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Abstract

This application note presents how to design a circuit for converting PWM signals to Pulse Position
Modulation (PPM) signals using only a single GreenPAK IC.

This application note comes complete with design files which can be found in the References
section.




AN-CM-266 LENESAS

Converting 8Ch PWM to Pulse Position Modulation

Contents

F N 015 1 - T A SO PP OPUPPRPPPP 1
(070 ) ] 1= o | K= SO P TP TP PPPPP 2
L Lo TN =T PRSP PP PRP 2
1 Terms and DefiNitiONS . ......coi i 3
2 REFEIBNCES .ot e et e e e bt e e ekt e e e h et e e e e n e e 3
I | a1 1 g 1¥ o1 {0 o PO T T PP PP PP PPPPPPP 4
4 Input and OULPUL SIGNAIS ... ..uieiiiiiieei et e e e e e e e e e e e e e e e e e aanbeaeeeas 4
S T g=TCT o1 o N (G B T=T] [ | o T P PPTT T PPPPP 5
I (01 = B =S [0 | o PP P PPTT T PPPPP 6
A £ (ST TU 1L PP PSR PRRPP 7
8 CONCIUSIONS ..ttt ettt s e s e e s b e e n et e s re e e nnn e e s e re e e nnr e nee s 8
REVISION HISTOTY ...ttt ettt et e e e st e e e s e b b e e e s bt e e e s snbbeeeeenbeas 9
Figures

Figure 1: Timing Diagram: Converter SigNalS ............ueeiieeiiiiiiiiiiie e e e e e e e reeree e 4
FIQUIE 2: Gre@NPAK DESIGN .. ..eiiiiiiiiie ittt st s ettt e s e b e e s e bt e e s snnbe e e e enreas 5
Figure 3: SEqQUENCE Of OPEIALIONS .....ccoiiuiiiiiiiiiii e ebbe e e e neeas 6
Figure 4: Prototype PCB and TSt BOAI..........uuiiiiuiiiieiiiiii ettt s s 6
Figure 5: PPM Converter Functionality for 8 Channels of PWM Signals ...........cccoocieieiniiee e, 7
Figure 6: PPM Converter Functionality for 4 Channels of PWM Signals ...........cccoeciiieiniiine i, 7
Application Note Revision 1.0 10-Jan-2019

CFR0014 20f9 © 2022 Renesas Electronics Corporation



AN-CM-266 LENESAS

Converting 8Ch PWM to Pulse Position Modulation

1 Terms and Definitions

Ch Channel

IC Integrated Circuit

PPM Pulse Position Modulation
PWM Pulse Width Modulation
RC models Radio Control models
Etc.

2 References
For related documents and software, please visit:
GreenPAK™ Programmable Mixed-Signal Products | Renesas

Download our free GreenPAK™ Designer software [1] to open the .gp files [2] and view the proposed
circuit design. Use the GreenPAK development tools [3] to freeze the design into your own
customized IC in a matter of minutes. Find out more in complete library of application notes [4]
featuring design examples as well as explanations of features and blocks within the GreenPAK IC.
[1] GreenPAK Designer Software, Software Download and User Guide

[2] AN-CM-266 Converting 8Ch PWM to Pulse Position Modulation.gp, GreenPAK Design File

[3] GreenPAK Development Tools, GreenPAK Development Tools Webpage

[4] GreenPAK Application Notes, GreenPAK Application Notes Webpage

Author: Volodymyr lichuk
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https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products
https://www.renesas.com/eu/en/software-tool/go-configure-software-hub
https://www.renesas.com/eu/en/document/scd/cm-266-gp-file
https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products/greenpak-development-process
https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products/greenpak-applications
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3 Introduction

We will review 2 output signal formats of radio Receivers for radio-controlled models (or RC models).
The traditional and most common type of Receiver signal is PWM, and usually PWM requires only
one wire per channel. PPM signaling is now getting more and more popular because it can handle all
channels on a single wire. So, sometimes there is a need to convert PWM signaling to PPM. The
goal of this application note is to design a circuit that can convert 8Ch PWM signals to PPM.

4  Input and Output Signals

Figure 1 shows the input and output signals used in this app note. The PWM signals (one for each
channel) are output one by one by the Receiver and the duty cycle information represents the users
desired position by the Transmitter. In contrast, the PPM signal contains the duty cycle information of
all the PWM channels. In both cases, the value of each channel is represented in a standardized
way. The interpreted width of a 1 mS positive pulse represents 0 % position, and 2 mS represents
100%.

In PPM signaling, the values of each channel are represented by the delay between rising edges of
positive pulses each having 400 usS fixed width.
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Figure 1: Timing Diagram: Converter Signals
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5 GreenPAK Design

The design approach is to detect the Rising and Falling Edges of each PWM channel, generate PPM
pulses from each edge, and then combine them into one PPM channel. For this the GreenPAK
design uses DLY3 Both Edge Detector, P DLY Both Edge Detector and LUTs, Both Edge Detector
structure with Buffer and XOR LUT, as shown in Figure 2. Further, Both Edge pulses go to an 8-bit
OR structure that consists of 3-bit LUTs 7,5 and 4-bit LUTO configured as OR gates. At the 4-bit
LUTO output, all Edge Pulses are combined and then sent to a rising edge triggered one-shot
structure that consists of a Pipe Delay and 400 us DLYO to generate the PPM signal. Also, each
input PIN has an internal 100k Ohm pull down resistor for noise stability if some inputs are not used.
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Figure 2: GreenPAK Design
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The sequence of these operations is clearly presented in Figure 3.

channels conversion.

CH1 signal

after Both Edge Detector

CH2 signal

after Both Edge Detector

CHS8 signal

after Both Edge Detector

OUT 4-bit LUTO

400 us Pulse for PPM

6 PCB Design

The functional prototype of this design with RC Transmitter & Receiver is shown in Figure 4.
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Figure 3: Sequence of Operations

Figure 4: Prototype PCB and Test Board
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7 Results

In Figure 5 waveforms, the signals/channels legend is: D1 = CH1, .... D8 = CH8 accordingly, and
Channel 1 (blue) = PPM Converter output. Figure 5 shows 8 channels of PWM signals converted to
one channel of PPM signal.
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Figure 5: PPM Converter Functionality for 8 Channels of PWM Signals

Also, this PPM Converter can process less than 8 channels of PWM signals. For example, Figure 6
shows 4 channels of PWM signals converted to one channel of PPM signal.
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Figure 6: PPM Converter Functionality for 4 Channels of PWM Signals
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8 Conclusions

In this application note we designed, built, and verified a circuit for converting PWM signals to Pulse
Position Modulation (PPM) signals using only a single GreenPAK IC. It can process anywhere from
one to eight PWM channels. Major advantages of using GreenPAK are availability of on-chip circuit
blocks, very small physical area, low power, and low cost. Other functionality or integration can be
configured into the same IC by using leftover available circuit blocks, thereby reducing product size
and cost even further.

This app note shows how to create an 8 Cannel PWM signals to PPM signal Converter using only
one GreenPAK IC. Detection of Rising and Falling Edges of each PWM channel signal and their
"merger" allowed to get PPM signal. A single GreenPAK IC Converter can process anywhere from
one to eight PWM channels.
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RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
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