RENESANS APPLICATION NOTE

RO1AN1129EJ0110
RL78/G1E Group 920110
Switching Amplifiers When Connecting Multiple Sensors Sep. 30, 2013

Introduction

This application note describes how to switch the configuration of the configurable amplifiersin the analog block of the
RL78/G1E (R5F10FMx) when multiple sensors are connected.

Operation Verified Devices
RL78/G1E (R5F10FMx (x = C, D, or E))

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

This application note describes how to switch the configuration of the configurable amplifiersin the analog block of the
RL78/G1E (R5F10FMx) when multiple sensors are connected.

The application note provides an example of reconfiguring the configurable amplifiersin the analog block of the
RL78/G1E (R5F10FMx) when connecting a magneto resistive (MR) sensor (with configurable amplifier channels Ch2
and Ch3 used as non-inverting amplifiers) and a force sensor (with configurable amplifier channels Chl to Ch3 used as
instrumentation amplifiers).

The voltage output from the output pin of configurable amplifier Ch3 (used as a non-inverting amplifier and an
instrumentation amplifier) (AMP3_OUT) isaso A/D-converted by the A/D converter incorporated in the RL78/G1E
(R5F10FMXx). This A/D conversion is executed at 5 msintervals, with the A/D converter alternately converting the
outputs of the MR sensor and the force sensor. The actual procedure is described below.

Operation of the configurable amplifiersin the analog block is stopped, the amplifiers are reconfigured as a non-inverting
amplifier, and the MR sensor is connected. Operation of the configurable amplifiersis then restarted, and the A/D
converter A/D converts the output of the MR sensor after the settling time of the configurable amplifiersand A/D
converter has elapsed.

Operation of the configurable amplifiersis stopped again 5 ms|later, the amplifiers are reconfigured as an instrumentation
amplifier, and the force sensor is connected. Operation of the configurable amplifiersis then restarted, and the A/D
converter A/D converts the output of the force sensor after the settling time has elapsed.

The MR sensor is then reconnected 5 ms later, and the procedure is repeated.

Figure 1.1 shows an overview of the control flow used in this application note.
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Stops operation of the circuits (configurable
amplifier and D/A converter) in the analog block.

Switch the usage of the configurable amplifier
connected in the analog block to MR sensor (use
configurable amplifier channels Ch2 and Ch3 as
non-inverting amplifiers).

Starts operation of the circuits (configurable
amplifier and D/A converter) in the analog block.

The analog block output stabilizes after the
settling time has elapsed.

The microcontroller block A/D-converts the
output from the MR sensor.

Stops operation of the circuits (configurable
amplifier and D/A converter) in the analog block.

Switch the usage of the configurable amplifier
connected in the analog block to force sensor
(use configurable amplifier channels Ch1l to
Ch3 as instrumentation amplifiers).

Starts operation of the circuits (configurable
amplifier and D/A converter) in the analog block.

The analog block output stabilizes after the
settling time has elapsed.

The microcontroller block A/D-converts the
output from the MR sensor.

Stops operation of the circuits (configurable
amplifier and D/A converter) in the analog block.

Figure 1.1 Control Flow
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2. Conditions for Verifying Operation

The operation of the sample code shown in this application note has been verified under the conditions shown below.

Table 2.1 Conditions for Verifying Operation

Item Description
Microcontroller used RL78/G1E (R5F10FME)
Operating frequency High-speed on-chip oscillator (high-speed OCO) clock: 32 MHz
CPU/peripheral hardware clock: 32 MHz
Operating VOltage Voo, DVpp, AVpp1, AVpp2, AVpps: 5.0 V
AVpp: 3.3V
LVD detection voltage (V,yn): 4.06 V when rising, 3.98 V when falling
External devices used MR sensor (KG0823 made by KOHDEN Co., Ltd.)
Force sensor (KP0504 A202G made by KOHDEN Co., Ltd.)
Integrated development CubeSuite+ V1.01.01 [31 Jan 2012] made by Renesas Electronics
environment
C compiler CA78KOR V1.30 made by Renesas Electronics

3. Related Application Notes

Related application notes are shown below. Also refer to these documents when using this application note.

B RL78/G1E Example of Measurement Using a Wheatstone Bridge Sensor (RO1AN1045E) Application Note

RL78/G1E Low-Power Control of Analog Block (Intermittent Operation) (ROLAN1128E) Application Note

B RL78/G1E Sample Code for Performing SPI Communication with Analog Block (RO1IAN1130E) 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.

50V

MPXIN40

L

Sensor 1
(MR sensor) ¢ gy

MPXIN21

{1
Sensor 2
(force sensor) Anal
nalog
Jn MPXIN41 | block
AMP3_OUT

ARESET#
LDO_OuT

BGR_OUT

P71/SDO
P72/SDI
P73/CS#

7
P70/SCLK# %

SPI communication i

50V

A/D converter power supply: 3.3V AVoo

AVss

2kQ .
Measured voltage subject
to A/D conversion ANI2 | J
7
Analog block reset controlN°*® 2p130 ﬁ Microcontroller
T block
3kQ
Note 1: Because the A/D converter supply voltage is 3.3
5.0V V, the output of the AMP3_OUT pin (Oto 5 V) is
Resistor divider"*'®* stepped down to 0 to 3 V by using a resistor
divider.
RESET# Note 2: The analog block is reset via the P130 pin output.
TOOLO After the reset of the microcontroller block ends,
For on-chip debugging P130 outputs a high level.

RL78/G1E (R5F10FMXx)

Figure 4.1 Hardware Configuration

Caution  Thiscircuit diagram is simplified to show an overview of the circuit connections. When designing an
actual circuit, connect pinsappropriately so asto satisfy the electrical specifications. (Connect unused
input-only portsindividually to Vpp or VssVviaaresistor.)
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4.2 Circuits Used

42.1 Circuits used when connecting an MR sensor
Table 4.1 showsthe RL78/G1E (R5F10FMX) peripheral circuits used when connecting the MR sensor (KG0823) used in

this application note and their applications.

Table 4.1 RL78/G1E (R5F10FMx) Peripheral Circuits and Their Applications
When Connecting an MR Sensor

RL78/G1E (R5F10FMx) Peripheral
Circuit

Application

x Configurable amplifier Ch2 Used as a non-inverting amplifier that amplifies the output from an MR

o sensor.

'; D/A converter Ch2 Generates a bias voltage for configurable amplifier Ch2 (used as a

% non-inverting amplifier).

g Configurable amplifier Ch3 Used as a non-inverting amplifier that amplifies the output from
configurable amplifier Ch2 (used as a non-inverting amplifier).

D/A converter Ch3 Generates a bias voltage for configurable amplifier Ch3 (used as a
non-inverting amplifier).

Variable output voltage Generates the power supply voltage for the A/D converter.

regulator

SPI Controls SPI communication with the microcontroller block of the
RL78/G1E (R5F10FMX).

X A/D converter Converts the voltage output from the configurable amplifier (used as a
9 non-inverting amplifier) to a digital value.

; High-speed on-chip oscillator Generates the 32 MHz clock used as the main system clock.

S | (high-speed OCO)

£ | Serial array unit 1 (channel 1) Controls SPI communication with the analog block by using the 3-wire
§ serial /0 (CSI21).

& | I/O ports Controls the reset of the analog block, and the chip select signal (CS)
= used to control SPI communication with the analog block.

Timer array unit O (channel 1) Generates the A/D conversion interval (5 ms).

Timer array unit O (channel 3) The timer to generate the settling time that the system must wait until
the output of configurable amplifier channels Ch2 and Ch3 (used as
non-inverting amplifiers) and D/A converter channels Ch2 and Ch3
stabilizes.
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4.2.2 Circuits used when connecting a force sensor

Table 4.2 shows the RL78/G1E (R5F10FMx) peripheral circuits used when connecting the force sensor (KP0504
A202G) used in this application note and their applications.

Table 4.2 RL78/G1E (R5F10FMx) Peripheral Circuits and Their Applications
When Connecting a Force Sensor

RL78/G1E (R5F10FMx) Peripheral
Circuit

Application

x Configurable amplifier channels | Used as instrumentation amplifiers that convert the differential voltage
% Chlto Ch3 output from the force sensor to a single-ended voltage and amplify it.
o | DIA converter Ch3 Generates a bias voltage for configurable amplifier Ch3 (used as an
% instrumentation amplifier).
& | Variable output voltage Generates the power supply voltage for the A/D converter.
regulator
SPI Controls SPI communication with the microcontroller block of the
RL78/G1E (R5F10FMx).
x A/D converter Converts the voltage output from the configurable amplifier (used as
% an instrumentation amplifier) to a digital value.
5 High-speed on-chip oscillator Generates the 32 MHz clock used as the main system clock.
S | (high-speed OCO)
£ | Serial array unit 1 (channel 1) Controls SPI communication with the analog block by using the 3-wire
8 serial /0 (CSI21).
& | /O ports Controls the reset of the analog block, and the chip select signal (CS)
= used to control SPI communication with the analog block.
Timer array unit O (channel 1) Generates the A/D conversion interval (5 ms).
Timer array unit O (channel 3) The timer to generate the settling time that the system must wait until
the output of configurable amplifier channels Chl to Ch3 (used as
instrumentation amplifiers) and D/A converter Ch3 stabilizes.

RO1AN1129EJ0110 Rev.1.10
Sep. 30, 2013

RENESAS Page 8 of 50




RL78/G1E Group

Switching Amplifiers When Connecting Multiple Sensors

4.3 Pins Used

4.3.1

Pins used when connecting an MR sensor

Table 4.3 showsthe RL78/G1E (R5F10FMX) pins used when connecting the MR sensor in this application note and their

features.

Table 4.3 RL78/G1E (R5F10FMx) Pins Used and Their Features When Connecting an MR Sensor

Pin Name I/0 Description

MPXIN40 Input | This is a non-inverted input pin of the configurable amplifier Ch2 (used as a
non-inverting amplifier) in the analog block. This pin is connected to MR sensor.

AMP3_OUT Output | This is an output pin of configurable amplifier Ch3 (used as a non-inverting
amplifier) in the analog block. This is connected to the ANI2 pin of the A/D
converter in the microcontroller block via a resistor divider.

ANI2 Input | This is an analog input pin of the A/D converter in the microcontroller block. This
pin is connected to the AMP3_OUT pin in the analog block via a resistor divider.

P130 Output | P130 is an output-only pin in the microcontroller block. This pin is connected to
the ARESET# pin in the analog block and is used to control the analog reset
feature of the analog block.

4.3.2 Pins used when connecting a force sensor

Table 4.4 shows the RL78/G1E (R5F10FMX) pins used when connecting the force sensor in this application note and

their features.

Table 4.4 RL78/G1E (R5F10FMx) Pins Used and Their Features When Connecting a Force Sensor

Pin Name I/0 Description

MPXIN21 Input | This is a non-inverted input pin of configurable amplifier Ch1 (used as an
instrumentation amplifier) in the analog block. This pin is connected to the force
sensor.

MPXIN41 Input | This is a non-inverted input pin of configurable amplifier Ch2 (used as an
instrumentation amplifier) in the analog block. This pin is connected to the force
sensor.

AMP3_OUT Output | This is an output pin of configurable amplifier Ch3 (used as an instrumentation
amplifier) in the analog block. This is connected to the ANI2 pin of the A/D
converter in the microcontroller block via a resistor divider.

ANI2 Input | This is an analog input pin of the A/D converter in the microcontroller block. This
pin is connected to the AMP3_OUT pin in the analog block via a resistor divider.

P130 Output | P130 is an output-only pin in the microcontroller block. This pin is connected to

the ARESET# pin in the analog block and is used to control the analog reset
feature of the analog block.

RO1AN1129EJ0110 Rev.1.10
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5. Features of the Analog Block
See 6.2 Settings of Analog Block Registers on p. 21 for details.

51 Procedure for Setting the Variable Output Voltage Regulator

The variable output voltage regulator incorporated in the RL78/G1E (R5F10FMX) is a series regulator which outputs the
variable voltage from 2.0t0 3.3V by a0.1 V step with the setting of control registers. In this application note, the output
voltage from the variable output voltage regulator is set to be 3.3 V and is used as the power supply voltage of the A/D
converter.

Figure 5.1 shows the connection between the variable output voltage regulator in the analog block and the A/D converter
in the microcontroller block incorporated in the RL78/G1E (R5F10FMX).

RL78/G1E (R5F10FMX)

Analog block

BGR_OUT |
T r
” '

3.3V (Typ.) LDO_OUT |
L

+

Reference voltage generator

LT

Variable output voltage regulator

LT

Microcontroller block

AVpp |
LT
Set the LDO_OUT pin output to
3.3V (Typ.) and connect it to the A/D converter
AVpp pin of the A/D converter. AVss &

Figure 5.1 Connection Between Variable Output Voltage Regulator and A/D Converter

Follow the procedure below to start the variable output voltage regulator (LDO_OUT = 3.3V (Typ.)) and reference
voltage generator in the analog block of the RL78/G1E (R5F10FMX)).

<1> Set LDO3to 1, LDO2to 1, LDO1to 0, and LDOO to 1 in the LDO control register (LDOC) to specify 3.3V
(Typ.) as the voltage output from the variable output voltage regulator.
<2> Set LDOOF to 1 in power control register 2 (PC2) to enable operation of the variable output voltage regulator
and reference voltage generator.
By executing the above steps, the variable output voltage regul ator and reference voltage generator start operating and 3.3
V (Typ.) isoutput from the LDO_OUT pin.

Follow the procedure below to stop the variable output voltage regulator and reference voltage generator.

<1> Set LDOOF to 0 in power control register 2 (PC2) to stop operation of the variable output voltage regulator and
reference voltage generator.
By executing the above step, the variable output voltage regulator and reference voltage generator stop operating and 0 V
is output from the LDO_OUT pin.

In this application note, the output voltage from the variable output voltage regulator in the analog block is used as the
power supply voltage of the A/D converter in the microcontroller block, so the variable output voltage regulator is never
stopped once they start operating.

RO1AN1129EJ0110 Rev.1.10 RENESAS Page 10 of 50
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5.2
521

Procedure for Setting the Configurable Amplifiers
Procedure for setting the configurable amplifiers when connecting an MR sensor

A configurable amplifier can change its circuit configuration and its circuit features and characteristics with the setting of
control registersincluded in the analog block. In this application note, the configurable amplifier Ch2 is connected to MR
sensor and the output voltage from the configurable amplifier Ch2 isinput to the configurable amplifier Ch3. Both the
configurable amplifier Ch2 and Ch3 are used as non-inverting amplifiers. The output pin (AMP3_OUT) of the
configurable amplifier Ch3 is connected to the analog input pin (ANI2) of the A/D converter outside the packages.

Figur e 5.2 showsthe connection among MR sensor, the configurable amplifier channels Ch2 and Ch3 and A/D converter.

RL78/G1E (R5F10FMx)
Analog block 50V
MPX31=1 GC2‘: 01H ) ) - AVopi <1 AVppy
MPX30 =0 * Gain of non-inverting amplifier: 11 dB (Typ.) AGNDL
| v AGND1 <
Configurable amplifier
L — ¢ Prs [« AMP20F =1
= SW21=0
50V E <] v
1 i S s
] SW02 =0
w9 Y
MPXIN40 | e I e R e L]
$ 5
o 3]
Q
I I 1 s ;
MR sensor x| DIA ch2
MP‘X 2 0 converter
0 } ! DAC2
MPX41 =0
MPX40 =0
MPX52 = 1
MPX51 =0 GC3 = 09H
MPX50 = 0 * Gain of non-inverting amplifier: 25 dB (Typ.)
| &
ngs Configurable amplifier
h — Ch3
? . «—— AMP3OF =1
r 2 SW31=0
[S]
R} v
[
»n
== L, AMP3_OUT
o ] ‘ LT
: =Y
|5
<
& SW32=1 ¥}
| «SW33=0
iiiii MPXG T D/A converter Ch3
A
. i DAC3
MPX62 =0
LDO_ouT MPX61 = 1
1] MPX60 = 1
3.3V (Typ.) Microcontroller block
AVop | 2kQ |
AVes A/D converter . ANI2
7J77 LT 3ka i

Resistor divider
Steps down the 5V
AMP3_OUT amplitude
signal to a 3 V amplitude
signal.

Figure 5.2 Connection Between Configurable Amplifier Channels Ch2 and Ch3 and MR Sensor, and
Between Configurable Amplifier Channels Ch2 and Ch3 and A/D Converter
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Follow the procedure below to start configurable amplifier Chl (used as a non-inverting amplifier).

<1> Set SW21to 0, SW22to 1, and SW23 to 0 in configuration register 1 (CONFIGL1) to specify that configurable
amplifier Ch2 is used as a non-inverting amplifier.

<2> Set SW31to 0, SW32to 1, and SW33to 0 in configuration register 1 (CONFIGL1) to specify that configurable
amplifier Ch3 isused as a non-inverting amplifier.

<3> Set MPX31 = 1 and MPX30 = 0 in MPX setting register 1 (MPX1) to specify the D/A converter Ch2 output
signal or the VREFIN2 pin as the source of inverted input to configurable amplifier Ch2.

<4> Set MPX41to0and MPX40to 0in MPX setting register 1 (MPX1) to specify the MPXI1N40 pin as the source of
non-inverted input to configurable amplifier Ch2.

<5> Set MPX52 = 1, MPX51 = 0, and MPX50 = 0 in MPX setting register 2 (MPX2) to specify the D/A converter
Ch3 output signal or the VREFIN3 pin as the source of inverted input to configurable amplifier Ch3.

<6> Set MPX62 to 0, MPX61 to 1, and MPX60 to 1 in MPX setting register 2 (MPX2) to specify the signal output
from configurable amplifier Ch2 as the source of non-inverted input to configurable amplifier Ch3.

<7> Set CC1to 0 and CCO to 0 in the AMP operation mode control register (AOMC) to specify high-speed mode as
the operation mode of configurable amplifier channels Chl to Ch3.

<8> Set AMP24 = 0, AMP23 = 0, AMP22 = 0, AMP21 = 0, and AMP20 = 1 in gain control register 2 (GC2) to
specify 11 dB asthe gain (Typ.) of configurable amplifier Ch2 (used as a non-inverting amplifier).

<9> Set AMP34 = 0, AMP33 =1, AMP32 = 0, AMP31 = 0, and AMP30 = 1 in gain control register 3 (GC3) to
specify 25 dB asthe gain (Typ.) of configurable amplifier Ch3 (used as a non-inverting amplifier).

<10>Set AMP20OF to 1 and AMP3OF to 1 in power control register 1 (PC1) to enable operation of configurable
amplifier channels Ch2 and Ch3.

By executing the above steps, configurable amplifier channels Ch2 and Ch3 (used as non-inverting amplifiers) start
operating.

Follow the procedure below to stop configurable amplifier channels Ch2 and Ch3 (used as non-inverting amplifiers).

<1> Set AMP20OF = 0 in power control register 1 (PC1) to stop operation of configurable amplifier Ch2.

<2> Set AMP3OF = 0 in power control register 1 (PC1) to stop operation of configurable amplifier Ch3.
By executing the above steps, configurable amplifier channels Ch2 and Ch3 (used as non-inverting amplifiers) stop
operating.

In this application note, the operation of the configurable amplifiersis stopped when reconfiguring the amplifiers, and
then restarted. The output of the configurable amplifiersisthen A/D-converted by the A/D converter in the
microcontroller block once the settling time has el apsed.
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5.2.2 Procedure for setting the configurable amplifiers when connecting a force sensor
In this application note, configurable amplifier channels Chl to Ch3 in the analog block are used as instrumentation
amplifiersto convert the differential voltage output from the force sensor to a single-ended voltage and amplify it.

Figur e 5.3 shows the connection among a force sensor, the configurable amplifier channels Chl to Ch3 and the A/D
converter.

RL78/G1E (R5F10FMx)
Analog block 50V
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8 :
PXIN20 [} %7 {1 AMP1_OUT
7 5
MPXIN21 T 8
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I il VPX: ol o GC3=07H
DAC1_OUT L \ ' MPX51=1 | AMP30OF=1
Force  )/REFINT T \ MPX50 = 0
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MPX20 = 1 MPX5 Configurable amplifier
MPXIN50 E cha
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[]«smmo:l ‘ B
””” — 1, AMP3_OUT
MPXIN60 E N L
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MPXIN30 [} _ Ch2 DAC3
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,,,,, 3 : MPX61=1 D/A converter Ch3
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i, 5 § § ; «—— GC2 =03H
O
MPXINALT | ] e < % % «—— AMP20F =1
o SW22=1 &
X : _
MPAX4 QW Sw23=0 D/IA conve|te|Ch2
DAC1_OuUT L | i 1
/VREFIN1 \
MPX41=0 L
LDO_OUT MPX40 = 1
3.3V (Typ.) Microcontroller block
AVoo 2k |
AV. AID converter *—DM
ss |
il T % 3k |

Resistor divider
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Figure 5.3 Connection Between Configurable Amplifier Channels Ch1lto Ch3 and Force Sensor, and
Between Configurable Amplifier Channels Ch1to Ch3 and A/D Converter
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Follow the procedure below to start configurable amplifier channels Chl to Ch3 (used as instrumentation amplifiers).

<1> Set SW11to 0, SW12to 1, and SW13to 0 in configuration register 1 (CONFIGL) to specify that configurable
amplifier Chl is used as an instrumentation amplifier.

<2> Set SW21to 0, SW22 to 1, and SW23 to 0 in configuration register 1 (CONFIGL1) to specify that configurable
amplifier Ch2 is used as an instrumentation amplifier.

<3> Set SW31to 0, SW32to 0, and SW33to 1 in configuration register 2 (CONFIG2) to specify that configurable
amplifier Ch3 is used as an instrumentation amplifier.

<4> Set SW0O0 to 1 in configuration register 2 (CONFIG2) to turn on SWQO.

<5> Set MPX11 to 1 and MPX10 to 1 in MPX setting register 1 (MPX1) to leave the source of inverted input to
configurable amplifier Ch1 open.

<6> Set MPX21to0and MPX20to 1in MPX setting register 1 (MPX1) to specify the MPXIN21 pin as the source of
non-inverted input to configurable amplifier Chl.

<7> Set MPX31 to 1 and MPX30 to 1 in MPX setting register 1 (MPX1) to leave the source of inverted input to
configurable amplifier Ch2 open.

<8> Set MPX41to0and MPX40to 1in MPX setting register 1 (MPX1) to specify the MPXIN41 pin as the source of
non-inverted input to configurable amplifier Ch2.

<9> Set MPX52 to 0, MPX51 to 1, and MPX50 to 0 in MPX setting register 2 (MPX2) to specify the signal output
from configurable amplifier Chl as the source of inverted input to configurable amplifier Ch3.

<10>Set MPX62 to 0, MPX61 to 1, and MPX60 to 1 in MPX setting register 2 (MPX2) to specify the signal output
from configurable amplifier Ch2 as the source of non-inverted input to configurable amplifier Ch3.

<11>Set CC1 to 0 and CCO to 0 in the AMP operation mode control register (AOMC) to specify high-speed mode as
the operation mode of configurable amplifier channels Chl to Ch3.

<12>Set AMP14 = 0, AMP13 = 0, AMP12 = 0, AMP11 = 1, and AMP10 = 1 in gain control register 1 (GC1). (Set
GC1 to 03H when using configurable amplifier Chl as an instrumentation amplifier.)

<13>Set AMP24 =0, AMP23 = 0, AMP22 = 0, AMP21 = 1, and AMP20 = 1 in gain control register 2 (GC2). (Set
GC2 to 03H when using configurable amplifier Ch2 as an instrumentation amplifier.)

<14>Set AMP34 = 0, AMP33 = 0, AMP32 = 1, AMP31 = 1, and AMP30 = 1 in gain control register 3 (GC3) to
specify 34 dB asthe gain (Typ.) of configurable amplifier Ch3 (used as an instrumentation amplifier).

<15>Set AMP1OF to 1, AMP20OF = 1, and AMP3OF = 1 in power control register 1 (PC1) to enable operation of
configurable amplifier channels Chl to Ch3.

By executing the above steps, configurable amplifier channels Chl to Ch3 (used as instrumentation amplifiers) start
operating.

Follow the procedure below to stop configurable amplifier channels Chl to Ch3 (used as instrumentation amplifiers).

<1> Set AMP1OF to 0, AMP20OF = 0, and AMP3OF = 0 in power control register 1 (PC1) to stop operation of
configurable amplifier channels Chl to Ch3.
By executing the above steps, configurable amplifier channels Chl to Ch3 (used as instrumentation amplifiers) stop
operating.

In this application note, the operation of the configurable amplifiersis stopped when reconfiguring the amplifiers, and
then restarted. The output of the configurable amplifiersisthen A/D-converted by the A/D converter in the
microcontroller block once the settling time has el apsed.
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5.3 Procedure for Setting the D/A Converter

531 Procedure for setting the D/A converter when connecting an MR sensor

In this application note, D/A converter Ch2 is used to generate a bias voltage for configurable amplifier Ch2 (used asa
non-inverting amplifier) and D/A converter Ch3 is used to generate a bias voltage for configurable amplifier Ch3 (used as
anon-inverting amplifier) when connecting an MR sensor.

Follow the procedure below to start D/A converter channels Ch2 and Ch3.

<1> SetVRT1toOand VRTOtoOinthe DAC reference voltage control register (DACRC) to specify “AVpp; x 5/10”
as the upper limit of the reference voltage (VRT) for the D/A converter.

<2> Set VRB1to 0 and VRBOto 0inthe DAC reference voltage control register (DACRC) to specify AGND1 asthe
lower limit of the reference voltage (VRB) for the D/A converter.

<3> Specify the analog voltage to be output to DAC control register 2 (DAC2C).

e Inthisapplication note, D/A converter Ch2 is used to generate a bias voltage for configurable amplifier Ch2
(used as a non-inverting amplifier). Set the DAC2C register to 8BH to specify 2.73 V as the voltage output
fromthe DAC2_OUT pin. (Notethat the value set to the DAC2C register isareference value. The user needs
to evaluate the system to determine the actual values.)

e DAC2_OUT = ((reference voltage upper limit — reference voltage lower limit) x 2 x m/255) + 2 x reference
voltage lower limit

= ((AVpp1 x 5/10 - AGND1) x 2 x 139/255) + 2 x AGND1
=((5x5/10-0) x 2x 139/255) + 2x 0

=273V
* AVDDl =5V
*AGND1=0V

* m (DAC2C register value) = 139 (8BH)

<4> Specify the analog voltage to be output to DAC control register 3 (DAC3C).

e Inthisapplication note, D/A converter Ch3 is used to generate a bias voltage for configurable amplifier Ch3
(used as a non-inverting amplifier). Set the DAC3C register to 67H to specify 2.02 V as the voltage output
fromthe DAC3_OUT pin. (Notethat the value set to the DAC3C register isareference value. The user needs
to evaluate the system to determine the actual values.)

e DAC3 OUT = ((reference voltage upper limit — reference voltage lower limit) x 2 x m/255) + 2 x reference
voltage lower limit

= ((AVpp1 x 5/10 — AGND1) x 2 x 103/255) + 2 x AGND1
=((5x5/10 - 0) x 2x 103/255) + 2x 0

=202V
* AVDD]_ =5V
* AGND1=0V

* m (DAC3C register value) = 103 (67H)

<5> Set DAC20F to 1 and DAC3OF to 1 in power control register 1 (PC1) to enable operation of D/A converter
channels Ch2 and Ch3.
By executing the above steps, D/A converter channels Ch2 and Ch3 start operating.

Follow the procedure below to stop D/A converter channels Ch2 and Ch3.

<1> Set DAC20F to 0 and DAC3O0F to 0 in power control register 1 (PC1) to stop operation of D/A converter
channels Ch2 and Ch3.
By executing the above step, D/A converter channels Ch2 and Ch3 stop operating.

In this application note, the operation of the configurable amplifiersis stopped before reconfiguring the amplifiers. At the
sametime, D/A converter channels Ch2 and Ch3 stop operating. The configurable amplifiers are then reconfigured and
the operation of the configurable amplifiers and D/A converter is restarted. The output of the configurable amplifiersis
then A/D converted by the A/D converter in the microcontroller block once the settling time has el apsed.
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53.2 Procedure for setting the D/A converter when connecting a force sensor

In this application note, D/A converter Ch3 in the analog block is used to generate a bias voltage for configurable
amplifier Ch3 (used as an instrumentation amplifier) when connecting aforce sensor.

Follow the procedure below to start D/A converter Ch3.

<1> SetVRT1toOand VRTOtoOinthe DAC reference voltage control register (DACRC) to specify “AVpp; x 5/10”
as the upper limit of the reference voltage (VRT) for the D/A converter.

<2> Set VRB1to 0 and VRBOto 0inthe DAC reference voltage control register (DACRC) to specify AGND1 asthe
lower limit of the reference voltage (VRB) for the D/A converter.

<3> Specify the analog voltage to be output to DAC control register 3 (DAC3C).

e Inthisapplication note, D/A converter Ch3 is used to generate a bias voltage for configurable amplifier Ch3
(used as an instrumentation amplifier). Set the DAC3C register to 80H to specify 2.51 V asthe voltage output
fromthe DAC3_OUT pin. (Notethat the value set to the DAC3C register isareference value. The user needs
to evaluate the system to determine the actual values.)

e DAC3 OUT = ((reference voltage upper limit — reference voltage lower limit) x 2 x m/255) + 2 x reference
voltage lower limit

= ((AVpp1 x 5/10 — AGND1) x 2 x 128/255) + 2 x AGND1
=((5x5/10- 0) x 2x 128/255) + 2x 0
=251V

* AVpp; =5V

* AGND1=0V

* m (DAC3C register value) = 128 (80H)

<4> Set DAC3OF to 1 in power control register 1 (PC1) to enable operation of D/A converter Ch3.
By executing the above steps, D/A converter Ch3 starts operating.

Follow the procedure below to stop D/A converter Ch3.

<1> Set DAC3OF to 0 in power control register 1 (PC1) to stop operation of D/A converter Ch3.
By executing the above step, D/A converter Ch3 stops operating.

In this application note, the operation of the configurable amplifiersis stopped before reconfiguring the amplifiers. At the
sametime, D/A converter Ch3 stops operating. The configurable amplifiers are then reconfigured and the operation of the
configurable amplifiersand D/A converter isrestarted. The output of the configurable amplifiersisthen A/D converted by
the A/D converter in the microcontroller block once the settling time has el apsed.
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5.4 Analog Block Settling Time

When operation of the configurable amplifier is started (by setting AMPNOF (n=1to 3) to 1 in power control register 1
(PC1)) after having been stopped (by setting AMPnOF (n = 1to 3) to 0in PC1), asettling time (Ts) isrequired for the
output of the amplifier to stabilize.

5.4.1 Settling time of the configurable amplifier (used as non-inverting amplifier)

The settling time of the configurable amplifier (used as a non-inverting amplifier) is measured from the end of SPI
command (the data that changes the setting of the AMPNOF (n =1 to 3) bit from 0 to 1 islatched) until the output voltage
from the configurable amplifier (AMPn_OUT (n =1 to 3)) iswithin £0.1% of the final output voltage.

The required settling time of the configurable amplifier when used as a non-inverting amplifier is shown in Table 5.1
below, based on the electrical specifications described in the RL78/G1E Hardware User’s Manual.

Table 5.1 Settling Time of Configurable Amplifier (Used as Non-Inverting Amplifier)
(-40°C < T £85°C, AVpp1 = AVppy = AVppz = DVpp = 5.0 V, AMP1OF = AMP20OF = AMP3OF = 1)

Parameter Symbol | Conditions Ratings Unit
MIN TYP MAX
Settling time Ts High-speed mode - - 9 uS
(CCi,CcCco=0,0)
Gain: 10 dB
5.4.2 Settling time of the configurable amplifier (used as instrumentation amplifier)

The settling time of the configurable amplifier (used as a non-inverting amplifier) is measured from the end of SPI
command (the data that changes the setting of the AMPNOF (n =1 to 3) bit from 0 to 1 islatched) until the output voltage
from the configurable amplifier (AMPn_OUT (n =1 to 3)) iswithin £0.1% of the final output voltage.

The required settling time of the configurable amplifier when used as an instrumentation amplifier is shown in Table 5.2
below, based on the electrical specifications described in the RL78/G1E Hardware User’s Manual.

Table 5.2 Settling Time of Configurable Amplifier (Used as Instrumentation Amplifier)

(~40°C < Ta < 85°C, AVpp1 = AVpps = AVppz = DVpp = 5.0 V, AMPLOF = AMP20OF = AMP3OF = 1)

Parameter Symbol | Conditions Ratings Unit
MIN TYP MAX
Settling time Ts High-speed mode - - 9 uS
(CC1,CC0=0,0)
Gain: 20 dB
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5.4.3 D/A converter settling time

When operation of the D/A converter is started (by setting DACnOF (n=1to 4) to 1 in power control register 1 (PC1))
after having been stopped (by setting DACnOF (n = 1to 4) to 0in PC1), a settling time (ts=7) is required for the output of
the D/A converter to stabilize.

The settling time of the D/A converter is measured from the end of SPI command (the data that changes the setting of the
DACNOF (n=1to4) bit from 0 to 1islatched) until the output voltage from the D/A converter (DACn_OUT (n=1to 4))
iswithin £1.0% of the final output voltage.

The required settling time of the D/A converter is shown in Table 5.3 below, based on the electrical specifications
described in the RL78/G1E Hardware User’s Manual.

Table 5.3 D/A Converter Settling Time
(—4OOC < TA < 8500, AVDD]_ = AVDDZ = AVDD3 = DVDD =50 V, DACI10OF = DAC20F = DAC30F = DAC40F = 1)

Parameter Symbol | Conditions Ratings Unit
MIN TYP MAX

Settling time tseT - - - 100 VS

544 Settling time of the variable output voltage regulator

When operation of the variable output voltage regulator is started (by setting LDOOF to 1 in power control register 2
(PC2)) after having been stopped (by setting LDOOF to 0 in PC2), a settling time (tser) is required for the output of the
variable output voltage regulator to stabilize.

The required settling time of the variable output voltage regulator is shown in Table 5.4 below, based on the electrical
specifications described in the RL78/G1E Hardware User’s Manual.

Table 5.4 Settling Time of Variable Output Voltage Regulator
(—4OOC < TA < 850(:, AVDDl = AVDDZ = AVDD3 = DVDD =5.0 V, LDOOF = 1)

Parameter Symbol | Conditions Ratings Unit
MIN TYP MAX

Settling time tseT - - - 5.0 ms

Caution Theratingin Table 5.4 appliesto when a 4.7 pF (recommended value) capacitor isconnected to the
LDO_OUT pin and a 0.1 pF (recommended value) capacitor is connected to the BGR_OUT pin.
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6. Software

6.1 Timing Chart

In this application note, the operation of the configurable amplifiers and D/A convertersis stopped before reconfiguring
the amplifiers. The configurable amplifiers are then reconfigured and the operation of the configurable amplifiers and
D/A convertersisrestarted. The output of the configurable amplifiersisthen A/D-converted by the A/D converter in the
microcontroller block once the settling time has elapsed.

A timing chart showing the amplifier reconfiguration described in this application note is shown below.

5ms 5ms ,
< e /
TAUO Chl T T T
INTTMO1 L
N i
Status of configurable '"St;r*n”;figteép'on Te Instrumentatio_ﬁ amplifier
amplifier Chl operatin operating

i

T Instrumentation amplifier t
& operating €zr
U

Status of configurable Instrumentation! Non-inverting amplifier
amplifier Ch2 grgrr’ggﬁ(’l >'< Ts1 >< operating

2

i

Status of configurable '"St;‘:nm?iggﬁon T Non-inverting amplifier T Instrumentation amplifier .
amplifier Ch3 ope?ating . st . operating /. sz . operatjr/pg | =
Status of D/A I ) I

converter Ch2 tser Operating tser
| | - | , |
Status of D/A . . -
converter Ch3 Operating tser Operating tser Operating tser
1 { ! f { ;
H 100 ps ! | 100 ps ' !
<1> <é> <3> <4|1> <é> <6> <i> <é>
Remark 1:
INTTMO1: Interrupt triggered by the completion of counting by channel 1 of timer array unit O or capture interrupt
Tsu: Settling time of configurable amplifier (used as non-inverting amplifier)
Tsa: Settling time of configurable amplifier (used as instrumentation amplifier)
tseT: DI/A converter settling time
Remark 2:

The settling time of the configurable amplifiers and D/A converters (100 ps) is measured by using the interval timer
feature of channel 3 of timer array unit 0 in the microcontroller block.

Figure 6.1 Timing of Amplifier Reconfiguration in Analog Block
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<1>

<2>

<3>

<4>

<5>

<6>

Upon occurrence of the interrupt request triggered by the compl etion of counting by channel 1 of timer array unit
0 (INTTMO01), configurable amplifier channels Chl to Ch3 and D/A converter channels Ch2 and Ch3 stop
operating, configurable amplifier channels Ch2 and Ch3 are reconfigured as non-inverting amplifiers, D/A
converter Ch2 is reconfigured for generating a bias voltage for configurable amplifier Ch2 (used as a
non-inverting amplifier), and D/A converter Ch3 is reconfigured for generating a bias voltage for configurable
amplifier Ch3 (used as a non-inverting amplifier).

Configurable amplifier channels Ch2 and Ch3 (used as non-inverting amplifiers) and D/A converter channels
Ch2 and Ch3 start operating.

Once the 100 ps settling time, which is counted by using channel 3 of timer array unit O (this is the D/A
converter's settling time, which is longer than the configurable amplifier settling time), has elapsed, the A/D
converter in the microcontroller block A/D convertsthe voltage output from the AMP3_OUT pin of configurable
amplifier Ch3 (used as a non-inverting amplifier).

5 ms later, upon occurrence of the interrupt request triggered by the completion of counting by channel 1 of
timer array unit O (INTTMOL), configurable amplifier channels Ch2 and Ch3 and D/A converter channels Ch2
and Ch3 stop operating, configurable amplifier channels Chl to Ch3 are reconfigured as instrumentation
amplifiers, and D/A converter Ch3 is reconfigured for generating a bias voltage for configurable amplifier Ch3
(used as an instrumentation amplifier).

Configurable amplifier channels Chl to Ch3 (used as instrumentation amplifiers) and D/A converter Ch3 start
operating.

Once the 100 ps settling time, which is counted by using channel 3 of timer array unit O (this is the D/A
converter's settling time, which is longer than the configurable amplifier settling time), has elapsed, the A/D
converter in the microcontroller block A/D convertsthe voltage output from the AMP3_OUT pin of configurable
amplifier Ch3 (used as an instrumentation amplifier).
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6.2 Settings of Analog Block Registers

This section describes the settings of the SPI control registersin the analog block of the RL78/G1E (R5F10FMx) 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 specify the SPI control register settings, see the RL78/G1E Hardware User’s Manual.

(1) Configuration register 1 (CONFIG1)

(@ When connecting an MR sensor

Set all the switches of configurable amplifier Ch2 to "non-inverting amplifier" mode.

Address: OOH  After reset: 00H R/W Set value: 02H

Symbol 7 6 5 4 3 2 1 0
CONFIG1 0 SW11 SW12 SW13 0 SW21 SW22 SW23
Set value 0 0 0 0 0 0 1 0

(b)) When connecting a force sensor

Set all the switches of configurable amplifier channels Chl and Ch2 to "instrumentation amplifier" mode.

Address: OOH  After reset: 00H R/W Set value: 22H

Symbol 7 6 5 4 3 2 1 0
CONFIG1 0 SW11 SW12 SW13 0 SW21 SW22 SW23
Set value 0 0 1 0 0 0 1 0

(2) Configuration register 2 (CONFIG2)

(@ When connecting an MR sensor

Set the switches of configurable amplifier Ch2 to "non-inverting amplifier" mode.

Address: 01H After reset: 00H R/W Set value: 20H

Symbol 7 6 5 4 3 2 1 0
CONFIG2 0 SW31 SW32 SW33 0 SWO02 SWo01 SWO00
Set value 0 0 1 0 0 0 0 0

(o) When connecting a force sensor

Set the switches of configurable amplifier Ch3 to "instrumentation amplifier" mode.

Address: 01H  After reset: 0OH RW Set value: 11H

Symbol 7 6 5 4 3 2 1 0
CONFIG2 0 SW31 SW32 SW33 0 SW02 Swo1 SWO00
Set value 0 0 0 1 0 0 0 1
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(3) MPX setting register 1 (MPX1)

(@ When connecting an MR sensor

Specify the “D/A converter Ch2 output signal or the VREFIN2 pin” as the source of inverted input to configurable
amplifier Ch2, and the MPXIN40 pin as the source of non-inverted input to configurable amplifier Ch2.

Address: 03H  After reset: 00H R/W Set value: 08H
Symbol 7 6 5 4 3 2 1 0
MPX1 | MPX11 MPX10 MPX21 MPX20 MPX31 MPX30 MPX41 MPX40
Set value 0 0 0 0 1 0 0 0

(b)) When connecting a force sensor

Specify the open pin as the source of inverted input to configurable amplifier Chl, and the MPXIN21 pin as the source of
non-inverted input to configurable amplifier Chl.

Specify the open pin as the source of inverted input to configurable amplifier Ch2, and the MPXIN41 pin as the source of
non-inverted input to configurable amplifier Ch2.

Address: 03H After reset: 00H R/W Set value: DDH
Symbol 7 6 5 4 3 2 1 0
MPX1 | MPX11 MPX10 MPX21 MPX20 MPX31 MPX30 MPX41 MPX40
Set value 1 1 0 1 1 1 0 1

(4 MPX setting register 2 (MPX2)

(@ When connecting an MR sensor

Specify the “D/A converter Ch3 output signal or the VREFIN3 pin” as the source of inverted input to configurable
amplifier Ch3, and the configurable amplifier Ch2 output signal as the source of non-inverted input to configurable
amplifier Ch3.

Address: 04H  After reset: 00OH R/W Set value: 43H
Symbol 7 6 5 4 3 2 1 0
MPX2 0 MPX52 MPX51 MPX50 0 MPX62 MPX61 MPX60
Set value 0 1 0 0 0 0 1 1

(o) When connecting a force sensor

Specify the configurable amplifier Chl output signal asthe source of inverted input to configurable amplifier Ch3, and the
configurable amplifier Ch2 output signal as the source of non-inverted input to configurable amplifier Ch3.

Address: 04H  After reset: 00OH R/W Set value: 23H
Symbol 7 6 5 4 3 2 1 0
MPX2 0 MPX52 | MPX51 | MPX50 0 MPX62 | MPX61 | MPX60
Set value 0 0 1 0 0 0 1 1
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(5) Gain control register 1 (GC1)

(@ When connecting an MR sensor

Thisregister is not used.

(o) When connecting a force sensor

Set 03H as the setting for when configurable amplifier Chl is used as an instrumentation amplifier.

Address: 06H  After reset: 00H R/W Set value: 03H
Symbol 7 6 5 4 3 2 1 0
GC1 0 0 0 AMPG14 | AMPG13 | AMPG12 | AMPG11 | AMPG10
Set value 0 0 0 0 0 0 1 1
(6) Gain control register 2 (GC2)
(@ When connecting an MR sensor
Set the gain of configurable amplifier Ch2 (used as a non-inverting amplifier) to 11 dB (Typ.).
Address: 07H  After reset: 00H R/W Set value: 01H
Symbol 7 6 5 4 3 2 1 0
GC2 0 0 0 AMPG24 | AMPG23 | AMPG22 | AMPG21 | AMPG20
Set value 0 0 0 0 0 0 0 1
(o) When connecting a force sensor
Set 03H as the setting for when configurable amplifier Ch2 is used as an instrumentation amplifier.
Address: 07H  After reset: 00H R/W Set value: 03H
Symbol 7 6 5 4 3 2 1 0
GC2 0 0 0 AMPG24 | AMPG23 | AMPG22 | AMPG21 | AMPG20
Set value 0 0 0 0 0 0 1 1
(7) Gain control register 3 (GC3)
(@ When connecting an MR sensor
Set the gain of configurable amplifier Ch3 (used as a non-inverting amplifier) to 25 dB (Typ.).
Address: 08H After reset: 00H R/W Set value: 09H
Symbol 7 6 5 4 3 2 1 0
GC3 0 0 0 AMPG34 | AMPG33 | AMPG32 | AMPG31 | AMPG30
Set value 0 0 0 0 1 0 0 1
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(b)) When connecting a force sensor

Set the gain of configurable amplifier Ch3 (used as an instrumentation amplifier) to 34 dB (Typ.).

Address: 08H After reset: 00H R/W Set value: 07H
Symbol 7 6 5 4 3 2 1 0
GC3 0 0 0 AMPG34 | AMPG33 | AMPG32 | AMPG31 | AMPG30
Set value 0 0 0 0 0 1 1 1
(8) AMP operation mode control register (AOMC)
Set the operating mode of configurable amplifier channels Chl to Ch3 to “high-speed mode”.
Address: 09H  After reset: 00H R/W Set value: O0H
Symbol 7 6 5 4 3 2 1 0
AOMC 0 0 0 0 0 0 CcC1 CCo
Set value 0 0 0 0 0 0 0 0
(99 LDO control register (LDOC)
Set the output voltage of the variable output voltage regulator to 3.3 V (Typ.).
Address: OBH After reset: ODH R/W Set value: ODH
Symbol 7 6 5 4 3 2 1 0
LDOC 0 0 0 0 LDO3 LDO2 LDO1 LDOO
Set value 0 0 0 0 1 1 0 1

(10) DAC reference voltage control register (DACRC)

Set the upper (VRT) and lower (VRB) limits of the reference voltage for the D/A converter to AVpp; x 5/10 and AGND1,
respectively.

Address: OCH After reset: 00H R/W Set value: O0H
Symbol 7 6 5 4 3 2 1 0
DACRC 0 0 0 0 VRT1 VRTO VRB1 VRBO
Set value 0 0 0 0 0 0 0 0

(11) DAC control register 2 (DAC2C)

(@ When connecting an MR sensor

Set the analog voltage to be output to the DAC2_OUT pinto 2.73 V.

Address: OEH  After reset: 80H R/W Set value: 8BH
Symbol 7 6 5 4 3 2 1 0
DAC2C [ DAC27 | DAC26 | DAC25 | DAC24 | DAC23 | DAC22 | DAC21 | DAC20
Set value 1 0 0 0 1 0 1 1
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(b)) When connecting a force sensor

Thisregister is not used.

(12) DAC control register 3 (DAC3C)

(@ When connecting an MR sensor

Set the analog voltage to be output to the DAC3_OUT pinto 2.02 V.

Address: OFH After reset: 80H R/W Set value: 67H
Symbol 7 6 5 4 3 2 1 0
DAC3C | DAC37 DAC36 DAC35 DAC34 DAC33 DAC32 DAC31 DAC30
Set value 0 1 1 0 0 1 1 1
(b)) When connecting a force sensor
Set the analog voltage to be output to the DAC3_OUT pinto 2.51 V.
Address: OFH After reset: 80H R/W Set value: 80H
Symbol 7 6 5 4 3 2 1 0
DAC3C | DAC37 DAC36 DAC35 DAC34 DAC33 DAC32 DAC31 DAC30
Set value 1 0 0 0 0 0 0 0

(13) Power control register 1 (PC1)

Specify whether to enable or stop operation of configurable amplifier channels Chl to Ch3 and D/A converter channels
Ch2 and Ch3.

Address: 11H After reset: 00H R/W Set value: **H
Symbol 7 6 5 4 3 2 1 0
PC1 | DAC4OF | DAC3OF | DAC20OF | DAC1OF 0 AMP3OF | AMP20OF | AMP1OF
Set value 0 * * 0 0 * * *

Remark: * =Write 1 to this bit to enable operation of the configurable amplifier and D/A converter, and O to stop
operation.

(14) Power control register 2 (PC2)

Enable operation of the variable output voltage regulator and reference voltage generator.

Address: 12H  After reset: OOH R/W Set value: 02H
Symbol 7 6 5 4 3 2 1 0
PC2 0 0 0 GAINOF LPFOF HPFOF LDOOF TEMPOF
Set value 0 0 0 0 0 0 1 0
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6.3 Settings of Microcontroller Block Registers

The register settings specified for the microcontroller block of the RL78/G1E (R5F10FMx) are shown below. 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 specify the microcontroller block register settings, seethe RL78/G1E Hardware User’s

Manual.

(1) User option bytes

(@ User option byte (000COH/010COH)

Disable operation of the watchdog timer counter.

Address: 000COH/010COH

Set value: EEH

Symbol 7 6 5 4 3 2 1 0
WDTINT | WINDOW | WINDOW | WDTON | WDCS2 | WDCS1 WDCS0 | WDSTBY
1 0 ON
Set value 1 1 1 0 1 1 1 0

(b) User option byte (000C1H/010C1H)

Set the LV D operation modeto "reset mode", and the LV D detection level (Vv1) whenthevoltageisrisingto 4.06 V and
when the voltage isfalling to 3.98 V.

Address: 000C1H/010C1H

Set value: 73H

Symbol 7 6 5 4 3 2 1 0
VPOC?2 VPOC1 VPOCO 1 LVIS1 LVISO LVIMDS1 | LVIMDSO
Set value 0 1 1 1 0 0 1 1

(c) User option byte (000C2H/010C2H)

Set the flash operation mode to "HS (high speed main) mode" and select 32 MHz as the high-speed on-chip oscillator

frequency.
Address: 000C2H/010C2H Set value: E8H
Symbol 7 6 5 4 3 2 1 0
CMODE1 | CMODEO 1 0 FRQSEL | FRQSEL | FRQSEL | FRQSEL
3 2 1 0
Set value 1 1 1 0 1 0 0 0
(d) On-chip debug option byte (000C3H/010C3H)
Enable on-chip debugging and specify that the flash memory datais erased if security ID authorization fails.
Address: 000C3H/010C3H Set value: 84H
Symbol 7 6 5 4 3 2 1 0
OCDENS 0 0 0 0 1 0 OCDERS
ET D
Set value 1 0 0 0 0 1 0 0
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(2) Clock generator

(@ Clock operation mode control register (CMC)

Set the operation mode of the high-speed system clock pin to "input port".

Address: FFFAOH After reset: O0OH R/W Set value: 10H
Symbol 7 6 5 4 3 2 1 0
CMC | EXCLK | OSCSEL 0 0 0 0 0 AMPH
Set value 0 0 0 1 0 0 0 0

(b) Clock operation status control register (CSC)

Set the operation mode of the high-speed system clock (in input port mode) to "input port" and the operation mode of the
high-speed on-chip oscillator to "high-speed on-chip oscillator operating".

Address: FFFA1H After reset; COH R/W Set value: COH
Symbol 7 6 5 4 3 2 1 0
CsC MSTOP 1 0 0 0 0 0 HIOSTOP
Set value 1 1 0 0 0 0 0 0
(c) System clock control register (CKC)
Select the high-speed on-chip oscillator clock (fyain) s the main system clock (fiy).
Address: FFFA4H After reset; OOH R/W Set value: O0OH
Symbol 7 6 5 4 3 2 1 0
CKC CLS 0 MCS MCMO 0 0 0 0
Set value 0 0 0 0 0 0 0 0
(d) Operation speed mode control register (OSMC)
Select the low-speed on-chip oscillator clock as the interval timer operation clock.
Address: FOOF3H After reset: 00H R/W Set value: 10H
Symbol 7 6 5 4 3 2 1 0
OosMC 0 0 0 WUTMM 0 0 0 0
CKO
Set value 0 0 0 1 0 0 0 0
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C)

Peripheral enable register 0 (PERO)

Enable the input clock supply to the A/D converter, serial array unit 1, and timer array unit O.

Address: FOOFOH

Symbol
PERO
Set value

©)
@

After reset: 00H R/W Set value: 29H
7 6 5 4 3 2 1 0
RTCEN 0 ADCEN 0 SAU1EN | SAUOEN 0 TAUOEN
0 0 1 0 1 0 0 1

Serial array unit 1

Serial mode register 11 (SMR11)

Specify the operation clock specified by the SPS1 register (CK10) asthe operation clock for channel 1 (fycx), the divided
operation clock (fyck) specified by the CKS11 bit as the transfer clock for channel 1 (frc k), CSI mode as the channel 1
operation mode, and the transfer end interrupt or buffer empty interrupt as the channel 1 interrupt source.

Address: FO152H, FO153H After reset: 0020H R/W Set value: 002*H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMR11 | o - - o N — o
5 | @ 7 = =R = R
Q 8 o o o o o (ﬁ o % — o o a a a
O O ) ) = = =
Setvalue | O 0 0 0 0 0 0 0 0 0 1 0 0 0 0 *

Remark: * = Switch the transfer end interrupt (= 0) and buffer empty interrupt (= 1) by using software.

(b)

Serial communication operation setting register 11 (SCR11)

Specify "transmission/reception” as the channel 1 operation mode, "Type 1" as the data and clock phase in CSI mode,
"MSB first" asthe datatransfer order, and "8 bits" as the transfer data length.

Address: FO15AH, FO15BH After reset: 0087H R/W Set value: CO07H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCR11 4 - - - 4 . o 4 Q o
— N by by = — — . — —
% % % g o 8 O O 0% o o O o — — n
F |l | o| o i i I i 7 a
Set value 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1

(©

Specify "fuck/32" asthe transfer clock generated by dividing the operation clock (fyck).

Serial data register 11 (SDR11)

function as a transmission/reception buffer register.

The lower 8 bits (bits 7 to 0)

Address: FFF4AH, FFF4BH After reset: 0000H R/W Set value: 1E**H

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SDR11| - - - - - - - - - - - - - - - -

Setvalue | 0 0 0 1 1 1 1 0 * * * * * * * *

Remark: * = Functions as a transmission/reception buffer register.
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(d) Serial channel stop register 1 (ST1)

Specify whether the trigger to stop operation of channel 1 isthe "no trigger operation” or "clear the SE11 hit to O to stop

the communication operation”.

Address: F0164H, FO165H After reset: 0000H R/W Set value: 000*H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ST1 — o
oco|lo|o|o|o|lo|o|]o|]o|o|o|o|o|]o|2|Z
n n
Setvalue | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0
Remark: * =Write 1 to thisbit only when finishing serial communication.
(e) Serial clock select register 1 (SPS1)
Specify "32 MHz when fc x = 32 MHZ" as the operation clock (CK 10).
Address: FO166H, FO167H After reset: 0000H R/W Set value: 0000H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPS1 ) o~ — o ™ o o o
— — — — o o o o
— — — — — — — —
o o o o o o o o %) ) ) n n n n n
a4 14 14 14 14 14 14 14
o o o o o o o o
Setvalue | 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(f)  Serial output register 1 (SO1)
Set the serial clock output of channel 1 to "1" and the serial data output to "0".
Address: FO168H, FO169H After reset: OFOFH R/W Set value: 0301H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SO1
b R < | 9
o o o o o o O O o o o o o o O O
~ ~ A A
O O
Setvalue | 0O 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1
(g9 Serial output enable register 1 (SOE1)
Specify whether to enable the serial output of channel 1 during serial communication.
Address: FO16AH, FO16BH After reset: 0000H R/W Set value: 000*H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOE1 = =
o o o o o o o o o o o o o o lé)J lé)J
n n
Setvalue | 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0

Remark: * =Write 1 to thishit to start serial communication and O to stop serial communication.
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(h) Serial channel start register 1 (SS1)

Specify that the trigger to start operation of channel 1is"clear the SE11 bit to 1 and enter the communi cation wait status’.

Address: F0162H, FO163H After reset: 0000H R/W Set value: 000*H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SS1 - o
o o o o o o o o o o o o o o a 7
%] %))
Setvalue | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0
Remark: * =Write 1 to thisbit only when starting serial communication.
(4 Ports
(@) Port mode registers
Select the Pmn pin1/O mode (m=0t0 2,4, 6,7, 14, 15;n=0t0 7).
Address: FFF20H After reset: FFH R/W Set value: 9FH
Symbol 7 6 5 4 3 2 1 0
PMO 1 PMO6 PMO05 PMO04 PMO03 PMO02 PMO1 PMOO
Set value 1 0 0 1 1 1 1 1
Address: FFF21H After reset: FFH R/W Set value: BFH
Symbol 7 6 5 4 3 2 1 0
PM1 1 PM16 PM15 PM14 PM13 PM12 PM11 PM10
Set value 1 0 1 1 1 1 1 1
Address: FFF22H After reset: FFH R/W Set value: 1FH
Symbol 7 6 5 4 3 2 1 0
PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
Set value 0 0 0 1 1 1 1 1
Address: FFF24H After reset: FFH R/W Set value: F7H
Symbol 7 6 5 4 3 2 1 0
PM4 1 1 1 1 PM43 PM42 PM41 PM40
Set value 1 1 1 1 0 1 1 1
Address: FFF26H After reset: FFH R/W Set value: FOH
Symbol 7 6 5 4 3 2 1 0
PM6 1 1 1 1 PM63 PM62 PM61 PM60
Set value 1 1 1 1 0 0 0 0
Address: FFF27H After reset: FFH R/W Set value: 02H
Symbol 7 6 5 4 3 2 1 0
PM7 PM77 PM76 PM75 PM74 PM73 PM72 PM71 PM70
Set value 0 0 0 0 0 0 1 0
Address: FFF2EH After reset: FFH R/W Set value: FDH
Symbol 7 6 5 4 3 2 1 0
PM14 1 1 1 1 1 1 PM141 PM140
Set value 1 1 1 1 1 1 0 1
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Address: FFF2FH After reset: FFH R/W Set value: EOH
Symbol 7 6 5 4 3 2 1 0
PM15 1 1 1 PM154 PM153 PM152 PM151 PM150
Set value 1 1 1 0 0 0 0 0

(o) Port registers
Control the Pmn pin output data(m=0t0 2,4, 7,13, 14, n=0to 5and 7).

Address: FFFOOH After reset: 00H R/W Set value: OOH
Symbol 7 6 5 4 3 2 1 0
PO 0 0 0 P04 P03 P02 PO1 P00
Set value 0 0 0 0 0 0 0 0
Address: FFFO1H After reset: 00H R/W Set value: OOH
Symbol 7 6 5 4 3 2 1 0
P1 0 0 P15 P14 P13 P12 P11 P10
Set value 0 0 0 0 0 0 0 0
Address: FFF02H After reset: OOH R/W Set value: 00H
Symbol 7 6 5 4 3 2 1 0
P2 0 0 0 P24 P23 P22 P21 P20
Set value 0 0 0 0 0 0 0 0
Address: FFF04H After reset: OOH R/W Set value: 00H
Symbol 7 6 5 4 3 2 1 0
P4 0 0 0 0 0 P42 P41 P40
Set value 0 0 0 0 0 0 0 0
Address: FFFO7H After reset: OOH R/W Set value: 0*H
Symbol 7 6 5 4 3 2 1 0
P7 0 0 0 0 P73 P72 P71 P70
Set value 0 0 0 0 * 1 0 1
Address: FFFODH After reset: Undefined R/W Set value: 01H
Symbol 7 6 5 4 3 2 1 0
P13 P137 0 0 0 0 0 0 P130
Set value 0 0 0 0 0 0 0 1
Address: FFFOEH After reset: 00H R/W Set value: OOH
Symbol 7 6 5 4 3 2 1 0
P14 0 0 0 0 0 0 0 P140
Set value 0 0 0 0 0 0 0 0
Remark: * =WriteO or 1 to switch the output level according to the status.
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(c) Port mode control register 7 (PMC7)

Specify whether the P70 pinis used asadigital 1/0 pin or an analog input pin.

Address: FFF67H

Symbol
PMC7
Set value

After reset: FFH R/W Set value: FEH
7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 PMC70
1 1 1 1 1 1 1 0

(5) A/D converter

(@ A/D converter mode register 0 (ADMO)

Enable A/D conversion, specify "select" asthe A/D conversion channel selection mode, enable operation of the A/D
voltage comparator, and set the A/D conversion time to 54 us (12-bit A/D conversion, no stabilization wait (hardware
trigger no-wait mode), AVpp =2.7103.6 V, fc x = 32 MH2).

Address: FFF30H

Symbol
ADMO
Set value

Remark: * =Write 1 to thisbit only when starting A/D conversion.

After reset: 00H R/W Set value: *1H
7 6 5 4 3 2 1 0
ADCS ADMD FR2 FR1 FRO LVv1 LVO ADCE
* 0 0 0 0 0 0 1

(o) A/D converter mode register 1 (ADM1)

Specify software trigger mode as the A/D conversion trigger mode and one-shot conversion mode asthe A/D conversion
operation mode.

Address: FFF32H

Symbol
ADM1
Set value

After reset: OOH R/W Set value: 20H
7 6 5 4 3 2 1 0
ADTMD1 | ADTMDO | ADSCM 0 0 0 ADTRS1 | ADTRSO
0 0 1 0 0 0 0 0

(c) A/D converter mode register 2 (ADM2)

Specify AVpp as the positive reference voltage supply of the A/D converter, AV g as the negative reference voltage
supply of the A/D converter, the generation of an interrupt signal (INTAD) if the conversion result upper/lower limit
check resultsin ADLL register value < ADCR register value < ADUL register value, disable the SNOOZE mode, and set
the A/D conversion resolution to "12 bits".

Address: FOO10H After reset: 00OH R/W Set value: 00H
Symbol 7 6 5 4 3 2 1 0
ADM2 [ ADREFP1 | ADREFPO | ADREFM 0 ADRCK | AWC 0 ADTYP
Set value 0 0 0 0 0 0 0 0
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(d) Conversion result comparison upper limit setting register (ADUL)

Set the A/D conversion result comparison upper limit to FFH.

Address: FO011H After reset: FFH R/W Set value: FFH
Symbol 7 6 5 4 3 2 1 0
ADUL | ADUL7Y ADULG6 ADUL5 ADUL4 ADUL3 ADUL2 ADUL1 ADULO
Set value 1 1 1 1 1 1 1 1
() Conversion result comparison lower limit setting register (ADLL)
Set the A/D conversion result comparison lower limit to O0H.
Address: FO012H After reset: O0H R/W Set value: O0OH
Symbol 7 6 5 4 3 2 1 0
ADLL | ADLL7 ADLLG6 ADLL5 ADLLA4 ADLL3 ADLL2 ADLL1 ADLLO
Set value 0 0 0 0 0 0 0 0
(f)  Analog input channel specification register (ADS)
Specify ANI2 asthe A/D conversion channel (in select mode (ADMD = 0)).
Address: FFF31H After reset: OOH R/W Set value: 02H
Symbol 7 6 5 4 3 2 1 0
ADS | ADISS 0 0 ADS4 ADS3 ADS?2 ADS1 ADSO
Set value 0 0 0 0 0 0 1 0

(9 AJD port configuration register (ADPC)

Specify "analog input” (not "digital 1/0") asthe I/O mode of the P24/ANI4, P23/ANI3, P22/ANI2, P21/ANI1, and

P20/ANIO pins.
Address: FOO76H After reset: 00H R/W Set value: O0H
Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 0 0 ADPC2 ADPC1 ADPCO
Set value 0 0 0 0 0 0 0 0
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(6) Timer array unit 0

(@ Timer channel stop register 0 (TTO)

Specify “no trigger operation” as the trigger to stop operation of channel 3 and “operation is stopped (stop trigger is

generated)” asthat of channel 1.

Address: FO1B4H, FO1B5H After reset: 0000H R/W Set value: 000*H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
e 3 g slels|s|s|alzls
°cle|leje e E|° | F|EFE|F|EFE|E|E|EI|E
= = [ = — = — — — —
Setvalue | O 0 0 0 0 0 0 0 0 0 0 0 * 0 * 0

Remark: * =Write 1 to thisbit during timer operation to stop the timer operation.

(b) Timer clock selection register 0 (TPSO0)

Specify "32 MHz (fc x = 32 MHZz)" as the CK0O operation clock and "8 MHz (fc x = 32 MHz)" asthe CKO01 operation

clock.

Address: FO1B6H, FO1B7H After reset: 0000H R/W Set value: 0030H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TPSO - o - o ™ o~ — o ™ o - o
[a0] [a0] [aN] [aN] — — — — o o o o
o o o o o o o o o o o o
= o %) %) = = %) %) %) ) ) ) ) ) ) )
nd nd nd nd x a4 a4 x [a'd a4 [n'd [n'd
o o o o o o o o o o o o
Setvalue | O 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0

(c) Timer mode registers 1 and 3 (TMRO1, TMRO03)

Set timer mode registers 1 and 3 as follows:

e Set the operation clock of channel 1 (fyck) to "operation clock CKO1 set by TPSO".
e Set the operation clock of channel 3 (fyck) to "operation clock CK0O set by TPSO"

e Set the count clock of channels 3 and 1 (frc k) to "operation clock (fycx) specified by the CKSOn0 and CKSOn1 (n

=1to 3) hits".
e Specify that channels 3 and 1 are used as 8-bit timers (not 16-bit timers).

o Specify "only software trigger start is valid (other trigger sources are unselected)" as the start trigger and capture

trigger for channels 3 and 1.
e Specify the interval timer as the operation mode of channels 3 and 1.

e Specify "timer interrupt is not generated when counting is started (timer output does not change, either)" asthe

count start and interrupt setting for channels 3 and 1.

Address: FO192H, FO193H After reset: 0000H R/W Set value: 8000H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRO1
“lals 228|888l |¢g @083 ]8
Q = = o o o o o
alale || |||l ||l 8|8|8]|8
X | X Clag | E|E |k |22
@) O O %) n n n O @) = p= = =
Setvalue| 1 | 0 [ o[ o] o|o|lo|[o[]o]o]o|]o|]o|]o]of]o
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Address: FO196H, FO197H After reset: 0000H R/W Set value: 0000H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRO03
9| @ 9| 3| 8 |la|8|2]|8 R RN
o =) = o o o o o
Ol || @ |00 |0 |6 |6l 88|88
NN Cla |l |=|=] 8|8
O O O 7] n n n O O b= b= = s
Setvalue | O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(d) Timer data registers 1 and 3 (TDRO1, TDRO03)

Specify the interval in the interval mode of channels 1 and 3 of timer array unit O.

Address: FFF1AH, FFF1BH After reset: 0000H R/W Set value: 9C3FH
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TDROL[ - [ - [ - [ -] -1 -717-17T -

Set value 1 0 0 1 1 1 0 0 0 0 1 1 1 1 1 1

Address: FFF66H, FFF67H After reset: 0000H R/W Set value: 001FH
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TRO3[ - [ - [ - [ - -T-T-T7T-T1T-17-17 -

Setvalue | 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1

() Timer channel start register 0 (TSO0)

Specify that the trigger to start operation of channel 1 and channel 3 isthe setting of the TEOL and TEO3 bitsto 1, enabling
counting.

Address: FO1B2H, FO1B3H After reset: 0000H R/W Set value: 000*H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
= 2 g slelslz|a|y|gls
cle e e EFlelFle|lalo|lo |||l 0 |0
n » F |l F | F|F|F|F|F|F
Setvalue| 0 0 0 0 0 0 0 0 0 0 0 0 * 0 * 0
Remark: * =Write 1 to thisbit only when starting the timer.
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6.4

Table 6.1 Functions

Functions

File Name

Function Name

Overview

mai n. ¢

mai n

mai n function

R5F10FMK_Anal og_Switch_
Process

Analog block switch processing function

RSF10FMK_LDO Enabl e

Analog block LDO initialization function

R5F10FMk_Anal og_l nit _MR

Analog block initialization function for MR sensor

R5F10FMk_Anal og_l nit_Force

Analog block initialization function for force sensor

R5F10FMk_Anal og_Start MR

Analog block operation start function for MR
sensor

R5F10FMK_Anal og_Start _
Force

Analog block operation start function for force
sensor

R5F10FMk_Anal og_St op

Analog block operation stop function

R5F10FMk_Anal og_Swi t ch

Analog block switching function

r systemnit.c

R System nit

MCU initialization function

hdwi ni t

System initialization function

r_cg_cgc.c

R CGC Create

Clock generator initialization function

r_cg_port.c

R PORT _Create

Port initialization function

r cg serial.c

R SAUl Create

SAUL1 initialization function

R CSI 21 _Create

CSI21 initialization function

R CSI21_Start

CSI21 operation start function

R_CSI 21_St op

CSI21 operation stop function

R CSl 21_Send_Recei ve

CSI21 transmission/reception function

r_cg_serial user
.C

r_csi2l_interrupt

INTCSI21 interrupt service function

r _csi21 call back _receiveend

CSI21 reception completion function

r_csi21 call back_error

CSI21 error handling function

SPI _Cont r ol Regi st er _Read

SPI control register read function

SPI _Control Regi ster_Wite

SPI control register write function

SPI _Control Regi ster_Wite_
Verify

SPI control register write check function

SPI _Cont rol Regi ster_Read_
Bi t

SPI control register bit read function

SPI _Control Regi ster Wite_
Bi t

SPI control register bit write function

SPI _Control Regi ster Wite_

SPI control register bit write check function

Verify Bit

r_cg_adc.c R ADC Create ADC initialization function
R _ADC Start ADC operation start function
R_ADC_St op ADC operation stop function

R _ADC Set Operati onOn

ADC comparator operation enable function

R _ADC Set Operati onOf f

ADC comparator operation stop function

R ADC Get Result

A/D conversion result read function

r_cg_adc_user.c

ADC Contr ol

A/D conversion control function

r cg tiner.c

R TAUO_Create

TAUO initialization function

R TAUO Channel 1_Start

TAUO Ch1 counter operation start function

R _TAUO_Channel 1_St op

TAUO Ch1 counter operation stop function

R _TAUO Channel 3_Start

TAUO Ch3 counter operation start function

R _TAUO_Channel 3_St op

TAUO Ch3 counter operation stop function

TAUO_ WA T_1us

1-us unit wait function
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6.5

Function Specifications

The specifications of the major functions used in this application note are described below. For details about using the SPI
to communicate with the analog block, see Sample Code for Performing SPI Communication with Analog Block

(RO1AN1130E).

(1) mai n function

Declaration voi d mai n(voi d)

Overview mai n routine function

Parameters None

Return value | None

Description e Initializes the variable output voltage regulator in the analog block.

e Initializes timer array unit 0 in the microcontroller block.

e Executes processing to make the system wait for the output of the variable output voltage
regulator in the analog block to stabilize (for 3.0 ms).

e Initializes the A/D converter in the microcontroller block.

e Starts operation of channel 1 of timer array unit 0 in the microcontroller block.

e Calls the R5SF10FMk_Anal og_Swi t ch_Pr ocess function at 5 ms intervals to switch
sensors and A/D conversion.

(20 Analog block switch processing function (R5F10FMk_Anal og_Swi t ch_Pr ocess)

Declaration voi d R5F10FMk_Anal og_Swi t ch_Process(voi d)
Overview Analog block switch processing function

Parameters None

Return value | None

Description Controls switching of the MR sensor and force sensor.

(3) Analog block LDO initialization function (R5F10FMk_LDO Enabl e)

Declaration static uinu8_t R5F10FMk_LDO Enabl e(voi d)
Overview Analog block LDO initialization function
Parameters None

Return value

0: Successful
1: Communication with the analog block failed

Description

e Initializes the variable output voltage regulator in the analog block.
- Sets the variable output voltage regulator voltage to 3.3 V and enables the variable output
voltage regulator and the reference voltage generator.

(4) Analog block initialization function for MR sensor (R5SF10FMk_Anal og_I nit _MR)

Declaration static uinu8_t R5F10FMK_Anal og_l nit_MR(voi d)
Overview Analog block initialization function for MR sensor
Parameters None

Return value

0: Successful
1: Communication with the analog block failed

Description

e Initializes the circuits in the analog block when connecting an MR sensor.
- Configures configurable amplifier channels Ch2 and Ch3 (used as non-inverting
amplifiers) as shown in this application note.
- Sets the D/A converter channels Ch2 and Ch3 output voltage.
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(5) Analog block initialization function for force sensor (R5F10FMk_Anal og_I nit_Force)

Declaration static uinu8_t RS5F10FMk_Anal og_l nit_Force(void)
Overview Analog block initialization function for force sensor
Parameters None

Return value

0: Successful
1: Communication with the analog block failed

Description

e Initializes the circuits in the analog block when connecting a force sensor.
- Configures configurable amplifier channels Chl to Ch3 (used as instrumentation
amplifiers) as shown in this application note.
- Sets the D/A converter Ch3 output voltage.

(6) Analog block operation start function for MR sensor (R5F10FMk_Anal og_Start _MR)

Declaration static uinu8_t RS5F10FMKk_Anal og_Start_MR(void)
Overview Analog block operation start function for MR sensor
Parameters None

Return value

0: Successful
1: Communication with the analog block failed

Description

e Starts operation of the circuits in the analog block when connecting an MR sensor.
- Enables D/A converter channels Ch2 and Ch3 and configurable amplifier channels Ch2
and Ch3.

(7) Analog block operation start function for force sensor (R5F10FM«_Anal og_St art _For ce)

Declaration static uinu8_t R5F10FMK_Anal og_Start_Force(void)
Overview Analog block operation start function for force sensor
Parameters None

Return value

0: Successful
1: Communication with the analog block failed

Description

e Starts operation of the circuits in the analog block when connecting a force sensor.
- Enables D/A converter Ch3 and configurable amplifier channels Chl to Ch3.

(8) Analog block operation stop function (R5F10FMx_Anal og_St op)

Declaration static uinu8_t RS5F10FM_Anal og_St op(voi d)
Overview Analog block operation stop function
Parameters None

Return value

0: Successful
1: Communication with the analog block failed

Description

e Stops operation of the circuits in the analog block.
- Stops operation of D/A converter channels Chl to Ch4 and configurable amplifier
channels Chl to Ch3.
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(99 Analog block switch function (R5F10FMk_Anal og_Swi t ch)
Declaration static uinu8_t R5F10FM_Anal og_Swi t ch(voi d)
Overview Analog block switch function

Parameters None

Return value

0: Successful
1: Communication with the analog block failed

Description

e Stops operation of the circuits in the analog block.
Switches the configuration in the analog block

Starts operation of the circuits in the analog block.
Waits for the 100 ps settling time.

Controls the A/D converter in the microcontroller block.

(10) MCU initialization function (R_Syst emi ni t)

Declaration voi d R Systeminit(void)

Overview MCU initialization function

Parameters None

Return value | None

Description e Initializes the peripheral hardware in the MCU used in this application note.

- Calls the R_PORT_Cr eat e function to initialize the ports.

- Calls the R_CGC _Cr eat e function to initialize the clock generator.

- Calls the R_SAUl1_Cr eat e function to initialize the 3-wire serial I/O (CSI21) of channel 1
in serial array unit 1.

(11) System initialization function (hdwi ni t)

Declaration voi d hdw nit (voi d)
Overview System initialization function
Parameters None

Return value | None

Description ¢ Disables interrupts.

e Calls the R_Syst emi ni t function to initialize the MCU.
e Enables interrupts.

(12) A/D conversion control function (ADC_Cont r ol )

Declaration voi d ADC_Control (voi d)

Overview A/D conversion control function

Parameters None

Return value | None

Description Controls A/D conversion of the voltage output from configurable amplifier Ch3 (voltage

stepped down by using a resistor divider).
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(13) 1-ps unit wait function (TAUO_WAI T_1us)

Declaration voi d TAUO_WAI T_1us(uint32_t wait_1us)

Overview 1-us unit wait function

Parameters uint32_t wait_21us: 1-us counter

Return value | None

Description e Callsthe R_ TAUO Channel 3_St op function to stop counting using channel 3 of timer array
unit 0.

e Calls the R_TAUO_Channel 3_St art function to start counting using channel 3 of timer
array unit 0.

e Decrements the value of the wai t _1us parameter for the interval of channel 3 of timer array
unit 0 (1 us) until the value becomes 0.

6.6 RAM Variables

Table 6.2 RAM Variables

Data Type Variable Name Description Function That Uses This
Variable

vol atile gp_csi 21 _rx_address | Address of CSI21 R _CSI 21_Send_Recei ve

uint8_t * reception buffer r_csi2l_interrupt

vol atile g_csi21 rx_length Number of bytes None

uint16 t received at CSI21

vol atile g_csi 21_rx_count CSI21 received byte None

uint16_t counter

vol atile gp_csi 21 _tx_address | Address of CSI21 R _CSI 21_Send_Recei ve

uint8 t * transmission buffer r_csi 21 _interrupt

vol atile g_csi 21_send_| ength | Number of bytes R _CSI 21_Send_Recei ve

ui nt 16_t transmitted from r_csi2l_interrupt

Csl21

vol atile g_csi 21_tx_count CSI21 transmitted byte | R_CSI 21_Send_Recei ve

uint16_t counter r_csi21_interrupt

static _ad_buffer Stores the A/D r _adc_i nterrupt

ui nt 16_t conversion result. ADC_Cet _AD Buf f er _Val ue

static g_csi 21_overrun_fl ag | CSI21 overrun flag R _CSI 21_Send_Recei ve

uint8_t r _csi21 call back_error
SPI _Cont r ol Regi st er _Read
SPI _Control Regi ster_Wite

RO1AN1129EJ0110 Rev.1.10 RENESAS Page 40 of 50
Sep. 30, 2013




RL78/G1E Group Switching Amplifiers When Connecting Multiple Sensors

6.7 Flowcharts

Figure 6.2 shows an overview of the processing flow used in this application note. Flowcharts for the major functions are

shown in the subsequent figures.

C Start )

hdwi ni t () ... System initialization function
The relevant option byte is referenced before the
initial setup function is called.

mai n() ... mai n function

|
( End )

Figure 6.2 Overview of Processing Flow

(1) System initialization function (hdwi ni t)

C hdwi ni t )

Di () ... Disables interrupts.

R _Systeninit() ... MCU initialization function

El () ... Enables interrupts.

( return >

‘ Initializes the MCU described in this application note.

Figure 6.3 Flowchart for hdwi ni t Function
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(20 MCU initialization function (R_Syst enmi ni t)

C

R System nit

)

PI OR = 0x00U

R _PORT_Create()

R CCGC_Create()

R _SAUl_Create()

CRQOCTL = 0x00U

I AWCTL = 0x00U

return

)

Initializes peripheral I/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.

. SAUL initialization function

Initializes the 3-wire serial /0 (CSI21) of channel 1 of serial array unit 1
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 6.4 Flowchart for R_Syst em ni t Function
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(3) nmi n function (mai n)

C

mai n

R5F10FM_LDO
_Enabl e()

Has communication

with the analog block finished

successfully?

Dl ()

R _TAUO_Create()

TALD_WAI T_1us(5000)

R _ADC Create()

B0

R_TAUO_Channel 1

_Start ()

... Analog block LDO initialization function
No Initializes the variable output voltage regulator incorporated in the RL78/G1E
(R5F10FMX).

.. Disables interrupts.

.. TAUO initialization function
Initializes timer array unit 0 in the RL78/G1E (R5F10FMX).

.. 1-ps unit wait function
Executes processing to make the system wait (5 ms) for the output of the variable
output voltage regulator in the analog block to stabilize.

... ADC initialization function
Initializes the A/D converter incorporated in the RL78/G1E (R5F10FMX).

.. Enables interrupts.

... TAUO Ch1 counter operation start function
Starts operation of the TAUO Ch1 counter.

TMFO1 !'=1

Yes

No

No
... The system waits for 5 ms.

Yes

TMFO1 = 0

R5F10FMk_Anal og
| Swi ct h_Process()

... Analog block switch processing function
Controls switching of the MR sensor and force sensor.

Figure 6.5 Flowchart for mai n Function
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(4 Analog block LDO initialization function (R5F10FMk_LDO Enabl e)

CRSFlOFM(_LDO_EnabI e>

SPI _Control Regi s
ter_Wite()

with the analog block finished

Has communication No

successfully?

... SPI control register write function
Writes data to the SPI control register in the RL78/G1E (R5F10FMX).
- LDOC (0BH) = ODH
-PC2 (12H) =02H

... Returns 0 if writing the SPI control register was completed successfully,
and 1 if an error occurred

C

return (0) ) C

return (1) )

Figure 6.6 Flowchart for RSF10FMk_LDO Enabl e Function

(5) Analog block switch processing function (R5F10FMk_Anal og_Swi t ch_Pr ocess)

R5F10FMk_Anal og
_Switch_Process

)

mode = 0: Processing performed when connecting an MR sensor
mode = 1: Processing performed when connecting a force sensor

R5F10FMk_Anal og . .
_Swi t ch( mode) ... Analog block switch function
node ++
nmode = 0 No
Yes
nmode = 1 node = 0

( return

)

Figure 6.7 Flowchart for RSF10FMx_Anal og_Swi t ch_Process Function
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(6) Analog block switch function (R5F10FMk_Anal og_Swi t ch)

®F10FM_MaI 0g_Swit c@

R5F10FMk_Anal og
_Stop()

... Analog block operation stop function
Stops operation of the circuits (configurable amplifier channels Ch1 to Ch3 and D/A

converter channels Ch1l to Ch4) in the analog block.

las communication
with the analog block finished
successfully?

Yes
node = 0 No
Yes No
Yes
... Analog block switching
R5F10FMk_Anal og ‘ ‘ R5F10FMK_Anal og ‘ ‘ ( return (1) ) mode = 0: When connecting an MR sensor
_Init_MR() _Init_Force() mode = 1: When connecting a force sensor
mmunicaiion
with the analog block finished
successfully?
Yes
node = 0 No
Yes No
Yes ... Analog block operation start function
R5F10FMk_Anal og R5F10FMk_Anal og ( return (1) ) mode = 0: When connecting an MR sensor
_Star IJ_NR() _Start_Force() mode = 1: When connecting a force sensor
No las communication
with the analog block finished
successfully?

‘ ‘TAUJ_W\‘ T_1us(100) ‘ ‘ ... 1-s unit wait function
Makes the system wait for the settling time of the configurable amplifier and D/A converter (100 ps)

‘ ‘ ADC_Control () ‘ ‘ ... AID conversion control function
A/D converts the voltage output from the AMP3_OUT pin of configurable amplifier Ch3 in the analog block.

|
( return (0) )

Figure 6.8 Flowchart for RSF10FM_Anal og_Swi t ch Function
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(7) Analog block initialization function for MR sensor (R5SF10FMK_Anal og I nit_MR)

R5F10FMk_Anal og
_Init_MR

ISPl _Cont rol Regi st er
_Wite()

Has communication
with the analog block finished
successfully?

No

.. SPI control register write function

Writes data to the SPI control register in the RL78/G1E (R5F10FMXx)
(when connecting an MR sensor).

- CONFIG1 (00H) = 02H

-MPX1(03H)  =08H
- GC2 (07H) = 01H
- AOMC (09H) = O0O0H
- DAC2C (OEH) =8BH

- CONFIG2 (01H) = 20H
- MPX2 (04H) =43H
- GC3 (08H) = 09H
- DACRC (OCH) = 00H
- DAC3C (OFH) =67H

.. Returns 0 if writing the SPI control register was completed successfully,

and 1 if an error occurred

) C

C return (0)

return (1)

)

Figure 6.9 Flowchart for RSF10FMk_Anal og_I nit _MRFunction

(8) Analog block initialization function for force sensor (R5F10FM«_Anal og_I nit _For ce)

R5F10FMK_Anal og
_Init_Force

‘ ‘SPI _Control Regi st er

_Wite()

Has communication
with the analog block finished
successfully?

No

.. SPI control register write function

Writes data to the SPI control register in the RL78/G1E (R5F10FMx)
(when connecting a force sensor).

- CONFIGL1 (00H) = 22H

-MPX1 (03H)  =DDH
- GC1 (06H) = 03H
- GC3 (08H) = 07H
-DACRC (OCH) = 00H

- CONFIG2 (01H) =11H
- MPX2 (04H) =23H
- GC2 (07H) = 03H
- AOMC (09H) = 00H
- DAC3C (OFH) = 80H

.. Returns 0 if writing the SPI control register was completed successfully,

and 1 if an error occurred

D

C return (0)

return (1)

)

Figure 6.10 Flowchart for RSF10FMk_Anal og | nit _For ce Function
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(99 Analog block operation start function for MR sensor (R5F10FMK_Anal og_Start _MR)

R5F10FM_Anal og
_Start_MR

SPI _Control Regi s
ter_Wite()

Has communication
with the analog block finished
successfully?

No

... SPI control register write function

Writes data to the SPI control register in the RL78/G1E (R5F10FMx)
(when connecting an MR sensor).
- PC1 (11H) = 66H

... Returns 0 if writing the SPI control register was completed successfully,
and 1 if an error occurred

return (1)

)

D

C return (0)

Figure 6.11 Flowchart for RSF10FMk_Anal og_St art _MRFunction

(10) Analog block operation start function for force sensor (R5F10FMk_Anal og_St art _For ce)

R5F10FMK_Anal og
_Start_Force

SPI _Control Regi s
ter_Wite()

Has communication
with the analog block finished
successfully?

No

... SPI control register write function

Writes data to the SPI control register in the RL78/G1E (R5F10FMx)
(when connecting a force sensor).
- PC1 (11H) =47H

.. Returns 0 if writing the SPI control register was completed successfully,

and 1 if an error occurred

D

C return (0)

return (1)

)

Figure 6.12 Flowchart for RSF10FMx_Anal og_Start For ce Function

(11) Analog block operation stop function (R5F10FMx_Anal og_St op)

RSF10FMK_Anal og_St?
p

SPI _Control Regi s
ter_Wite()

Has communication
with the analog block finished
successfully?

No

... SPI control register write function
Writes data to the SPI control register in the RL78/G1E (R5F10FMX).

- PC1 (11H) = 00H

.. Returns 0 if writing the SPI control register was completed successfully,

and 1 if an error occurred

return (1)

)

D

C return (0)

Figure 6.13 Flowchart for RSF10FMx_Anal og_St op Function
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6.8
Generator

Source Files and Changes Applied to the Code Output from the Code

The sampl e code used in this application note was created based on the code for the RL78/G1A group (R5F10ELE) output
by the code generator of CubeSuite+.

The output file has been modified to apply the differences between the RL78/G1A (R5F10ELE) and RL78/G1E
(R5F10FME) such asincorporated registers. Table 6.3 and Table 6.4 show the changes applied to the code output by the
code generator. For details about the differences between the RL78/G1A (R5F10ELE) and RL78/G1E (R5F10FME), see
the RL78/G1E Hardware User’s Manual.

Table 6.3 Source Files and Changes Applied to the Code Output from the Code Generator (1/2)

File Name Description Changes Applied to the Code Output by the Code
Generator
Item Description

r main.c Output by the - -

code generator

r_systemnit.c

Output by the

R system nit

e Commented out

code generator function R _ADC Create();.
e Commented out
R TAUO Create();.
r_cg _cgc.c Output by the R CGC Create e Changed the value set to CMC =
code generator function :

e Commented out XSTOP = ...;

e Commented out CSS

r_cg_cgc_user.c

Output by the
code generator

r_cg_port.c

Output by the
code generator

R PORT _Create
function

e Commented out P6 =...; .

e Commented out P12
e Commented out P15

e Commented out PMC4 = ...;

e Changed the value set to ADPC

r_cg_port_user.c

Output by the
code generator

r_cg_serial.c

Output by the
code generator

R CSI 21 Create
function

e Commented out SOL | =...;

e Commented out SOL &=...;

r_cg_serial _user.c

Output by the
code generator

r_csi 21 call back
_recei veend function

e Added processing.

r_cg_adc.c

Output by the
code generator

R_ADC Cr eat e function

e Commented out PM2 | = ..

e Commented out PML5 | =

e Commented out PML2 | = ...; .

e Commented out PMC3 | =

e Commented out PM3 | = ..

r_cg_adc_user.c

Output by the
code generator

r _adc_interrupt
function

¢ Added processing.

r_cg_tiner.c

Output by the

R TAUO_ Create

e Commented out TOMD &= ...; .

code generator function e Commented out TOLO &= ... .
e Commented out TOO &= ...;.
e Commented out TOEQ &= ...;.
r_cg_tinmer_user.c | Outputby the - -
code generator
r_cg_nacrodriver. h | Output by the - -
code generator
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Table 6.4 Source Files and Changes Applied to the Code Output from the Code Generator (2/2)

File Name Description Changes Applied to the Code Output by the Code
Generator
Item Description

r_cg_userdefine.h | Output by the - ¢ Added the t ypedef and
code generator def i ne statements.

r_cg_cgc. h Output by the - e Added the ext er n statement.
code generator

r_cg_port.h Output by the - ¢ Added the ext er n statement.
code generator

r_cg_serial.h Output by the - ¢ Added the ext er n statement.
code generator

r_cg_adc. h Output by the - ¢ Added the ext er n statement.
code generator

r_cg tiner.h Output by the - e Added the ext er n statement.
code generator

lcd.c LCD module -
control

lcd. h Header file for -
lcd. c
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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 al 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
Precautionsin 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

e 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

e 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

e 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
e 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

e 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.
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use of these circuits, software, or information.
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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
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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.
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products.
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(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.

. 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

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

. 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.

with respect to the maximum rating, operating supply voltage

Because the evaluation of microcomputer software alone is very difficult,
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