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Introduction

This application note describes usage of the 24-bit AX (Delta-Sigma) Analog-to-Digital Converter (ADC) peripheral
featured in the RL78/11B processor.

Target Device

RL78/11B.

Development Environment

IDE: €2 studio v4.0.1.007

Compiler: GNURL78v15.01

Hardware: Renesas RL78/11B Target Board (Part No. RTE510MPGOTGBO00000R)
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RL78/11B Group Using the 24-bit AZ (Delta-Sigma) A/D Converter

1. Introduction

The RL78/11B features an integrated and adjustable 24-bit AX A/D converter module (ADC), which is capable of
measuring small analogue signals with wide dynamic ranges at high signal-to-noise ratios (SNRs). The AZ conversion
method is more precise and has better noise tolerance than the Successive Approximation method also used for ADCs,
with the practical tradeoffs being a slower conversion speed and higher power consumption.

For a detailed overview of the AX technique, refer to Renesas application note ROLAN1437EJ0100. This document also
provides details of the Successive Approximation technique.

This application note focuses on the usage of the 24-bit AX ADC in the RL78/11B.
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2.

Summary of the AX A/D Converter Peripheral

The 24-bit AX A/D converter has the following specification and functionality:

SNDR (SINAD): 80 dB min. (when pre-amplifier gain of x1 is selected)
24-bit resolution (conversion result register: 24 bits)
3 channels (2x current channels, 1x voltage channel) (80-pin products)
4 channels (2x current channels, 2x voltage channels) (100-pin products)
All AZ A/D channels have differential inputs
PGA with selectable gain
o X1, x2, x4, x8, x16, or x32 (channels 0 and 2: current channels)
o x1,x2,x4,x8, or x16 (channels 1 and 3: voltage channels)
Operating voltage: AVDD =2.4t0 5.5V, AVSS=0V
Analog input voltage range (differential voltage)
o #0.500 V (when PGA gain of x1 is selected)
o %0.250 V (when PGA gain of x2 is selected)
o 10.125 V (when PGA gain of x4 is selected)
o *62.5 mV (when PGA gain of x8 is selected)
o 131.25 mV (when PGA gain of x16 is selected)
o #15.625 mV (when PGA gain of x32 is selected)

Internal reference voltage generator (0.8 V typ.) with 30ppm/°C typ. temperature coefficient

Sampling frequency: 3906.25 Hz or 1953.125 Hz

HPF cutoff frequency: 0.607 Hz, 1.214 Hz, 2.429 Hz, or 4.857 Hz can be selected. The HPF eliminates the DC

component in the input signal and the DC offset generated by the analog circuit.

Operating clock: High-speed system clock (fmx) (only 12 MHz crystal resonator can be used)

or High-speed on-chip oscillator (fi+)

This application note uses the 100-pin R5SF10MPG device, which features four independent AX ADC channels.
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Figure 1 Block Diagram of 24-bit AX A/D Converter (100-Pin Products)
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3. Operation

The 24-bit AX A/D converter (ADC) peripheral on the RSF100MPG has the signal input pins to facilitate four
independent AX ADC conversion results. By passing 2-bit values obtained from these AX ADC conversion results
through the digital filter, the value is converted into 24-bit digital values.

The mode setting of the AX ADC of the analog block depends on the values of the DSADMR, DSADGCRO, and
DSADGCRI register.

When running the AX ADC from the high-speed on-chip oscillator (HOCO) clock (fIH), be sure to run the
HOCO clock frequency correction function according to the 11B Hardware Users’ Manual before trusting
results from the AX ADC.

When selecting the high-speed system clock (fMX), execute a NOP instruction twice after switching to the selected
clock.

The 24-bit converter starts operating when the DSADPONN bit (n = 0 to 3) and the DSADCERn bit in the DSADMR
register are set to 1. A short stabilisation time is required after power-on of the peripheral and after the start of
conversions, prior to conversions being valid. Perform initialisation in accordance with the flowchart below in figure
2.
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4. Flowchart of 24-bit AX A/D Converter Operation

Start A A/D converter
(hardware reset)

Cancel system reset
RESET L-H

High-speed on-chip oscillator clock
frequency correction function operating
privilege "=
HOCOFC =41H

Select AY A/D converter input clock * High-speed system clock (fmx) selected (DSADCK = 1)

(DSADCK in PCKC register)

l

Execute a NOP instruction twice after switching to the selected clock.

Enable AX A/D converter input clock « Set bit 0 (DSADCEN) in peripheral enable register 1 (PER1)to 1,

DSADCEN in PER1 register = 1

Set sampling frequency V=2
DSADMR = 0000H/8000H

|

and start the input clock to the AZ A/D converter.

» Sampling frequency selected (DSADFR bit)

» Programmable gain amplifier selected (DSADGAINN2 to DSADGAINNO bits)

Setgain, HPF, and phase adjustment |\ corion of high-pass filter specified (DSADTHRN bit)

step

1

Set AT A/D to power on "et=?
Enable AS A/D conversion operation "= *
DSADMR = OFOFH/8FOFH

>

o

Wait for setup time

+» Phase adjustment, phase adjustment step selected (DSADPHCRm register)

* AT A/D converter power on controlled (DSADPONnN bit)
* AT A/D converter operation enabled (DSADCER bit)

Number of times
Sonorated = 80 N Number of times INTDSAD
is generated > 80
High-speed on-chip oscillator clock
frequency correction complete interrupt
disabled "*®
HOCOFC =01H
Execute processing
using Az A/D conversion result
Figure 2 Initialisation flow for 24-bit AX A/D converter
Notes 1. When selecting the high-speed on-chip oscillator clock, be sure to run the high-speed on-chip oscillator
clock frequency correction function before running the AX A/D converter.

2. Set the sampling frequency while the AX A/D converter is powered down.

3. The setup time (the number of times INTDSAD is to be generated) when DSADPONN is set to
0 and then 1 will be officially determined after evaluation.

4. If the AX A/D converter is temporarily stopped for initialisation (DSADCEnN = 0 with DSADPONnN = 1)
and then restarted, it is necessary to wait for a certain setup time. In this case, since stabilization time
is necessary for the converter, wait for one INTDSAD to be generated as the setup time.

To initialise the AX A/D converter, make sure that DSADCEnN remains O for at least 1.4 ps.

5. Perform only when selecting the high-speed on-chip oscillator clock.
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5. Sample Project

The sample C project provides a working example of the 24-bit AX A/D Converter peripheral running under the high-
speed on-chip oscillator (HOCO). The project has been written to work with the RL78/11B Target Board (Part No.
RTE510MPGOTGBO0000OR) featuring the 100-pin R5F10MPG device. The project was developed using Renesas
e?studio v4.0.1.007 and the KPIT GNURL78 toolchain, v15.01.

The peripheral drivers for the sample program have been generated using Renesas Applilet AP4 (v1.04.02.01).

5.1 Scope

The sample C project is intended to simulate a single-phase metering application, where it is desirable to be able to
measure both supply voltage and current. Of course, an ADC is only capable of measuring voltage, so to measure
current a current probe (e.g., a CT), which produces a voltage proportional to the current being sensed, would be
required. Current sensors and analogue filters generally introduce a phase-shift into the measurement, so the sample
project arbitrarily uses the phase adjustment circuits available in the AX ADC peripheral to simulate the phase
compensation that would be required in a real application.

The sample C project uses two signal generators to generate sine waves at 50Hz as the input signals for the AX ADC
(for both the current and voltage channels), and the SW1 push-button on the RL78/11B target board to toggle the
settings of the AX ADC.

5.2 Hardware Setup

Before running the application, it is necessary to add signal wires to the RL78/11B target board. Add a length of wire to
pins:

e Connector CN7,pin8:  ANINO: Current Channel (0), negative input
e Connector CN7, pin 7: ANIPO: Current Channel (0), positive input
e Connector CN7, pin 6: ANIN1: Voltage Channel (1) , negative input
e Connector CN7, pin5:  ANIPL: Voltage Channel (1), positive input

Connect the positive wires to the positive terminals of an each signal generator. Similarly, connect the negative wires to
the negative terminals. To mitigate against common-mode voltages in the signal wires being transferred to the
measurements, the pairs are twisted. For real designs, and certainly for higher frequencies, common-mode voltage
elimination should be fully considered for analog input channels.

Note:  Please refer to board schematic to locate CN7 & associated pins as this varies from board

marking.
Signal Generator 1 Signal Generator 2
50Hz Sine Wave 50Hz Sine Wave
@ 200mVpp with OV DC offset @ 400mVp.p with OV DC offset
RO1AN3232EG0110 Rev.1.10 Page 7 of 12

May 19, 2025 RENESAS



RL78/11B Group Using the 24-bit AZ (Delta-Sigma) A/D Converter

“Current” channel +/- Voltage channel +/-
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Figure 3 Diagram of hardware setup for 24-bit AZ A/D sample project

Note: Please refer to board schematic to locate CN7 & associated pins as this varies from board
marking.

5.3 Operation

With the RL78/11B prepared and with the AX ADC signals connected to the signal generators that will provide the ADC
inputs on channels 0 and 1, the sample program can be run. During program execution, pressing the SW1 push-button
will toggle the settings of the AX ADC.

Note, the sample program toggles between gain settings of x1 and x2 on both channels 0 and 1. To avoid
overdriving the ADC inputs for either gain setting, it is recommended that the signal generators are set to output
a level below the maximum input level for the x2 gain setting. Attention should be paid to the conversion of
differential to single-ended signal levels if single-ended signal sources are used.
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The operation of the sample program is as follows:

1. Following a reset, the program first performs hardware initialisation. The GPIO ports, HOCO, HOCO
frequency correction function, AX ADC and interrupt controller are configured in R_Systeminit (),
before main () is entered. The HOCO frequency correction function is configured in continuous mode
and the HOCO is set to run at 12MHz. The AX ADC is initially configured with a sampling frequency of
3906.25Hz, 24-hit resolution, x1 analog gain and an arbitrary phase shift on the ‘current’ channel (channel
0).The integrated digital high pass filter is configured with a cut-off frequency of 0.607Hz and is applied
to both channels. .

2. After main () is entered, the interrupt for the SW1 push-button is enabled, after which the AX ADC is
initialised. Since the ADC has been configured to run off the HOCO, it is first necessary to correct the
HOCQO’s frequency so that the ADC conversion results can be fully trusted. This process is started after
hardware initialisation, and the HOCO clock frequency correction interrupt is issued when it is completed.

3. During the HOCO clock frequency correction process, the AX ADC is started and conversions will start
being made. The ADC requires a small stabilisation time after power-on, during which conversion results
should not be trusted. At the time of writing, it is necessary to wait for a minimum of 80 conversions to be
made before one can be sure that the ADC has stabilised. Program execution remains in dsadc_init ()
until both the HOCO clock frequency has been corrected and the 80 invalid conversions have been made.

4. The program is now continually making conversions using the AX ADC. After every conversion has been
completed, the r dsadc interrupt () handler is called, wherein the conversion results for the
current and voltage channels are retrieved immediately. Initially, the ADC is configured have 24-bit
conversion resolution. The relationship between the ADC value and the analogue voltage being measured
is shown below.

5. If the SW1 push-button is pressed, the settings of the ADC are toggled. Whilst the settings are being
changed, the ADC is disabled (but not powered-down, so a stabilisation period is not required). The new
settings turn the phase shift on the current channel off, decrease the sampling frequency to 1953.125Hz,
double the gain to x2 and reduce the resolution to 16-bit. The ADC is then restarted and conversions
continue, this time placing conversion results in a 16-bit buffer to account for the decrease in resolution.

6. Pressing SW1 again will revert the AX ADC back to its initial settings.

To view the measurements whilst the program is running, add a watch expression on any or all of the four variables
used for storing results:

e s _current_dsadc_val
e s voltage dsadc_val
e s_current_dsadc_val_16bit
e s voltage dsadc_val _16bit

To do this in e2studio, whilst the program is running, highlight the variable definition (located in r_cg_main.c, from line
65) and, from the ‘Debug’ perspective, drag the variable into the ‘Expressions’ window. Then, right-click on the
variable added to the ‘Expressions’ window and select ‘Real-time Refresh’. The value of the variable being watched
will now change periodically (defined by the ‘real-time refresh interval’, located in the same menu).

Note: It can be seen that there are two sets of variables for the results, one set is 32-bit and the other is 16-bit.
These are necessary to store the results when the AX ADC resolution is 24-bit and 16-bit, respectively.
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5.3.1 Output Format of the 24-bit AX A/D Converter

The AX ADC conversion data is the maximum value when the analog input voltage equals the reference voltage (0.8V).
Generally, the digital value corresponding to the analog input voltage can be obtained by multiplying the full-scale (FS)
value of the ADC by the ratio of the analog input voltage to the reference voltage, as shown in the following expression:

Digital Output
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5.4 Sample Project Flow

Figure 5 shows the flow for AX ADC converter sample project, including switching operating modes.

HOCO clock
frequency
correction
complete

Power-On Reset

[ Hardware initialisation J

Configuration of the HOCO, HOCO
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supporting peripherals , AZ ADC and

ADC interrupt
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Figure 5 Sample Project Flow
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Website and Support

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

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

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit Products

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

1. Handling of Unused Pins

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

manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.

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 a product with a different part number, confirm

that the change will not lead to problems.

— The characteristics of Microprocessing unit or Microcontroller unit products in the same group but
having a different part number may differ in terms of the internal memory capacity, layout pattern,
and other factors, which can affect the ranges of electrical characteristics, such as characteristic
values, operating margins, immunity to noise, and amount of radiated noise. When changing to a
product with a different part number, implement a system-evaluation test for the given product.




Notice

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

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

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

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

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or
third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

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

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

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

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

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

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

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.

Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or

regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the

development of weapons of mass destruction. When exporting the Renesas El ics products or y i in this 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 notify such third party in advance of the

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

products.
11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.
(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

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