RENESAS Application Note

NEC Protocol Implementation using the SLG47011
SLG47011

This application note describes how to configure the SLG47011 to act as control logic for infrared signal
transmitters using the NEC IR communication protocol.

Complete design files for this project can be found in the References section.
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NEC Protocol Implementation using the SLG47011

Terms and Definitions

CH Channel

LSB Least Significant Bit

LUT Look-up Table

MSB Most Significant Bit

MF Multifunctional

NEC Nippon Electric Company

NMOS N-channel Metal-Oxide-Semiconductor
oD Open-drain

IR Infrared

1. Introduction

The NEC protocol is one of the most widely used IR communication protocols. It utilizes pulse distance encoding
for data transmission.

This application note describes an implementation of the NEC protocol control logic using the Renesas
SLG47011, which has the necessary resources to support this functionality.

In this design the NEC protocol command can be programmed according to customer needs using the Memory
Table Configurator. The design supports up to 9 different commands which can then be implemented on an IR
remote controller.

2. Circuit Connection

SLG47011

MemoryTable
Supply Voltage Command Bus
& M
emoryTableBlock
Ground ry
MemoryTable
RepeatCode

Output Bus
s Logic Input Signal

Detection
PIN9-14

Input Signal
Detection
PING-8

Figure 1. Circuit Connection
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NEC Protocol Implementation using the SLG47011

3. NEC Infrared Transmission Protocol

Since the NEC protocol utilizes pulse distance encoding, it's important to remember how logical bits are

transmitted in order to program a custom message.

= Logical ‘0’ —a 562.5 us pulse burst followed by a 562.5 us space. Total transmit time — 1.125 ms.

» Logical ‘1’ —a 562.5 us pulse burst followed by a 1.6875 ms space (3 x 562.5 ys intervals). Total transmit
time — 2.25 ms.

[ Logical '0' [ Logical '1' |
I | o
562us 562us 562us 1.675ms
1.125ms 2.25ms

3.375ms

Figure 2. NEC Protocol Timing Diagram

Note: In this design, NMOS OD PINs 4-5 are connected in parallel to increase output signal current. As such,
the waveforms will show you an inverted version of the output signal.

According to the NEC protocol specifications a standard carrier frequency of 38.222 kHz is used. In this design a
frequency of 38.167 kHz was chosen as the closest match to the specifications.

The structure of the NEC protocol message is defined as follows:

N o o s~ w D=

4.5 ms space

8-bit command

9 ms leading pulse burst (16 times the pulse burst length used for a logical data bit)

8-bit address for the receiving device
8-bit logical inverse of the address

8-bit logical inverse of the command

Final 562.5 ps pulse burst to signify the end of message transmission.
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Figure 3. NEC Protocol Message Structure

Repeat Code

Repeat Code

67.5ms

108ms

11.8125ms

108ms

11.8125ms

Figure 4. NEC Protocol Message sequence

Note: Although the NEC protocol has a standard message structure, the extended version of it is used quite
often. In the extended version of the NEC protocol, to increase the range of possible addresses, instead of
including the 8-bit logical inverse of the address the second frame represents a register address. This design is
developed with the extended NEC protocol in mind.
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4. NEC Protocol Design

MF2 (3-bit LUT16, DFF/LATCH20, 12-bit CNT2/DLY2)

Figure 5. NEC Protocol GreenPAK Design
This design consists of five main phases:

1. Detection of the input signals. To ensure proper functionality of the design, each input signal is connected
to a CNT/DLY block that serves as a deglitch. The deglitch delay time is configured to be 40 ms on a rising
edge of the input signal.

2. During the second phase, the design checks whether only one input signal is at a high level. In this
scenario, 3-bit LUT4 switches from its idle-state - high to low, which resets the Memory Control Counter.

3. The third phase of the design is responsible for the NEC protocol control logic. The Memory Table block
paired with the Width Converter (in 12 to 12 mode) is used to manually set the desired commands
(including RepeatCode).

a. OUTO0-OUT8 contain nine possible messages.

OUT10-OUT11 contain the RepeatCode and the RepeatEnable signals respectively (RepeatEnable is a
custom signal which switches from idle-state - low to high level - 40 ms after the end of a message).

c. The Width Converter block utilizes an internal clock signal with a period which corresponds to 1.778 kHz
to ensure that the length of each bit is 562.5 ps.
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NEC Protocol Implementation using the SLG47011

d. The DFF block is used as a one-bit memory cell. The DFF block resets every time a single input signal
switches to a high-level and will pass the RepeatCode signal to the output bus only when the input
signal is kept high for more than 108 ms.

Note: While setting up custom messages, it is important to remember the main operating principles of the
Memory Table block. The Memory Table block can hold and send out up to 4096 12-bit words. Each word
requires two bytes to hold, with the last four bits left unused. In the Memory Table’s Manual Editor mode you can
see that each 12-bit word is stored in parallel between twelve outputs (OUTO(LSB) - OUT11(MSB)) so that each
OUT is responsible for holding one of the 12 bits of that word.

For example: To receive a message 10011100 (LSB) on OUTO, the following steps should be taken:
1. Split the desired message into two chunks.
2. Swap them.
3. Mirror each of those chunks horizontally.
4. Write down the hex value of the resulting combination in the Memory Table.

Alternatively, the Manual Editor can be used to set up the 15t through 8" word manually.

1stWord 2nd Word 3rd Word  4th Word  5th Word  6th Word  7th Word ~ 8th Word

T I T 1st Word Manual Editor View (Binary): [8008[100000101001/LSB)
ouTo tlo,o| 1|1, 1]0] 0 1st Word Manual Editor View (Hex): 0x829
' I 1st Word Memory Table View:
OUT1 0 ! ' ! ' )
| | | | Output: OUTO (Manual 0)
[ —— -
out2 | o | || 00000 BYEIFIGIEIE DTG
| | | Starting bit number
[ j I |
OouT3 1 | | | |
1 | | | 0-7 bits
| | t t t 1
ouT4 0 I | | | I | 9 B
: : : : : | 1) 1001 1100
ouT5 1 | | | | | |
, , , , , | 2) 1001 1100
oute | o Lo A
' : } i A A
oUT? 0 : : : 3) 1100 1001
T T 1
| ! ! I | 4) 0011 1001 — [39
outs | 0 | A ) Bd
I T 1
ouT9 0 : : : :
T T 1
ouT10 0 | | | |
I | | |
| |
ouT11 1 : : : :

Figure 6. Using the Memory Table to setup custom messages

4. The fourth phase of the design serves as a 3-bit Multiplexer for each message on OUT0-OUT8 which
allows the command to pass through only when the RepeatEnable signal is low.

5. The fifth phase of the design serves as the main BUS for all signals. Afterwards, the passing signal is
modulated with a 38.222 kHz frequency generated by the internal clock (MF10 block).
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MF10 (3-bit LUT24, DFF/LATCH28, 12-bit CNT10/DLY10/FSM2)
:
. SM

Figure 7. Last phase of the NEC Protocol design

Properties ® Properties ]
12-bit CNT10/DLY10/FSM2 (MF10) 3-bit LUT24 (MF10)
Mode: Delay M IN3 IN2 INT INO ouT
0 0 0 0 0
Counter data: 260 = 0 0 0 1 0
(Range: 1 -4095)
Delayjume 13.05us Formula ’ ° 1 ’ °
(typical): : 0 0 1 1 [j
Edge mode select: | Both v 0 1 0 0 0
DLY IN init. value: | Bypass theinitial 0 1 0 ! g
0 1 1 0 0
Output polarity: Non-inverted (OUT) ~ 0 1 1 1 0
1 0 0 0 0
Up signal SYNC: Bypass 1 0 0 1 0
Keep signal None 1 0 1 0 0
SYNC:
. 1 0 1 1 0
Mode signal Bypass -
SYNC: B 1 1 0 0 0
1 1 0 1 0
FSM S4ET/RST Reset 1o 0
Selection: 1 1 1 0 0
Connections 1 1 1 1 0
Clock source: 0SC1 v Standard gates Allto 0
Clock divider:  0SC1 /1 Defined by user  ~ Allto 1
Regular shape Invert

Clock frequency: 20 MHz

(7 ) | 7 | Appl
7 (6] Apply W L PP

Figure 8. Configuration settings for the MF10 block

Note: As mentioned previously the output signal is passed through an inverter to drive the IR LED through the
OD NMOS.

5. NEC Protocol Control Logic Demonstration Board

A demonstration board was created to test the viability of the design.

To decode the NEC protocol, an ArduinoUNO along with Keyestudio IR Receiver were used. Figure 10 shows
these devices along with the connections used.
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Figure 10. ArduinoUNO and Keyestudio IR Receiver connection schematic.

The following code was implemented on the Arduino Board.
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Code:

#include <IRremote.h>

// You may change PIN number according to your needs.
const int IR_RECEIVE_PIN = 11;

void setup() {
Serial.begin(9609);

IrReceiver.begin(IR_RECEIVE_PIN, ENABLE_LED FEEDBACK);

}
void loop() {

if (IrReceiver.decode()) {

Serial_pPintln("========================================");
Serial.print("Protocol: ");
Serial.println(getProtocolString(IrReceiver.decodedIRData.protocol));

Serial.print("Data: ox");
Serial.println(IrReceiver.decodedIRData.decodedRawData, HEX);

if (IrReceiver.decodedIRData.flags & IRDATA_FLAGS_IS_REPEAT) {
Serial.println("Repeat Code (Key is kept pressed)");

}

Serial.println("========================================");

Serial.println();

IrReceiver.resume();

The following results were obtained:

Protocol: NEC
Data: 0x6F905583

Protocol: NEC
Data: 0x0
Repeat Code (Key is kept pressed)

The “Data” fully matches the programmed command through the MemoryTable block (LSB first).
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6. Test Results

The design was tested in hardware and the following waveform results were obtained:

10MSa/s  10Mpts \ i
H | 100.00ms/|i A T [ ) 200.12ms T Y : Dotautt || 2 || Fraxknnd

Wave(;)orm%ggﬂ 1970-01-01 09 56:09 =
“ .

i

=

_

CH2 CH4 Mz M: : : e
2.00V/ = / . ' 09:56:09
400V 20MHz 0.00v 20MHz 240.00mV 20MHz : R ’ ’ 1970/01/01

Figure 11. Modulated Output Signal
CH3 (pink) — active-high input signal — modulated output signal

The waveform on the Figure 1 demonstrates modulated output signal covering the initial message and repeat
code obtained on the demonstration board.
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Figure 12. Initial Message

CH3 (pink) — active-high input signal — modulated output signal

The waveform on the Figure 2 demonstrates the initial message timeframe.
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Figure 13. Logical ‘1’ and ‘0’
CH3 (pink) — active-high input signal — modulated output signal

This waveform demonstrates logical ‘1’ and ‘0’ timeframes.
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Figure 14. Logical ‘1’ Timeframe
CH3 (pink) — active-high input signal — modulated output signal

This waveform demonstrates logical ‘1’ timeframe. The measurements were carried out via cursor tool.
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Figure 15. Logical ‘0’ Timeframe

CH3 (pink) — active-high input signal — modulated output signal

This waveform demonstrates logical ‘0’ timeframe. The measurements were carried out via cursor tool.
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H 5000ps/ [ A mMsa/S loMets L)) s6.748ms |G B/ 1 \ Defautt
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Figure 16. Carrier Frequency
CH3 (pink) — active-high input signal — modulated output signal

The waveform on Figure 6 demonstrates carrier frequency. The measurements were carried out via cursor and
oscilloscope measure tools.
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Figure 17. Repeat Code Timeframe

CH3 (pink) — active-high input signal — modulated output signal

This waveform demonstrates Repeat Code timeframe. The measurements were carried out via cursor tool.
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7. Conclusion

From the waveforms, we can conclude that the design operates accordingly to the NEC protocol specifications.
The design implemented using the Renesas SLG47011 is proven to be fully capable of transmitting messages to
a receiver device via the NEC protocol. Viability of the design was tested on the Arduino UNO platform along
with Keyestudio IR Receiver.
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8. Revision History

Revision Date Description
1.00 Dec 3, 2025 Initial release
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