RLRENESAS
White Paper
New functions of the RL78/G23

Logic and Event Link Controller (ELCL)

Sho Hataki, MCU Product Marketing Department, MCU Device Solution Business Division, 0T and Infrastructure
Business Unit, Renesas Electronics Corporation.

July. 2021

Introduction

Logic and Event link controller (ELCL) of the RL78/G23 is added some logic control circuits for Event link
controller (ELC) function of RL78/G14 and others. ELC events of some peripheral functions can be linked
the other peripheral functions without CPU. New logic circuits are AND, OR, flip-flops and other circuits,
therefore when using event link peripheral to the other peripherals, various combinations can be realized
without an external circuit and without CPU load. And you can also add new functions to the
microcontroller.

This white paper provides some overviews of ELCL, how to use it, and its applications.

What is Logic and Event link controller (ELCL)

Explanation the features of ELCL

® Event link controller (ELC) function

ELC function of RL78/G14 and others links event signals output by peripheral functions to other
specified peripheral functions through internal circuits directly. ELCL can be used as ELC
function.

This function is allowing direct communications between peripheral functions without CPU
intervention. Therefore, when an event occurs, peripheral functions can be started in short time.
And it realizes low power when microcomputer is standby mode, because CPU can be kept
standby mode.
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Figure 1. ELC function

® Logic functions

ELCL provides additional logic functions to the traditional ELC functions.

The logic function can link the event signals of each peripheral function via the logic circuit such
as AND, OR, EX-OR, flip-flop circuits. With this feature can link not only simple combination link
but also many combinations with various conditions.

Logic and event link controller (ELCL)

Event controller
(link processor)

Output signal
selector

Various
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Figure 2. Logic function
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® Signals inputs of the ELCL can be selected from among up to 99 signals

About ELC function of RL78/G14 and others are can be selected only interrupt signals as event.
ELCL can be selected not only interrupt signals but also port input signals, timer output signals,
transmit data and clock signals of serial interface and internal clock signals.

The following table shows examples of RL78/G23’s choices.

Type " Option
Input pin P00, PO1, P10, P11, P12, P20, P21, P22, P23, P30, P31, P50, P51, P120,

P121, P122, P137, P147

Timer

TAUO channel 0-7 output

Serial interface

SAUO channel 0-1 transmit data output
SAUO channel 0-1 serial clock output
UARTAO serial clock output, UARTAO transmit data output O

Comparator Comparator detection 0-1
Clock fewk, fine, fivp, fsxp
Interrupt INTPO-11

INTTMOO0-07, INTTMO1H, INTTMO3H, INTTM10-17, INTTM11H, INTTM13H
INTWDTI, INTRTC, INTITL, INTCTSUWR, INTCTSURD, INTCTSUFN
INTSRO/INTCSIOL/INTIICO1, INTSTO/INTCSIOO/INTIICOO,
INTSRI/INTCSI11/INTIIC11, INTST1/INTCSI10/INTIIC1O,
INTSR2/INTCSI21/INTIIC21, INTST2/INTCSI20/INTIIC20,
INTSR3/INTCSI31/INTIIC31, INTST3/INTCSI30/INTIIC30

INTSREO-3, INTUREO-1, INTURO-1, INTUTO-1, INTHCAO-1,

INTKR, INTREMC, INTAD, INTSMSE, INTLVI, INTCMPO-1,

Internal signal of ELCL

Output from flip-flop O of logic cell block L1
Output from flip-flop 1 of logic cell block L1
Output from flip-flop 1 of logic cell block L2
Output from flip-flop 1 of logic cell block L3

® The destinations of event signals (ELCL outputs) are selected from up to 29 peripheral

functions

ELC function are can be used only starting factor (activation trigger) of some peripheral functions.
ELCL can be used not only them but also port output signals, timer input signals, receive data
and clock signals of serial interface, each peripheral trigger signals.

The following table shows an example of RL78/G23’s choices.

Type " Option
Output pin P01, P10, P11, P12, P13, P14, P15, P16, P17, P50, P51, P60, P61

Timer

TAUO channel 0-1, 5timer input

Serial interface

SAUO channel 0-1 receive data input
SAUO channel 0-1 serial clock input
UARTAO-1 serial clock input

trigger

Event link interrupt (INTELCL), DTC activation trigger,

SMS activation trigger, Hardware trigger for A/D converter, Hardware trigger
for D/AO,1 converter, CTSU hardware trigger, TML32 operating clock,
capture trigger
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It is possible to add new functions that combines arbitrary functions with event signals (ELCL input
signals) from each peripheral functions to the microcomputer. These new functions will be provided by
Renesas as a tool (smart configurator) extension files.

You can easily add new functions to the microcomputer by downloading / importing these extension
files.

Software development by smart configurator

In software development of RL78/G23, you can use the smart configurator. New function of the ELCL is
also prepared smart configurator as extension files.

You can easily add new features to RL78/G23 by downloading the extension files for ELCL from the web
and importing it smartly. When download the extension files of ELCL and import it into the smart
configurator to start the following GUI.

Select the event signal (ELCL input signal), logic combination, and link destination (ELCL output signal)
from the pull-down menu on the GUI, and click Code Generation to easily set the code. Peripheral
functions linked to ELCL can also be set on the smart configurator, so you can easily add functions.

) (m] X
RL78 ELCL Modules Download Download the extension file
Select the RL78 ELCL modules for download ——
Title Version l Select All I
Slave Select Pin Function (4-wire SPI) 1.00 Deselect All
Chattering Prevention Function 1.00
Manchester Decoder Function 100
Edge Detection Thinning Function 1.00
Multiple Parameter Monitoring Function  1.0.0
RL78/G23 Common ELCL Module 100
Extension files to tools download and import
Download Cancel
Components = Configure
£ 18 .
‘type filter text
v & Startup
~ = Generic Input signal selector Event controller(link processor) Output signal selector
& r_bsp .
+ (= Drivers Easy to set up links 3
i LiLD
Ve Tl_mers TAUO Chaneld Input
& Config_TAUD_O
~ = Logic and event link controller Select input signal LIFL =

& Config_ELCL _ChatteringPreventio

INTTHMOD >

Select link destination

Logic block selection Logic block 1

Select logic

Figure 3 : GUI on Smart Configurator

The following pages explain the extension files on smart configurator prepared by Renesas.
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Logic single function

For the logic functions of ELCL, prepared the following extension files as a single function.
INPUT A to E can be selected from port inputs, timers, serial interfaces, comparators, clocks, and

interrupts.
OUTPUT C can be selected from port outputs, timers, serial interfaces, and triggers.
Type Option
pass-through
INPUT A— > ouTPUT C
NOT
INPUT A—[=>0— ouTPUT C
AND
INPUT A
INPUTB | ) OUTPUTC
NAND
INPUT A :Dof
INPUT B OUTPUT C
OR
INPUT A :E>7
INPUT B OUTPUT C
NOR
INPUT A :E>of
INPUT & OUTPUT C
EX-OR
INPUT A
INPUTA —)] >—outputc
EX-NOR
INPUT A :>
INPUT B D>7 OUTPUT C
flip-flop INPUT D
|
INPUTA — —— OUTPUT C
INPUT B —>
I
INPUT E
selector
INPUT D
INPUTE |5 OUTPUT C
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Pass-through or NOT, AND or NAND, OR or NOR, and EX-OR or EX-NOR can be changed by selecting
Output C with Positive logic output or Negative logic output (inverted level).
ELCL of RL78/G23 has 3 input selectors and 6 other logic circuits.

Application Examples

This section explains how to realize conventional ELC functions, how to realize pin changes for dual-
purpose functions, and application examples of combining multiple logics.

ELC function

Logic function of the ELCL has pass-through. ELC function can be used by using this logic function.
Therefore, the following can be selected in the same function as existing products.

Type Option Action after event reception
Timer Timer input to TAUO channel 1,5 Delay counter
Input pulse interval measurement
External event counter
trigger INTELCL Interrupt service routing
DTC activation trigger DTC activation
SMS activation trigger SMS activation
Hardware trigger for A/D converter A/D conversion operation
Hardware trigger for D/A converter0-1 Realtime output
Hardware trigger for CTSU Measurement start
TML32 operating clock, capture trigger Count clock
Capture operation

For example, if you select A/D converter (ADC) hardware trigger as the link destination of ELCL, the
image will be as follows. Selecting on the ELCL settings, pins and interrupts can be used as ADC
hardware triggers.

This feature can also be easily configured in the smart configurator. It can be realized only selecting
"hardware trigger mode" and "Event input from ELCL" by ADC conversion trigger mode.

ELCL

INTRTC
INTITL
INTTMO1

e

Figure 4. Example of ELC function
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Change the pin of the alternate function

"Pass-through" can be used to change the pin of the alternate function.
In ELCL of RL78/G23, the following terminals can be selected from the input options.

Input pin

P121, P122, P137, P147

POO, P01, P10, P11, P12, P20, P21, P22, P23, P30, P31, P50, P51, P120,

In the ELCL output options of RL78/G23, the functions equivalent to the alternate function input are as

follows.

Peripheral function
Timer

" Option
Timer input to TAUO-1, 5 channel

serial interface

SAUO channel 0-1 receive data input,
SAUO channel 0-1 serial clock input,
UARTAO-1 serial clock input

By combining these, you can change the input terminal of the alternate function. For example, select POO
for the input and SAUO channel 0 serial clock input (SCKO0O) for the output. And select PO1 for the input
and SAUO Channel O receive data input (SI100) for the output. Thereby, you can change SCKO0O0 which is a
alternate function of P10 to P00, and SI00 of P11 to PO1 as shown below.

Input signal of the SCK00 (P10)

SCKQ0

TOO01

-

ELCL
P00 © >>
POL © >>

Input signal of the SI00 (P11)

P20/ ANIY AVRE=F/EI20 Ca—— )
P01/ ANHB/TS27 4 [EI01EO 01 TOD0/RXDA |0 e—]
POD/ANI 17/ TS26 %/E1 00/TI00TxD1

F120 JANTIGMVCME 21 120

P4DTOOLD O~

RESET O——

PA3T/EN3T/INTPO O

P 122/% 2EXCLK [XTYEXCLKS/ENZ Oa—of
P12U/XUXTUEI21 O==|

REGC O—

VSE 0_

\op O—T

PE0/ECE0/CCO04/SCLAD O
PS1/EOG1/CCDISISDAAD O

P31TS0 Bl 3UTIO3TODIANTPAPCLBUZ 0 O

O

Zw

(maip doy )
€29/8.14

[

0m o~ e

3R

=]
-

= P2 AN Alaesu /EI21

O P2 ANIZ ANODI TS207EI 22

O P23 ANIY ANO1 VREFOITS21 1 E123

O P47 IANNEI VCMPOY EHAT.

OfP 10V EMD/ED 10/5C KO SCLOOK TI07 ) TOO7 )
=——=C{P 1/ E11/E0 11/51 00/RxD0ITOOLRxD/ SDADOK TIDE TODS)
O FIZEN2IEQ 12/50 00/ T xD0IT OOLT x0TI IS TOS ) ‘
O PAYIVREF1/EO13/ TxLR/SO 20(SDAADYTIDS )} TOD4)

O P14/VCOUTED 14/RxD2/SI 20/SDA20 [ SCLADTIN3 W TOM3)
O PASECAS/PCLBUZ 1/ SCK2DISCL20A TIO2 JATO02)

O P16/ EC16/CCDO0TIONTOM /INTPS(RxD0)

O PATEQT/CCDOTIOTO0R/(TXDO)

O PSYEISTEOS51/CCDIR/ INTPZSO 11

~——0 PS5V TSO0/EISY EQSDICCDO3NTP /S111/SDA 11

O PAVVCOUTOTS CAREI0ANTPIRTCIHZSCKISCL

Figure 5. Example of ELCL (Changing input pin)
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Next, the terminal change of the output function is explained. In the ELCL input options of RL78/G23, the
functions equivalent to the alternate function output are as follows.

Peripheral function " Option
Timer Output from TAUO channel 0-7

serial interface

Transmit data output from SAUO channel 0-1
Serial clock output from SAUO channel 0-1
Serial clock output from UARTAO, Transmit data output 0 from UARTAO

In ELCL of RL78/G23, the following pins can be selected from the output options.

Output pin

P01, P10, P11, P12, P13, P14, P15, P16, P17, P50, P51, P60, P61

By combining these, you can change the output pin of the alternate function. For example, select Timer
output from TAUO channel 0 (TOQO) for the input and P51 for the output. Thereby, you can change TOO00

which is a alternate function of PO1 to P51.

ELCL

Digital /10

»(©) P01

P20/ ANIOY AVEE=RIEIZD Om s

PO1/ANMBITS27 4 B0 EQ 0 TO0/R XD |O=—H"

POD/ANI 17/ TS26 2/E1 00/TI00/TxDA DX
P120/ANISAVCMP 1EI120 O

P4DTOOLD O~

RESET O—

P137/ENM3T/INTPD O—

P 122X 2EXCLK /XT 2 EXCLKS /B2 Oae—sn

P21/ XU XTUEI21 O=—=
REGC O—

Ves O—1

Vo O—

PED/ECE0/CCOD4/SCLAD O=—n
PE1/EQE1/CCD0S/SDAAD O

P31/TS01 /Bl 31T TODIANTRPAPCLBUZD O

HEHREHEENEES

() P2V AN AVaesu EL21

O P2 ANIZ ANODI TS207EI 22

O P2y ANIY ANOI VREFOITS21 W E123

O P147/ANIEI VCMPOYEN4T

O P1VEND/ED 10/5C KOW SCLOOATIOT ) TOO7)

~———C P1/EI1/EO 11/51 00/RxD0TOCLRxDI SDAD/ TIDGM(TODS)
[*——0 P12 EM2/EO 12/S000/TxDOTOOLTDATI DS TO0S

O P IVREF1/EO13/ TxLR/S0 20(SDAAD YTIOS i TOD)

O P14 VCOUTYED 14/RxD2/SI 20/SDAZ0 [ SCLAD TN W TOM3)
O PASECAS/PCLBUZ 1/ SCK20/SCL20K TIO2 )WTO02)

O P&/ ECAB/CCDO0TIONTOM/INTPS(RxD0)

%O PN ECIF/CCDOMIOR o2 TxD0)
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O PAYVCOUTOTS CAREI 30ANTRIRTCIHZ SCKI/SCLI

Figure 6. Example of ELCL (Changing output pin)

With ELCL in this way, you can easily change the alternate function to another pin.

From the next pages are explanations of the new functions that can be realized by combining multiple

logics.
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ELCL Multiple parameter monitoring

You can monitor multiple input signals (parameters) by using ELCL. Up to four input signals can be link
as “OR” and generating monitoring results.

ELCL

z
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c
5
>

OUTPUT E

YYVYVVY

z
T
c
S
™

ELOMONI

A A f

YyYYVY VY

z

YyVYyYvYVvVYyYyVY

Figure 7. ELCL Configuration

Link the four input signals (INPUT A, INPUT B, INPUT C, INPUT D) to the three ORs (L1LO, L1L1, L2L0),
and link the generated signal to OUTPUT E. In addition, link the four input signals to the flip-flops (L2FO,
L2F1, L3FO0, L3F1), and link the output of the flip-flops to the monitor register (ELOMONI). Thereby it is
possible to confirm the state of the input signal by reading the monitor register.

INPUT A

INPUT B

INPUT C

INPUT D

OUTPUTE

Figure 8. Timing chart

In detail, please see RL78/G23 application note “ELCL Multiple Parameter Monitoring Function
(RO1AN5615)".
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ELCL slave select pin function (for 4-wire SPI)

You can generate 4-wire SPI by using ELCL. This function is to add slave selection (SS) to the slave
receive mode of a serial array unit's (SAU) 3-wire serial /0O (CSI) and achieve 4-wire SPI (Serial
Peripheral Interface) communication.

ELCL

INPUT A

PORT

P10/SCK00 (©)

P11/SI100 ©)

P12/S000 (©)

Figure 9. System Configuration of ELCL

Input slave select signal (SS) to a PORT and "OR" with the SCKOO signal. The SCKO0O input is masked
while INPUT A = 1. Thereby SAUO can receive only for the period of INPUT A = 0.

INPUT A

P10/SCKO00
SCKO00

Figure 10. Timing chart

This function extension file has same function as the single function "OR", but the selectable input signal
and output destination options are limited, and it specializes in realizing the slave select function.

In detail, please see RL78/G23 application note “ELCL Slave Select Pin Function for 4-wire SPI
(RO1AN5614)".
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ELCL Edge Detection Thinning Function

This function thins out the edge detection of the input signal and enables the input signal once every two
times. For example, if a valid edge is detected twice on a port, trigger for A/D converter once and A/D
conversion operation can be executed.

ELCL

OUTPUT C

INPUT A

B

y e

Figure 11. System Configuration of ELCL

The external input signal is INPUT A, the clock that creates the thinning interval is CLOCK B, and the
thinned output signal is OUTPUT C. By combining "flip-flop" and "AND circuit" as above, edge detection
of the input signal from INPUT A is masked the first time and enabled the second time.

INPUT A __

OUTPUT C

Figure 12. Timing chart

In detail, please see RL78/G23 application note “RL78/G23 ELCL Edge Detection Thinning Function
(RO1AN5613)”.
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ELCL Chattering Prevention

In the case of a switch with mechanical settings such as a button switch, the phenomenon (chattering) in
which the contacts repeatedly turn on/off occurs when the switch is turned on/off. Therefore, in the
embedded system, chattering prevention control is performed for the signal of the button switch to
prevent malfunction so that the operation of pressing the button once and the operation of pressing it
multiple times are not mistaken.

ELCL

OUTPUT B

—| PORT

TAUO

== 110N INTTMOn

OUTPUT C

-

INPUT A

PORT

Figure 13. System Configuration of ELCL

The input signal from the external switch is INPUT A, and the output signal from the chattering prevention
circuit is OUTPUT B. Use the delay count function of TAUO to control the chattering prevention period.

weors LI
LR

L
I}

TION

INTTMON

OUTPUT B

Figure 14. Timing chart

In detail, please see RL78/G23 application note “RL78/G23 ELCL Chattering Prevention Function
(RO1AN5612)".
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ELCL Manchester Decoder

This function realize the Manchester code decoding of the G.E.Thomas method.

Following figure shows the Manchester code decoding system configuration using ELCL. The Manchester
code received by INTPUT A and the clock line are to the data line. The clock line is connected to SCKOn
of Serial Array Unit 0 (SAUOQ) via channels 0 and 1 of Timer Array Unit O (TAUO) and the data line is
connected to SIOn of SAUO.

ELCL Input signal of the SI00 (P11)
OUTPUT B

INPUT A

TAUO
[_PORT o Lo ’:)
p TIOO TOO1
r>>

r’
¢

Input signal of the SCK00 (P10)

Figure 15. System configuration of the Manchester code decoding

The TAUO channel is used by setting it to the one-shot pulse output function, and the SAU is used by
setting it to the continuous transfer mode. The period a for SCKOn is generated by TAUO. It set TDR0O
(delay) and TDRO1 (one-shot pulse width) so that the change timings of the Manchester code, SCKOn
cycle, and TAUO do not overlap. Thereby it encodes the Manchester code to a serial signal and receives
it.

Start (0)
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Figure 16. Timing chart

In detail, please see RL78/G23 application note “RL78/G23 (RO1AN5616)”.
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ELCL Manchester Decoder

This function realize Manchester code encoding of the G.E.Thomas method.
SOO0n, SCKOn of 3-wire Serial SPI and by using ELCL, the Manchester code encoding is realized.
Following figure shows the Manchester code encoding system configuration using ELCL.

ELCL

INPUT A
OUTPUT B

\
) . M=P0RT
—-p

INPUT B

Figure 17. System configuration of the Manchester code encoding

Input SCKn and SOO0n of SAUO to ELCL and using EX-OR function, to synchronize with CSC_PCLK with
a flip-flop. SAUO is used by setting continuous transfer mode. Thereby it encodes the serial signal to the
Manchester code and transfer it.

SCKO”J—J—J_Ll—J_Ll—J—J_l

SOO0n

s inhiiiini)

Figure 18. Timing chart
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ELCL NRZ to RZ encode

This function realize encoding from data output of NRZ (Non Return to Zero) to RZ (Return to Zero).

UARTAO

INPUT A

ELCL

OUTPUT B

- PORT

Figure 19. System configuration of encoding from NRZ to RZ

Input CLKAO and TXDAO of UARTA to ELCL and using AND function, to synchronize with the Clock with

a flip-flop.

Thereby it encodes the data output of NRZ to RZ.

CLKAO

TXDAO

OUTPUT B

Figure 20. Timing chart
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Conclusion

"Logic and Event Link Controller" is one of the new features implemented in RL78/G23. In addition to the
conventional Event Link function, the logic function can be set to meet the detailed requirements of the
user.

And also, in order to easily design each functions, we will provide extension files for "Smart Configurator"
and Application Notes.

Learn More

RL78/G23 User's Manual Hardware 16-Bit Single-Chip Microcontrollers

Smart Configurator The utility for combining Renesas drivers easily

Application Note RL78/G23 ELCL Multiple Parameter Monitoring Function (RO1LAN5615)
Application Note RL78/G23 ELCL Slave Select Pin Function (for 4-wire SPI) (R01AN5614)
Application Note RL78/G23 ELCL Edge Detection Thinning Function (RO1AN5613)
Application Note RL78/G23 ELCL Chattering Prevention Function (RO1AN5612)

N o g &~ w dhoPE

Application Note RL78/G23 ELCL Manchester Decoder Function (RO1AN5616)
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