1RENESAS Manual Guide

RA Family

Hardware Manual Guide (peripheral functions)

Introduction

This manual is an easy-to-understand summary of each peripheral functional chapter of the hardware
manual, using the RA4L1 and RA6M5 as examples.The purpose of this document is to provide a much
deeper understanding of the functions by using it with the hardware manual.For more detailed usage
instructions, please refer to the application notes provided on each page.This document does not cover all
the information described in the manual. For detailed information such as precautions for each function,
please check the hardware manual for the product you want to use.

Please also refer to the Hardware Manual Guide: Electrical Characteristics(R0O1TUQ0457EJ)

Target Device

RA Family
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1. Low power consumption

1.1 Low Power Consumption function by product group
The Low Power Consumption functions for each product are shown in the table below.

Product Low power modes Power control modes
Group Sleep Software Deep Snooze High- Middle- Low- | Subosc-
Standby Software speed speed speed | speed
Standby
RA4L1 v v - v v v v v
RABM5 v v v v v - v v

Some products may not support certain modes, so please refer to the hardware section of the user's manual
for each product for details.

1.1.1 Overvies of low Power Consumption function in the RA4L1 GROUP
The following summarize the low power consumption funtion featuers of the RA4L1 group

“Stopped (Retained)” means that internal register values are retained and internal operations are suspended.
“Stopped (Undefined)” means that internal register values are undefined and power is not supplied to the internal circuit.

Oscillator / Power management Peripheral modules

IWDT
I3C
AGT
UARTA
Loco ACMPLP
Low power HOCO Sub-clock SLCDC
consumption MOCO RTC IRQ Flash 1/0
mode PLL LVD NMI Other memory Port

Sleep (re?atwonped) Selectable Selectable Selectable Operating Selectable Selectable Selectable Selectable Selectable Selectable Selectable ~ Operating Operating
Stop
Software Stop . Stop. Stop Stop Stop Stop Stop
Standby (retained) iafp iy Sl Qfp=rigy el (retained) (relaﬁ\zned) Szl (retained) (retained) (retained) (retained) (retained)
Operation
Snooze*1 (re?ationped) Selectable Selectable Selectable Operating Selectable (relsa‘ﬁw’?ed) prohibited Se\e‘céab\e Selectable ?r‘(’)?y:;ll‘gg Selectable (rei‘%ped) Operating
- 2
c
5 F 3
=
=%
x4 . . .
E Sleep Mode 1 : For details of snooze mode, see this page.
w
c
8 Software *2 : USB resumption detection is possible.
5 Standby Mode
*0 . . .
z 3 : Wake-up interrupt operation only.
o >
Recovery time
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1.1.2 Overvies of low Power Consumption function in the RA6M5 GROUP
The following summarize the low power consumption funtion featuers of the RA6M5 group

“Stopped (Retained)” means that internal register values are retained and internal operations are suspended.

Oscillator / Power management

Stopped (Undefined)” means that internal register values are undefined and power is not supplied to the internal circuit.

Peripheral modules

Memory

Main-clock LOCO
HOoCco Sub-clock
Low power MOco RTC IWDT
consumption PLL (87:] 1ICO USBFS Standby Flash /0
mode PLL2 AGT EBCLK IRQ WDT USBHS RAM memory Port
Sleep (re\s;c:wped‘: Selectable Selectable  Operating Selectable  Selectable  Selectable  Selectable  Selectable  Selectable  Selectable  Selectable  Selectable  Operating Operating
Software Stop Stop Stop Stop Stop Stop Stop Stop Stop Stop
Standby (retained) Stop Selectable  Operating (retained) I (retained) (retained) (retained) (retained) (retained) (retained) (retained) (retained)
. Stop Operation ~ Selectable Stop Operation Operation Stop Operating
Snooze™ (retained) Selectable Selectable  Operating prohibited = Selectable (retained) Selectable prohibited prohibited Selectable  Selectable (retained) 3
Stop Stop
Deep Software Stop Selectable Stop Stop Stop Stop Stop Stop . Stop Stop
Standby (Undefined)  S1°P 4 OPErRNG.  (retaineq)  (Undefined) 5P (Undefined)  (Undefinedy (ATl (Undefined) (relaned) (RSt (elained)  (etaed)
=1
=
o Sleep Mode % . .
E 1 : For details of snooze mode, see this page.
@ Software *0 . : : :
g Standby Mode 2 : For the IIC0,Wake-up interrupt operation only possible.
[&]
* . H 1
5 oy ry— 3 : Stop Only EBCLK pin:(retained)
=
* . . H
& Standby Mode 4 : Stop Only AGT4~5:(Undefined)

Recovery time

1.2 Snooze mode
During software-standby mode, some peripheral functions can operate without wakening the CPU
(intermittent operation). By performing intermittent operation in software standby and snooze mode, the total
current consumption can be reduced from mA to uA level compared to sleep mode operation.

Current

&

Sleep Mode

Current

Data Receive

yorob

I | | -

Data receive
in snooze mode

ol

Current consumption value (average)
for each low-power consumption mode

4

Reduce current consumption

* Time

When using sleep mode

Sof.tware' Stanﬁby Mode
When using snooze mode

* Time
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1.3 High-speed, Middle-speed, Low-speed, OSC mode

By selecting the appropriate operating power control mode according to the operating frequency, power
consumption can be reduced in normal, sleep, and snooze modes. In each mode, it will operate within the
following operating voltages and operating frequency ranges

VGE V) WG [
H i ! | i i _ | : | |
[ H I |
16 R 4 —_— 16 feer bl I
LOOCR CHED= b — : — LOOCR.CHED = 1 I
ExceptiP/E PIE
1 i
.
1.8 - 18 -
1.6 ! 1.6 T T
IJ.D‘_',:Z:"EH 1 2 4 ] 80 ICLK [Mabiz] IJ.IJ'_',;:"E& | _, 1 B o ICLE [iHz)
Figure 10.2 Operating voltages and frequencies in High-speed mode
WEE [V WEE [V
P i i i1 i
AE i i i ' 1B ' i i '
Except P/E PIE '
e - — 8 I
YT T o + ICLK [MHz) YT 1 4 + IELK [MiHz]
Figure 10.3 Operating voltages and frequencies in Middle-speed mode
1 MHz
WEE V) VoS V]
4 H 4 /
EL f 1B £
Except PE| E PE I
18 femd E T T T A— T S —— | F—
18 1 ] 1.6 1
OORTER T &5 > JCLK Mz DO3ZTER e %0 * ICLK [MHz)
Figure 10.4 Operating voltages and frequencies in Low-speed mode
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WEE [] WEE ]
1 i i J
ig L E ag
H
Except E
i H A= ¢ s
RIE i PJE is prohibited
{
18t 8
1.4 - - 16
H H
i 1 - L i > ICLE MHz
0027 0.082 0.087 ] T VLK Mz} Q27 0082 0.087 & 80 sl

Figure 10.5 Operating voltages and frequencies in Subosc-speed mode

1.4 Tips for reducing power consumption

Introduce tips for reducing power consumption using the RA4L1 as an example. The following information
depends on the product you are using. For details, please refer to the User’'s Manual: Hardware of each
product.

(1) Utilize High-speed / Middle-speed / Low-speed / Subosc-speed operation mode as appropriate

Power consumption can be further reduced by lowering the operating frequency of the system when entering
sleep or deep sleep mode.

Example) Comparison of current consumption in sleep mode and operation of all peripheral modules (typical)

High-speed Middle-speed Low-speed Subosc-speed

Current consumpion 22.8mA 3.4mA 0.94mA 15uA

(2) Stop unused peripheral modules

There is a large difference in current consumption when “all modules are operated” or “all modules are
stopped”. Therefore, power consumption can be reduced by stopping unused peripheral modules.

Example) Comparison of current consumption of peripheral module operation/stop in High-speed sleep
mode (typical)

All peripheral operation Stop all peripherals
Current consumption 22.8mA 5.63mA

(3) 10 Port

The current consumption of the I/O port for which the output is selected can be reduced by the following
process. (If it is connected to a pull-up resistor, set the output level to High, and if it is connected to a pull-
down resistor, set the output level to Low.)

RO1TU0458EJ0200 Rev.2.00 Page 6 of 42
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(4) Clock generation circuit

When using low power mode, observe the following clock frequency settings: Here are some examples of
the highest operating frequency and the circumferential ratio. For more information, refer to the chapter on
Clock Generation Circuit in the user manual.

Table 8.2 Clock generation circuit specifications for the internal clocks (1 of 3)

Iterm Clock source Clock supply Specification
System cloek (ICLK) MOSC/SOSC/HOCOMOCOY | CPU, DTC, DMAC, Flash, RAM, VO | Up to B0 MHz
LOCQIPLL ports Division ratio: 1/2/4/8/16/32/64
Peripheral module clock A MOSCISOSCHOCOMOCOY | Peripheral modules (QSPI, SCI, Up to 80 MHz
[PCLKA) LOCOQIPLL SPI, CRC, DOC, ADC12, DAC12, Division ratio: 1/2/4/8/16/32/64
GPT bus clock, CNECC, IrDA, 13C)

Note:  Restrictions on setting clock frequency: ICLK & PCLKA 2 PCLKB, PCLED & PCLKA = PCLKB
ICLK = FCLK
Restrictions on clock frequency ratio: (N integer, and up to 64)
ICLK : FCLK = 1:1 when ICLK = 48 MHz, ICLK : FCLK = 2:1 when 48 MHz < |CLK s 80 MHz
ICLK : PCLKA = N:1, ICLK : PCLKEB = N:1, ICLK : PCLKC = N:1 or 1:N , ICLK : PCLKD = N:1 or 1:N
If the A/D converter is enabled, the clock frequency ratio is constrained as follows:
PCLKA :PCLKC =11 or2:1 or4:1 or 81 or 1:2 or 1:4

(5) Changing the Regulator (LDO) Operating Mode

The LDO has normal operating mode and high-performance mode. Power consumption can be minimized by
operating in the normal mode.

(6) Sub-clock oscillator drive capability switching function

This function is implemented in some products of the RA4L1 Group.

The current consumption decreases in the following order: Normal mode> Low power mode 1, >Low power
mode 2, > Low power mode 3. In addition, to achieve low-power consumption modes 1, 2, and 3, the
external crystal must be a low-CL product. Therefore, when requesting a matching evaluation, please inform
the oscillator manufacturer of the above requirements, or refer to the application note below to perform the
matching evaluation.

mApplication Note
Renesas RX and RA families Design Guide for Main Clock Circuits and Sub Clock Circuits RO1AN7202EJ

1.5 Application notes for Low Power Consumption function
Please refer to the following APN for details on how to use the Low Power Consumption function.

Application note name Document No.
RA2L1 Group Capacitive Touch Low Power Guide RO1ANG266EJ
RAB6M2 Group Capacitive Touch Low Power Guide R11AN6473EJ
RA2E3 Group RA2E3 HS4001 Low Power Sensor System Example RO1AN7744EJ
Renesas RAQ Family Low Power Consumption Guide RO1AN7893EJ
RA Family Examples of Transitioning to Low Power Modes RO1AN8013EJ
RO1TU0458EJ0200 Rev.2.00 Page 7 of 42
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2. 1/0O port

2.1 List of port functions

“Input pull-up function”, “Open-drain output function”,” Drive capacity switching function”, “5V tolerant setting”
are also valid for other signals (such as serial and other peripheral functions) that share pins with general-
purpose I/O ports.

Table 19.2 /O port functions (1 of 2)

Port Port name Input Open- Drive capacity switching bV [le]
pull-up | drain tolerant
output
PORTO |POO0Oto PO10, PO14, PO15 v " Low — Input / Qutput
PORT1 |P100to P107 v | Low, middie, high, high speed [ — Input / Cutput
high drive
P108 to P115 W v Low, middle, high — Input / Cutput
PORT2 |P200 v — — — Input
P201 W W Low — Input / Cutput
P202 to P204, P207, P212, P213 s o Low, middle, high — Input / Output
P208 to P211, P214 W v Low, middle, high, high speed | — Input / Cutput
high drive
P205, P206 ' o Low, middie, high 4 Input / Qutput
PORT3 (P300toP315 s o Low, middle, high — Input / Output
PORT4 |P400, P401, P407 to P415 v < Low, middle, high v Input / Qutput
P402 to P406 v v Low, middle, high — Input / Cutput
FORTS [P500to P508, P513 ' o Low, middie, high — Input / Qutput
P511, P512 s o Low, middle, high 4 Input / Output

*This function is described using the RA6M5 as an example.

2.2 Additional information for the Input/Output port configuration page

Additional information for the Unput/Output port configuration is shown.

(1) General I/O input port

_ —~l"c—l_"j DBy setting it to a general-purpose
Perphersl ot i input/output port with the PMR
i register(PmnPFS.PMR="0"),
i Make the terminal control a general-purpose
i input/output port.
5 @By setting it to the input port with the PDR
2 i register (PmnPFS.PDR="0"),
e ¥ ¢ Turn off the output buffer.
| e T T 2 PV PPPPPON
[ T Al
ELC Edge detect
EOFR[1:0]
Perigheral inputi
interrupt
- 1 EIDR ON
(3) pv— ey
Read contral H .
I i (3When the port(PmnPFS.PIDR) is read,
L : The input buffer is turned on and The :
L I Ased : High/Low of the target port is set to the PIDR. :
oo s eeeseeeeseesss s '
R0O1TUO0458EJ0200 Rev.2.00 Page 8 of 42
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(2) General I/O output port

—

Peripheral output
enable

ELC

Wtemal peripheral bus

I Ecoe etz |
ELC

ipheral inputi

Read control

— = o

L
‘II se. |
Jd ase |
g | ASEL
Analog
input or oulpul

(3) Pheropheral funcion Input

DBy setting it to a general-purpose

¢ input/output port in the PMR register
(PmnPFS.PMR="0"),

i Make the terminal control a general-purpose
1 input/output port.

(2By setting it to the output port with the PDR
: register (PmnPFS.PDR="1"), :
: Turn on the output buffer.

! ®Port Output Data :
: Register(PmnPFS.PODR) is printed from the
: target port.("1":High. “0":Low) :

When the pin function of the port is set to "Use the pin as peripheral function" and the peripheral function to

be used is the input operation.

@ []
Peripheral output
enable
Pes
H
ELC %
&
b
E
*
z
ELC
Peripheral input’
intermupt
Read control
-1 ISEL
i re—
L ASEL
Analog
input er output

t (DBy setting it as a port for peripheral

! functions with the PMR register
(PmnPFS.PMR="1") , Make the terminal
i control a peripheral function port.

@Turn off the buffer by prohibiting the output
of peripheral functions. :

i ®When the terminal function control register
(PmnPFS.PSEL) is set to a peripheral

: function, the High/Low of the target port is
entered into the peripheral function.

R01TU0458EJ0200 Rev.2.00
Jul.21.26
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(4) Peripheral function output

When the pin function of the port is set to "Use the pin as peripheral function" and the peripheral function to
be used is the output operation.

e

® PCR (DBy setting it as a port for peripheral

- ’  functions with the PMR register :
(PmnPES.PMR="1"), Make the terminal

i control a peripheral function port.

3
e = - e T . :
2 i @Turn on the buffer with the Allow Output '
E . i Operation of Peripheral Functions. :
= O H H
[F . H :
ELC Edge dete "°~.._..
% LT ! @Terminal function control register :
Penpheral input/ (PmnPFS.PSEL) to the peripheral function,  :
intesrupt - : the port output action from the peripheral H
-E’j—ﬂ* i function outputs High/Low to the target port. :
o } — |||
[ == | )
- ASEL |
Analog
input or output

(5) analog function input

Mg | @set the Port Mode Register (PMR) to "0"
and the Port Direction Register (PDR) to "0”._
i and make the pin a generic input port. :
2 @When set to an analog port with a terminal
] : function control register (PmnPFS.ASEL), the
ae H ! internal digital input signal is fixed to "1". :
® Y |
PMR - Leset L
ac aert fﬂ‘ﬂdalﬂﬂ ..........................................................
en _ s { @When the analog input operation is started
Periphersl input/ fyedtoyt"| .- i (such as the A/D sampling operation), the
et EIDR i analog input is performed. H
— ..,- FassassssssssEEEsEEEEEEEEIEEEEEIEEEEEEEEEEEEEEEEEEESEEEEEEEE
Reas t
®1 e )
g ASEl -
input of cutput
RO01TU0458EJ0200 Rev.2.00 Page 10 of 42
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(6) analog function output

e

PCR
Peripheral output — r\l I—D_|
enable ] ! 1 B
ph tpu >.
2
ELC g
g e
2 hee®"
E - -
ol — ) = S e TR
ELC
- npwfged to'
Intefrupt
PIDR K
[ ser |} ] o
—~ [ AsEL ¥ ..."‘

Analog
input of output @

(7) Pull-up

(e
Peripheral output :
enable
;
ELC &
g
k]
&
2
=
ELC
ot input/
intemupt
EIDR
PIDR
Read control
‘II seL | /
o aseL |}
- | AsEL
Analog
input er output

ot

@DSet the Port Mode Register (PMR) to "0"
i and the Port Direction Register (PDR) to "0”_
and make the pin a generic input port. H

Lemmen

(Z\When set to an analog port with a terminal
function control register (PmnPES.ASEL), the

¢ internal digital input signal is fixed to "1".

..... { GWhen the analog output operation is &
initiated, a D/A signal is output from the H
i target port. H

: @®When the pull-up control register
i (PmnPFS.PCR="1") is enabled, the pull-
s up is ON.

: DSet the PMR register to a general-purpose

1/O port or peripheral function
: (PmnPFS.PMR =0" or “1")

(@Set it to the input port in the PDR register
: (PmnPFS.PDR = "0")._or turn off the output
i buffer with the input operation of the

i peripheral function.

R01TU0458EJ0200 Rev.2.00
Jul.21.26
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(8) N-channel open-drain

~—

Perighars outout
enstie

: (DBy setting the open drain control :
register (PmnPFS.NCODR), the terminal
High/Low : function is set to the N-channel open H
- i drain terminal.

@

Pecpneral output

r (@The terminal set to the N-channel open i
i drain terminal performs an N-channel open
i drain operation.

For terminals in N-channel open-drain

: operation, N-MOS is turned off and the

i terminal level is set to Hi-Z when "High" is
output, and N-MOS is turned on and the

i terminal level is set to Low when "Low" is

t output.

It can be used for both general-purpose :
: output and peripheral function operation.

Read convol

2.3 Notice for I/O Port Settings
(1) Common

When PmnPFS.PIDR is read, the pin status is read regardless of PmnPFS.PDR and PmnPFS.PMR
registers. Pull-up enables the input pull-up resistor of the pin corresponding to the bit with the PmnPFS.PCR
register set to “1” when the pin is in the input state. The pull-up resistor is disabled during a reset. The input-
pull-up function, open-drain output function, drive capacity switching function and 5V tolerant setting are also
valid for other signals that share a port with the general-purpose I/O port.

(2) Interrupt pins

The ISEL bit is set when used as an IRQ input pin (external pin interrupt). It can also be used in combination
with peripheral functions.
However, it is prohibited to enable IRQn of the same number by two or more pins.

(3) Analog port

When setting the pins as analog pins with ASEL bit, set the relevant bit of the port mode register
(PmnPFS.PMR) and the relevant bit of the port direction register (PmnPFS.PDR) to “0” to set the relevant
pins as general-purpose inputs, set PmnPFS.ASEL bit to “1”. The pin status cannot be read at this time.

(4) Peripheral function port
The PmnPFS.PSEL[5:0] bit should be changed with the PmnPFS.PMR bit set to “0”.

(5) Other

For ports to which RIIC and RI3C are assigned, set the PmnPFS.PCR bit to “0”.
(Pull-up is automatically turned off for peripheral function outputs other than RIIC and RI3C.)
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3. Watchdog timer/Independent Watchdog Timer (WDT/IWDT)

31

Functional Comparison of WDT and IWDT

The functional comparison between WDT and IWDT is as follows.

Count source Peripheral module clock

Clock divide ratio 4/64/128/512/2048/8192

Conditions for starting the
counter

o . + Reset
Conditions for stopping the
counter

Window function Yes

+ Down-counter underflows
Reset output sources

Non-maskable interrupt/ + Down-counter underflows
interrupt sources

Reading the counter value Enable

Event link function Yes

+ Reset output

Output signal (Internal « Interrupt request output

signal)

Operations during low

b Run / Stop (Selectable) *1
power consumption mode

+ Auto-start mode: Counting automatically starts after a reset is released
- Register start mode: Counting is started by refresh operation

+ In low power consumption states(Depends on register setting)
+ A counter underflows or a refresh error occurs (only in register start mode)

+ Refreshing outside the refresh-permitted period (refresh error)

- Refreshing outside the refresh-permitted period (refresh error)

+ Sleep mode count stop control output

Blue text : Functional difference

IWDT

IWDT-dedicated clock (IWDTCLK)
116/32/64/128/256

- Auto-start mode : Counting automatically starts after a reset

+ Reset
» In low power consumption states(Depends on register setting)
Yes

+ Down-counter underflows
- Refreshing outside the refresh-permitted period (refresh error)

- Down-counter underflows
- Refreshing outside the refresh-permitted period (refresh error)

Enable
Yes

» Reset output
» Interrupt request output
» Sleep mode count stop control output

Run / Stop (Selectable) *1

*1 Each low-power mode works differently. For details, see the Low power consumption page.

3.2 WDT settings list

The watchdog timer has two modes of operation: auto start mode and register start mode. Each mode is
configured by setting registers in the Option Setting Memory (OFS) or WDT. The following figure shows the
registers that need to be set in each operation mode.

Start mode setting

Timer setting

Window mode setting

Interrupt output setting when
detect the out of control

Count start

Auto-start mode

D : OF S setting D . WDT setting

Register start mode

Auto start mode enabled
OFSO.WDTSTRT =0

Register start mode enabled
OFSO.WDTSTRT =1

Timeout period selection
OFS0.WDTTOPS

Timeout period selection
WDTCR.TOPS

Clock divide ratio selection
OFS0.WDTCKS

Clock divide ratio selection
WDTCR.CKS

Window end position selection
OFS0.WDTRPES

Window end position selection
WDTCR.RPES

Window start position selection
OFS0.WDTRPSS

WDTCR.RPSS

Reset interrupt request selection
OFS0.WDTRSTIRQS

Reset interrupt request selection
WDTRCR.RSTIRQS

— S

Automatic start after reset release

Refresh operation
WDT.WDTRR
Write “00h” and then “FFh

Window start position selection ]

~— Y Y

R01TU0458EJ0200 Rev.2.00
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3.3 IWDT settings list

IWDT support auto start mode only. Auto start mode is configured by setting registers in the Option Setting
Memory (OFS). The following figure shows the registers that need to be set in each operation mode.

D : OFS setting

Auto start mode enabled
OFSO.IWDTSTRT =0

Start mode setting

Timeout period selection
OFS0.IWDTTOPS[1:0]

Timer setting

Clock divide ratio selection
OFS0.IWDTCKSJ[3:0]

Window end position selection
OFS0.IWDTRPES[1:0]

Window mode setting

Window start position selection
OFS0.IWDTRPSS[1:0]

Interrupt OUtpUt SEtting when Reset interrupt request selection
detect the out of control OFS0.IWDTRSTIRQS

. . Sleep Mode Count Stop Control
Count stop setting in sleep mode OFSO.IWDTSLCSTP

Count start Automatic start after reset release

3.4 Function explanation: Window mode
In window mode, set the permitted and prohibited periods for refresh operations. If a refresh operation is

executed during the prohibited period, a refresh error occurs and the system is judged to be out of control.
In addition to CPU running out of control, this function can also detect deviations in the processing cycle,
making it suitable for applications with high periodicity and reliability requirements.

Refresh-prohibited period

Refresh-permitted period

Refresh-prohibited period

(1) When the refresh operation is shorter than the setting period

Error detected
Refresh error occurs

Refresh operation ; |—| ;

(2) When the refresh operation is within the setting period ,

Normal operation

Refresh operation ; ﬂ ' Counter refresh

(3) When the refresh operation is longer than the setting period :

Error detected
Refresh error occurs

111

Refresh operation ' . ﬂ
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3.5 Use case

WDT or IWDT can output signals to the ELC when a refresh error or underflow occurs and can output
external signals from 1/O ports using the ELC without going through the CPU.

The figure below shows how to detect an alert in IWDT, send an alert notification to the external main MCU,
and execute a hardware reset from the main MCU. The main MCU can check the status of the sub-MCUs
and monitor the number of alerts.

RA (Sub MCU) _
Reset signal output Main MCU
Alert detection RST )
Event
signal Bin
output control .

Alert signal

*When using ELC, non-maskable interrupt request or interrupt request output must be enabled
(IWDTRCR.RSTIRQS = 0).

3.6 Note
(1) Stopping the WDT and IWDT

When WDT or IWDT is operated, it cannot be stopped except under the count stop condition. The stop
conditions are as follows.

- Reset
- Low power consumption state (IWDT can be enabled/disabled by register setting)

- In case underflow or refresh error occurs (only in register start mode)

(2) Debugging on an emulator

When debugging on the emulator, the WDT and IWDT counts stop during the break. The stopped counts are
restarted during program execution.
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4. Event link controller (ELC)

4.1 ELC Overview

The Event Link Controller (ELC) is a function that uses an event signal generated from one peripheral to
activate another peripheral without involving the CPU. It is possible to trigger multiple functions with an event
generated by one module.

Can be executed without CPU processing

Input event signal Output event signal
Interrupt request, etc.) (Timer drive, etc.)

Peripheral , ELC , Peripheral

function A function B
! 4
:
|

|
* No CPU processing occurs, *

CPU can carry out other operation

___________________ > CPU i

4.2 Comparing ELC and CPU Interrupts

The following compares the case where the event link controller is used with the case where a CPU interrupt
is used.

Blue: Benefit

CPU usage No Yes
. Multiple
Number of simultaneous output Multiple (However, executed one by one

events for one input event depending on the users software )

Number of output events executed Multiple output events can be Sequentially executed, one by one, in
when multiple input events occur executed in parallel order of priority
R0O1TUO0458EJ0200 Rev.2.00 Page 16 of 42
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4.3 How to connect ELC input and

output event

The figure below shows the structure of the Event Link Controller. ELC is controlled by one control register
(ELSRn) for each output event. Multiple input events can be set by one output event. Input events and
interrupt status flags (IR bits) are independent and have no effect on CPU interrupts.

Input event

Select input events in ELSRn.ELS

Input event signal selection :

Output event

Control signal for
peripheral module A

ICU register

ELSRn.ELS

Interrupt status flag (IR)

\_lELC event and IR bits are independent|

Event control for peripheral module A

Peripheral module A

Control signal for
peripheral module B

Event control for peripheral module B

Event control for peripheral module N

4.4 Summary of ELC input and output events
Summary of input and output events. The following is an example of RA6M5. For details, please refer to the

“ELC” chapter on manual of each RA product.

Peripheral module B

(]

Control signal for
peripheral module N .
Peripheral module N

|

Input events can be selected
for each output event

Output events : Functions executed by ELC due to input events

Input event : Event to activate ELC
Timer mGPT
 Gompare match f}‘:((‘i-Trmterrupi
: stgﬂr?]:w - Compare match A/B

+ Cycle count function end
- UVW edge event

Communication
m SCI
* Receive error

m SPI
* Receive buffer full
- Transmit buffer empty

mlic
* Receive error
* Receive data full

+ Receive data full

Timer

mGPT

- Count start

« Count stop

- Count clear

« Count up

- Count down
+ Input-capture

ELC

Analog
= 12bit AID

= 12bit D/A

- AD converter start

- DA converter start

a

/O Port
mPort1~4
- Output port (Low/High)
- Port read

+ Transmit data empty - Transmit data empty - Error
- Transmit end « Transmit end - Idie
+ Address match event - Communication complete event
System mLVD1/2 ERTC
= Clock generation circuit - Voltage detection + Periadic interrupt
- Oscillation stop detection mIWDT, WDT ulLPW
+ Underflow - Snooze entry
Data transfer/Operation
mDAMC, DTC mDOC
- Transfer end - Data operation circuit interrupt
Analog 1/0 Port Other
. mELC
m12bit AID uIRQ0-15

+ A/D scan end interrupt - Software event

+ Compare match
- Compare mismatch

- External pin interrupt

m Portl~4
- Port event

Touch sensor
= CTSU

+ Measurement starts by external trigger

R01TU0458EJ0200 Rev.2.00
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4.5 Related Register when using ELC

ELC is controlled by the ELCR and ELSRn registers. When using the functions in the red frame, the register
settings within each function are also needed.

Input event Output events
Timer =GPT P Timer
+ Compare match .ggl f t ELC Reglster
- Overflow ) interup BGPT
+ Underflow - Compare match A/B -~ Count start
« Cycle count function end - Count stop
+ UVW edge event + ELCR: - Count clear
ELC Enable/Disable setting - Gount up
- N - Count down
Communication - Input-capture
u scl miic LIy - ELSRn:
+ Receive error - Receive error - Receive buffer full )
- Receive data full - Receive data full + Transmit buffer empty Input event settings Analog
- Transmit data empty - Transmit data empty " Ej';’or
- Transmit end - Transmit end + ldle . . 2bit A/D = 12bit DIA
-+ Address match event + Communication complete event ELCSARAI_BIC' X X . - AD converter start + DA converter start
ELC Security Attribution settings
System mLVD1/2 ERTC
m Clock generation circuit + Voltage detection - Periodic interrupt « ELSEGRnN:
- Oscillation stop detection f:‘]’:g;mm?T TIS.::(V]ZG anty Software Event Settings 1/0 Port
(When using software events as input -50?1-‘-4 1 (LowlHigh)
- events, you need to set this register’ + Output port (Low/Hig
Data transfer/Operation Y gister) - Port read
mDAMC, DTC mDOC
« Transfer end « Data operation circuit interrupt Touch sensor
ECTSU
| - Measurement starts by external tri erl
Analog I/0 Port Other 2 92
m12bit AID mELC
B i =IRQ0~15 - Software event
AJD scan end interrupt ~ External pin interrupt
+ Compare match
+ Compare mismatch mPort1~4
- Port event

The following figure shows the registers that need to be set on the function side other than ELC.
Qutput event

Timer
mGPT
+ Count start
GTSSR: Count start factor setting
= Count stop
GTPSR: Count stop factor setting
» Count clear
GTCSR: Count clear factor setting

+ Count up
 Count o IR
GTDNSR: Count down factor setting
- Capture operation
GTICnSR: Input capture factor setting

Analog - Conversion start
m 12bit A/D ADCSR.EXTRG:
- Event enable A/D conversion start trigger selection
ADCSR.GBADIE: ADSTRGR.TRSn:

Group Scan End Interrupt and ELC Event Enable(Group B only) A/D conversion start trigger selection

Touch sensor

mCTSU
+ Measurement starts by external trigger
CTSUCRO0.CTSUCAP: Measurement start trigger selection

/0 port
PCNTRZ2.EDIRnN: Latches the input data of the corresponding pin when an event occurs.
PCNTR4.EORRnN: Sets the output value of the corresponding pin when an event occurs (No output change / Drive High).
PCNTR4.EOSRn: Sets the output value of the corresponding pin when an event occurs (No output change / Drive Low).
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4.6 How to set ELC

There are two types of events for a port:

- Input: When an event is entered, the pin level of the number corresponding to event n is sent to
PCNTR2.EIDRn.

- Output: When an event is input, the value set by PCNTR1PODRn is output from the pin of the number
corresponding to event n. By setting PCNTR4.EORRnN or PCNTR4.EOSRn, you can change the output
value from pin.

E : Registers that need to be set

Port (input) {“ELsria—port 3| | POIt (output) " ELSR14 - Portt
Read t | Eronie_ b | Write request Eﬁm: = :,’ﬁi
ELSRn cac reques i Et§§}§ : :23 1 ELSRn 4 ELSR17 — Port4
(n=14~17) M T / n=14-17y | Semmmmmmmooooooo
Port1
Port1 *O
Oe— Port Control Register
. — PCNTR1.PODRn P .r14
Ol ontrol Register
: PCNTR2.EIDRn ﬁ %
Port4 - -
Output signal settings:
o l/ ﬁ PCNTR4.EORRn Port
Pin output settings: PCNTR4_E°S Rn
Port PCNTR1.PDRn =0
PmnPFS.PMR = 0 If PECNTR4.EORRn = 1, it outputs 0; if PCNTR4.EOSRn = 1, it
outputs 1; if both are 0, it outputs PCNTR.1PODRN.

4.7 Supplementary information & notes for ELC settings

(1) Supplementary information
ELC can operate even when CPU is stopped, such as in sleep mode.
However, please note that it will not operate in a mode where the clock supplies to the ELC and the target

peripheral module is stopped, as described in the "Usage Notes" section of the ELC chapter. Input events
used for the ELC can also be used as a transferring source for DTC.

(2) Precautions

Be sure to read the precautions for using the ELC in the section "Usage Notes" in ELC chapter. Be sure to
read the "Usage Notes" for each of the peripheral modules to be used.
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4.8 Use case
ELC can be used for a variety of purposes, the following is the example.

(1) Use case 1: Execute peripheral function without CPU operation

The following shows an example in which a peripheral module is executed at a fixed period without CPU
operation by utilizing ELC.

GPT ELSRS : coL%gg?on
Compare match 12AD0 tart
L ) sta
{ R
RTC ELSR12: con[\zgr(;ion
Cycle event (1s) DAO .
L ) start

e.g.: Starting a 12 bits A/D or D/A converter cycle by the compare match timer or a RTC cycle event

(2) Use case 2: Execute several different peripherals with one event signal

The following shows how to use ELC to activate several peripheral modules with a single input-event signal.

4 N
GPT | ELSRS: N COL%ZI%?OH
Compare match 1 12ADO
L ) start
4 N
{ EsR10: | ] ersion
| 12AD1 . tart
L ) sta
4 N\
| ELSR14: R
> Port 1 1/0 output
\, J

e.g.: Simultaneously operating 12ADO0, 12AD1 and I/O output at GPT compare match.

(3) Use case 3: Execute sequentially of peripherals by connecting them together

The following shows an example of starting several peripheral modules in succession with a single input-
event signal by utilizing ELC.

ELSRS : 12A.D0 ELSR10 : 12AD1.
Software event 12AD0 Conversion start 12AD1 Conversion
- Conversion end start

e.g.: Conversion of 12ADO0 is started by software event, conversion of 12AD1 is started by 12ADO0 conversion
end as input event.
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4.9 Advanced Example

Detailed examples are introduced in the following.

(1) Example 1: Perform SCI data transfer and reset after timeout without using the CPU

This is an example of using the GPT to automatically detect a timeout from the end of one SCI reception to
the end of the next in a system requiring SCI reception at regular intervals. The CPU is not involved at all.
The SCI receive data full interrupt is used as an ELC input event, and the ELC clears the GPT timer count.
The timer is configured to compare-match according to the reception interval. If the counter clear is not
performed in time, a compare match interrupts occurs to notify the CPU of the timeout. Concurrently, the
receive data full interrupt is also used as a transfer request to transfer the received data to SRAM via
DMAC/DTC.

-’ Automated executing by ELC

SCIS . .
Receive data full interrupt
Receive data >[ ELSRO : GPT ]
(RDRHL) Receive data full event
L 4 )
DMAC / DTC -~ clearing count
¥ transfer ) Transfer DMAC /DTC
SRAM instruction
[ Clearing timer count ]
: : GPT
Transmit end interrupt (SCI5 timeout monitoring )
v Compare match interrupt
CPU <

(2) Example 2: Periodically AD converting & save the conversion result in SRAM without CPU
operation

By combining the ELC and DMAC, the results from a A/D conversion can be moved to SRAM automatically
without CPU intervention. The ELC triggers the start of A/D conversion using a GPT compare match as an
input event. Additionally, the A/D conversion end interrupt serves as a transfer request factor, allowing the
DMAC to store the A/D conversion results into SRAM. By configuring the DMAC to free-run mode, there is
no need to reconfigure the transfer count.

-’ Automated executing by ELC

Compare Match A 12AD0 12AD0

Conversion result
A/D conversion (ADDRYy)
completion interrupt

v Transfer

instructi
DMAC e > DMAC transfer

A 4

SRAM
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4.10 List of Application Notes using ELC

Below are examples of applications using ELC. For details, please refer to each application note.

Application note name Document No

RA2E1/RA2E2 Group Low Power Application (Use of ADC, DTC and ELC at | R30AN0392
Snooze mode) for FPB-RA2E1 and FPB-RA2E2

Sensorless Vector Control of PM Motor for Renesas Flexible Motor Control RO1AN8230
Series, Equipped with Flying Start

Renesas RA8 Series Getting Started with RA8 Power Management RO1AN7342
Techniques
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5. External bus controller

5.1 Bus Controller configuration

RA internal buses are divided into master and slave sections, with the master and slave connected in a
matrix pattern.

BUS Masters
CPU/DEBUG @ : Bus multiplexer
DMAC/DTC EDMAC
BUS Masters S Cache (T2F) EneR)
/ g < Bus Master Bus Master ||, waster MPU
There are four buses and three masters: CPU, g £ MPU for MPU for
g !
DMAC/DTC, and EDMAC. s g | el
When each master accesses different slaves, FHBIY
parallel operations is possible.
- =
FACI
S08IU SRAMD
. £SBIU_LTZF |-{ Peripheral system modules g
aves PLBIU @—Ml
. ; . e peed]
There are nine buses, each with their own Ecen S
. fese ]
corresponding slave. cosiu —
e T
EQBIU/EBIU/ECBIU are classified as external ccaw )
buses. e ——
By setting the BUSSCNT register corresponding to S M
R ,
each Slave, you can set the master arbitration for Note:  TZF is TrustZone Filter. C cache is instruction cache. S cache is data cache.
each slave. For FLBIU, the code bus accesses the data flash memory and configuration areas (code ragien) through FLBIU. The
system bus accesses FACI (peripheral region) through FLBIU.

5.2 Arbitration

Mean of arbitration is the priority set for each bus to prevent collisions in bus access. By setting the value of
the BUSSCNT<slave>.ARBS bit corresponding to the slave, you can decide the arbitration for each master
for each slave. Below are examples of bit settings and priority for the FHBIU bus.

The priority for each bus (Arbitration)

BUSSCNT FHBIU.ARBS[1:0] EDMAC DMAC /DTC

00 High Middle Low
10 High* High* Middle
11 High* High* High*

* Operates in a round-robin manner between the same priority levels
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5.3 External bus
The external address space is divided into several CS areas and SPI area.

Bus connection can be made by setting the access method and waiting according to the specifications of the
other device and controlling the output waveform.

mCS areas
Some products support this function.
For each space, you can set the following individually:
+ Access Methods (Separate bus or Address/data multiplexed bus)
+ Bus width
+ Recovery cycles, Cycle wait, External/Internal wait control
- Write access mode (Single write strobe mode/byte strobe mode)
+ endian mode

- Page Read Access/Page Write Access

mSPI areas

Some RA products have QSPI and OSPI interface. Below SPI means both interfaces. SPI areas are
supporting some RA products. Each space is matched with external storage areas, so it provides high-speed
access through serial communication. For details, see the "Serial Peripheral Interface (SPI)", "Quad Serial
Peripheral Interface (QSPI) “, “Octa Serial Peripheral Interface (OSPI)” on manual of each RA product.

 UxETAF_FFFF
' CS7 (2 MB)
S/ ETO0_Q000
Reserved area’s
/ xEG1F_FFFF
A CSE (2 MB)
yd CAEDD_O000
OxFFFF_FFFF y Reserved area®
5 . /
System for Conex™ 833 ) B —
(<Eor_botn s CSE (2 MB)
g [AE00_0000
J
“ 3
Reserved ansai Resarved area’s
uBA1F_FFFF
r CE4 (2 MB)
QxE720_0000 / B0 _Q000
Exterral acdress space
(CS area) Reserved arsa®
QxB000_0000 N
Extarnal address space 0xE31F_FFFF
{Dctal SPI area) N CE3 {2 MB)
QxEH00_0000 A
- LA'.?(r_Jr.:I :\:.lsisrss space Cw200_0000
s, area)
Reserved area’s
QxE0D0_0000 - -
Qx40B0_0000 A WA
~ Flash I/0 registers mE21F_FFFF
Dxd07F_GO0D J—
Fsered ansal B Z00_0000
[xdD07F_0000 S T venen Reserved area®
%407 0000 aech [10) registers
N 0xB11F_FFFF
Y N, G512 ME)
Reserved ansa‘t [wE100_0000
Reserved area’s
Qxd018_0000
[ — xE01F_FFFF
ot oo eripheral U0 regisiers \ R
B *, DwA000_0000
Reserved ansa‘t \
g:§:£-33$ Standby SRAM OuTFFF_FFFF
2008 0000 Fesnrved ansa’l Y
2008 | C51 (266 ME)
SRAMD ,
Ox2000_0000 0x7000_0000
0x0800_2000 RN ", OkBFFF_FFFF
P —— On-chip flash [data flash) | 50 (128 MB)
) = \ \
0%0100_A300 - "Rau:ewudm 1 ., DwBBO0_000D
-ctip Rlish (eplicn-sating mascey| \ \
e1Ea 1D Fiaserved area! OxETFF_FFFF
Ow100_&1B4 . -
[=0700_80F0 | Qn-chip flash (Factcey Flash) 081 10 registers
P % DwS400_0000
fies : %, OxB3FF_FFFF
.00 \ Exlermal 571 device
Onechip flash {coe ) \
Q¥0000 0000 TwEO00_0000
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5.3.1 Mode and pin list for External Bus
The following is a list of the modes of the external bus and the available pins.

“ No Access State
A23~A0 v J

D15~D0 v < high-impedance
A0/D0~A15/D15* v v

BCO#~BC3# v v High
CS0#~CST# v v 4 v High

RD# v + v v High
WRO#WR# v (Use as WRO#) v (Use as WR#) v (Use as WRO#) v (Use as WR#) High
WR1#~WR3# v v High

ALE v v Low
WAIT# v s Vv v

BCLK v V v <

* A0/D0~A15/D15 are dedicated to address/data multiplexing.
It cannot be used as an address on a separate bus.

5.3.2 Mode and registers for external bus
The following is a list of the modes of the external bus and the registers.

-ama-
CSnCR Operation Enable, Bus width, Endian mode, Access method (Separate or Multiplex)
CSnREC Recovery Cycle (Read, Write) v
CSRECEN Recovery Cycle Insertion Enable v
CSnMOD Write Access Mode Select, External Wait Enable, Page Read/Write Access Enable v
CSnWCR1 2 Wait Control (Norma_nl Write/Read, _Page Write/Read, CS Extension Cycle (Read/Write), Write v
> Data Output Extension/Output Wait, Address Cycle, Assert (RD,WD,CS))
BUSNERRCLR Bus Error Status Clearing <
DMACDTCERRCLR DMAC/DTC Error Clearing v
BUSSARA B Bus Security Settings v
BUSSCNT<slave*>  Slave Bus Arbitration Settings v

* 1 Inside to <>, the slave’s name is written.
Since the number of masters varies for each slave, the size of the arbitration setting bit area varies.

Please be careful when setting bits.
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5.3.3 Mode and registers for external bus (Detail info. For CS)

The following are the register details that require each mode and configuration of the external bus in CS
areas.

W: Write, R: Read

_ Addressidata -
m“ Details Separate multiplex access |Recove
Settings EXENB Operation Enable v
related to CSnCR BSIZE[1:0) External Bus Width Select v v
mode EMODE  Endian Mode v v
MPXEN Address/Data Multiplexed I/O Interface Select v <
WRMOD Write Access Mode Select (Byte strobe/Single write strobe) v v
EWENB External Wait Enable < v -
CSnMOD PRENB Page Read Access Enable - - v(R)
PWENB Page Write Access Enable - - V(W)
PRMOD Page Read Access Mode Select (Normal access compatible/External data read continuous assertion) - - Y(R) -
Settings RRCV[3:0] Read Recovery count setting - - - (R}
related to CSnREC WRCV[3:0] Write Recovery count setting - - - Y (W)
CR:;:WW CSRECEN RCVENOQ-~7 Separate Bus Recovery Cycle Insertion Enable - - - Y(R)
RCVENMO~7 Multiplexed Bus Recovery Cycle Insertion Enable - - - V(W)
Wait CSPWWAIT[4:0] Page Write Cycle Wait Select = > (W) =
Control csnwcry  CSPRWAITI40]  Page Read Cycle Wait Select = - Y(R)
CSWWAIT[4:0] Normal Write Cycle Wait Select Y (W) (W) -
CSRWAIT[4:0]  Normal Read Cycle Wait Select Y(R) Y(R)
CSROFF[2:0] Read-Access CS Extension Cycle Select v(R) v(R)
CSWOFF[2:0] Write-Access CS Extension Cycle Select + (W) ¥ (W)
WDOFF[2:0] Write Data Output Extension Cycle Select V(W) V(W)
AWAIT[1:0] Address Cycle Wait Select (W)
CSnWeR2 RODON[2:0]  RD Assert Wait Select V(R) Y(R)
WRON[2:0] WR Assert Wait Select V(W) V(W)
WDON[2:0] Write Data Output Wait Select V(W) V(W)
CSONJ[2:0] CS Assert Wait Select v (RW) ¥ (RW)

5.3.4 Pin settings for External bus interface

Pin settings for external bus interface are performed by setting Pin Function Select Register
(PmnPFS.PSEL[4:0]). Please disable write prohibition in Write-Protect Register (PWPR) before operating
PSEL [4:0]. Below is an example of the RAG6M5.

PSEL[4:0] Number of pins Number of plns
: 176 pins 100 pins PSEL[4:0]
plns

pms

P100 DOO[AQO/DO0] v v v
P101 DO1[A01/DO1] v v v P301 v v
P102 D02[A02/D02] v v v 802 A‘”’ J g 7 )
P103 DO3[A03/D03] v v v Eggi igg j ‘; " :
P104 DO4[A04/D04] 7 v 7 — = . = ) -
P105 DO5[A05/D05] v 7 v b0 g - - - ¥
P106 01011b DOB[AQ6/DO6] v v 7 b07 Ao - = - =
P107 DO7[AO7/D07] 7 v 7 P08 010115 o r Y - -
P111 A05 7 7 7 e i v % - -
P112 A04 v v v P310 A15 v v _ _
P113 A03 v v v P311 CcS2 v o = B
P114 A02 v & & P312 cs3 v 7 .
P115 A01 v v v P313 A20 v v - -
P202 WR1/BC1 7 7 - Pa14 A21 7 - . .
P203 A19 v v ) P315 A22 v - : §
P204 A18 N o7 _ P504 ALE v v Vv v
P205 A16 v v v P600 RD v v v v
P206 01011 WAIT v v 7 Ezg; V"E'F;/AA:-T(D j j j j
i;g; 2131 j j j P603 D13[A13/D13] v v - =
P209 cs5 v v v P604 D12[A12/D12] v v = -
P605 D11[A11/D11] v v = -
p210 €50 v v v P608 ADO/BCO v v v v
P211 cs7 7 v v P609 01011b cor — — — —
P610 cso 7 % & v
P6&12 DO8[A08/D08] v v = -
P613 DO9[A09/D09] v v = -
P614 D10[A10/D10] v v = -
P800 D14[A14/D14] Vv v = =
P801 D15[A15/D15] v v . .
P900 A23 v - - :
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5.3.5 CS area (Write Access mode)
There are two write access modes in the CS space: Byte Strobe and Single Write Strobe mode.

Byte strobe : This mode uses multiple write signals (WRO#, WR1#) for writing processing.
Since different writing signals are used for each byte position, byte control signals
are not used.

Single write strobe : This mode performs write processing using a single write signal (WR#).

Use the byte control signal (BCO#, BC1#) to specify the effective byte position.

5.3.6 Write Access mode

Write access mode support Byte strobe mode and Single write strobe mode. An example of each signal
output is shown below.

When the data write is running, a BCn# signal
indicating the valid byte is asserted. The WR# signal is
output for each data output.

When the data write is running, the WRn# signal
corresponding to the valid byte data is asserted.

DO-D15 —( po-D7 K D8~D15 )— \ DO-D15 (" po-D7 X D8-D15 )—
BC1# — [
WR1# BCO#
A N__ /7
WRO#/WR# —\_/— WRO#WR# —\_/—\—/—
Signal output example for Byte Strobe Write Access Signal output example for Single write Strobe Write Access
(16bit access to 4n+1 address in 16bit bus area) (16bit access to 4n+1 address in 16bit bus area)
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5.3.7 Endian

The endian type for the external bus can be set for each CS area. In addition, multiple accesses occur in a
single transfer request depending on the set endian type and access address. If you access a data size of
more than the bus width, page access may occur after the second time the number of accesses. By
specifying the access address according to the bus width of the space to which the access is being
accessed, the increase in the number of accesses can be reduced.

Page access may occur when
accessing more than the data
bus width. The applicable access
is marked with “(p)”".

The order of access to
data changes depending
on the endian you set.

I /'\
R =
/ WRIBC1 | WROBCO
WRIBC1 co —/ RD
RD < Accessed | Numberof Unit of Dala bus
ccossed | Numberof Untof — .._\ Data size address accesses | Buscyce  data  Address D15 D08IDT D00
Data size address accesses |Buscycle  data ddress D15 D08|D0T D00 an One First B bits an T 0
an One First Bbis  \d4n 7 0 o an+1 One First & bits an 7 ]
aoie in+l One Fist  Bbis A 7 0 !.'Taﬁz\_ One First 8 bits 4ns2 7 0
an+2 One First B bits a2 7 o 4nt3 First 8 bits 4n+2 T 0
4n+3 One First 8 bits an¥g 7 [l an One 16 bits an 5 a7 0
. an One First 16 bils an\ 15 87 0 16 bits ane2 One First M an+2 15 87 0
an+2 One First 16 bits an-z\ 15 87 0 First Boits e 3 74z ]
s2o0s i [P T W S — ] . " ™0 s i [ | [T ﬂ
Second 16 bits. an+2 | (p) 31 2423 186 L=
=
{5k Paga acoess {only whan page acooss ks snabled in tha PRENE and PWENE bils in CSnMOD) (n): Page access (only when page access is enabled in the PRENE and PWENS bits in CSnMOD)
Figure 14.3  Data alignment in 16-bit bus space with little-endian order for CS areas Figure 144  Data alignment in 16-bit bus space with big-endian order for CS areas

5.3.8 Each wait setting
(1) Normal read timming

Example of the timing when it is “Normal read". Please insert the wait to match the connected device and
control the output waveform.

This is wait cycle for RD#

assertion. This is the wait cycle until the
RD# is asserted until the next Nt es acemem e tarint CS# is negated.
BCLK cycle of this wait cycle B After the CS# is negated, the
il Rt TRl R . next bus access can be started,
S slnigigigigigigipinigigigigliglize Foast wil st ator ong oyl
This is the wait cycle until the ¢ T T Tty (CERWAT] | Reas e S oo e (CSRORF) access will start after one cycle.
CSt# is asserted. o i { ”Fi (R {A I N i i
I (A23 10 AD) AL ; - 3 l]l‘
srl (CSON)
Chip selact : I\’ H 5 : :
This is the wait cycle until the s i i —F 1 =
RD# is asserted. H i H H H H H
: T’ i i H H _| This is the sampling point of the
L e | i ] —h ; i /_ read.
: RD assert wast (RDON) : H H L
i :*??‘_’; i L
Dataread ¢ ' ' .
(RO#) 1 b - /
{ i { i i
——_ L { 7 (-
Register Name (18100 \—’u‘, : ° - L : ; The normal read cycle has the

CSnWCR1 CSRWAIT[4:0] following constraints :

O: Indicatss the amping peint

CSONI[2:0]=CSRWAIT
CSROFF[2:0] RDON [2:0] =CSRWAIT
CSnWCR2 RDON[2:0] Note 1. When CSnWCR2.CSROFF[2:0] = 000b, the next round of bus access can start 1 cycle later. CSON [2:0] =RDON
CSON[2:0] Figure 14.7  Bus timing for normal read operation (n=0to 7,m=0to 1)
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(2) Normal write timming

Example of the timing when it is “Normal write". Please insert the wait to match the connected device and
control the output waveform.

This is wait cycle for WR#
assertion.
WR# is asserted until the next
BCLK cycle of this wait cycle

This is the wait cycle until CS# is
asserted.

i

This is the wait cycle until WR#
is asserted.

r

This is the wait cycle until the
write data starts to be output.

r

Register ame

CSNWGCR1 CSWWAIT[4:0]
CSWOFF[2:0]
WDOFF[2:0]
WRON[2:0]
WDON[2:0]
CSON[2:0]

CSnWCR2

5.3.9 External bus Clock and BCLK pin

yd

It is the wait cycle from the time
“WR# is negated” to the time
“CS# is negated”.

After the CS# negate, the
following bus access can be
initiated:

This is the wait cycle from the
time “WR# signal is negated” to
the time “Write data is negated”.

Next bus access can be started
— o Tl | Tw2 ! § Tum § Tend § Tat !
I i St Bl
N H
Bclig 1 T Normal wits cycle wait (CSWWAIT) Wrte-sccess CS extensian cycle (CSWOFF)
H 1 i i
1 AL { {( ]
Address W LY n
(A23 8% AD) a“ .
\ b T T ) .
F—————!CS assert wait CSON) } :
Chip select | R H
(cSn#) ! : ( I i
: L :
i TN i
‘ ' f 4 1
(BCmé) T : ' :
: Tt~ R azzert wait (WRON) H
H -l H
H HIM H i@ H
Deta Virte 1 : n 3 b ;
o | : : f : i
H T Wiite data cusut wait (WRON) H Write data output extension cycle (WDOFF )
: - : - i H I —— ] i H H H
Databus it "o :)’-“—‘—%—4—‘—
S0 i e P

The normal write cycle has the
following constraints :
1=WDON[2:0]
CSON[2:0]=CSWWAIT
WRON [2:0] =CSWWAIT
WDONI[2:0]=CSWWAIT
WDOFF[2:0]=CSWOFF
WDON[2:0]=WRON
CSON [2:0] =WRON

Figure 14.8

Bus timing for normal write operation in single-write strobe mode (n=0to 7, m=0to 1)

Depending on the product, BCLK pin output must be set to 1/2 of the internal BCLK. Here are some
examples of how this works and precautions.

that it is not based on

Each wait count is based on
internal BCLK. Please be noted

output clock.

BCLK pin

EBCLK pin cutput

Extemal bus dock

Ten

=

— ]

(BELK)
(23 10 A0 — ' —A e

Depending on the number of wait P i T T
imi ; H 1 i - stension Normal wr wail Wite-access CS extension '

states, the negate timing of the I L ettt Gl B Saedroai e e byre = U

. . Chip selet —————— s H i | ' \ s

data read/write may change with e 1| : 1— = R
the fall edge of the BCLK pin AR R
output. Sl [ I P T

; ' RO asserl wail (RDOM): 1 i H : H ' ' i 1 i ' H

S s s s i i 5 A

PPNV S S S S S S S A v R

L A . i I R A

' : ! ! H - ; { WRassertwaR{WRONL1 ; : : ;

i E E i E E E ; 'w,“ d:a|a oubi-! wall | Vile data output extension cycle E

TR T T A B o -

R ——

CS assen wait (CSON): 0
©: Indicates the sampling point.

Figure 14.12

Oto7,m=0to1)

Example of normal access when BCLK/2 is selected in the EBCLK Pin Output Select Bit (n =
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5.3.10 Page Access

Page access occurs when multiple accesses occur in a single transfer request. Page access can have a
different number of waiting between data accesses than normal access.

During the second and subsequent accesses, the page read (write) cycle wait may be inserted instead of
the normal read(write) cycle weight of normal access.

——— [T ——
Cl e i e (T T :
o T Tt 2 Ton 3 Tont 1 Tt L
CoapipipipipipNaNpl pEpl —— i
i ! ! * ! ! ! H Exiemal bus cock t
§ Mol o wat (GSRWATI 2 i e LU O EpEpE SN pEy Ny
s : : : sy beoa ;
¥y N a2 m H
e L] ] = — e
— prreioyy e RS 2 I
(csom) i | —— i a— 4 i
x =1 f—t " 5
oyt comes : 1
- [aa— i ;
‘Somn) i i " e & n
RO assert wat (RDON: 1 RDON; 1 H
Osaress . o e "
pii] : o i ) 4
|
o _— ] )
o ) S — &3 om0y 4 (L r— oo i
Lt ]
PR—— Y —
P ————
Note 1. The RD assert wal operation in the second and subsequent bus accasses depends on the page read access mode
Figure 1410 Example of normal read op! two rounds of b are generated in respon:

Figure 14.17  Page read access timing (n =00 7,m =0 to 1)

to asingle transfer request (n = 0to 7,m = 0 to 1)

Register Name
CSPWWAIT[4:0](Write)
CSPRWAIT[4:0](Read)

The WR assert wait is as valid as the first time. On the other hand, RD assert wait is handled as follows :
CSnMOD.PRMOD bit is 0 : RD assert is valid as in the first time, and the RD signal between them is negated.

AR CSnMOD.PRMOD bit is 1 : RD assert is valid as in the first time, and the RD signal continues to assert during that time.

5.3.11 Address / Data Multiplexed Bus

The following is access example of Address/Data Multiplexed Bus. Please insert the wait to match the
connected device and control the output waveform.

In the first address cycle, set the negate timing for the ALE.

Address/Data Multiplexed Bus has the following constraints :

Exiormal bus dock H <Read > < Write >
mes : CSON[2:0]SCSRWAIT CSON=CSWWAIT
Adeess : RDON[2 0]=CSRWAIT WRON [2:0] SCSWWAIT
oo CSON [2:0] ZRDON WDON[2:0]=CSWWAIT
oo AWAIT[1:0+2=RDON WDOFF[2:0]=CSWOFF
— CSON[2:0]SAWAIT WDON[2-0]EWRON
: M 1 ey fxed o4k CSON [2:0] EWRON
adisas e ..l ¥ ' . Pl AWAIT[1:0] +2EWRON
e i ! ¥ H— AWAIT[1:0] +22WDON
(| " pal RODN P CSON[2:0] SAWAIT
e e i i ; —
H i Normal qut:lrmeCSwa\l:Y) : ; % E = Rad - " = Wite - "
v | T :
1CSn#) '__1 ' « : CSnWCR1 CSRWAIT[4:0] CSnWCR1 CSWWAIT[4:0]
: > | 1 | CSnWCR2 CSROFF[2:0] CSnWCR2 CSWOFF[2:0]
CS asort wat (CSON) ' ' RDON[2:0] WDOFF[2:0]
@ Anikcaies e saeey g ok CSON[2:0] WRON[2:0]
AWAIT[4:00 WDON[2:0]
CSON[2:0]
Figure 14.23 Example of read access operation with address/data multiplexed 1/0 interface (n =010 7) AT EED]
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5.3.12 Recovery Cycles

RA can set recovery cycles (extended CS# pin negate period) between external access and external access.
Need to set the CS Negate period according to the connected device. In addition, if two or more external bus
accesses are required for a single transfer request from the bus master, and the following conditions for
inserting recovery cycles are met, the insertion of recovery cycles into the intermediate access is as follows.

(1) For normal access case:

When page access is disabled: Recovery cycles are inserted into intermediate access
When page access is enabled: Recovery cycles are not inserted into intermediate access

(2) For Address/Data Multiplexed case:

Recovery cycles are inserted into intermediate access regardless of whether page access is

enabled/disabled

External Address Insertion of
Access Type Space Recovery Cycles

Same area
Different area
Same area

Read access after Read access

Write access after Read access -
Different area

. Same area
Read access after Write access .
Different area
Same area

Write access after Write access -
Different area

CSnREC.RRCVI[3:0]*

CSnREC.WRCV[3:0]

CSRECEN.RCVENO
CSRECEN.RCVEN1
CSRECEN.RCVEN2
CSRECEN.RCVEN3
CSRECEN.RCVEN4
CSRECEN.RCVENS
CSRECEN.RCVENG
CSRECEN.RCVEN7

Enable/Disable recovery cycles insertion settings
Separate bus Multiplexed bus

CSRECEN.RCVENMO
CSRECEN.RCVENM1
CSRECEN.RCVENM2
CSRECEN.RCVENM3
CSRECEN.RCVENM4
CSRECEN.RCVENMS
CSRECEN.RCVENM6
CSRECEN.RCVENM7

*: When CSnWCR2.CSROFF[2:0] is 000b (Read CS extend cycle is 0), The next bus start cycle will be one
cycle later. Even if you do not insert a cycle in this setting, the one cycle negate period will be inserted.

The following is an example of an insertion of recovery cycles.

For continuous external space accesses,
recovery cycle is inserted between each
access (CS terminal negate period).

If two or more accesses occur in a single access
request from the bus master, recovery cycles
may be inserted depending on the conditions.

CS0 writn recavery €81 rood recovery

- i recony CEIREC ROV O 1

csowie  |CSOREC WRCVIO)Y WREVSON 2 ! ol
i

: H H B H H H H : H Resd 273 B
Tt T2 T oo 71§ 72§ 7§ 7w iz s {1 BFROR

A

Adéress
(W23 AD)

Extamal bus ciock
1BCLK)

I 2

) 1 1
P 0 |2, - — i
Chip select 0 —+——} H H H H H

Chip select 1
(cs1e)

Bytecantrol —+—
8Cma)

oS 2 . = ETRS e B s aon RS S8 S .
[: (rrs—— ' | et L1 o fscotesd oo
Figure 14.31 Example of recovery cycle insertion with separate bus interface (m = 0 to 1) Figure 1432  Example of recovery cycle insertion when a bus access is split with separate bus interface,
normal access (m = 0to 1)
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5.3.13 Bus Error

RA can detect five main types of bus errors. Each time an error occurs, each bit in BUS Error Status Register
(BUSN.ERRSTAT) is set to 1. If an error occurs simultaneously, bits will be activated in the following priority
order; Bus Master MPU Error > lllegal Address Access Error, Slave Bus Error. lllegal Address Access Error
and Slave Bus Error do not occur simultaneously.

Master-TZF Error I

CPU DMACIDTC

Masier-T2F Esror Interrupt (DMA TRANSERR)

Slave-TZF Error

AR Masier12F |

Aaster TZF Error fog

AU

This error occurs when non-secure

access is made to an area protected

by the TrustZone filter. Sleep mode is
canceled by a reset generated by this
error. If you select this error as the

trigger factor for a non-maskable T

interrupt, set the NMICR register,
NMICLR register, and NMIER register.

Slave-T2F Enor flsg

MMPUGAD |  oror Reset Request
N
LS DMACOTCERRSTAT

Bus Master WPU
Error NMI R

BUS BUSAERRSTAT

T2F Error
NMI Reguest Ly
T2F Enrer
Reset Request

7.' Slave Bus Eror fiag

\_

(1)

lllegal Access Error

2
3 > ERN EN E =)
1 3 3
B 7 o : LR
i
Slave Bus Error | SseT2r) (S5 727) [Se72r) (550727 |
This error occurs in each slave bus. | [ i A W— N
Errors such as timeouts fall into this /
category.
Figure 14.38

The operation from each error detection to user notification on the bus

Bus Master MPU Error

This error occurs when DMAC, DTC, or
EDMAC access the protected area set
by the MPU. Sleep mode is canceled
by a reset generated by this error. This
error can be selected as a trigger factor
for a non-maskable interrupt.

For details of this error, please refer to
the "Memory Protection Unit (MPU)"
chapter on manual of each RA product.

lllegal Address Access Error

This error occurs when access to an
unauthorized address is detected within
the bus matrix.

Area that can detect illegal address access errors is decided for each bus. Below is an example of the

RAGMS5.

UFFFF_FFFF

all005_0006

DuBEDD_G000 {178 pin), ORET20_ 0500 {142 i, 100 pin}
Extomal address space
(CE aroa)

L

viomal addroes space
Deted 551 sves)

Gw803_0000

u008_0000

v 08%_0000

as07F 8000

neaTE_0000

"
P, Flash V0 regisiers

cuate oo
cus00a 000
aze00_0so0
caae0 oo
Dx2008_0000
Codel/System error
200 000
occurrence area 002000
GOy oo
Q0100 A%0
DMA error occurrence area Qe |- sum vy
o,m:n ..: —
0100 81 Fsene
EDMAC error SvD100-85¢0 | g fama (Facry Fasnr
occurrence area [Em——
003 0000
Onvchips ash (code fanh)
{read only)*
0002 00

Address

OXED00_0000~0xFFFF_FFFF
0x8200_0000~0xDFFF_FFFF
0x8000_0000~0x87FF_FFFF
0x6800_0000~0xTFFF_FFFF
0x6000_0000~0x67FF_FFFF
0x4080_0000~0x5FFF_FFFF
(x407E_0000~0x407F_FFFF
0%4018_0000~0x4070_FFFF
0x4010_0000~0x4017_FFFF
0x4008_0000~0%400F_FFFF
0x4000_0000~0x4007_FFFF
0x2801_0000~0x3FFF_FFFF
0x2000_0000~0%2800_FFFF
0x1010_0000~0x1FFF_FFFF
0x1000_0000~0x%100F_FFFF
0x0204_0000~0x0FFF_FFFF

" 0x0800_0000~0x0803_FFFF

0:x0200_0000~0x07FF_FFFF
0x0000_0000~0x01FF_FFFF

Table. Conditions leading to illegal address access ermors

Slave bus

System for Cortex®-M33
Reserved
ECBIU
EOBIU
EQBIU
Reserved
FLBIU
Reserved
PHBIU
PLBIU
PSBIU
Reserved
S0BIU
Reserved
Reserved
Reserved
FLBIU
Reserved
FHBIU

E
B E E
E E E
E E E
- - E
- - E
- - E
B E E
E E E
= E E
E E E
E E E

E : A bus error occurs.
- A bus error has not occurred.
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(2) TZF error

If non-secure access is made to a memory area set to Secure or Non-secure callable, a TrustZone access
error will occur. Size of the area where Security Attribution is set is decided by the value of Security
Attribution Monitor Register corresponding to each area. For details, please refer to the "Security Features"

chapter on manual of each RA product. Below is an example of the RA6M5.

Table. Memory Region Size by security attribute for each memory area

Memory region

SRAM

Data flash

Code flash
(Linear mode)

Code flash bank1
(Dual mode)}

Code flash bankd
(Dual mode)

5.4 Cache

Security
attribution
NS
NSC
5
NS
=

NS
NSC
5
NS
NSC
5
NS
NSC
s

Start address

0x2000_0000 + S52 % 8KB
0x2000_0000 + $51 % 1KB
0x2000_0000
0x0200_0000 + DFS x 1KB
0x0200_0000

CFS2 x 32KB

CF51 % 1KB

0x0000_0000

0x0020_0000 + CFS2 = 32KB
0x0020_0000 + CF51 = 1KB
0x0020_0000

CF52 x 32KB

CFS1 % 1KB

0x0000_0000

SRAM size - 552 = 8KB
552 » 8KB - 551 x 1KB
3551 < 1KB
Data flash size - DFS x 1KB
DFS = 1KB

Code flash size - CF52 x 32KB
CF52 = 32KB - CFS1 = 1KB
CF51 % 1KB
Code flash size/2 - CF52 x 32KB
CF52 x 32KB - CF51 x 1KB
CF51 = 1KB
Code flash size/2 - CF52 = 32KB
CF52 = 32KB - CF51 % 1KB
CF51 x 1KB

Non-secure(NS)

N )

Secure(S)

Non-secure(NS)

Secure(S)

Non-secure(NS)

M )

|—> Secure(S)
> Non-zecure(NS)
-1 > N )
 — Securs(S)
> Mon. IS)
_ | Non-secure callable(NSC)
e | Secure(S)

The specifications for the RA cache are detailed below, featuring the RA6MS5 configuration as an example.

This is the number of ways used in the set associative mapping.
In set associative mapping, main memory and cache addresses are mapped with
indexes. When reading data with the same index but different contents into multiple
caches, it can keep data with the same index as many as the number of Ways.

Table 14.9

cache at once.

Line size refers to the amount
of data the CPU loads into the

Cache specifications (1 of 2)

S-cache: This is a cache for the system bus. Also
called data cache.

C-cache: This is a cache for the code bus. Also
called instruction cache.

Paramater

C-cache

Capacil
!‘F ty

Way

Referring to the behavior when
writing data to main memory. In
the Write-through, data written
to main memory is written
directly to the cache.

cache

Referring to the Memory Region
of data that can be stored in the

Number of entry (Number of line)

refers to the number of lines per

10 to Ox1FFF_FFFF

way.

This is the behavior when replacing

| [
Note 1. Pedipheral area 0x4000_0000 to 0xSFFF_FFFF and QSPI 'O register area 0x6400_0000 to 0x67FF_FFFF must not have the
cacheable attribution in the Arm

MPU.

data in cache.
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5.5 Early forwarding function

Early Forwarding Function bring forward the timing of CPU reads data when a data request is made during
cache fill. If the Address of cache fill and Address of CPU read request are the same, the CPU reads
immediately without waiting for the entire cache fill to complete.

Reading data from main memory to the cache is If the addresses differ, CPU reads are held until the
sometimes called Cache Fill (Cache Line Fill). addresses match.

Table 14.10 Exa,Jple of early forwarding /

Operation _/ Access sequence e ———

Address of CPU Dém request 0x04 0x08 0x0C i Ox14 - 0x10 — . -

Address of cache fil 0x04 0x08 0xoC 0x10 0x14 :I)x18 0x1C 0x00 —

CPU access status Read Read Read o . Read -— - - Read
/ (Ox04) (0x08) (0x0C) E (0x14) (0x10)

If the address matches the fill request address, CPU
reads are performed immediately.

If the address does not match before the fill is
completed, CPU reads will be performed after
the fill is complete.

5.6 Appendix: Terminology

This is an explanation page for some terms that appear in the "Buses" chapter "Cache" section of manual of
each RA product.

(1) Cache Flush

This process occurs when the amount of data in the cache exceeds a certain amount.
After writing data from the cache to main memory, the data in the cache is cleared.

(2) Cache Line
This is the unit of data to be written to the cache.
(3) Coherency

It refers to the consistency of data between main memory and cache. If there is a discrepancy between the
main memory and cache data contents, correct processing cannot be performed. Techniques for maintaining
coherency include Write-through, where the contents of the main memory write are directly to the cache, and
Write-back, where data ejected from the cache is written to main memory.

(4) Cacheability

This attribute is assigned to addresses in main memory that can use cache. Available areas are assigned as
Cacheable, while unavailable areas are assigned as non-cacheable.

5.7 List of Application Notes using Buses

Below is an example of an application using an external bus. For details, please refer to each application
note.

Apprication note name Document No
Renesas RA Family Driving an LCD Using the External Memory Bus on the RA6M4 RO1AN7454
Renesas RA8 Series Getting Started with RA8 Memory Architecture, Configurations RO1AN7088
and Topologies
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RA Family

6. Interrupt Controller Unit (ICU)

6.1 Specification summary of Interrupt Controller
Structure of the interrupt controller can be divided into four sections, as shown in the diagram on the right.

Hardware Manual Guide (peripheral functions)

This guide explains the following four sections in order.
+ Maskable Interrupt
+ Non-Maskable Interrupt
* Filtering

+ Return from Low Power Modes

Non-Maskable

Interrupt (NMi) - Interrupt C Return from Low
Cache RAM Paril b -
e B Py aar 3 5 Power Modes
MPU Bus Master eror_>- -
- —,
i y Clock
T : - Cleck restoration request . annofahnn
o | Circuit
) CPU—
: Ly Cinck restoralion Clock restorafion enable level ] I
elkage detection crcut r -
NMipin [
1 b ™
NFCLINFLT | [NaiL |wup%_uo'|
KSE D ’—>-\ 1 —
_[_H-j U G ﬂ Non-maskabie inlermpl request
vt data bus )
L1 1 1
FoLk| FLT | [IRg Canesling Sneaze made
sEL BN | MD rrrw— DTCE | | (Generated frem the sulput of SELSRA)
Aaa N
- - IR0 SR
Filtering : v
IRQ15 i . |
SELSRO c
Peripheral 17 | )\ .
Module :
sa R interrupt recuest |
Sec Adtriby N
CPSCU ] ”:_f'_ e =] [ELSRn Coatrol - i Dessnation swilshouer I:
I To each regiater . L DTC actvation -
control : P l request 1 r DTC
- Interrugt ¥ o oTe
T - i IR o activalion [
Pl - - T canirel DTC response L
. - I—
DMAC I
bTC | ]> : -] Switching 1he nternspt slalus and the transfer destination
DELSRm
— AT, DMAC selivation r DMAC
reguest
DMAC 4"-[
DMAC activaion requestlT0] e
T ol DMAG response |
Maskable
Interrupt
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6.2 Maskable interrupt

The features of maskable interrupts are shown below.

= This interrupt occurs when IRQ Pin or peripheral functions act as an interrupt source.

= Maskable interrupt request pins IRQn (n = 0~15) include a digital filter function.

= Interrupt request source (and interrupt name) is managed by Interrupt Vector Table and Event Table.
For details, please refer to the "Vector Table" section on manual of each RA product.

= Maskable interrupts can trigger CPU interrupts or request a transfer by the DTC/DMAC.

= When generating a maskable interrupt, you need to set not only register for the interrupt function but also
registers for peripheral functions and the CPU.

=If the manual only mentions 'interrupt’, it refers to a maskable interrupt.

Unless it is labeled as a non-maskable interrupt, it refers to a non-maskable interrupt.

6.2.1 Maskable interrupt structure

Below are the structures of maskable interrupt and the register names that need to be configured. For details
of register, please refer to “Interrupt Controller Unit” chapter “Register Descriptions” section on manual of
each RA product. *

Interrupt/DTC
Event Link Settings

IELSRn.IELS

DTC Startup Interrupt Permission*1
Interrupt Detection Method Selection Permission
IELSRn.DTCE NVIC_ISERn
IRQ Pin —l IRQCRIIRQMD I Interrupt Status Flag ° . CPU intsrrupt

IELSRn IR o
O—————————  ActivationDTC

peripheral function °

DELSRn.IR Activation DMAC

™S
L

DMAC Activation Request Status Flag

| DMTMD.DCTG[1:0] I
DELSRn.DELS DMAC Activation Factors

DMAC Event Link Settings

*: The diagram shows an example of the RA6M5.
*1: This is the NVIC register.

For detail, please refer to Reference provided at the end of this chapter of this guide.
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6.2.2 Vector Table
RA Family is configured to use both interrupt vector tables and event tables.

=In interrupt vector tables, interrupt request source is not directly assigned. Instead, the correspondence

between IRQ numbers and IELSRn registers is defined. You can set an event number for the IELS [8:0] bit in
each IELSRn register.

*The event table defines association between event number and interrupt request source (and interrupt
name). By configuring registers, you can assign same interrupt vector to different interrupt request sources.

Interrupt Controller
Interrupt vector table

IRQ number: n IELSRn register

Event Table

Interrupt request

XXX

Interrupt
IRQnN

Interrupt request source: XXX Event number:

Interrupt name: 0xZZz27

Figure. Example of interrupts associated with vector tables

Below is an example of associating interrupt vectors and interrupt factors within RA Family.

Table 13.3 Interrupt vector table (1 of 3)
Exception Vector IRQO is assigned to the ICU.IELSRO register.
number IRQ number | offset Source Description By default, it is not associated with the origin
0 - 0x000 Arm Initial stack pointer of specific interrupt request.
pEE] — 030 A ISvslem Tick Timer (SvsTick) __
| 16 0 0x040 ICU.IELSRO Event selected in the ICU.IELSRO register | ]
17 1 0x044 ICU.IELSR1 Event selected in the ICU.IELSR1 register
18 2 0x048 ICU.IELSR2 Event selected in the ICU.IELSR2 register
ICU.IELSRO By setting the event number in
Table 13.4  Event table (7 of 9) register, source of the IRQO interrupt is
ot . |Mtorrupt | Name ELSRn DEESRN I < < s IELSRO.IELS[8 g‘]?ddoiileo the interrupt
number request Snooze Software | Deep . Of= .
B :.\}.ncmgtb L"}'Z“ © :;‘.‘;}'2 Standby | Software request is determined to originate from
SRR ADC120 and named ADC120_ADI.
0x111 GPT9 GPTY_CCMPA v v v - - -
0x160 ADC120 | ADC120_ADI 7 v " = — — |
‘roweT ADCTZ0-GBADT 7 7 7 o — —
0x162 ADC120_CMPAI 7 — — — — —
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6.2.3 Selecting Interrupt Request Recipient
The choice of interrupt request destination involves the following three registers.

IELSRn: CU Event Link Setting Register n (n = 0~95)
DELSRn: DMAC Event Link Setting Register n (n = 0~7)
IRQCRI: IRQ Control Register i (i = 0~15)

= [f the DMAC or DTC is selected as interrupt request destination from IRQi pin, you must configure IRQCRI
register to enable edge detection.

= If IELSRn is set to “DTC activation is disabled”, events specified by IELSRn will be output to CPU (NVIC).

= If IELSRn is set to “DTC activation is enabled”, event specified in the IELSRn register will be output to DTC,
and DTC will be activated.

= Event specified in DELSRn register is output to DMAC.

= After DMAC activates, you can send an interrupt request to CPU. In this case, you need to set DMAC
interrupt to IELSRn as the source of request and set “DTC activation is disabled”.

(1) Activation DTC

Supplementary information regarding DTC activation via interrupts is provided below.

Table 13.5 Operation when DTC becomes interrupt request destination

Interrupt Remaining
request 0 tion per Interrupt request destination
destination | DISEL™  Joperations request IR'2 after transfer
DTC™ 1 2 0 DTC transfer — CPU | Cleared on interrupl acceptance DTC
interrupt by the CPU
=0 DTC transfer — CPU | Cleared on interrupt acceptance CPU (IELSRn.DTCE bitis
interrupt by the CPU automatically cleared) If you want to use DTC as the interrupt request
0 20 DTC transfer Cleared at the startof DTC data | DTC destination, check the settings for the
:;:t”:“" after reading DTC transfer MRB.DISEL bit in addition to DTCST and
IELSRn registers.
=0 DTC transfer — CPU | Cleared on interrupt acceptance | CPU (IELSRn.DTCE bit is
interrupt by the CPU automatically cleared) For event numb:?rs that allow PTC _Startup’
please refer to "Vector Table" section on
17.2.3 MRB : DTC Mode Register B manual of each RA product.

Base address: DTCVBR

Offset address: 0x02 + Ox4 = Vector number
{Inaccessible directly from the CPU. See section 17.3.1. Allocating Transfer Information and DTC Vector Table)

Bét position: 7 B 5 4 3 2 1 a
Bit feld: | CHNE | CHNS | DISEL | DTS DM[:0) | — | — ‘
Value after resel X X X x X x X x
Bit Symbol Function / RIW
5 DISEL DTC Interrupt Select -
0: Generate an interrupt request o the CPU when the specified data transfer is
complete
1. Generate an interrupt request to the CPU each time DTC data transfer is
performed
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(2) Activation DMAC

This shows path when DMAC serves as both destination and source for interrupt requests.

If DMAC will be set as interrupt request destination, set
the event number in DELSRn register in addition to
setting DMACmM.DMTMD register.

For Event numbers that allow DMAC fo be activated,
please refer to "Vector Table" section on manual of each

RA product.
— ICuU
CPU . .
| Interrupt et reest If DMAC will be set as source of interrupt
ELsR source
=\ = I > ‘l request, set event numbers 32~39
No3750 " LN = (0x020~0x027) in IELSRn register.
e o =] =Y DMAC can make interrupt requests to GPU
>l | : : | c (NVIC) or DTC.
> » ®
» - AN
/ able 13.4 Event table (1 of 9) J
/ Event Interrupt Name -|EERn DELSRn
number request
\ R DELSR ) - -DMAC source / ﬁs,lg.wt to :;v_;_lgk' :;‘;!;lg!
y ‘ DMAC — > -I
| N DMAC activation request | oclieion [ I o
1 | comrol | OMAC responsa | 0x020 DMACO || DMACO_INT v v —
] > e ‘ 0x021 DMAC1 DMAC1_INT v v —
\ 0x022 DMAC2 DMAC2_INT v v -
DMAC interrupt
0x023 DMAC3 DMAC3_INT v v —
Figure 13.3 DMA‘ request trigger and interrupt path 0x024 DMAC4 DMAC4_INT v d —
0x025 DMACS DMACS_INT v v -
0x026 DMACS DMACSE_INT v v -
Unable to activate DMAC for DMAC interrupts. 0x027 DMACT? DMACT7_INT v v -

6.3 Non-Maskable Interrupt

Non-maskable interrupts are summarized below.

=This interrupt occurs when a CPU abnormality is detected and a catastrophic failure may have occurred in
system.

*In RA Family, all of following interrupts are collectively defined as non-maskable interrupts.

i Oscillation Stop IWDT/WDT Bus Master
Sl L Detection Underflow/Refresh Error ~ SRAM ECC Error MPU Error
Cache RAM Parity Error TrustZone Filter Error Lo I SRAM Parity Error

Detection 1/2

=It can only be used on CPU and cannot be used to boot DTC or DMAC.
=t takes precedence over all other interrupts.
*By default, it is prohibited. To use it, you need to set up NMIR register.

=If a non-maskable interrupt occurs, there may be a system abnormality, so please consider a mechanism
that prevents reverting to the original process after interrupting.

= A digital filter function is provided for NMI pin interruption.

*The following interrupts can also be used as maskable interrupts.

WDT Underflow
IWDT Underflow
Low Voltage Detection 1
Low Voltage Detection 2

Oscillation Stop Detection interrupt

These interrupt request sources (and interrupt names) are defined in the event table. For detail, please
refer to “Event Number" section on manual of each RA product.
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6.3.1 Non-maskable interrupt structure

Below are structures of the non-maskable interrupt and the register names that need to be configured. For
details of register, please refer to “Interrupt Controller Unit” chapter “Register Descriptions” section on
manual of each RA product. *

NMICR.NMIMD Interrupt Enable/Disable
NMI Pin (NMI Pin/Oscillation Stop/WDT/IWDT etc.)
NMI _Detect!on Set Interrupt Status Flag
(Falling/Rising edge) | NMIER I— (NMI Pin/Qscillation Stop/WDT/IWDT etc.)
IWDTWDT i WDTSR —
Underflow/Refresh Error [ WDTSR .
Low Voltage -

Detection 1/ 2 Oscillation Stop Detection
Interrupt/Function Enable OSTDCR E
. - NMICLR
Oscillation Stop e

Detection Interrupt Status Flag Clear

SRAM Parity Error PARIOAD ' (NMI Pin/Oscillation StopMDT/IWDT etc.)
Operation After Detection }

SRAM Parity Error '

SRAM ECC Error
Operation After Detection ] ECCOAD

{ Eccists  pb—

SRAMECC
Error

ECC25TS

- MPU Error
Operation After Detection MMPUOAD.OAD
Bus Master MPU Error
TZF Ermor g
Operation After Detection TZFOAD.OAD }
Cache RAM Parity Error
‘Operation After Detection CAPOAD D

* : The diagram shows an example of the RAG6M5.

TZF Error

Cache RAM Parity Error

6.4 Digital Filter
= NMI pins and IRQ pins can remove noise through filtering.
= Only input signal with matching three times in a row level passes through.

*Noise filter processing cannot be used in the following modes. Therefore, when using the filtering, please
disable filter before these modes migration and enable it after disabling the mode.

Software Standby mode
Deep Software Standby mode

Snooze mode

When using filtering, registers and bits that need to be configured are shown below.

Digital Filter Digital Filter Detection Sense
Input Type Enable/Disable Sampling Clock Select

NMI pin (NMICR register) NFLTEN NFCLKSEL NMIMD
IRQ pin (IRQCRI register) FLTEN FCLKSEL IRQMD
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6.5 Returning from low-power consumption mode

Interrupt can be used to return from each low-power consumption mode. Below is a summary of important
points to keep in mind when using interrupts to return from low-power modes.

Table. Notes on returning from low-power consumption mode by interrupt

_ Sleep mode Software Standby mode | Deep Software Standby
mode

Operation after interrupt Execute interrupt used Execute interrupt used as  Perform internal reset Execute interrupt used
as return factor return factor as return factor

Factors for Comeback All interrupts Partial interrupts™1 Partial interrupts™1 Partial interrupts*1

Digital filter Enable Disable Disable Disable

Registers that require NMIER register NMIER register NMIER register SELSRO register

configuration NVIC_ISERn register*2  WUPEN register WUPEN register IELSRn register

NVIC_ISERn register*2 NVIC_ISERRn register*2 NVIC_ISERn register2

*1: For selectable interrupts as factor returnable from each mode, see table “Interrupt Source for canceling
Snooze, Software Standby, and Deep Software Standby Modes “in "Low Power Modes “chapter and table
"Event table" in "Interrupt Controller Unit (ICU) " chapter, on manual of each RA products.

*2: This is the NVIC register. For detail, please refer to Reference provided at the end of this chapter of this
guide.

*Returning from sleep mode is possible from any interruption source.

=In software standby mode and deep software standby mode, there are only a limited number of interrupts
that can be used as recovery factors. For details, please refer to the “Recovery from Low Power State”
section on manual of each RA product.

*When running in low-power mode other than deep software standby mode, even if an event selected by
IELSRn and DELSRn is detected, interrupt processing will not be performed immediately. Actual handling of
interrupts by CPU and DMAC (acknowledges) is performed after resuming normal mode.

Low-power mode - Normal mode
X
(L } CPU
ow-power mode
IELSRn event caf:cellatlon Interrupt process
(CPU interrupt event) L J L y
N\
( ICU ( DMAC
DELSRnN event Low-power mode Activation process
(DMAC activation event) L cancellation )
S

Table. Returning operation from low-power mode other than deep software standby mode
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6.6 Reference

For information on NVIC's internal registers, please refer to following manual.
*ARM Limited., ARM® Cortex®-M33 Processor Technical Reference Manual (ARM 100230)
You can download it from the official ARM website.

Arm Cortex-M33 Processor Technical Reference Manual

Revision History

Description
Rev. Date Page Summary
1.00 Apr. 2026 - First edition issued
2.00 Jul. 2026 16~42 Added event link controller, external bus controller, and
interrupt controller.
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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. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LS| are indeterminate and the states of
register settings and pins are undefined at the time 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 time 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 time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an 1/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. 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
the LS|, 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.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is 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. Additionally, 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.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vi1 (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between Vi. (Max.) and Vi (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSl is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of 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

1.
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12.

13.
14.

(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended 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; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or 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 damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, 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 and impractical, you are
responsible for evaluating 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. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
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