LENESAS APPLICATION NOTE

Smart Analog IC 300 ROZANDO20E.0100
ev.l.
MCU software used for auto calibration Jan 31,2014

Introduction

This application note describes a sample program that measures and corrects errors (gain errors and offset voltage) that
occur in the configurable amplifier of Smart Analog IC 300 by using a D/A converter incorporated in Smart Analog IC
300 and an A/D converter incorporated in the microcontroller for control.

Target Device
Smart Analog IC 300 (RAA730300), RL78/G1A (R5F10ELE)

When applying this application note to other microcontrollers, make the necessary changes according to the
specifications of the microcontroller and verify them thoroughly.
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1. Specifications

The basis of method for measuring and correcting the gain error and input-referred offset voltage generated in Smart
Analog IC 300 is described in Smart Analog IC 300 How to measure and correct the gain error and offset voltage
automatically( RO2ANOOL19E) Application Note. (Hereafter Smart Analog IC 300 How to measure and correct the gain
error and offset voltage automatically (RO2ANO019E) Application Note is referred to as Basis AN.) This application
note describes how to execute auto calibration described in Basis AN by using MCU software and how to use sample
code.

The gain error and input-referred offset voltage vary depending on the ambient factors such as temperature. Therefore,
auto measurement and calibration need to be performed periodically after shipment. This application note uses an
example that measure the errors for auto calibration every 10 minutes. Figure 1-1 shows the state transition timing of
auto calibration and measurement.

10 minutes
elapsed

Start ( Regular processing ) ( Auto callbratl; )
| / |\

| | - X )
\ Iar processing in | Auto calibration
| / in progress

progress

~__

Measurement
required for auto
calibration finished

Figure 1-1 State transition during auto calibration measurement

In this application note, configurable amplifier Chl is used for auto calibration and measurement of gain errors and
input-referred offset voltage and is used as a differential amplifier with a gain of 40 dB. For details about auto
calibration including measurement of gain errors and input-referred offset voltage when using a configurable amplifier
as a differential amplifier, see section 3.2 in Basis AN. When using another configurable amplifier channel or amplifier
configuration, see the sample code or Basis AN.

The auto calibration start timing is generated based on the real-time clock, as an interrupt generated every one minute.
When the start trigger interrupt occurs 10 times, auto calibration and measurement starts, and the gain error and
input-referred offset voltage are measured in that order. When auto calibration ends, the process transits to regular
processing. This operation is performed repeatedly in this application note.
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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 2-1 Conditions Under Which Operation Has Been Verified
Parameter Description
Devices used RL78/G1A (R5F10ELE)
Smart Analog IC 300 (RAA730300)
Board used TSA-IC300 (from Tessera Technology, Inc.)
Operating frequency High-speed on-chip oscillator clock: 32 MHz
CPU/peripheral hardware clock: 32 MHz
Operating voltage 3.3V
Integrated development made by Renesas Electronics
environment CubeSuite+ V2.00.00 [15 Mar 2013]
C compiler made by Renesas Electronics
CA78KOR V1.60
RL78/G1A code library made by Renesas Electronics
CodeGenerator for RL78/G1A V2.00.03

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

B RL78/GIE Switching Amplifiers When Connecting Multiple Sensors Application Note (RO1AN1129E)

B RL78/G1E Sample Code for Performing SPI Communication with Analog Block Application Note
(RO1AN1130E)

B Smart Analog IC 300 Selecting Amplifiers Based on Sensor Type (R02AN0016E) Application Note

B  Smart Analog IC 300/301  Features and Usage Examples (Comparison with Smart Analog IC 500 Series)
(RO2ANOO18E)
Application Note

B  Smart Analog IC 300 How to measure and correct the gain error and offset voltage automatically
(RO2ANO0019E) Application Note
B RL78/G13 Real-time Clock (ROIAN0454E) Application Note
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4. Hardware

4.1 Hardware Configuration Example

Figure 4-1 shows an example of the hardware configuration described in this application note.

3.3[V]

AVpp1

AMP1_OUT |
AMP3_OUT
Note 1 DACY_OUT

INote 2

Smart Analog IC 300

Reset control ARESET#

3.3[V]
; SCLK#

SDO

SDI

SPI communication

RL78/G1A

RESET#

Note 1: The analog block is reset via the P130 pin output.
After the reset of the microcontroller block ends, P130 outputs a high level.

Note 2: When using the evaluation board TSA-IC300, note that the DAC1_OUT and ANI8
pins are not connected by default.

Figure 4-1 Hardware Configuration Example

Caution This circuit diagram is simplified to show an overview of the circuit connection. When designing an
actual circuit, connect pins appropriately so as to satisfy the electrical specifications. (Connect
input-only ports to Vpp or Vss individually via a resistor.)
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4.2 Functions Used

Table 4-1 shows the the functions of Smart Analog IC 300 (RAA73030) and the RL78/G1A (R5F10ELE) used in this
application note and their applications.

Table 4-1 Features used in Smart Analog IC 300 (RAA730300) and RL78/G1A (R5F10ELE) and
their applications
Device Feature Applications
Configurable amplifier Ch1 Subject to auto calibration and measurement
Used as a differential amplifier with a gain of 40 dB
D/A converter Ch1 Used to measure the gain error and input-referred offset
voltage for calibration
(used to generate a bias voltage for differential amplifier)
Smart Analog - .
IC 300 D/A converter Ch1 Used to measure the gain error and input-referred offset
voltage for auto calibration
(signal applied to differential ampilifier)
D/A converter Ch1 Used to measure the gain error for auto calibration
(signal applied to differential amplifier)
SPl interface Controls SPI communication with the RL78/G1A
RL78/G1A A/D converter Converts the voltage output from the configurable

amplifier and D/A converter to a digital value.

High-speed on-chip oscillator
clock: 32 MHz

Generates the 32 MHz clock used as the main system
clock.

Serial array unit 1
Channel 1

Controls SPI communication with the analog block by
using the 3-wire serial 1/0 function (CSI21).

I/O ports

Controls the reset of Smart Analog IC 300, and the chip
select signal (CS) used to control SPI communication.

Timer array unit 0
Channel 5

Used to measure the settling time of Smart Analog IC
300.

Real-time clock

Used to generate timing for auto calibration and
measurement

(generates an interrupt per minute)

DMA controller

Used to transfer the obtained A/D-converted value
(ADCR) to the internal RAM

4.3 Pins Used
Table 4-2 shows the Smart Analog IC 300 pins used in this application note and their features.

Table 4-2 Smart Analog IC 300 pins used and their roles
Pin Name I/0 Description
Output Connected to A/D converter analog input pin 7 (ANI7) for auto calibration
AMP1_OUT . .
- and measurement of gain errors and input-referred offset voltage
Output Connected to A/D converter analog input pin 8 (ANI8) for auto calibration
DAC1_OUT .
- and measurement of input-referred offset voltage
ARESET# Input Connected to P130 to control the Smart Analog IC 300 reset feature
SCLK# Input Connected to SCLK# (3-wire serial 1/0) to control SPI communication
SDO I/0 Connected to SDO (3-wire serial 1/0) to control SPI communication
SDI I/1O Connected to SDI (3-wire serial I/O) to control SPI communication
CS# Input Connected to P73 to control SPI communication
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5. Auto calibration

This chapter describes the procedure and timing for measuring the gain error and input-referred offset voltage, state
transition, and values set to Smart Analog IC 300.

5.1

Timing chart for auto calibration

In this application note, timing to start auto calibration is generated by using the real-time clock, the gain error and
input-referred offset voltage are measured and corrected in that order. Figure 5-1 shows the auto calibration start timing
used in this application note.

Real-time clock operation control
register (RTCE)

Real-time clock interrupt

Interrupt counter

10min

e

I. I
wntormtszets o [e[e[«[s[e[r[e o[ o[+ [e[|[Te[=[o[[2]
I L
Auto calibration start flag
s_calibration_operation
(gs_ _0p ) —/ y
I. | L
CPU Regular Regular Regular
processing __ | processing processing processing
IBEN| 1T
" ®
Auto calibration start flag
(gs_calibration_
operation)
CPU ™ Regular | Messrmentorawo | Ve e\ Regular
processing _processing Gain error measured Offset error measured processing
Figure 5-1 Timing chart for auto calibration

An interrupt is generated by using the constant-period interrupt (INTRTC) of the real-time clock every minute,
and the RTC interrupt counter is incremented by 1.

When the RTC interrupt counter reaches 0 (10 minutes after the count start), the auto calibration start trigger

flag is set.

When measurement of gain errors and input-referred offset voltage required for auto calibration ends, the auto

calibration start trigger flag is cleared.
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5.2 Gain error measurement

During gain error measurement, the gain is calculated based on the voltage input to and output from the configurable
amplifier, and the difference from the specified value is calculated. During gain error measurement, to minimize the
error in D/A converters and the effect of the offset voltage in the configurable amplifier, a difference between to voltage
values are used for calculation. The following shows the measurement procedure, timing charts, and the Smart Analog
IC 300 register settings.

5.2.1 Procedure for measuring the gain error

To measure the gain error, perform the measurement by using the procedure shown in Figure 3-2 in Basis AN. In this
application note, configurable amplifier Chl is used as a differential amplifier with a gain of 40 dB and D/A converter
channels Ch1, ChS5, and Ch6 are used. The following shows the procedure for measuring the gain error.

Auto calibration start

f|ag / 1st gain error Calculate average gain error
Initialization calculation 2nd gain error calculation  3rd gain error calculation
. L
CPU processing 1st gain error 2nd gain error 3rd gain error
(state) measurement measurement measurement
!
! i H
spicspn | WA
|
. L
Status of configurable Previous Differential amplifier
amplifier Ch1 valu configuration (ON
T
L
Status of D/A I Provious 208 30H 40H
converter Ch1 [ e (ON) (ON) (ON)
L
Status of D/A I Previous 20H 2TH 30H H #OH 47
converter Ch5 | e (ON) N) ON) (ON) ON) QN
L
Status of D/A I Previous 20H 30H 40H
converter Ch6 | yae I(QlN) ‘(QN) | (ON)
100us 100us 100us 1(l)0uI 100u 100us
A/D {
conversion ;.

({Q) @E@%@@é @ @E@E@@é @ @E‘D ®@é
SR VAV WSy i W S

M @) 4) ® ® @ (8) (9)(10)

Figure 5-2 Timing chart for measuring the gain error

1 Initializing A/D converter
When the auto calibration start trigger flag is set, initialization required to start auto calibration starts. During
initialization, the A/D conversion trigger is changed to the software trigger mode or sequential conversion mode

(1) Measuring the minimum value voltage when 20H is set

2 Changing the Smart Analog register settings
Change the Smart Analog IC 300 register settings as follows: (see Figure 5-3)

a Configurable amplifier configuration
To use configurable amplifier Chl as a differential amplifier with a gain of 40 dB, set configuration

register 1 (CONFIG1) to 90H, and gain control register 1 (GC1) to 11H.

bMPX settings
To connect D/A converter Ch6 to the inverted input pin and D/A converter Ch5 to the non-inverted input

pin of configurable amplifier Chl, set MPX setting register 1(MPX1) to ESH, and configuration register 2
(CONFIG2) to 83H.
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¢ D/A converter settings
Set DAC control registers (DAC1C, DAC5C, and DAC6C) corresponding to D/A converter channels Chl,
Ch5, and Ché to 20H.

dEnabling configurable amplifier and D/A converters
Set power control register 1 (PC1) to 11H and power control register 2 (PC2) to 60H to enable
configurable amplifier Chl and converter channels Chl, Ch5, and Ché.

3 After the Smart Analog register settings are specified, the system waits for the settling time (100 ps).

4 After the settling time has elapsed, A/D-convert the voltage output from configurable amplifier Chl
(AMP1_OUT pin). At this time, A/D conversion is executed 10 times in succession, and the values excluding
the maximum and minimum value (that is, data of eight conversions) are averaged.

(2) Measuring the maximum value voltage when 20H is set

To measure the maximum value voltage when 20H is set, repeat steps 2 to 4 above. Here, set D/A converter Ch5
specified in 2-(c) to 21H. (see Figure 5-3)

Specify the gain for measurement target
(Set GC1 = 11H (40 dB in data sheet) in

Set CONFIG1 = 90H, sample code)
CONFIG2 = 83H —
‘ /‘
MPXIN10
SW11
MPXIN11 Measured by A/
SW10 D converter
& N
MPXIN20 AMP1_OUT
MPXIN21 L .
Ch1
Set MPX1 = E8H ON DAC1_OUT
© MPX2 .
- DAC5 iz DAC1
SW13
— —__Jon -
Configure DAC5C ON Configure DAC1C
(see the description SWO00 (see the description
for set values) MPX3 Set PC1 = for set values)
NSO SW21 11H
MPXIN31 —™
— ]
MPXINAO | o5 e
MPXIN41 fu—> ; ﬂf
Configure DAC6C Ch2
MPX4 | (see the description OFF DAC2 OUT
for set values)
DAC6 — DAC2
oo} +< |
ON SetPC2 = Swz3 OFF
60H
Figure 5-3 Measuring the gain error

(3) Calculating the gain error when 20H is set

Calculate the gain error based on the A/D-converted values and D/A converter set values obtained in (1) and (2)
(4) Measuring the minimum value voltage when 30H is set

Perform the same procedure as shown in (1). Note, however, set each D/A converter to 30H.

(5) Measuring the maximum value voltage when 30H is set

Perform the same procedure as shown in (2). Note, however, set each D/A converter to 30H.

(6) Calculating the gain error when 30H is set

Calculate the gain error based on the A/D-converted values and D/A converter set values obtained in (4) and (5)

R0O2AN0O020EJ0100 Rev.1.00 Page 9 of 59
Jan 31, 2014 RENESAS




Smart Analog IC 300 MCU software used for auto calibration

(7) Measuring the minimum value voltage when 40H is set

Perform the same procedure as shown in (1). Note, however, set each D/A converter to 40H.

(8) Measuring the maximum value voltage when 40H is set

Perform the same procedure as shown in (7). Note, however, set each D/A converter to 40H.

(9) Calculating the gain error when 40H is set

Calculate the gain error based on the A/D-converted values and D/A converter set values obtained in (7) and (8)
(10) Calculate average gain error

Average the gain errors o\calculated in (3), (6), and (9).

The gain error can now be calculated.
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522 Smart Analog IC 300 register settings for measuring the gain error

Smart Analog IC 300 register settings for measuring the gain error are shown in Table 5-2. For details about the register
Monolithic Programmable Analog

setting values, see the 6.4 Smart Analog IC 300 register values and RAA730300

IC Datasheet.

Table 5-1 Smart Analog IC 300 register settings for measuring the gain error
Address SPI control register Set value
OOH Configuration register 1 CONFIG1 90H
01H Configuration register 2 CONFIG2 83H
03H MPX setting register 1 MPX1 E8H
04H MPX setting register 2 MPX2 00OH
05H MPX setting register 3 MPX3 O00OH
06H Gain control register 1 GC1 11H
07H Gain control register 2 GC2 00H
08H Gain control register 3 GC3 00H
09H AMP operation mode control register AOMC O00H
0BH LDO control register LDOC O00H
OCH DAC reference voltage control register DACRC 00H
ODH DAC control register 1 DAC1C **H
OEH DAC control register 2 DAC2C 80H
OFH DAC control register 3 DAC3C 80H
10H DAC control register 4 DAC4C 80H
11H Power control register 1 PC1 11H
12H Power control register 2 PC2 60H
13H Reset control register RC O00H
14H Input mode control register IMS 00H
15H DAC control register 5 DAC5C **H
16H DAC control register 6 DAC6C **H
17H DAC control register 7 DAC7C 80H

Remark *: The DAC1C, DAC5C, and DACGC settings vary depending on the measurement conditions.
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5.3 Calculating the input-referred offset voltage

The input-referred offset voltage can be calculated by using the difference between the voltage input to and output from
the configurable amplifier. In this application note, the input-referred offset voltage of configurable amplifier Chl is
measured For the basis of the input-referred offset voltage measurement, see section 3.2 in Basis AN. The following
shows the measurement procedure, timing charts, and the Smart Analog IC 300 register settings.

5.3.1 Calculating the input-referred offset voltage
Measuring the input-referred offset voltage starts when measurement of gain errors ends

The following shows the procedure for measuring the input-referred offset voltage.

/-

!
Auto calibration start flag Caloulate average Input-referred offset voltage
gain error calculated
. | |
CPU prOC?SStSaTeg) / ‘ DAC_OUT voltage measured AMP_OUT voltage measured

sercsen | (I il

Differential amplifier
configurgtipn (ON)

Differénti Iif

| et (O
Status of D/A ' /' 40H 80H
converter Ch1 | (ONI\ (ON)

L |
Status of D/A [ , 41H 80H 80H
converter Ch5 | (ON) (OFF) (ON)
Status of D/A [ / 40H 80H
converter Ch6 —— | (ON) (OFF)

100us 100us

conver:i\tl)la — /

i

|
|
N N ¢
N N M
(1) 2) )
Figure 5-4 timing chart for measuring the input-referred offset voltage

(1) Measuring D/A converter Ch1l for output voltage

1 Changing the Smart Analog register settings
Change the Smart Analog IC 300 register settings as follows: (see Figure 5-5)

a Changing the configurable amplifier switches
Select the configurable amplifier Chl switches so as not to be affected by the D/A converter output voltage.
Set configuration register 1 (CONFIG1) to 80H.

b MPX settings
Reset the configurable amplifier Chl input pin to the default value. This setting does not affect measurement,
so you can skip this setting.

¢ D/A converter settings
Set DAC control registers (DAC1C, DACS5C, and DAC6C) corresponding to D/A converter channels Chl,
ChS, and Ch6 to 80H.
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d Enabling configurable amplifier and D/A converters
Set power control register 1 (PC1) to 10H and power control register 2 (PC2) to 00H to disable configurable
amplifier Chl and converter channels Ch5 and Ch6, and enable D/A converter channel Chl.

@  After the Smart Analog register settings are specified, the system waits for the settling time (100 ps).

@  After the settling time has elapsed, A/D-convert the voltage output from D/A converter Ch1 (DAC1_OUT pin).
At this time, A/D conversion is executed 10 times in succession, and the values excluding the maximum and
minimum value (that is, data of eight conversions) are averaged.

MPX1
MPXIN10 —D
MPXIN11 —>p A

MPXIN20 I~ oo AMP1_OUT
MPXIN21 — : 2 o0 Measured by A/
b5 ch1 D converter
OFF ‘
MPX2 pAC1_out”
pacs o2 DAC1

=

‘ Set PC1 = 10H I
Set DAC1C =
80H

OFF SW13

Figure 5-5 Measuring the D/A converter Ch1l output voltage

(2) Measuring the onfigurable amplifier Chl (AMP1_OUT) output voltage

1 Changing the Smart Analog register settings
Change the Smart Analog IC 300 register settings as follows: (see Figure 5-6)

o

Configurable amplifier configuration

To use configurable amplifier Chl as a differential amplifier with a gain of 40 dB, set configuration register 1
(CONFIGLI) to 90H, and gain control register 1 (GC1) to 11H.

b MPX settings

To connect D/A converter ChS5 to the inverted and non-inverted input pins of configurable amplifier Ch1, set
MPX setting register 1(MPX1) to AOH.

¢ D/A converter settings

Set DAC control registers (DAC1C, DAC5C, and DAC6C) corresponding to D/A converter channels Chl,
Ch5, and Ché6 to 80H.

d Enabling configurable amplifier and D/A converters

Set power control register 1 (PC1) to 11H and power control register 2 (PC2) to 60H to enable configurable
amplifier Chl and converter channels Ch1, ChS5, and Ché6.

2 After the Smart Analog register settings are specified, the system waits for the settling time (100 ps).

3 After the settling time has elapsed, A/D-convert the voltage output from configurable amplifier Ch1l
(AMP1_OUT pin). At this time, A/D conversion is executed 10 times in succession, and the values excluding
the maximum and minimum value (that is, data of eight conversions) are averaged.
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- SWi13 >
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Figure 5-6 Measuring the configurable amplifier Chl (AMP1_OUT) output voltage

(3) Calculating the input-referred offset voltage

Calculate the input-referred offset voltage. The input-referred offset voltage can be calculated by subtracting the
A/D-converted DAC1_OUT output value obtained in (1) from the A/D-converted AMP1_OUT output obtained in (2)
and dividing the result by gain (40 dB).

The input-referred offset voltage can now be measured.
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5.3.2 Smart Analog IC 300 register settings for measuring the input-referred offset

voltage
Table 5-2 shows the Smart Analog IC 300 register settings for measuring the input-referred offset voltage For details
about the register setting values, see the 6.4 Smart Analog IC 300 register values and RAA730300
Programmable Analog IC Datasheet.

Monolithic

Table 5-2 Smart Analog IC 300 register settings for measuring the input-referred offset voltage
Address SPI control register Set value
D/A converter | Configurable
Ch1 output amplifier Chl
voltage output voltage
measurement | measurement
00H Configuration register 1 CONFIG1 80H 90H
01H Configuration register 2 CONFIG2 80H 82H
03H MPX setting register 1 MPX1 00H AOH
04H MPX setting register 2 MPX2 O00H 00H
05H MPX setting register 3 MPX3 00H 0OH
06H Gain control register 1 GC1 OOH 11H
07H Gain control register 2 GC2 O0OH 0OH
08H Gain control register 3 GC3 O00H 00H
09H AMP operation mode control register AOMC 00H 00H
0BH LDO control register LDOC OOH O0OH
OCH DAC reference voltage control register DACRC OOH 00H
ODH DAC control register 1 DAC1C 80H 80H
OEH DAC control register 2 DAC2C 80H 80H
OFH DAC control register 3 DAC3C 80H 80H
10H DAC control register 4 DAC4C 80H 80H
11H Power control register 1 PC1 10H 11H
12H Power control register 2 PC2 O00H 20H
13H Reset control register RC OOH O0OH
14H Input mode control register IMS O00H 00H
15H DAC control register 5 DAC5C 80H 80H
16H DAC control register 6 DAC6C 80H 80H
17H DAC control register 7 DAC7C 80H 80H
RO2ANO020EJ0100 Rev.1.00 Page 15 of 59
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6. Software

6.1 Functions

Table 6-1 Functions (1)

File Name Function Remark

r_systeminit.c hdwinit Output by the code generator
R_Systeminit

r_main.c main
R_MAIN_Userlnit

calibration.c R_Calibration

R_CalibrationlsDoing

calibration_init

calibration_end

calibration_trigger_check

calibaration_get_state_rtc_tbl

self _calibration.c

R_SelfCalibrationlnit

setup_self cal AFE_measure_ch

R_SelfCalibAmp1DiffOffsetDac

R_SelfCalibAmp1DiffOffsetAmp

R_SelfCalibAmp1DiffOffsetCalc

R_SelfCalibAmp1DiffGainMeasure

R_SelfCalibAmp1DiffGainCalc

R_SelfCalibAmp1DiffGainAverage

R_SelfCalibrationMeasure

amp1_diff_calibration_setting

smart_analog_sample_code_common.c

R_SmartAnalogHardReset

R_SmartAnalogMeasureControlinit

R_CalcAverageExceptMinMax

R_SmartAnalogRegBufSearch

R_SmartAnalogRegBufUpdate

r_sa_spi_control_register.c

R_SPI_SmartAnalogRead

R_SPI_SmartAnalogWrite

R_SPI_SmartAnalogWriteVerify

R_SPI_SmartAnalogReadBit

R_SPI_SmartAnalogWriteBit

R_SPI_SmartAnalogWriteVerifyBit

Use sample code in
RL78/G1E Sample Code for
Performing SPI
Communication with Analog
Block Application Note
(RO1AN1130E)

r_cg_timer.c

R_TAUOQ_Create

R_TAUOQO_Channel0_Start

R_TAUOQO_Channel0_Stop

R_TAUO_Channel4_Start

R_TAUOQO_Channel4_Stop

R_TAUOQO_Channel5_Start

R_TAUO_Channel5_Stop

Output by the code generator

r_cg_timer_user.c

R_GetTickCount

R_CmpTickCount

R_TAUO_TDRO5_set

r_tau0_channel5_interrupt

RO2ANO020EJ0100 Rev.1.00
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Table 6-2

Functions (2)

File Name

Function

Remark

r_cg_serial_user.c

r_csi21_interrupt

Output by the code generator

r_csi21_callback_error

Output by the code generator and processing added.

r_csi21_callback_receiveend

Use sample code in RL78/G1E Sample Code for
Performing SPI Communication with Analog Block
Application Note (RO1AN1130E)

r_cg_serial.c R_SAU1_Create Output by the code generator and processing added.
R_CSI21_Create Use sample code in RL78/G1E Sample Code for
R CSI21 Start Performing SPI Communication with Analog Block
R_CSI21_Stop Application Note (RO1AN1130E)
R_CSI21_Send_Receive

r_cg_rtc.c R_RTC_Create Output by the code generator

R_RTC_Start

R_RTC_Stop

R_RTC_Get_CounterValue

R_RTC_Set CounterValue

R_RTC_Set ConstPeriodInterruptOn

r_cg_rtc_user.c

R_SelfCalibrationFlagCheck

R_SelfCalibrationFlagClear

r_rtc_interrupt

Output by the code generator

r_rtc_callback _constperiod

Output by the code generator and processing added.

r_rtc_interrupt_counter

r_cg_port.c

R_PORT_Create

Output by the code generator

r_cg_dmac.c

R_DMAC1_Create

Output by the code generator

R_DMAC1_Start

R_DMAC1_Stop

r_cg_dmac_user.c

R_DMAC1_ADC Create

r_dmac1_interrupt

Output by the code generator and processing added.

r_cg_cgc.c

R_CGC_Create

Output by the code generator

r_cg_adc.c

R_ADC_Create

Output by the code generator

R_ADC_Start

R_ADC_Stop

R_ADC_Set OperationOn

R_ADC_Set_OperationOff

R_ADC_Get_Result

r_cg_adc_user.c

R_ADC_EndFlagCheck

R_ADC_EndFlagSet

R_ADC_EndFlagClear

R_ADC_MaskStart

R_ADC_ChangeSoftTrigger

R_ADC_StartSetting

R_ADC_EndSetting

R_ADC_ChannelChange

r_adc_interrupt

Output by the code generator
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6.2 Function specifications

The specifications of

the major functions used in this application note are described below.

(1)  main function

Declaration void main(void)
main function
Overview - Calls the R_MAIN_Userlni function
- Calls the R_Calibration function
Parameters None
Global variables |None
Return value None

(2) R_MAIN_Userlnit

Declaration void R_MAIN_Userlnit(void)
Overview User_ i_nt_erface initialization fun-ction _ _
- Initializes the modules required for auto calibration
Parameters None
Global variables |None
Return value None

(3) R_Calibration

Declaration void R_Calibration( void )
Calibration control function
Overview - Perform calibration.
- Loops calibration until the processing ends.
Parameters None
Global variables |None
Return value None

4) R_Calibration

IsDoing

uint8_t R_CalibrationlsDoing

Declaration (void)
Calibration trigger judge function
Overview - Determines whether a calibration trigger has occurred.
- Add new calibration triggers to this function, if any.
Parameters None
Global variables |None
ret

Return value

0U: No trigger  1U: A trigger has occurred
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(5) calibration_init

static void calibration_init

Declaration (void)
Overview Calibration initialization funct.ion _ .
- Changes the A/D conversion trigger type to the software trigger.
Parameters None
Global variables |None
Return value None

(6) calibration_end

static void calibration_end

Declaration (void)
Calibration completion function

Overview - If you want to stop or start a module when calibration is completed, describe it in this
function.

Parameters None

Global variables |None

Return value None

(7) calibration_trigger_check

static calibration_state_t calibration_trigger_check

Declaration ( calibration_state t pre_state ,uint8_t * p_ret state _execution_flag)
Calibration trigger check function
Overview - Checks the calibration trigger that has occurred.
- Updates the calibration state.
pre_state
Current state
Parameters

p_ret_state_execution_flag
Pointer to state execution flag

Global variables

None

Return value

calibration_state_ret
Updated state

(8) calibration_get_state_rtc_tbl

static calibration_state_t calibaration_get_state_rtc_tbl

Declaration ( calibration_state_t pre_state )
Overview Auto calibration state control function
- Checks and update the auto calibration state.
pre_state
Parameters Current state
Global variables |None
ret_state

Return value

Updated state

RO2ANO020EJ0100 Rev.1.00

Jan 31, 2014

Page 19 of 59
RENESANS




Smart Analog IC 300 MCU software used for auto calibration

(9) R_SelfCalibrationlnit

void R_SelfCalibrationInit

Declaration (void)
. Auto calibration global variable initialization function
Overview e . o
Initializations the global variables for auto calibration
Parameters None

Global variables

gs_self _cal_sa_reg_buf
Auto calibration setting storage variable
1 gp_self_cal_setting_data
Pointer to the array that stores values set for auto calibration

Return value

None

(10) setup_self_cal AFE_measure_ch

Declaration

void setup_self cal AFE_measure_ch
( self_calibration_state t self cal _cnt)

Overview

Smart Analog register/AD converter setting change function

- Overwrites the values of auto calibration setting storage variable to the Smart Analog
register values.

- Overwrites the auto calibration setting to the A/D converter analog input channel
setting.

Parameters

set_cnt
Index of SA setting storage variables (gs_self cal_sa_reg_buf) being calibrated
automatically

Global variables

gs_self _cal_sa_reg_buf
Auto calibration setting storage variable

Return value

None

(11) R_SelfCalibAmp1DiffOffsetDac

Declaration

uint8_t R_SelfCalibAmp1DiffOffsetDac
(void )

Overview

DAC1_OUT measurement function

- A function for measuring the offset voltage when configurable amplifier Ch1 is used as
a differential amplifier

- Measures the voltage output from D/A converter Ch1 pin (DAC1_OUT) by using the
A/D converter.

Parameters

None

Global variables

gs_offset_cal_data
Variable for storing the measured value used to calculate the offset voltage

Return value

ret_state
D_OFF: Not completed D_ON: Completed
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(12) R_SelfCalibAmp1DiffOffsetAmp

Declaration

uint8_t R_SelfCalibAmp1DiffOffsetAmp
(void)

Overview

AMP1_OUT measurement function

- A function for measuring the offset voltage when configurable amplifier Ch1 is used as
a differential amplifier - Specifies configurable amplifier Ch1 to be used as a differential
amplifier with a gain of 40 dB.

- Connects D/A converter Ch5 to the inverted and non-inverted input pins of
configurable amplifier Ch1.

- Measures the voltage output from configurable amplifier Ch1 pin (AMP1_OUT) by
using the A/D converter.

Parameters

None

Global variables

ariable for storing the measured value used to calculate the offset voltage

Return value

ret_state
D_OFF: Not completed D_ON: Completed

(13) R_SelfCalibAmp1DiffOffsetCalc

Declaration

uint8_t R_SelfCalibAmp1DiffOffsetCalc
(amp_num_t amp_num, amp_config_t amp_config, uint8_t gain_reg_val )

Overview

Input-referred offset voltage calculation function

- - A function for calculating the offset voltage when configurable amplifier Ch1 is used
as a differential amplifier

- Calculates the input-referred offset voltage based on the value measured by using
functions R_SelfCalibAmp1DiffOffsetDac and R_SelfCalibAmp1DiffOffsetAmp

Parameters

amp_num
Number of amplifier channel
amp_config

Number of amplifier configuration
gain_reg_val

Gain register set value

Global variables

gs_offset_cal_data
Variable for storing the measured value used to calculate the offset voltage
g_amp_table

Table for storing the gain and offset voltage in Smart Analog IC 300

Return value

D_ON Completed
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(14) R_SelfCalibAmp1DiffGainMeasure

Declaration

uint8_t R_SelfCalibAmp1DiffGainMeasure
(uint8_t dac_reg_val, ic300_diff amp_gain_t amp1_gain, self_calibration_state t
self_cal_cnt)

Overview

Gain measurement function

- Specifies configurable amplifier Ch1 to be used as a differential amplifier with a gain of
40 dB.

- Specifies the minimum value voltage for D/A converter Ch5 to obtain the minimum
value voltage.

- Specifies the maximum value voltage for D/A converter Ch5 to obtain the maximum
value voltage.

Parameters

dac_reg_val

DAC register set values
amp1_gain

AMP1 gain register set values
self cal _cnt

Auto calibration setting number

Global Variables

None

Return value

ret_state
D_OFF: Processing in progress D_ON: Completed D_ERROR: Invalid parameter

(15) R_SelfCalibAmp1DiffGainCalc

uint8_t R_SelfCalibAmp1DiffGainCalc

Declaration ( self_calibration_dac_cnt_t buf num)
Overview Gain calculation function
- Calculates the gain based on the measured data.
buf_num
Parameters Number of buffer for storing the measured value used for calibration (0: 0x20U, 1:

0x30U, 2: 0x40U)

Global variables

gs_self _cal_gain_data
Gain storage buffer that temporarily stores the calculated gain

Return value

ret_state

D_ON Completed
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(16) R_SelfCalibAmp1DiffGainAverage

Declaration

uint8_t R_SelfCalibAmp1DiffGainAverage
(amp_num_t amp_num, amp_config_t amp_config, uint8_t gain_reg_val)

Overview

Gain averaging function

- Averages the gain values measured three times.

- Stores the calculated gain in the table for storing the gain and offset voltage in Smart
Analog IC 300.

Parameters

amp_num

Number of amplifier channel
amp_config

Number of amplifier configuration
gain_reg_val

Gain register set value

Global Variables

gs_self _cal_gain_data

Gain storage buffer that stores the gain with the settings 0x20, 0x30, and 0x40
g_amp_table

Table for storing the gain and offset voltage in Smart Analog IC 300

that stores the result of auto calibration obtained by using this function

Return value

ret_state

D_ON: Completed

(17) R_SelfCalibrationMeasure

uint8_t R_SelfCalibrationMeasure

Declaration (uint16_t * p_adcr, self_calibration_state_t self_cal_cnt)
A/D conversion control function for auto calibration
- Calls the setup_self_cal_AFE_measure_ch function to overwrite the Smart Analog
Overview register values.
- Waits for the Smart Analog IC to be settled.
- Obtains the A/D-converted values.
p_adcr
A/D-converted values (o be used to overwrite the Smart Analog registers in the process
Parameters of this function
self _cal_cnt
Auto calibration setting number
Global Variables |None
ret

Return value

0U: Measurement in progress 1U: Completed
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(18) ampl_diff_calibration_setting

static void amp1_diff_calibration_setting

Data to be overwritten to the AMP1 gain.
self _cal_cnt
Auto calibration setting number

Declaration (uint8_t set_dac_reg, ic300_diff amp_gain_t set_gain_reg, self _calibration_state t
self_cal_cnt)
DAC/gain setting function for gain measurement
- Overwrites the setting for gain measurement to the settings of D/A converter channels
Overview Ch1, Ch5, and Ch6 stored in the gs_self_cal_sa_reg_buf variable.
- Overwrites 40 dB to the configurable amplifier Ch1 gain stored in the
gs_self _cal_sa_reg_ buf variable.
set_dac_reg
Data to be overwritten to the DAC1, DACS5, and DACG settings
set_gain_reg
Parameters

Global Variables

gs_self _cal_sa_reg_buf
Auto calibration setting storage variable

Return value

None

(19) R_SmartAnalogHardReset

uint8_t R_SmartAnalogHardReset

Declaration (void)
Overview Smart Analog reset function
- Resets the Smart Analog hardware.
Parameters None
Global variables |None

Return value

OU: Successful  1U: Failed

(20) R_SmartAnalogMeasureControllnit

void R_SmartAnalogMeasureControllnit

Declaration (void)
Overview Smart Analog initialization function

- Initializes global variables for controlling Smart Analog
Parameters None

Global variables

g_amp_table
Table for storing the gain and offset voltage in Smart Analog IC 300

Return value

None
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(21) R_CalcAverageExceptMinMax

uint16_t R_CalcAverageExceptMinMax

Declaration (const uint16_t * p_buf, uint8_t buf_size)
A/D-converted value averaging function
Overview - Averages the obtained A/D-converted values excluding the minimum and maximum
values
p_buf
Start address of the buffer in which the obtained A/D-converted values are stored
Parameters

buf_size
p_buf size (Number of averaging times)

Global Variables

None

Return value

avg_tmp
Average of A/D-converted values stored in p_buf[0] to p_buf[buf_size 1] excluding the
minimum and maximum values

(22) R_SmartAnalogRegBufSearch

uint8_t R_SmartAnalogRegBufSearch

Declaration (sa_ctl_set data_t * p_sa_buf, uint8_t target_addr)
Smart Analog register search function
Overview - Searches for the Smart Analog address in sa_ctl_set_data_t buffers and returns the
index stored.
p_sa_buf
Start address of the sa_ctl_set_data_t buffer subject to search
Parameters

target_addr
Smart Analog register address to be searched for

Global variables

None

Return value

reg_cnt
Array number of the specified address
(OXFF is returned if the address is not fount)

(23) R_SmartAnalogRegBufUpdate

Declaration

uint8_t R_SmartAnalogRegBufUpdate
(sa_ctl_set data_t* p_sa_ buf, uint8_t target_addr ,uint8_t set_data)

Overview

Smart Analog setting change function
- Searches for the address of the register by using the Smart Analog register search
function and rewrites the settings of the found register.

Parameters

p_sa_buf

Start address of the sa_ctl_set_data_t buffer subject to search
target_addr

Address of the Smart Analog register to be rewritten

set_data

Value to be overwritten to the Smart Analog register

Global variables |None
Return value ret
urn vaiu OU: Successful  1U: Error
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(24) R_GetTickCount

uint32_t R_GetTickCount

Declaration (void )
. Timer count acquisition function
Overview : L
- Acquires the current value of the free-running timer.
Parameters None

Global variables

gs_freerun_timer
Free-running timer counter variable

Return value

gs_freerun_timer.tdata.timer32bit

(25) R_CmpTickCount

int32_t R_CmpTickCount

Return value

Declaration (uint32_tsrc)

Overview Returns the result of the comparison with the current time.
src

Parameters .
compare source time

Global Variables |None
int32_t

0> :Does not exceed. or 0<=:Is over

26) R_TAUO_TDRO5_set

void R_TAUO_TDRO05_set

Declaration (uint16_t set_data)
Overview Timer data register 05 change function
Parameters set_data
Counter value to be set
Global Variables |None
Return value None

(27) r_tau0_channel5_interrupt

___interrupt static void r_tauO_channel5_interrupt

Declaration (void)
Overview INTTMOS interrupt request
Parameters None

Global variables

gs_freerun_timer
Free-running timer counter variable

Return value

None
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(28) r_csi21_interrupt

. __interrupt static void r_csi21_interrupt
Declaration .
(void)
Overview An INTCSI21 interrupt service routine
Parameters None
Global variables |None
Return value None

(29) r_csi21_callback_error

static void r_csi21_callback_error

Declaration (uint8_t err_type)
Overview A callback function used when a CSI21 reception error occurs
Parameters er_type

error type value

Global Variables

g_csi21_overrun_flag
csi21 overrun flag

Return value

None

(30) r_csi21 callback_receiveend

. static void r_csi21_callback_receiveend
Declaration .
(void)
Overview A callback function used when CSI21 finishes reception.
Parameters None
Global variables |None
Return value None

(31) R_SelfCalibrationFlagCheck

uint8_t R_SelfCalibrationFlagCheck

Declaration (void)

Overview Auto calibration start trigger flag check function
- Returns the auto calibration start trigger flag.

Parameters None

Global variables

gs_calibration_operation
Auto calibration start trigger flag

Return value

ret
0U: Auto calibration start trigger not issued

1U: Auto calibration start trigger issued
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(32) R_SelfCalibrationFlagClear

Declaration

void R_SelfCalibrationFlagClear

(void)
Overview Auto calibration start trigger flag clear function
Parameters None

Global variables

gs_calibration_operation
Auto calibration start trigger flag

Return value

None

(33) r_rtc_interrupt

Declaration (Tci?dt;arrupt static void r_rtc_interrupt
Overview INTRTC interrupt function
Parameters None

Global variables |None

Return value None

(34) r_rtc_callback_constperiod

. static void r_rtc_callback_constperiod
Declaration .
(void)
Overview Real-time clock call back
Parameters None
Global variables |None
Return value None

(35) r_rtc_interrupt_counter

static void r_rtc_interrupt_counter

Declaration (void)
Auto calibration timing generation function
Overview - Counts the numb_er of calls each time this functioq is callgd. _ 3
- Sets the auto calibration start trigger flag when this function is called the specified
number of times.
Parameters None

Global variables

gs_calibration_operation
Auto calibration start trigger flag

Return value

None
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36) R_DMAC1_ADC_Create

void R_DMAC1_ADC_Create

Declaration (uint16_t txnum, uint16_t * p_sendbuf)
Overview DMA1 setting function
- Sets DMA1 to be used for A/D conversion result transfer.
txnum
Number of transferred bytes
Parameters
p_sendbuf
Pointer to the transfer buffer
Global Variables |None
Return value None

(37) r_dmacl_interrupt

__interrupt static void r_dmac1_interrupt

Declaration (void)
Overview INTDMAT1 interrupt function
Parameters None
Global variables |None
Return value None

(38) R_ADC_EndFlagCheck

uint8_t R_ADC_EndFlagCheck

Declaration (void)
Overview A/D conversion end flag check function
Parameters None

Global variables

gs_adc_end_flag
A/D conversion status flag

Return value

ret
OU: Not completed  1U: Completed

(39) R_ADC_EndFlagSet

Declaration void R_ADC_EndFlagSet(void)
Overview A/D conversion end flag set function
Parameters None

Global variables

gs_adc_end_flag
A/D conversion status flag

Return value

None
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40) R_ADC_EndFlagClear

Declaration void R_ADC_EndFlagClear(void)
Overview AD conversion end flag clear function
Parameters None

Global variables

gs_adc_end_flag
A/D conversion status flag

Return value

None

(41) R_ADC_MaskStart

Declaration void R_ADC_MaskStart(void)

Overview Starts A/D conversion (disables interrupts).
Parameters None

Global variables |None

Return value None

(42) R_ADC_ChangeSoftTrigger

void R_ADC_ChangeSoftTrigger

Declaration (void)
A/D conversion trigger software change function

Overview - Changes the A/D conversion trigger to the software trigger mode or sequential
conversion mode

Parameters None

Global variables [None

Return value None

43) R_ADC_StartSetting

void R_ADC_StartSetting

Declaration (uint16_t * p_dma_buf, uint8_t dma_buf_size)
Overview A/D conversion start setting function
- Specifies the settings used to start A/D conversion.
p_dma_buf
DMA transfer destination address
Parameters

p_dma_buf_size
Number of transferred bytes by using DMA

Global Variables

None

Return value

None
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(44) R_ADC_EndSetting

Declaration void R_ADC_EndSetting(void)
. A/D conversion end setting function
Overview . .
- Performs A/D conversion end processing.
Parameters None
Global variables |None
Return value None

(45) R_ADC_ChannelChange

void R_ADC_ChannelChange

Declaration (ad_channel_t adc_ch)
Overview A/D conversion channel change function
- Changes the analog input channel (ANIxx pin) on which to perform A/D conversion
adc_ch
Parameters

Channel (ANIxx) to be set to ADS
Global Variables |None
Return value None
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6.3 Global Variables
Table 6-3 Global Variables
Data type Variable Name Description Function used

*

unsigned char

gp_csi21_rx_address

csi21 receive buffer
address

R_CSI21_Send_Receive
r_csi21_interrupt

unsigned short | g_csi21_rx_length csi21 receive data Not used
length
unsigned short | g_csi21_rx_count csi21 receive data Not used

count

*

unsigned char

gp_csi21_tx_address

csi21 send buffer
address

R_CSI21_Send_Receive
r_csi21_interrupt

unsigned short

g_csi21_send_length

csi21 send data
length

R_CSI21_Send_Receive
r_csi21_interrupt

unsigned short

g_csi21_tx_count

csi21 send data
count

R_CSI21_Send_Receive
r_csi21_interrupt

unsigned char

g_csi21_overrun_flag

csi21 overrun flag

r_csi21_callback_error
R_SPI_SmartAnalogRead
R_SPI_SmartAnalogWrite

struct

g_self cal_11

Used to store the
settings for D/A
converter output
voltage
measurement

R_SelfCalibrationInit

struct

g_self cal_12

Used to store the
settings for
configurable
amplifier Ch1 output
voltage
measurement

R_SelfCalibrationlnit

struct

g_self _cal_21

Used to store the
settings for gain
measurement

R_SelfCalibrationlInit

struct *([3])

gp_self_cal_setting_data

Pointer to the array
that stores values
set for auto
calibration

R_SelfCalibrationlnit

struct [4]

g_ic300_conf_amp_default

Used to store the
initial gain setting
when a single Smart
Analog IC 300
channel is used

R_SmartAnalogMeasureControllnit

struct

g_ic300_inst_amp_default

Used to store the
initial gain setting
when multiple Smart
Analog IC 300
channels are used

R_SmartAnalogMeasureControlinit

struct

g_amp_table

Table for storing the
gain and offset
voltage in Smart
Analog IC 300

R_SmartAnalogMeasureControllnit
R_SelfCalibAmp1DiffOffsetCalc
R_SelfCalibAmp1DiffGainAverage
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6.4 Smart Analog IC 300 register values

This section describes the settings of the Smart Analog IC 300 SPI control registers used in this application note. This
section omits descriptions of the SPI control registers not used in this application note. (They are used with their default
values.)

Caution For how to configure the SPI registers, see RAA730300  Monolithic Programmable Analog
IC Datasheet.

(1) Configuration register 1 (CONFIG1)

This register is used to turn on or off the SW11, SW12, and SW13 switches of configurable amplifier channels Ch1 and
Ch2.

Address: O0H  After reset: 88H R/W Set value: **H
Symbol 7 6 5 4 3 2 1 0
CONFIG1 SW10 SW11 SW12 SW13 SW20 SW21 SW22 SW23
Setting 1 0 0 * 0 0 0 0
Remark *: The value depends on what is measured (gain error or input-referred offset voltage). For

details, see Table 5-1 or Table 5-2.

(2) Configuration register 2 (CONFIG2)

This register is used to turn on or off the switches of configurable amplifier channels Chl to Ch3.

Address: 01H  After reset: 80H R/W Set value: 8*H
Symbol 7 6 5 4 3 2 1 0
CONFIG2 SW30 SW31 SW32 SW33 0 SW02 SWO01 SW00
Setting 1 0 0 0 0 0 * *
Remark *: The value depends on what is measured (gain error or input-referred offset voltage). For

details, see Table 5-1 or Table 5-2.

(3) MPX setting register 1 (MPX1)

This register is used to select the signal input to configurable amplifier channels Ch1l and Ch2.

Address: 03H After reset: 00H R/W Set value: **H
Symbol 7 6 5 4 3 2 1 0
MPX1 MPX11 MPX10 MPX21 MPX20 MPX31 MPX30 MPX41 MPX40
Setting * * * 0 * 0 0 0
Remark *: The value depends on what is measured (gain error or input-referred offset voltage). For

details, see Table 5-1 or Table 5-2.

R0O2AN0O020EJ0100 Rev.1.00 Page 33 of 59
Jan 31, 2014 RENESAS



Smart Analog IC 300

MCU software used for auto calibration

(4) Gain control register 1 (GC1)

This register is used to select the gain for configurable amplifier Chl.

Address: 06H After reset: 00H R/W

Symbol
GCH1
Setting

Remark

Set value: **H
7 6 5 4 3 2 1 0

0 0 0 AMPG14 | AMPG13 | AMPG12 | AMPG11 | AMPG10

0 0 0 * 0 0 0 *

*: The value depends on what is measured (gain error or input-referred offset voltage). For

details, see Table 5-1 or Table 5-2.

(5) Power control register 1 (PC1)

This register is used to enable or disable operation of the configurable amplifier and D/A converter.

Address: 11H  After reset: 00H R/W

Symbol
PC1
Setting

Remark

Set value: 1*H
7 6 5 4 3 2 1 0

DAC40F | DAC3OF | DAC20OF | DAC10F | AMP4OF | AMP3OF | AMP20OF | AMP10OF

0 0 0 1 0 0 0 *

*: The value depends on what is measured (gain error or input-referred offset voltage). For

details, see Table 5-1 or Table 5-2.

(6) Power control register 2 (PC2)

This register is used to enable or disable operation of D/A converters.

Address: 12H  After reset: 00H R/W

Symbol
PC2
Setting

Remark

Set value: **H

7

6

5

4

3

0

DAC70OF

DAC60F

DAC50F

AMPS50OF

LPFOF

HPFOF

LDOOF

TEMPOF

0

*

*

0

0

0

0

0

*: The value depends on what is measured (gain error or input-referred offset voltage). For
details, see Table 5-1 or Table 5-2.
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6.5 Code generator settings

The following table only shows the code generator settings that must be specified in this application note. (The modules

not used are omitted.)

Table 6-4 Code generator settings (1)
Module Macro | Sub | Setting Status
Clock generator Used
CGC Used
Pin assignment: PIORO = 1 Not used
Pin assignment: PIORO = 1 Not used
. High-speed main mode
Operating mode 27V<VDD<36V

EVDD

27V<EVDD<36V

Main system clock (fMAIN)

High-speed on-chip oscillator
clock (flH)

flH operation Used

flH frequency 32 MHz

fMX operation Not used

fSUB operation Used

Subsystem clock (fSUB) XT1 oscillation (fXT)
fSUB frequency 32.768 kHz

XT1 oscillator mode

Low-power oscillation

Clock supply in STOP/HALT mode

Clock supplied

fIL frequency

1 kHz

RTCl/interval timer operating clock

32.768 (fSUB) (kHz)

CPU and peripheral clock (fCLK)

32,000 (fIH) (kHz)

On-chip debug operation Not used
Security ID Used
Security ID 0x00000000000000000000
tputting a reset r heck

Eﬁc‘ii%n g a reset source chec Not used
Flash memory CRC calculation unit | Not used
lllegal memory access detection Not used
RAM guard Not used
Port register guard Not used
Interrupt register guard Not used
Chip state control register guard Not used
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Table 6-5 Code generator settings (2)

Module Macro | Sub Setting Status

Serial interface Used

SAU1 Used
Channel 1
Channel 1 CSl21 - .
(transmission/reception)
Transfer mode Successive transfer
Data length 8 bits
Transfer direction MSB
Data transmission/reception
- Type 1
timing
Clock mode Internal clock (master)
500,000 bps (actual value:

Baud rate 500,000)
Priority level of communication Low
completion interrupt (INTCSI21)
Transmission completion
(callback setting) Not used
Regeptlon completion (callback Used
setting)
Overrun error (callback setting) Used

A/D converter Used

ADC Used

A/D converter operation Used
Comparator operation Enabled
Resolution 12 bits
VREF(+) AVDD
VREF(-) AVSS

Trigger mode

Hardware trigger no-wait
mode

Hardware trigger no-wait mode

INTTMO1 (specify INTTMO1.)

Operating mode setting

Continuous select mode

Analog input pins ANIO to ANI12 | ANIO to ANI12
Analog input pins ANI16 to

ANI30 ANI16, ANI17, ANI19
Conversion start channel ANI2

Reference voltage 27V<AVDD<36V
Conversion time mode Normal 1

Conversion time

3.375 (108/fCLK) (us)

Upper/lower limit for conversion
result values

Generates an interrupt request
signal (INTAD) at ADLL <
ADCRH < ADUL

Upper limit (ADUL) 255
Upper limit (ADUL) 0
A/D converter interrupt (INTAD) | Used
Priority Low
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Table 6-6 Code generator settings (3)
Module Macro | Sub Setting Status
Timer Used
TAUO Used
Channel 5
Channel 5 Interval timer
Interval (16 bits) 100 us (actual value: 100)
Gene_ratlr_wg an interrupt when Not used
counting is started
Generating an interrupt
(INTTMO5) when counting by Used
timer channel 5 ends
Priority (INTTMO5) Low
Real-time clock Used
RTC Used
Real-time clock operation Used
Time notation 24-hour clock
Real-time clock initial value Not used
RTC1HZ pin output (1 Hz) Not used
Alarm detection Not used
Correction Not used
Constant-period interrupt Used, once per sepond (|n_
(INTRTC) synchronization with counting
up the number of seconds)
Priority (INTRTC) Low
DMA controller Used
DMAO Not used
DMA1 Used
DMA operation Used
Transfer direction SFR — internal RAM
Transfer data size 16 bits
SFR address ADCR - 0x000fff1e
RAM address 0xfef00
Number of transfers 64
Trigger signal INTAD
pMA1 transmission completion Used
interrupt (INTDMA1)
Priority Low
RO2ANO020EJ0100 Rev.1.00 Page 37 of 59
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6.6 Flowcharts

Figure 6-1 shows an overview of the processing flow used in this application note.

( Start )

hdwinit() ... System initialization function
The relevant option byte is referenced before the
‘ initial setup function is called.

mainQ ... main function

|
( End )

Figure 6-1 Flowcharts

(1) System initialization function (hdwinit)

Figure 6-2 shows the processing flow of the system initialization function (hdwinit).

C hdwinit )

DIO ... Disables interrupts.

R_Systeminit() ... MCU initialization function

|
C return )

Figure 6-2 hdwinit function
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(2) MCU initialization function (R_Systeminit)

Figure 6-3 shows the processing flow of the MCU initialization function (R_Systeminit).

( R_Systeminit )

PIOR = 0x00U

R_PORT_Create()

R_CGC_Create()

R_SAU1_Create()

R_ADC_Create()

R_TAUO_Create()

R_RTC_Create()

R_DMAC1_Create(Q)

CRCOCTL = 0x00uU

TAWCTL = 0Ox00U

return

.. Initializes peripheral 1/O redirect.

.. Port initialization function

Initializes the ports described in this application note.

.. Clock generator initialization function

Initializes the clock generator described in this application note.

.. SAU1 initialization function

Initializes the 3-wire serial /0O (CSI21) of channel 1 of serial array unit 1 described in
this application note.

... ADC initialization function

Initializes the A/D converter described in this application note.

... TAUO initialization function

Initializes timer array unit 0 (TAUO) described in this application note.

.. RTC initialization function

Initializes the real-time clock (RTC) described in this application note.

.. DMACH1 initialization function

Initializes DMA controller 1 (DMA1) described in this application note.

.. Initializes the flash memory CRC calculation unit.

.. Initializes the illegal memory access detection, RAM guard, and SFR guard features.

Figure 6-3 R_systeminit function
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3)

main function

Figure 6-4 shows the processing flow of the main function.

)

R_MAIN_UseriInit(Q)

.. Initializes the following functions used in this application note.

- Global variables for controlling Smart Analog
- Auto calibration and measurement

- Auto calibration start function

- Setting and starting free-running counter

- Smart Analog circuits

“4)

Figure 6-5 shows

ou 1= No
R_CalibrationlsDoing —— ... Determines whether to execute auto calibration
1Y) and measurement
Yes
R_Calibration()
.. Execute auto calibration and measurement
Figure 6-4 main function

User interface initialization function

User interface initialization function.

( R_MAIN_Userlnit )

R_SmartAnalogMeas
ureControlInit()

R_SelfCalibration
InitQ

R_RTC_Start()

R_TAUO_TDRO5_set
(OXFFFFU)

R_TAUO_Channel5
_Start()

R_SmartAnalog

.. Initializes global variables for controlling Smart Analog

.. Initializes auto calibration and measurement

.. Starts real-time clock operation to generate auto calibration timing

.. Configure the free-running counter (for settling time measurement)

.. Starts the free-running counter.

.. Resets Smart Analog circuits.

HardReset()
EIQ .. Enables interrupts.
ret‘urn )
Figure 6-5 User interface initialization function
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(5) Calibration trigger judge function

Figure 6-6 shows the calibration trigger judge function.

(jR_CaIibrationlsDoingj)

U ==
R_SelfCalibrationFl
agCheck(Q)

No
... Checks the auto calibration flag.

... Returns 1 if the auto calibration flag is set.

C return ( ret ) )

Figure 6-6 Calibration trigger judge function

(6)  Auto calibration start trigger flag check function

Figure 6-7 shows Auto calibration start trigger flag check function.

<%_SelfCalibrationFIagChec%)

‘ ... Checks the auto calibration flag.

return
( gs_calibration_operation )

Figure 6-7 Auto calibration start trigger flag check function

(7) Auto calibration timing generation function

Figure 6-8 shows Auto calibration timing generation function.

(:rirtciinterruptﬁcounter:>

interrupt_counter++ ... Counts the number of RTC interrupts.

D_RTC_COUNT_MINUTES <=

3 ... Determines whether the RTC interrupt count is equal to or
interrupt_counter

greater than D_RTC_COUNT_MINUTES.

gs_calibration_oper o
ation = D ON ... Sets the auto calibration start flag.
interrupt_counter = 0 ... Clears the RTC interrupt count.

C return >

Figure 6-8 Auto calibration timing generation function
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®)
Figure 6-9 shows RTC interrupt function.

RTC interrupt function

C r_rtc_interrupt )

No
... Checks the RIFG (the constant-period interrupt status flag) to
determine whether a constant-period interrupt has occurred.
Yes
Clears RIFG.
r_rtc_callback_ . . .
constperiod() ... Calls the RTC interrupt period function.
C return )
Figure 6-9 RTC interrupt function

(9) RTC interrupt handler function

Figure 6-10 shows RTC interrupt handler function.

<E_rtc_ca|Iback_constperioED

r_rtc_interrupt_cou

... Calls the RTC interrupt count function.

nter(Q)
|
( return >
Figure 6-10 RTC interrupt handler function

(10)
Figure 6-11 shows

Auto calibration start trigger flag clear function

Auto calibration start trigger flag clear function.

C R_SeIfCaIibrationFIagClear>

= D_OFF

gs_calibration_operation

... Clears the auto calibration start flag.

return

C

)

Figure 6-11

Auto calibration start trigger flag clear function
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(11) Calibration control function

Figure 6-12 shows Calibration control function. Judgment of calibration_state is performed by a state machine. For
details about each state, see the state transition diagram in Figure 6-13.

( R_Calibration )

loop_flag = D_ON

state_execution_fla
g = D_OFF

calibration_state =
E_CALIBRATION_NO_EVENT

D_ON == loop_flag

No

.. Sets the loop flag.

.. Clears the calibration completion flag.

.. Initializes the calibration state.

.. Continues to loop if the loop flag is set to D_ON (1).

Yes
Updates ( ret‘urn ) ... Updates the calibration state.
calibration_state.
calibration state .. Judges and updates the calibration state.
B Calibration is complete if the calibration completion flag is set to D_ON (1).
| E_CALIBRATION_INIT
i .. See the status transition diagram in Figure 6-13.
See the status transition diagram.

E_CALIBRATION_GAIN_

| AMP1_DIFF_40DB_END
Figure 6-12 Calibration control function
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How to use the sample code described in this application note is shown below. Ten processes are used to perform auto
calibration measurement. In this application note, initialization and end processing are added to these ten processes and
divide the processes into 12 states to perform measurement.

Gain error

Auto calibration Initialization AJD conversion under the min. and ____"_“_§_51§£J_F_QUJ9_’JE____

starts. ends. max. conditions with 20H ends.

N [ N / — Gain error calculation based
/ \\ \ on the measurement result
( ( E_SELF_CALIBRATION SELF_CALIBRATION_DIF with 20H ends.

_ i R (E_SELF_( L
{ Qrt/l \E_CQBRATION_INIT \DEAINLMEA/SUR/ J @mmb  E—

\_/

A/D conversion under the min. and max.
conditions with 20H has not ended.

A/D conversion under the min. and  Gain error calculation based on the A/D conversion under the min. and
max. conditions with 30H ends. measurement result with 30H ends. max. conditions with 40H ends.

- - o \ - - Gain error calculation
- B ~ B - based on the
/ \ measurement result with
(E_SELF_CALIBRATION_ (E_SELF_CALIBRATION_DIF E_SELF_CALIBRATION_\ (E_SELF_CALIBRATION_DIFF 40H ends.
| DIFF_GAIN2_MEASURE \Q"“Z—CALCULATE DIFF_GAIN3_N$TZ W

\ |
A/D conversion under the min. and max. AJD conversion under the min. and max.
conditions with 30H has not ended. conditions with 40H has not ended.

N

Average calculation for

20H, 30H, and 40H A/D conversion of DAC1_OUT A/D conversion of AMP1_OUT
ends. | ds. ends.
(B

~ \ . e — Offset error calculation
K \ ends.
(E_SELF_CALIBRATION_ _SELF_CALIBRATION_DIF SELF_CALIBRATION_DIFF [E_SELF_GALIBRATION_DIFF,

\ \
) _OFFSET_CALCULATE

] /
\@|N7AVERAGE @DACMEASURE ‘ \WSAMP szz
7»« / \\
| | | |
\\J \\ /AID conversion of
~ D conversion of ——— AMP1_OUT has not

DAC1_OUT has not ended.
ended.

Offset voltage
measurement

Auto calibration ends.

@RATIONX / \

Figure 6-13 State transition during auto calibration measurement
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Table 6-7 shows the calibration_state judgement states and the functions that call each state.

Table 6-7

Correspondence between states and functions

State

Overview

Function that calls the process

E_CALIBRATION_INIT

Initialization of auto
calibration and measurement

calibration_init

E_SELF_CALIBRATION_DIF
F

_GAIN1_MEASURE

Gain error measurement
First time

R_SelfCalibAmp1DiffGainMeasure

E_SELF_CALIBRATION_DIF
F_GAIN1_CALCULATE

Gain error calculation
First time

R_SelfCalibAmp1DiffGainCalc

E_SELF_CALIBRATION_DIF
F

_GAIN2_MEASURE

Gain error measurement
Second time

R_SelfCalibAmp1DiffGainMeasure

E_SELF_CALIBRATION_DIF
F_GAIN2_CALCULATE

Gain error calculation
Second time

R_SelfCalibAmp1DiffGainCalc

E_SELF_CALIBRATION_DIF
F

_GAIN3_MEASURE

Gain error measurement
Third time

R_SelfCalibAmp1DiffGainMeasure

E_SELF_CALIBRATION_DIF
F_GAIN3_CALCULATE

Gain error calculation
Third time

R_SelfCalibAmp1DiffGainCalc

E_SELF_CALIBRATION_DIF

Gain error average

R_SelfCalibAmp1DiffGainAverage

F_GAIN_AVERAGE calculation
E_SELF_CALIBRATION_DIF Offset voltage R_SelfCalibAmp1DiffOffsetDac
F_OFFSET_DAC_MEASURE measurement
DAC_OUT voltage
E_SELF_CALIBRATION_DIF Offset voltage R_SelfCalibAmp1DiffOffsetAmp
F_OFFSET_AMP_MEASURE measurement

AMP_OUT voltage

E_SELF_CALIBRATION_DIF
F_OFFSET_CALCULATE

Offset voltage calculation

R_SelfCalibAmp1DiffOffsetCalc

E_CALIBRATION_GAIN_AM
P1_DIFF_40DB_END

End processing of auto
calibration and measurement

R_SelfCalibrationFlagClear

(12)
Figure 6-14 shows

Calibration initialization function

Calibration initialization function.

( calibration_init )

R_ADC_ChangeSoftTri

... Changes the A/D conversion trigger mode from software trigger

9gerQ to sequential conversion mode for auto calibration and
‘ measurement.
( return >
Figure 6-14 Calibration initialization function
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(13) Gain measurement function

Figure 6-15 and Figure 6-16 show the gain measurement function.

@_SelfCal ibAmplDiffGainMeasu@

s_gain_measure_state
= E_GAIN_MEASURE_INIT

‘ ret_state = D_OFF ‘

... Specifies the initialization state for the state storage variable.

... Clears the auto calibration completion flag.

@

0x20 0x30 0x40 default

buf_num = buf_num = buf_num = ret state =

E_SELF_CALIBRAT E_SELF_CALIBRAT E_SELF_CALIBRAT D ERROR B
10N_DAC_20H 10N_DAC_30H 10N_DAC_40H -

return D_ERROR

@@

E_GAIN_MEASURE_INIT

\
ampl_diff_calibration_s
etting(dac_reg_val,
ampl_gain,
self_cal_cnt)

s_gain_measure_state =
E_GAIN_MEASURE_AMPL_MIN

R_SelfCalibrationMeasure
( &adcr_data,
E_CONF_AMP1_DIFF_GAIN_MES)

No
Has measurement ended?

Yes

variable.

E_GAIN_MEASURE_AMP1_MIN

Stores A/D-converted values
in the buffer.
\
Stores the D/A converter set
value in the buffer.

s_gain_measure_state =
E_GAIN_MEASURE_AMP1_MAX_INIT

variable.

... Selects the buffer into which to
store data obtained as a result of
gain error measurement.

.. Updates the variables that store Smart Analog IC setting values (gain of
DAC1, DACS5, DAC6, and AMP1) based on the parameter values.

.. Specifies the minimum voltage measurement state for the state storage

.. Calls the R_SelfCalibrationMeasure function and measures
the voltage output from configurable amplifier Ch1.

.. If the R_SelfCalibrationMeasure function returns D_ON (1),
measurement is complete.

... Specifies the maximum voltage measurement state for the state storage

Figure 6-15

Gain measurement function (1)
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) )

E_GAIN_MEASURE_AMP1_MAX_INIT

Calls DACS5 set value. ... Store the value that must be set to D/A converter Ch5 when measuring the
maximum value in the variable.
‘ s_dac_max_set_val =
gs_dac_max_setting_val.conf_amp[E_DIFF][E_DIFF_GAIN_40DB].dac_val[buf_num]
’:?Szz:tgga:ZSREEEL[IZEFI&&EZE&?E;? ... Change the D/A converter Ch5 setting stored in the variables that store Smart
E_DACSC_ADDR, s_dac_max_set_val) Analog IC setting values, based on the parameter values.

s_gain_measure_state = . .
E_GAIN_MEASURE_AMP1_MAX ... Specifies the maximum voltage measurement state for the state storage

‘ variable.

E_GAIN_MEASURE_AMP1_MAX

R_SelfCalibrationMeasure

&adcr_data, - - .
E_CONF_&Mpl_Dﬁ:F_GA,N_MES) ... Calls the R_SelfCal ibrationMeasure function

and measures the voltage output from configurable amplifier
No
Has measurement ended?

Ch1.
Yes

Stores A/D-converted values
in the buffer.

\
Stores the D/A converter set
value in the buffer.

s_gain_measure_state =
E_GAIN_MEASURE_END

.. Specifies the gain measurement completion state for the state storage

e variable.

E_GAIN_MEASURE_END

S_gain_measure_state = ... Specifies the initialization state for the state storage variable.
E_GAIN_MEASURE_INIT

ret_state = D_ON ... Sets the measurement completion flag.
default ‘
\
s_gain_measure_state =
E_GAIN_MEASURE_INIT ... Specifies the initialization state for the state storage variable.
ret_state = D_ERROR .. Sets the auto calibration completion flag to indicate an error.
Creturn ( ret_state ))
Figure 6-16 Gain measurement function (2)
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(14)  A/D conversion control function for auto calibration

Figure 6-17 shows

A/D conversion control function for auto calibration.

(R_SelfCal ibrationMeasu re)
\

s_adc_mesure_state =
E_CALIBRATION_MEASURE_SETTING

ret = 0 ... Clears the return value.

s_adc_mesure_state

E_CALIBRATION_MEASURE_INIT

|
s_wait_timer =0
I

s_adc_mesure_state =
E_CALIBRATION_MEASURE_SETTING

r

\
Configure Smart Analog IC
300 registers.
I

E_CALIBRATION_MEASURE_SETTING

Set s_wait_timer.

I
s_adc_mesure_state =

E_CALIBRATION_MEASURE_SET
TING_WAIT

E_CALIBRATION_MEASURE_SETTING_WAIT

Has the settling timer wait
period ended?

A/D conversion starts.
[

s_adc_mesure_state =
E_CALIBRATION_MEASURE_ADC_WAIT

E_CALIBRATION_MEASURE_ADC_WAIT :’

N
Has A/D conversion ended?

Clears the A/D conversion
completion flag.

Acquire the A/D conversion
result.
]

s_adc_mesure_state =
E_CALIBRATION_MEASURE_INIT

]
ret = 1

A—

default

C returen ( ret ) )

... Specifies the maximum voltage measurement state for the state storage variable.

.. Clears the wait timer.

.. Specifies the Smart Analog register setting state for the
state storage variable.

.. Callls the setup_self_cal_AFE_measure_ch function and
rewrites the Smart Analog register values.

.. Sets the settling timer wait counter.

.. Specifies the settling timer wait state for the state
storage variable.

... Specifies the A/D conversion completion wait state for
the state storage variable.

... Specifies the measurement initialization state for the
state storage variable.

... Sets the return value.

Figure 6-17

A/D conversion control function for auto calibration
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(15) Gain calculation function

Figure 6-18 shows the gain calculation function.

<R_SelfCal ibAmplDiffGainCalc>

ret_state = D_ON ... Sets the return value to D_ON.

\
Calculates the voltage differences
between A/D-converted values. ... Calculates the voltage differences between A/D-converted values.
‘ (adcr_diff = AVDD / 2712 * (adcr_max - adcr_min))

Calculates the voltage differences ... Calculates the voltage difference at D/A converter Ch5.
between D/A converter values. (input_diff = AVDD / 28 * (dac_max - dac_min))

input_diff 1= 0

Yes

™

. . ... Calculates the actual gain based on the voltage differences of
Calculate the gain. Error handling A/D-converted values and D/A converter Ch5 values.

I ‘ (gain = adcr_diff / input_diff)

[

< return ( ret_state ) >

_J

Figure 6-18 Gain calculation function

(16) Gain averaging function

Figure 6-19 shows Gain averaging function.

( R_SelfCalibAmplDiffGainAverage )

gain_temp=0 ... Clears the temporary variable.

ret_state = D_ON ... Sets the return value to D_ON.

I

Has data been added?

‘ Add the gain to gain_temp. ... Adds the acquired gain to the temporary variable.
\
Calculate the average gain.
Store the value to the table. ... Stores the acquired average gain to the table.
(g_amp_table.conf_amp[amp_num] [amp_config].gain[gain_reg_val])

( return ( ret_state ) >

Figure 6-19 Gain averaging function
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(179 DAC1_OUT measurement function

Figure 6-20 shows DACI_OUT measurement function.

< R_SelfCalibAmp1DiffOffsetDac )

ret state = D OFF ... Clears the measurement completion flag.

R_SelfCalibrationMeasure(
&gs_offset_cal_data.dac_out, i H 1
& CONFANPL DAGA. OUT. DIRECT) ... Calls the R_SelfCal ibrationMeasure function and measures the voltage output
from D/A converter Ch1.

Has measurement ended?

Yes
ret_state = D_ON ... Sets the measurement completion flag.
Creturn ( ret_state )) ... Returns the value of the measurement completion flag.

Figure 6-20 DAC1_OUT measurement function

(18)  AMP1_OUT measurement function

Figure 6-21 shows AMP1_OUT measurement function.

C R_SelfCal ibAmp1DiffOffsetAmp )

ret_state = D_OFF ... Clears the measurement completion flag.

R_SelfCalibrationMeasure( _ _ .
&gs_offset_cal_data.amp_out, ... Calls the R_SelfCal ibrationMeasure function and measures the voltage output

E_CONF_AMP1_DIFF_DAC_AMP1_OUT . I
~CONFAUPL_DIFF_DAC_AVPL_OUT) from configurable amplifier Ch1.

Has measurement ended?

Yes

ret state = D ON ... Sets the measurement completion flag.

< return ( ret_state ) ) ... Returns the value of the measurement completion flag.

Figure 6-21 AMP1_OUT measurement function
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(19) Input conversion offset voltage calculation function

Figure 6-22 shows the input conversion offset voltage calculation function

C R_SelfCalibAmplDiffOffsetCalc )

Decode magnification factor
based on the set value.
\
Calculate the input-referred
offset voltage.

Store the value to the table. ... Stores the calculated input-referred offset voltage to the table
| (g_amp_table.conf_amp[E_AMP1][E_DIFF] .offset).

( return ( D_ON ) ) ... Sets the calculation completion flag.

Figure 6-22 Input conversion offset voltage calculation function
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7. Yo F7La— FOHMAAAFIRE

KT 7V r—vary/)—b OV 7Tra—RTiE, 22000 7Arr7nve7 EHELTHWET,

lselfcalibration] 7’11 = 27 NI, HOMIEFHNOR A IS % EAK Y 7 La— RTd,  Texample]
Tavxes MI, BAOMERFREAWISHBAE LT, BEMETHE NS Ay - A7y NEEEZ N
TO1RZ LICEIMESORMMEZNET 2V 7 ra—RTT, B, FHoo7ny=27 FTHHD
WERHTIZa 7 4 2T 7L« 77 Chl % 40dB D ZEF) 7 THERRICEHRTE LIZRFDOEL A B LA
FE A 7 v FNEBIEOWE A Ef L TWET,

AETIE, o7 Na—FoACHET —FOWMVIHLERar 74 X277 0 « T TDOF v ZNRT
TR AT DB OV TR L E T,

() BEWET—SOmMYHLA
Ao FNa—RTHELZACHET —ZOWY HLFIZHOW TR LET,

HOEMIEIC X 0 ESNZHIET —Z 1%, Smart Analog IC 300 71 > « 7% v MNEEKMNT —7 L
(g_amp_table Z2%%) ([TAEMI SNV CWVET, 7235, g amp table Z2%%13 ic300 amp table t BUEE AR Z# FH L C
BV, ic300_amp_table t BMEEARIL, TREOMERL L 72> TWET,

typedef struct

{
ic300_single_amp_t conf_amp[E_AMP_NUM_MAX][D_IC300_SINGLE_AMP_CONFIG_MAX];
ic300_single_amp_t inst_amp;

}ic300_amp_table_ t ;

Table 7-1 ic300_amp_table t {#EAD A /8
Member name Description
conf_amp ic300_single_amp_t BUiEEARLEE,

AVTAFKAZ TN - FUoTEEBRF Y RILTEESRIBEDT M1V, ANBREL
7ty FEREDEHREREFLET,
2 RUBLS| D E—ERF
Configurable amplifier channel number
0: Configurable amplifier Ch1
1: Configurable amplifier Ch2
2: Configurable amplifier Ch2
2 RTEEHDE _EEF|
AVTA4X2ZITIN-TUrIOT U THER
0: ERERT v THRL
1: RE&ET7 v T
2: EBT U TEH

inst_amp ic300_multi_amp_t BEEREH
AV ITA4XaSTN-TUoTHHET O TR THERASELBEDTS M. AQBRE
A7y FEEDERERFELET,
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F 72, ic300 single amp tH35 KNV ic300 multi amp t BE FRCAEER & 72> TVET,

typedef struct

{
float gain[D_IC300_SINGLE_AMP_REG_MAX];
float offset;

}ic300_single amp_t ;

Table 7-2 ic300_single_amp_t &E@E A N
Member name Description
gain AVTAX2ZTIN-FTroIOTA O DOER (BEIXE) 2RELET,

BRIDERFLCAAEFHRLTWLET,
BHE. DHEXT—2— FOEZEHRBICER LIZENEHINET,

offset AVI4FX1STNL-TFrI0A 71y FEE (BEIZV) OEREZEFELET,
HE. MEEX OV ARIMEhET,

typedef struct

{
float gain[D_IC300_INST_AMP_REG MAX];
float offset;

}ic300_multi_amp_t ;

Table 7-3 ic300_multi_amp_t #EEEA /N
Member name Description
gain HETUITBHOT A O OEHR (BAKE) sRELET.

BRIDERFLCAAEFRRLTWHET,
BHE. DHEXT—2— FOEZEHRBICER LIZENEHINET,

offset HETUTBHOA Ty FEE (BERV) OBEHRERFELET,
BE. MHEOVARMENET,

Ltk AYoF7ra—RTEHULEZBEMEDORET —% (a7 4 X257/« 727 Chl @ 40dB
FALDEBNT TR IXZF N ENTRRICEN I TDET,

Gain:g_amp _table.conf amp[0][2].gain[17]
Offset voltage:g_amp_table.conf amp[0][2].offset
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2 BEWET—%0ERAA

RIE LB CHiET —# OB DWW CHALE T, BOHMIETRE LT —# i — W — 03 F2ERICHE
THT—HOFMET—ZELTHERLET, ZIZTE. Texample)] v =2 M THEHALTWSHEIZD
WTHERBALET,

lexample] 7’1 =7 FTidk, HOHMEAEDISMZ 0.1 B Z L ICEMESOFRMHEE2FEE L \WEd, =
Tk, EBEME S LA O ' YA 48E L, Smart Analog IC 300 © MPXIN10 % & MPXIN20 i
FICEIMSN2EFOZ LB LET, ZOEBMANEREZa 74X 2T 7L« 77 Chl THIEL.
AD A N—H TTF DL NABEICER, ZO%EFRICE Y ZEHBELZHHLET., HOMET — X I32HEE
OFEEAFRICER LET,

W, K7V a— R OB Z i L T2 EFT & FFON LIS DWW TR L £,

JEHETAE R O A/D BN T35 &0 AA VBB S S R _Cale_PhysicalQuantity B2 2N FFONH &4 E T,
R_Calc_PhysicalQuantity BIZN CIIBIMR A o #IC k V| ZBEELZEET 57200 L LT,
R_Voltage_Measurement_Calc BIBAFFOH S E 4, AH 2 7/bm— FTld, R Voltage Measurement_Calc
BN C A/D BHUE ) b 2B EEE A A L TWET,

3) BCHEDNEAZEET IAE

Ao 7 a— RTiE, 10 0MOBRIEICY TIVEA L 7y 7 OERIENY ALEEEZ AW THEBLTH
F9, FEHFELLTUL VTAXA L7 vy 7 OFERMBEIAZ (INTRTC) OER T 1512 1 By
00 IINZTRRE L., BIVAREEZ 10T 7 FLTI0 24K LTWET, FoH, FaFIETHOM
EOBEER L ET,

(a) AIRBAGE. B, BREE)ZEETHES

UTNEA LTy OCRPENIALDEMEEELET, VTAFA LT ryy -arba—)-
LYAZ 0 (RTCCO) D CT2-CTOE Yy FOMEZZEE LTI, BB, UTNAEA L 7oy 7 OEEM

VW HICOEXFE LTI, RL78/GIA 22— —Xv=a2T /)L N—RU=THRBILORLIYGI3 U TILHA

L7y Z (ROIAN0454Y) 77U r—a v /) — e Z8RTZEN,

b)) SHEUTEEY IEE

RTC BV AR 7 o 2 DHESREEZEL LET, HIESRMILr cg rtc user.c 7 7 A /LD
r_rtc_interrupt_counter BIEAN THE L TV ET,

iT ( D_RTC_COUNT_MINUTES <= s_interrupt_counter)

L7273 - T, smart_analog_sample code common.h 7 7 A /L TEFR I TV 5 D RTC_COUNT MINUTES ®
Bz EORMICAERE LTI 7E S0,
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4 EBT7UOIBETTFYRINLOTA VEEETHBREDEEFIR

T U TRERIIERT TR OEE T, T A F 2T TN T T DOF v R A L EEET L B
DWTHBHLET,

@  Smart Analog IC 300 D L ¥ A X il 2 28 H

9% F v F /LI UC self calibration.c 7 7 A /LIN®D g self cal 11, g self cal 12, g self cal 21 %%
EHELET, g self cal 11 BEAHNIZET, BRSLETEL AL FTRLET,

self calibration.c file

static const sa_ctl_set _data_t g_self cal_11 =

{

{ D_DAC1_OUT_CH 1}, //Specify the analog input channel for which to execute
A/D conversion.

{ D_AMP1_GAIN_ADDR },//Specify the address of the gain control register for the
amplifier used.

{ D_AMP1_BIAS_ADDR },//Specify the address of the DAC control register
corresponding to the DAC connected for supplying the bias voltage for the amplifier
used.

{ D_WAIT100US 32MHZ },//Specify the Smart Analog settling time.

{ D_1C300_REG_NUM 3%, //Number of Smart Analog registers

{
{ 0x00, 0Ox80 } , //Specify the address and values of Smart Analog IC 30
registers.
{ Ox01, 0Ox80 } ,
{ 0x03, 0x00 } ,
{ 0x04, Ox00 } ,
{ 0x05, Ox00 } ,
{ 0x06, 0x00 } ,
{ 0x07, Ox00 } ,
{ 0x08, 0x00 } ,
{ 0x09, 0x00 } ,
{ Ox0Ob, Ox00 } ,
{ 0x0c, Ox00 } ,
{ Ox0d, 0x80 } ,
{ Ox0e, 0x80 } ,
{ OxO0f, 0x80 } ,
{ 0x10, 0Ox80 } ,
{ 0x13, Ox00 } ,
{ 0x14, Ox00 } ,
{ Ox15, 0x80 } ,
{ 0x16, 0x80 } ,
{ O0x17, 0Ox80 } ,
{ Ox11, 0x10 } ,
{ 0x12, 0x00 } ,
3,
};

@ A URMMEBELEETD
WET D7 A NS CTT A AL amp_gain val DIEEZEH L £,
R_Calibration function in calibration.c file

ic300_diff _amp_gain_t amp_gain_val = E_DIFF_GAIN_40DB; //ZHERIZRBF7 A DV
VRAEEERELTIEIN
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@ MUOHITBEKOSI e LTSS

AT AKX T TN T T OF XNV EEET H55E 1L, R _SelfCalibAmp1DiffGainAverage BIZ<°
R_SelfCalibAmp1DiffOffsetCalc BAX D51 H 5T 7 F v XNV AL L £7,

R_Calibration function in calibration.c file

state_execution_flag = R_SelfCalibAmplDiffGainAverage(E_AMP1 , E_DIFF,
amp_gain_val );//Specify the channel of configurable amplifier used.

state_execution_flag = R_SelfCalibAmplDiffOffsetCalc( E_AMP1 , E_DIFF,
amp_gain_val ); //Specify the channel of configurable amplifier used.

) AVIAFX2STN-ToTOT7 v TREEERT HAE

TREFNRIZ L7223 > TH CHIEH OREMMAER, 27— MPEBEZEE L T ZEW, ok, FEMRllE
FIAIZH>E £ L THREREZ Z2R S0,

(D Smart Analog IC 300 @ L A Z 5% E 1B
self calibration.c 7 7 A JMITHIET DREDSKMFEEBIM L FT,

static const sa _ctl_set data t g _self cal 11 =
{
{ D_DAC1 OUT _CH 3%}, Specify the analog input channel for which to execute A/D
conversion.
{ D_AMP1_GAIN_ADDR },Specify the address of the gain control register for the
amplifier used.
{D_AMP1 BIAS ADDR },Specify the address of the DAC control register corresponding
to the DAC connected for supplying the bias voltage for the amplifier used.
{ D_WAIT100US 32MHZ },Specify the Smart Analog settling time.
{ D_I1C300_REG_NUM 3%, //Number of Smart Analog registers
{
{ 0x00, 0Ox80 } , Specify the address and values of Smart Analog IC 30
registers.
{ 0x01, 0Ox80 } ,
{ 0x03, 0Ox00 } ,
{ 0x04, 0Ox00 } ,
{ 0x05, 0Ox00 } ,
{ 0x06, Ox00 } ,
{ 0x07, Ox00 } ,
{ 0x08, 0Ox00 } ,
{ 0x09, Ox00 } ,
{ OxOb, 0x00 } ,
{ OxOc, 0x00 } ,
{ Ox0d, 0x80 } ,
{ Ox0Oe, 0x80 } ,
{ OxOf, 0x80 } ,
{ 0x10, 0x80 } ,
{ 0x13, 0x00 } ,
{ 0x14, 0x00 } ,
{ Ox15, 0x80 } ,
{ O0x16, 0x80 } ,
{ Ox17, 0x80 } ,
{ Ox11, 0Ox10 } ,
{ Ox12, 0Ox00 } ,

}
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@  self calibration state t 33 O calibration_state t D FIZEHZ AT — R4 & BN

self calibration_state t ({2 H LA IEFRFD Smart Analog IC OYRHE% | calibration_state t 21X H A ERFOHI

EAT— FMOERZEBMLET,
smart_analog_sample code common.h file

typedef enum

{
E_CONF_AMP1_DAC1_OUT DIRECT = OU, //AMPLl 87 o 7 DAC DEHHAIE T 53R E
E_CONF_AMP1_DIFF_DAC_AMP1_OUT, //AMPL ZEE) 7 > 7D DAC DT 7 &4 LCHIE
T HERE
E_CONF_AMP1_DIFF_GAIN_MES, //AVPL =BT > T O AMP O 7 A L ERERIET 3%
T
//ZZICACERE LI-EEDOESEZBMLTLZEND
E_CONF_MAX, //NAX

} self_calibration_state t;

typedef enum

{
E_CALIBRATION_NO_EVENT=0U, VILLE: biaD
E_CALIBRATION_INIT, 7/ E AT — b
E_CALIBRATION_END, /73T AT — h

E_SELF_CALIBRATION_DIFF_GAIN1_MEASURE,
E_SELF_CALIBRATION DIFF_GAIN1_CALCULATE,
E_SELF_CALIBRATION DIFF_GAIN2_MEASURE,
E_SELF_CALIBRATION DIFF_GAIN2_CALCULATE,
E_SELF_CALIBRATION_DIFF_GAIN3_MEASURE,
E_SELF_CALIBRATION DIFF_GAIN3_CALCULATE,
E_SELF_CALIBRATION_DIFF_GAIN_AVERAGE,
E_SELF_CALIBRATION_DIFF_OFFSET_DAC_MEASURE,
E_SELF_CALIBRATION_DIFF_OFFSET_AMP_MEASURE,
E_SELF_CALIBRATION_DIFF_OFFSET_CALCULATE,
E_CALIBRATION_GAIN_AMP1_DIFF_40DB_END,
/AR LIZEEEFRET D AT — MEOEREEZBML T ZEN
E_CALIBRATION_ENUM_MAX, 1/ T — 7 D KA
} calibration_state_t;

@ BIBEEKT D
TREEROARAER L AEBEOARNIEE L 7,
self calibration.c file

R_SelfCalibAmplDiffGainMeasure
R_SelfCalibAmplDiffGainCalc
R_SelfCalibAmplDiffGainMeasure
R_SelfCalibAmplDiffGainAverage
R_SelfCalibAmplDiffOffsetDac
R_SelfCal ibAmplDiffOffsetAmp
R_SelfCalibAmplDiffOffsetCalc
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@ Xy UTlL—a SMEBEERIC AT — BT s

switch ( calibration_state) X®»H|Z calibration_state_t TBIL7=H LW AT — kZB8/0
LET, T, 2—FHzav—L, A7 —MEHLVWAT— MIERELET,
case E_SELF_CALIBRATION_DIFF_GAIN1_MEASURE:
if ( D OFF == state_execution_flag )

{
state _execution_flag = R _SelfCalibAmplDiffGainMeasure(0x20,
amp_gain_val, E_CONF_AMP1_DIFF_GAIN_MES );
}

break;

case E_SELF_CALIBRATION_DIFF_OFFSET_CALCULATE:
if ( D OFF == state_execution_flag )

{
state _execution_Fflag=R_SelfCalibAmplDiffOffsetCalc(E_AMP1 , E DIFF,

amp_gain_val );

}

break;

® @cEMLIZAT— FNTHOH LT %B%E@TIER LI-BIIc AR LET,

® GTHOHTREROBIHEEET L £,

@ BACOMERT— MEHBEEIC@QTEM LA T — FERZ BT 5
calibaration_get state rtc_tbl BN D X 7 — N FEHIL 2T E DIEFIZE T L £7,

case E_CALIBRATION_INIT:// B CHEDHHME, RANICETTRERT—MIERELTLEIW
ret_state = E_SELF_CALIBRATION_DIFF_GAIN1_MEASURE;
break;

case E_SELF_CALIBRATION_DIFF_GAIN1_MEASURE:

case E_SELF _CALIBRATION DIFF_OFFSET CALCULATE:
ret_state = pre_state + 1; //IRDAT— MIBAT
break;
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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 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 LSI is not guaranteed if they are accessed.

4. Clock Signals

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

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

stabilized.

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

5. Differences between Products

Before changing from one product to another, i.e. to 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 on of semi products and applicati You are fully ible for

the incorparation of these circuits, software, and information in the design of your equipment. Renesas ics assumes no ility for any losses incurred by you or third parties arising from the

use of these circuits, software, or information.
2. Renesas El Ics has used care In prep the Information Included In this document, but Renesas Electronics does not warrant that such information is emor free. Renssas 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 llabllity for of patents, or other property rights of third partles by or arising from the use of Renesas Electronics products or
technical i { i in this No license, express, implied or otherwise, is granted heraby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You should not alter, modify, copy, or i i iate any Renesas ics product, whether in whale or in part. Renesas ics assumes no ibility for any losses incurred by you or
third parties arising from such alteration, modification, copy or i ik iation of Renesas ics product.

5. Renesas ics products are if ing to the folowing two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on
the product's quality grade, as indicated below.

" C office test and audlo and visual » home machine tools; personal electronic
equipment, and industrial robots etc.
"High Quality™: Ti { iles, trains, ships, etc.); traffic control sysiems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Eleclronics 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 dameges (nucleer reactor conirol systems, military equipment efc.). 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 ics products i in this 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 istics. Renesas ics shall have no liability for malfunctions or damages arising out of the

use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics sndeavors to Improve the quality and rellabliity of its products, semiconductor products have specific characteristics such as the occurrence of fallure at a certaln rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject 1o radiation resistance design. Please be sure to implement safety measures to guard them against the
possbilltty of physical Injury, and Injury or damaga caused by fire In the event of the fallure of a Renesas Elactronics product, such as safety dasign for hardwara and software Including but not limited to

fire control and i for aging ian or any other appropriate measures. Because the evaluation of micracomputer 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 detsils as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics
products in It with all i laws and ions that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes.

no llabliity for damages or losses occurring as a result of your with laws and

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 il inthis for any purpose relating to miiltary applications or use by the miliitary, Including but not limited to the
development of weapons of mass ion. When exporting the Renesas ics products or i in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

10. Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to nofify such third party in advance of the
contents and conditions set farth 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 di may not be or duplicated in any form, in whole or in part, without prior written cansent of Renesas Flectronics.

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 means Renesas ics Cx ion 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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