT e 5 T Weror |aw r | /r | unavailable while
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the Stop button while
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Figure 3-24 Measuring the Output Signal

The waveform of the output signal is plotted inthe ADC Graph window.
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Figure 3-25 Displaying the Output Signal Waveforms
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3.5 Gain Adjustment
Adjust the gain based on the waveform measured in the ADC Graph window.

Figure 3-26 shows an example for measuring illuminance in a general room. When measurement starts, the sensor's
photodetection surfaceis at a 90-degree angle to the light source (room light). The photodetection surfaceisthen tilted so
that it directly faces the light source. The waveform indicating the change in illuminance detected by the sensor at this
time is shown in Figure 3-26. The illuminance when the sensor is at a 90-degree angle to the light source is called the
vertical illuminance, and the illuminance when the sensor is directly facing the light source is called the horizontal
illuminance. In this measurement, the difference between vertical illuminance and horizontal illuminance is not output as
alarge signal change. Thisis because the gain with respect to the measurement target islow, making it hard to see minute
changes in the sensor output.

8 AUG Graph - Smart Analos Esvy Starler =il

The output of the waveformin the
ADC Graph window is small.

Apfaunad pos

SAYUA UOERALDS ()

)

. - Plotgpdfindow [100 x| 5 point/d - -
When measuring vertical |2 When measuring horizontal

b =

illuminance illuminance

Figure 3-26 Displaying the Output Signal Waveforms

To improve this, select "640kOhm" from the Gain combo box to make the gain the maximum value.

Change the gain from
o j>‘,a\mp|im=_- chl "20kOhm" to "640kOhm".
& 1 H -]
N ELO B ¥ ORG ] = Amplifier Ch1 5 e 0
N -y, J o ok iﬁ,t\mpliﬁer ChL%o—. o1
= SiF £ Circuit Configure ) § ON J—‘ OFF O & A
ol Transimpedance ~ MFP | £ X [
- £ Circuit Configure
g pac K [ — E> M E> Transimpedance = MP)
o 30K\ % 50KON — g con =
/ m 2= -
© [Y50K0hm M 40KOhm -l 640KOhm —
MF £ .0 [B0KOhm el i
2XIN30 L i MP 2 \il’
SXIN31 I -
Figure 3-27 Setting the Gain
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Check the measurement result in the ADC Graph window. The output waveform exceeds the maximum display value,
4095, and is therefore not displayed.

ADG Graph - Smart Analog Easy Starter

The waveform is not displayed
because it exceeds the maximum
display value, 4095.

Figure 3-28 Displaying the Output Signal Waveforms

A larger gain is not necessarily preferable. It is necessary to obtain the optimum value that suits the conditions such as
sensor's sensitivity and environment in which the sensor is used.

Because Smart Analog allows the user to reconfigure the characteristics even the power is on, the user can observe the
waveform and adjust the gain in real time to determine the optimum value.

Decrease the gain step by step until the waveform is displayed.
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Figure 3-29 Setting the Gain
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3.6 Noise Rejection Using the Filter

How to reject noise included in output signals is described bel ow. Before setting the filter, check the level of noisein the
output signal inthe ADC Graph window.

To check thelevel of noiseincluded in the signal, change the display range of the A/D conversion value (vertical axis) in
the ADC Graph window. In thisexample, the display range is changed to be "between 2700 and 3700". Y ou can then see
that the noise level is approximately 400 LSB peak-to-peak. With regular sensors, noise enters the analog signal, and the
allowable limit for noise differs depending on the system requirements. In this example, alow-pass filter is used to
convert the signal element that must be acquired into a direct current signal to reduce high-frequency noise.

\ The waveform includes noise.

Figure 3-30 Displaying the Waveform

Asthe gainisincreased, noise, aswell astheinput signal, isalso amplified. If noise needsto berejected, it can berejected
by using filters. For the switched capacitor low-pass and high-pass filtersin Smart Analog 1C 500/300, the cutoff
frequency can be adjusted based on the frequency of the externally input clock.

The following sections respectively describe cases in which Smart Analog |C 500 and Smart Analog |C 300 are used.
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3.6.1 Example setting when using Smart Analog IC 500
This section describes an example setting when using Smart Analog 1C 500.

(1) Connect the configurable amplifier and filter.

Specify "through" for the Gain combo box in the Synchronous Detection Amplifier block in the Chip Config window.

Then, connect the input pin to the synchronous detection amplifier to the AMP1_OUT pin.

i
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amplifier from GAINAMP_IN
to AMP1_OUT.

Figure 3-31 Connecting the Pin to the Filter

(2) Specify the settings for the filter.

In the Filtersblock, specify "LPF" in the Filter Selection combo box. Specify "10HZ" in the L PF cutoff frequency
combo box. Because the sensor output signal to be obtained in this example is adirect current, set the lowest cutoff

frequency.
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Figure 3-32 Selecting the Filter and Specifying the Cutoff Frequency
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(3) Display the output signal waveforms and check the result of noise rejection.

In Main Window, click the Stop button. In the A/D Conversion Control area, select the ADC transfer and Graph
check boxesfor LPF_OUT, and then click the Run button.

YD Bz Caiel : Select the ADC transfer and Graph
Pin Naitie ‘Anc ch ADG transfer | Graph check boxes for LPF_OUT.

ANITY
AMP2_OUT ANI2
AMP3_OUT ANIE
AMP4 OUT ANITE
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AMP2OUT ANIZ
AMPEOUT AN
AMPEOUT ANITE

=

o e Vi | e i
o e Vi | e i

“\'ITI‘I‘I'I-I?I

HPF OUT ANI7
TEMP_OUT ANITT?

Figure 3-33 Specifying the LPF Graph Display Settings

Inthe ADC Graph window, the waveform of AMP1_OUT isdisplayed, but the waveform of LPF_OUT is not displayed.
Restore the display range (minimum value: 0, maximum value: 4095) to display all the A/D conversion values.

1 ADC Groph — Smarl Analos. Eavy Starler o=

e e 15| The result at the LPF_OUT pinis Specify "0" as the minimum
out of the graph display range and ~ | value, and "4095" asthe y
thus not displayed. maximum value.
Figure 3-34 Checking the LPF Output Waveform
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(4) Adjust the reference voltage of the filter.

Check the voltage level at LPF_OUT and adjust the voltage level at D/A converter Ch4 so asto be the same as that at
AMP1_OUT. If thevoltage level at LPF_OUT is high, lower the voltage level at D/A converter Ch4 and vice versa.
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3 Gain [through HPE ot
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Figure 3-35 Adjusting the Voltage Level at D/A Converter

After adjusting thevoltagelevel at AMP1 _OUT and LPF_OUT, narrow the display range, and then observe the waveform.
Y ou can confirm that high-frequency noise in the waveform of LPF_OUT has been rejected, compared to the waveform
of AMP1_OUT.

9 ADC Graph - Smarl Analon Essy Starter

SAJUA UORNGALDE (]

Specify "1700" as the minimum
value, and "2700" asthe
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Figure 3-36 Checking LPF_OUT
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3.6.2 Example setting when using Smart Analog IC 300
This section describes an example setting when using Smart Analog 1C 300.

(1) Connect the configurable amplifier and filter.
In the Chip Config window, connect an input pin in the Filters block to the AMPL_OUT pin.

Click the AMP1_OUT pin
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Figure 3-37 Connecting the Pin to the Filter

(2) Specify the settings for the filter.

Specify "LPF" in the Filter Selection combo box in the Filters block. Specify "10HZz" in the L PF cutoff frequency
combo box. Because the sensor output signal to be obtained in this example is adirect current, set the lowest cutoff

frequency.

SCIN ey Filters " = -
| ._OO'W w‘i _ “:'.z: Jl'i_‘“ ccnmo™  Filters
— Ea- gL
FFF =] omue E>
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Figure 3-38 Selecting the Filter and Specifying the Cutoff Frequency
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(3) Supply the reference voltage to the filter.

Specify the setting so that the reference voltage is supplied Ch4 to the filter from D/A converter. Set the power supply to
D/A converter Ch4 to "ON".
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Figure 3-39 Supplying the Reference Voltage to the Filter
(4) Display the output signal waveforms and check the result of noise rejection.

In Main Window, click the Stop button. In the A/D Conversion Control area, select the ADC transfer and Graph
check boxes for LPF_OUT, and then click the Run button.

A/ Canverson Oontel i Select the ADC transfer and Graph
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Figure 3-40 Specifying the LPF Graph Display Settings

Inthe ADC Graph window, the waveform of AMP1_OUT isdisplayed but the waveform of LPF_OUT is not displayed.
Restore the display range (minimum value: 0, maximum value: 4095) to display all the A/D conversion values.

il ADC Graph — Smart Analog: Eany Starler ol H ADC Groph — Smarl Analos Eavy Sharlere oi=l

Theresult at the LPF_OUT pinis
out of the graph display range and
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Figure 3-41 Checking the LPF Output Waveform
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(5) Adjust the reference voltage of the filter.

Check the voltage level at LPF_OUT and adjust the voltage level at D/A converter Ch4 so asto be the same as that at
AMP1_OUT. If thevoltage level at LPF_OUT is high, lower the voltage level at D/A converter Ch4 and vice versa.
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Figure 3-42 Adjusting the Voltage Level at D/A Converter

After adjusting thevoltagelevel at AMP1 _OUT and LPF_OUT, narrow the display range, and then observe the waveform.
Y ou can confirm that high-frequency noise in the waveform of LPF_OUT has been rejected, compared to the waveform

of AMP1_OUT.
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Figure 3-43 Checking LPF_OUT
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3.7 Saving and Restoring the Settings

This section describes how to save the parameters configured for the anal og circuits and conditions for gain adjustment
and noise rejection and restore them when performing evaluation next time. The following describes how the configured
circuit conditions are automatically saved.

When you have finished evaluation, click the Close button to close Easy Starter. A confirmation dialog box appears. Click
OK to close Easy Starter. When Easy Starter is closed, the configured circuit conditions are automatically saved.

AD Corversion Conrsl

[T D G ADC waraber | Cragh

Click the Close
button.
Greleima) =0 | 4
e S = L £ | 4 ogh-spen enllig cacilte 3
= &g
A\
N\_ >
=
Stop A/D
COnVerS on. Do you want to close this application?

e et |

Figure 3-44 Terminating Easy Starter and Saving the Settings

To use the conditions specified for the last eval uation when launching Easy Starter next time, select "Use thelast status of
Registers' in the Register combo box. The conditions saved automatically at the end of the last evaluation can then be
loaded and used for the next evaluation. To specify a new setting for evaluation, select "Default" in the Register combo
box. If "Default” is selected, the settings specified in M ain Window and the Chip Config window are cleared to the
initial state.

EStan — Smart Analog Easy Starter = =] 3 EStart — Smart Analog Easy Starter =10 x|

Eile  Help Eile  Help

Reqist M
IUSE the last status of Registers /) IDEfau\r; j
Target Target Board

Select this option when using the Select this option
settings saved when Easy Starter when specifying a
was terminated last time. new setting.

Figure 3-45 Restoring the Setting or Specifying a New Setting
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3.8

Saving the Settings to a File and Restoring the Settings from a File

Only the settings when Easy Starter is closed are saved automatically, but it is possible to save intermediate settings
configured during evaluation by creating individual files to save the settings.

After you finished evaluation, do not terminate Easy Starter but click the Register set Export button in Main Window.
The Export dialog box opens. To identify the configuration, type simple information such as the sensor name or keyword

in the Description box in the Export dialog box, and then click Export.

~|—Smart Analog

Chip Config | [

Register List

Click the Register set Export 8 [l |
button. Author Iuser

Type information such as the
sensor name in the Description
box in the Export dialog box,

Date: 20135378

Time: 12140

escription ||ight zENSOr

Export

and then click Export.

Register set
Export
JE
I+

APV Cramsmeeinm Doaea

Figure 3-46 Saving the Configuration File (1)

In the Save As dialog box, specify afile name and save the file in any folder, without changing the default file type
"Register set file(*.ini)".

Bavens 2ix|
Save in: I@ Diesktop d a2 > E-
|3y Documents
:} My Computer
1y Netwark Places
T In the Save As dialog box,
save thefilein any location.
File name I | save |
Save as type: IHeg\stel set flel*ini] j Cancel I

Figure 3-47 Saving the Configuration File (2)

How to restore the saved settings is described below. Perform the following to read the saved settings from the Register
combo box in the Start window.
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In the Start window, click the File menu, and then select Option.
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Figure 3-48 Restoring the Saved Settings (1)

In the Option dialog box, click the Register Set Folder tab, and then click the Folder Select button. In the Browse For
Folder dialog box, select the folder in which the configuration file was saved, and then click OK.
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Figure 3-49 Restoring the Saved Settings (2)

In the Start window, click the Register combo box. The keyword input in the Description box in the Export dialog box
for each configuration is displayed. If any of them is selected, the overview of the configuration file is displayed on the
bottom of the window. Check the description and if it is the one you want to restore, click the Select button. The settings

saved in the configuration file are then restored.
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Figure 3-50 Restoring the Saved Settings (3)
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3.9

Checking the Register Values and Outputting them to the C Source File

The circuit conditions configured in the Chip Config window can be checked as register values. The register values can
be output as a C sourcefile (structure arraysin C).

To check the specified register values, in Main Window, click the Register List button.
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Figure 3-52 Register Values Listed in the Register List Window

RO2AN0017EJ0100 Rev.1.00

May 31, 2013

RENESAS

Page 29 of 31




Smart Analog

Evaluating Sensors By Using Smart Analog Easy Starter (Ver. 2.0)

By programming MCU software based on C source files, the user can configure the analog circuit parameters, adjust the
gain, and reject noise by using the Smart Analog I1C in the MCU. In addition to outputting the configured circuit
conditions as register values, Easy Starter can also output the register values as C structure arrays that consist of register

values, addresses, and specified values, to a C sourcefile.

In the Register List window, click the C sour ce output icon on the toolbar.

The Save As dialog box is displayed. Specify afolder where to save the C source.

[® Resister List — Smart Analog Easy Siarier o [ 5
: Font Size 8 ~ £ Refresfi |G source output
] —_— [
Address Regizter Mame R, 3 5 = ~ \m\a a
S .
feurgtion reei \ - o | e | ows ——— | Click the C source output
oih Conf isuration resister | A \’
(CONFIGT) . . : 1 icon
Conf iguration register 2 - W31 32 033 )
Uth (CONFIG2) R 0 . .
WPH settine resister | HP&1 (1200 W2 [1:0]
03h R/
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Gain contral resister 2 -
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03h R
(6C3) 1 h . . =
4 | »

Desktop

My Docurnents

™

My Computer

savens 2| x|
Save in: l@ Desktop j Q=
GMV Docurnents
d My Computer
My Network Places
File name: :s:rnart analog |C.c j Save I
Save az type: I j Cancel |
7

Compile and link the saved C source in accordance with the microcontroller development environment you are using.

Figure 3-53 Outputting the C Source
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Website and Support

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

Inquiries
http://www.renesas.com/contact/
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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 manual, refer to the relevant sections of the manual. If the descriptions under General
Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each other, the description
in the body of the manual takes precedence.

1. Handling of Unused Pins

Handle unused pins in accord 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
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.

2. Processing at Power-on

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

— The states of internal circuits in the LSI are indeterminate and the states of register settings and pins
are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states of pins are
not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function are
not guaranteed from the moment when power is supplied until the power reaches the level at which
resetting has been specified.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— 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.

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become stable.

When switching the clock signal during program execution, wait until the target clock signal has

stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator) during
areset, ensure that the reset line is only released after full stabilization of the clock signal. Moreover,
when switching to a clock signal produced with an external resonator (or by an external oscillator)
while program execution is in progress, wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different part number, confirm that the

change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may differ
because of the differences in internal memory capacity and layout pattern. When changing to
products of different part numbers, implement a system-evaluation test for each of the products.




Notice

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

the incorporation of these circuits, software, and information in the design of your equipment. Renesas El assumes no responsibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics

assumes no liability for any incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or
technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

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

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

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The ded for each R Electronics product depends on
the product's quality grade, as indicated below.

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

“High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range 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
use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,
please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics
products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes
no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the
development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and

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

i
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. 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
products.

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

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

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

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