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Error correction for technical datasheet of

Universal Asynchronous Receiver-1ransmitter

Thank you for using Toshiba microcontrollers.

Tel: +81-44-548-2200
Fax: +81-44-548-8965

We have found the mistakes about occurring transmission interrupt timing of the Universal
Asynchronous Receiver-Transmitter (UART and FUART) and the Universal Asynchronous
Receiver-Transmitter Circuit with 50% duty mode (UART) in our technical datasheet and reference

manual. We will inform you about the mistakes in this document.

We apologize for any inconvenience, but we ask that you review the content.

If you have any questions, please contact our sales representative.

Applicable products

TMPM342FYXBG
TMPM343F10XBG
TMPM343FDXBG
TMPM366F20AFG
TMPM366FWFG
TMPM366FYFG
TMPM366FDFG
TMPM366FWXBG
TMPM366FYXBG
TMPM366FDXBG
TMPM367FDFG
TMPM367FDXBG
TMPM368FDFG
TMPM368FDXBG
TMPM369FDFG
TMPM369FDXBG
TMPM36BF10FG
TMPM36BFYFG
TMPM381FWDFG
TMPM381FWFG
TMPM383FSEFG
TMPM383FSUG
TMPM383FWEFG
TMPM383FWUG
TMPM3VA4FSEFG
TMPM3V4FSUG
TMPM3V4FWEFG
TMPM3V4AFWUG
TMPM3V6FWDFG
TMPM3V6FWFEG

TMPM440FEXBG
TMPM440F10XBG
TMPM461F10FG
TMPM461F15FG
TMPM462F10FG
TMPM462F15FG
TMPM46BF10FG
TMPM4G6FDFG
TMPM4G6FEFG
TMPM4G6F10FG
TMPM4G7FDFG
TMPMA4G7FEFG
TMPM4G7F10FG
TMPM4G8FDFG
TMPMA4G8FDXBG
TMPM4GS8FEFG
TMPM4G8FEXBG
TMPM4G8F10FG
TMPM4G8F10XBG
TMPM4G8F15FG
TMPM4G8F15XBG
TMPM4GO9FDFG
TMPM4G9FDXBG
TMPM4GOFEFG
TMPM4GOFEXBG
TMPM4G9F10FG
TMPM4G9F10XBG
TMPM4G9F15FG
TMPM4G9F15XBG

TMPA900CMXBG
TMPA901CMXBG
TMPA910CRAXBG
TMPA910CRBXBG
TMPA911CRXBG
TMPA912CMXBG
TMPA913CHXBG
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2. Details

The timing of occurring transmission interrupt is shown as below.

There is the mistake in the timing of occurring transmission interrupt when the transmission
FIFO is not used only, and it will be corrected as below. There is no mistake in the transmission

interrupt timing when using the transmission FIFO.

2.1. When the transmission FIFO is unused

Transmission interrupt occurs when a transmission data moves from the transmission buffer (the
1st level of transmission FIFO) to transmission shift register. (When the transmission buffer

becomes empty.)
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2.1.1. The timing of occurring transmission interrupt

The transmission interrupt when the transmission FIFO is not used occurs when the transmission
buffer becomes empty because it notifies the timing of writing to the transmission buffer for the
next data. The transmission interrupt is automatically cleared when the next data is written to the
transmission buffer. Therefore, it is not necessary to clear the transmission interrupt by software
when continuously transmitting data (set UARTxICR<TXIC> to "1").

When the transmission is terminated, the final transmission data is transferred to the shift
register, and the final transmission interrupt occurs when the transmission buffer becomes empty.
If the next data is not written to the transmission buffer, the transmission interrupt can be
intentionally cleared by executing clear by software in the interrupt handler (set UARTXICR

<TXIC> to "1").

If you execute the transmission interrupt clear by software during data transmission (set
UARTXICR <TXIC> to "1"), the transmission interrupt does not occur if you write the data to the
transmission buffer at the same time as the STOP bit is generated. In order to generate the
transmission interrupt reliably, do not clear the transmission interrupt by software, write data to

the transmission buffer during data transmission, or write the data to the transmission buffer
while transmission is stopped (when UARTxFR<BUSY>="0").

When transmitting data continuously, it is recommended to transfer the data by using the

transmission FIFO in the next section.
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2.2. When transmission FIFO is used

Transmission interrupt occurs when transmission FIFO level matches with preset FIFO level
which is specified by UARTXIFLS<TXIFSEL[2:0]>.

Tr'ansrlniss'ion'Shi'ft Régis'ter — UTXTXD

-~
Transmission FIFO 1st Transmission interrupt occurs when
2nd transmission FIFO fill level matches
3rd with preset FIFO level
4th |b---> e.g.: UARTXIFLS<TXIFSEL[2:0]>=
I~ = "000"
32nd 1/8 Full (4 bytes) setting

2.2.1. The timing of occurring transmission interrupt

When using the transmission FIFO, the transmission interrupt occurs when transmission FIFO
level matches with preset FIFO level.

For example, in case of UARTxIFLS<TXIFSEL[2:0]> = "000" (1/8 full 4 bytes setting), the
transmission interrupt occurs when the transmission FIFO level matches with 4th level.

The transmission interrupt is cleared when data whose FIFO level is above the specified FIFO
level is stored in the transmission FIFO and occurs again when the specified FIFO level is reached.
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3. Description

The description about occurring transmission interrupt is different from each product. The chapter

number of placement for each product are shown as below.

There is the mistake in the timing of occurring transmission interrupt when the transmission

FIFO is not used only, and it will be corrected as below. There is no mistake in the transmission

interrupt timing when using the transmission FIFO.

The details of revised description for the mistake will be explained in "4. Revised description"

below, and the revised description is all target products in common.

3.1. Description Type A

3.1.1. Applicable products and chapter of the description

Product name

Chapter of the description

TMPA911CRXBG, TMPA912CMXBG, TMPA913CHXBG

TMPM342FYXBG 16.4.7
TMPM366F20AFG (Note) 15.4.7
TMPM366FWFG, TMPM366FYFG, TMPM366FDFG, TMPM366FWXBG, 16.4.7
TMPM366FYXBG, TMPM366FDXBG s
TMPM367FDFG, TMPM367FDXBG, TMPM368FDFG, TMPM368FDXBG, 13.47
TMPM369FDFG, TMPM369FDXBG, -
TMPM36BFYFG, TMPM36BF10FG 13.4.7
TMPA900CMXBG, TMPA901CMXBG, TMPA910CRAXBG, TMPA910CRBXBG, 31311 (7)

Note: The chapter in a section of the Universal Asynchronous Receiver-Transmitter (UART).

Original description (Red box)

Interrupt type Interrupt timing

Qverrun error After receiving the stop bit of Overflow data
Break error After receiving STOP bit
Parity error After receiving parity data

Frame error After receiving frame over bit

Receive time out error After 511 clocks(Baud16) from Receive FIFO data storage

Transmit interrupt After transmitting the last data (MSB data)

Receive interrupt After receiving STOP bit
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3.2. Description Type B(1)

3.2.1. Applicable products and chapter of the description
Product name Chapter of the description

TMPM461F10FG, TMPM461F15FG, TMPM462F10FG, TMPM462F15FG 14.4.6.2

Original description (Red box)

Interrupt source Interrupt generation timing
QOverrun error generation After a stop bit is received when FIFO is full.
Break ermror interrupt After a stop bit 1s received.
Parity error generation After a parity data is received.
Framing ermror generation After bit data that generates frame over is received.

N . After data is received in receive FIFO, then 511 clocks of Baud16
Reception timeout interrupt

has elapsed.
Transmission interrupt After MSB of last data is transmitted.
Reception interrupt After a stop bit is received.
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3.3. Description Type B(2)

3.3.1. Applicable products and chapter of the description

Product name Chapter of the description

TMPM343FDXBG, TMPM343F10XBG, TMPM366F20AFG (Note) 16.4.6.2

TMPM381FWFG, TMPM381FWDFG,
TMPM383FSUG, TMPM383FSEFG, TMPM383FWUG, TMPM383FWEFG,

TMPM3V4FSUG, TMPM3V4FSEFG, TMPM3V4AFWUG, TMPM3VAFWEFG, 11462
TMPM3V6FWFG, TMPM3V6FWDFG
TMPM440FEXBG, TMPM440F10XBG 26.4.6.2

Note: The chapter in a section of the Universal Asynchronous Receiver-Transmitter Circuit with
50% duty mode (UART).

Original description (Red box)

Interrupt source Interrupt generation timing
Qverrun error generation After a stop bit is received when FIFO is full.
Break error interrupt After a stop bit is received.
Parity error generation After a parity data is received.
Framing error generation After bit data that generates frame over is received
Reception timeout interrupt After data is received in receive FIFO, then 511 clocks of Baud16 has elapsed

When the FIFO After the transmission is enabled, when a START bit and STOP bit

Is unused: in the first byte of the fransmission data are sent, a fransmit inter-
rupt occurs. In the second byte and the following byte, a transmit inter-
rupt occurs only when a STOP bit is sent.

Transmission interrupt (In this case, each interrupt is cleared after the transmit data is writ-
ten.)

When the FIFO When a STOP bit is sent (after the MSB data is transmitted), if the
is used: amount of data in the FIFO is the same level as the specified level
of FIFO, a transmit interrupt occurs.

When the FIFO A receive interrupt occurs when the FUART receives a STOP hit
is unused:

Reception interrupt
When the FIFO A receive interrupt occurs when the FUART receives a STOP bit inclu-

is used: ded in the data that fills the FIFO to the specified level.




TOSHIBA

3.4. Description Type B(3)

3.4.1. Applicable products and chapter of the description

Product name Chapter of the description

TMPM4G6FDFG, TMPM4G6FEFG, TMPM4G6F10FG, TMPM4GT7FDFG,
TMPMAGT7FEFG, TMPM4G7F10FG, TMPM4G8FDFG, TMPM4G8FDXBG,
TMPM4GS8FEFG, TMPM4G8FEXBG, TMPM4G8F10FG, TMPM4G8F10XBG,
TMPM4G8F15FG, TMPM4G8F15XBG, TMPMAGOFDFG, TMPM4G9FDXBG,
TMPM4G9FEFG, TMPM4G9FEXBG, TMPM4G9F10FG, TMPM4G9F10XBG,
TMPM4G9F15FG, TMPM4G9F15XB

Note: In this reference manual, read UARTXIFLS with /[FURTxIFLS], UARTxICR with
[FURTXICR], UARTxFR with [FURTxFR].

Original description (Red box)

Reference Manual (Note)

Full Universal Asynchronous

Receiver Transmitter Circuit
(FUART-B)

3.8.2

Interrupt source Interrupt generation timing

Overrun error generation  [After a STOP bit is received when FIFO is full.

Break error interrupt After a STOP bit is received.

Parity error generation After a parity data is received.
Framing error

After Bit data that generates frame over is received.

generation
Reception timeout After data is received in receive FIFO, then 511 clocks of the transfer
interrupt clock have elapsed.

1 byte hold register (FIFO is unused):

After transmission has been enabled. For the first Byte, when START bit
starts to transmit and when STOP bit starts to transmit. For the second
Byte or later, when STOP bit starts to transmit (after each interrupt has
been generated and the interrupt is cleared by each data write).

FIFO is enabled:

When the data count in FIFO becomes a set level at the start of STOP
bit transmission (after MSB data is transmitted).

1 byte hold register (FIFO is unused):

After STOP bit is received.

Reception interrupt FIFO is enabled:

After STOP bit is received when the data count in FIFO becomes a set
level.

Transmission interrupt
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3.5. Description Type C

3.5.1. Applicable products and chapter of the description.
Product name Chapter of the description

TMPM46BF10FG 19.4.6.2

Original description (Red box)

Interrupt source Interrupt generation timing
Overrun error generation After a stop bit i1s received when FIFO 1s full.
Break error interrupt After a stop bit 1s received.
Panty error generation After a panty data is received.
Framing error generation After bit data that generates frame over is received.
Reception timeout interrupt After data is received in receive FIFO, then 511 clocks of Baud16
has elapsed.
Transmission interrupt I After MSB of last data is transmitted.
Reception interrupt After a stop bit is received.
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4. Revised description

The description of the transmission interrupt occurrence timing differs depending on the products,
but the correct description is as follows in common.

4.1. The timing of occurring transmission interrupt

The transmission interrupt when the transmission FIFO is not used occurs when the transmission
buffer becomes empty because it notifies the timing of writing to the transmission buffer for the
next data. The transmission interrupt is automatically cleared when the next data is written to the
transmission buffer. Therefore, it is not necessary to clear the transmission interrupt by software
when continuously transmitting data (set UARTXICR<TXIC> to "1").

When the transmission is terminated, the final transmission data is transferred to the shift
register, and the final transmission interrupt occurs when the transmission buffer becomes empty.
If the next data is not written to the transmission buffer, the transmission interrupt can be
intentionally cleared by executing clear by software in the interrupt handler (set UARTxICR
<TXIC> to "1").

If you execute the transmission interrupt clear by software during data transmission (set
UARTXICR <TXIC> to "1"), the transmission interrupt does not occur if you write the data to the
transmission buffer at the same time as the STOP bit is generated. In order to generate the
transmission interrupt reliably, do not clear the transmission interrupt by software, write data to
the transmission buffer during data transmission, or write the data to the transmission buffer
while UART transmission is stopped (when UARTxFR<BUSY> ="0").

End of document
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General precautions on the use of Toshiba MCUs

This Page explains general precautions on the use of Toshiba MCUs.

Note that if there is a difference between the general precautions and the description in the body of the docu-
ment, the description in the body of document has higher priority.

1. The MCUs’ operation at power-on

At power-on, internal state of the MCUs is unstable. Therefore, state of the pins is undefined until re-
set operation is completed.

When a reset is performed by an external reset pin, pins of the MCUs that use the reset pin are unde-
fined until reset operation by the external pin is completed.

Also, when a reset is performed by the internal power-on reset, pins of the MCUs that use the internal
power-on reset are undefined until power supply voltage reaches the voltage at which power-on reset is val-
id.

2. Unused pins
Unused input/output ports of the MCUs are prohibited to use. The pins are high-impedance.

Generally, if MCUs operate while the high-impedance pins left open, electrostatic damage or latch-up
may occur in the internal LSI due to induced voltage influenced from external noise.

Toshiba recommend that each unused pin should be connected to the power supply pins or GND pins
via resistors.

3. Clock oscillation stability

A reset state must be released after the clock oscillation becomes stable. If the clock is changed to anoth-
er clock while the program is in progress, wait until the clock is stable.
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Introduction: Notes on the description of SFR (Special Function Register) under this specification

An SFR (Special Function Register) is a control register for peripheral circuits (IP).

The SFR addresses of IPs are described in the chapter on memory map, and the details of SFR are given in the
chapter of each IP.

Definition of SFR used in this specification is in accordance with the following rules.

a. SFR table of each IP as an example
SFR tables in each chapter of IP provides register names, addresses and brief descriptions.

All registers have a 32-bit unique address and the addresses of the registers are defined as follows,
with some exceptions: "Base address + (Unique) address"

Base Address = 0x0000_0000

Register name Address(Base+)

Control register SAMCR 0x0004

0x000C

Note) SAMCR register address is 32 bits wide from the address 0x0000_0004 (Base Address
(0x00000000) + unique address (0x0004)).

Note) The register shown above is an example for explanation purpose and not for demonstra-
tion purpose. This register does not exist in this microcontroller.
b. SFR (register)
+ Each register basically consists of a 32-bit register (some exceptions).

The description of each register provides bits, bit symbols, types, initial values after reset and func-
tions.

1.2.2 SAMCR(Control register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - MODE
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol MODE TDATA
After reset 0 0 0 1 0 0 0 0

Bit Bit Symbol Type Function
31-10 - R "0" can be read.
9-7 MODE[2:0] R/W Operation mode settings
000 : Sample mode 0
001 : Sample mode 1
010 : Sample mode 2
011 : Sample mode 3
The settings other than those above: Reserved
6-0 TDATA[6:0] w Transmitted data
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Note) The Type is divided into three as shown below.

R/ W READ WRITE
R READ
w WRITE

c. Data description
Meanings of symbols used in the SFR description are as shown below.
x: channel numbers/ports
n, m: bit numbers
d. Register descriptions

Registers are described as shown below.
Register name <Bit Symbol>

Example: SAMCR<MODE>="000" or SAMCR<MODE[2:0]>="000"

<MODE[2:0]> indicates bit 2 to bit 0 in bit symbol mode (3bit width).
Register name [Bit]

Example: SAMCR[9:7]="000"
It indicates bit 9 to bit 7 of the register SAMCR (32 bit width).
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TMPM461F15/F10FG

The TMPM461F15/F10FG is a 32-bit RISC microprocessor with an Arm® Cortex®-M4 processor with FPU
core.

Features of the TMPM461F15/F10FG are shown as follows:

1.1 Features

1. Arm Cortex-M4 processor with FPU core
a. Improved code efficiency has been realized through the use of Thumb®-2 instruction.

New 16-bit Thumb instructions for improved program flow
New 32-bit Thumb instructions for improved performance

New Thumb mixed 16-/32-bit instruction set can produce faster, more efficient code.
b. Both high performance and low power consumption have been achieved.

[High performance]

A 32-bit multiplication (32 x 32 = 32 bits) and multiply-accumulate operation (32 + 32 x 32 =
32 bits) can be executed with one clock.

SIMD (Single Instruction Multiple Data) operation can be executed with one clock.
A division takes within 2 to 12 cycles

[Low power consumption]

Optimized design using a low power consumption library

Standby function that stops the operation of the micro controller core
c. High-speed interrupt response suitable for real-time control

An interruptible long instruction.

Stack push automatically handled by hardware.

2. Single-precision floating-point execution unit (FPU)
Conformity to IEEE754 standard

Addition/subtraction/multiplication can be executed with one clock. Multiply-accumulate operation
can be executed with 3 clocks.

Dedicated data register can perform parallel processing aside from CPU.

3. On-chip program and data memory
On-chip RAM : 193 K bytes

Back-up RAM 1 K bytes is included.
On-chip Flash ROM :

TMPM461F15FG : 1536 Kbyte
TMPM461F10FG : 1024Kbyte

4. External bus interface (EBIF)
Expandable to 16MB (shared with program and data)

Page 1 2023/07/31



1.1 Features TMPM461F15/F10FG

Supports separate/multiplex bus : 8-bit/16-bit width
Chip select/wait controller: 4 channels

External wait function (High active or low active can be selected.)

5. uDMA controller (WDMAC) : 32 channels / 3 units

Transfer mode : Built-in memory, peripheral function and external memory

6. Clock controller (CG)
Clock input from outside sources/external oscillation (§MHz to 16MHz)
Installed 1 unit of Built-in PLL. (4x, 5x, 6x, 8x, 10x, 12x)
Clock gear function: divides high-speed clock into 1/1, 1/2, 1/4, 1/8 or 1/16.

7. Low power consumption function
IDLE, STOP1, STOP2

8. External interrupt source
External interrupt pin 16 pins : The order of precedence can be set over 7 levels.
Non-Maskable interrupt pin (NMI) : 1 pin

9. Input/ output ports (PORT)
Input/Output pin : 111 pins (includes Five 5V tolerant pins and one for CEC pin.)

10. 16-bit timer (TMRB) : 16 channels
+ 16-bit interval timer mode
16-bit event counter mode
16-bit PPG output (4-channels can be started synchronously)
Input capture function

11. Real time clock (RTC): 1 channel
Clock (hour, minute and second)
Calendar (month, week, date and leap year)
Clock adjustment function
+/-30s adjustment function
Alarm output
1Hz clock output

12. Multi purpose timer (MPT) : 2channels
IGBT control
16-bit timer

13. Watchdog timer (WDT) : 1 channel

Reset or non-maskable interrupt (NMI) are occurred.

14. Serial channel (SIO/UART) : 6 channels
Selectable either UART or synchronous mode
Transmit FIFO: 4-stage 8-bit width, receive FIFO: 4-stage 8-bit width

2023/07/31 Page 2
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TMPM461F15/F10FG

15. Asynchronous serial communication interface (UART): 2 channels

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Data length: 5, 6, 7, 8 bits

Transmit FIFO: 32-stage 8-bit width, transmit FIFO: 32-stage 12-bit width

12C bus interface (I12C) : 5 channels
Communication rate 100kbps / 400kbps

Synchronous Serial interface (SSP) : 3 channels

Communication protocol that includes SPI: 3 types (SPI/SSI/Microwire)

Communication speed
Channel 0/1 :
Max. 10MHz @ fsys=120MHz when master mode
Max. 3.3MHz @ fsys=120MHz when slave mode
Channel 2 :
Max. 20MHz @ fsys=120MHz when master mode
Max. 6.6MHz @ fsys=120MHz when slave mode

12-bit AD converter (ADC): 1 unit (20channels)
Fixed channel / Channel scan mode

Single / repeat mode

External trigger start and internal timer trigger start are possible.

Repeat conversion is capable.
AD monitoring

Minimum conversion time: 1 ps (15 channels at ADC conversion clock 40 MHz)

1.5 us (5 channels at ADC conversion clock 40 MHz)

CEC function (CEC) : 1channel
Transmission and reception per 1 byte.

Remote control signal preprocessor (RMC): 1 channel
Can receive up to 72bit data at a time

LVD function : 1 unit

Oscillation frequency detector (OFD) : 1channel

Maximum operating frequency : 120MHz

Endian
Little-endian

Debug interface
JTAG/SWD/SWV/DATA TRACE (4 bits) are supported.

Operating voltage range
2.7 to 3.6V

Page 3
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1.1 Features

TMPM461F15/F10FG

27. Temperature range
—40°C to 85°C

28. Package

LQFP144(20mm x 20mm, 0.5mm pitch)

2023/07/31
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1.2 Block Diagram

Cortex-M4
with FPU
NVIC
— RAM BgcAkl\‘AJp i{%?ﬂ-r HDMA
ebug 192kB 1KB AKB (unitA,B,C)
< AHB Lite (max 120MHz) >
AHB to 10 AHB to APB
Bridge Bridge
N N
WDT —| SIO/JUART | EBIF
(10ch)
TMRB | y (=] CEC —y ADC
(16ch) (20ch)
MPT o k—| RMC = SsP
(2ch) @ (2ch) o (3ch)
0 <
PORT | RTC —] UART
(2ch)
IHOSC
j |_, OFD — LD — lC
IHOSC I—l (5eh)
))g; ELOSC I—l 7 h

Figure 1-1 Block Diagram

Page 5 2023/07/31



1.3 Pin Layout (Top view)

TMPM461F15/F10FG

1.3

Pin Layout (Top view)

The below figure shows the pin layout of TMPM461F15/F10FG.

111 AVREFH

PBO ] T AVDD3
PB1 I 110 IO PG11
PB2 ] 70 10 PG10
PB3 I T PGY
PB4 O [0 PG8
PB5 I 1O PG7
PB6 I 115 IO PG6
PB7 O] 6 FTO PG5
DVDD3 O] O PG4
DVSS O 1 PG3
PB8 I T PG2
PBY 1 120 O PG1
PCO O] 60 [-T0 PGO
PC1 O L PE9
PC2 O 0 DVSS
PC3 O T DVDD3
TEST OO 125 TMPM461 T PES
PC4 O 55 111 PE7
PC5 O i T PE6
PC6 ] Top View T PE5
PC7 O] 10 PF13
PC8 O 130 1 PF12
PCY O 50 1T PF11
PC10 O IO PF10
pPC11 O 1T PF9
PKO ] IO PF8
DVDD3 [T 135 10 PF7
DVSS O] 45 [TT1 PF6
PK1 O L0 PFS
PK2 O 111 PF4
PK3 O PO PE3
PK4 [T 140 O RESET
PK5 O 40 HFBXT2
PK6 O] T MODE
PO @ L0 XTL
PK8 1] 144 O NMI
- 0 S ] R & 8 8
NNOTdNNITLLONODOTANMNMTIUOAATANUNMOANMNMITNAHNANMNMO AN
ONAD0000000AS S A dZEAELUWLWUWLOXHOXQL LW
A>oaoaaaoaoacacaoaoff0ooo0os>Aa>daaao0oa> > Aoao
>0 10a0adPOo>a0 a8 o >
& gO0E O a
w wl
X

Figure 1-2 Pin Layout (LQFP144 TOP VIEW)
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1.4 Pin names and Functions

1.4.1  Pin names and Functions for each peripheral function, control pin and
power supply pin

1.4.1.1  Peripheral functions

Table 1-1 The number of pins and Pin names

Input
Peripheral function Pin name or Function
Output
Clock / Mode control SCOUT Output System clock output
External interrupt input pin x
INTx Input . . . o . .
External interrupt input pin x has a noise filter (Filter width 30ns typ.).
External interrupt Non-maskable interrupt input pin x
NMI Input Non-maskable interrupt input pin x has a noise filter (Filter width
30ns typ.).
uDMA DMAREQx Input DMA request input pin
An Output Address bus output
Dn 110 Data bus input / output
ADn 110 Address bus output and Data bus input / output
RD Output Read strobe output pin
WR Output Write strobe output pin
External bus interface
ALE Output Address latch enable output pin
BELL Output Byte enable output pin
BELH Output Byte enable output pin
CSn Output Chip select output pin
WAIT Input Wait input pin
TBxINO Input Input capture input pin
16 bit timer / event counter TBxIN1 Input Input capture input pin
TBxOUT Output output pin
MTxTBIN Input Timer mode input pin
MTxTBOUT Output Timer mode output pin
MTxIN Input IGBT mode input pin
16 bit multi purpose timer
GEMGx Input IGBT mode emergency stop input pin
MTxOUTO Output IGBT mode output pin 0
MTxOUT1 Output IGBT mode output pin 1
SCxTXD Output Data output pin
SCxRXD Input Data input pin
SIO/UART
SCxSCLK 1/0 Clock input / output pin
SCxCTS Input Hand shake input pin
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1.4 Pin names and Functions

TMPM461F15/F10FG

Table 1-1 The number of pins and Pin names

Input
Peripheral function Pin name or Function
Output
UTXTXD Output Data output pin
UTxIROUT Output IrDA 1.0 data output pin
UTxRXD Input Data input pin
UTxIRIN Input IrDA 1.0 data input pin
UTxDCD Input Modem status (DCD) input pin
UART
UTxDSR Input Modem status (DSR) input pin
UTxRIN Input Modem status (RIN) input pin
UTxCTS Input Possible transferring input pin
UTxDTR Output Modem control (DTR) output pin
UTxRTS Output Transfer request output pin
12CxSDA 110 Data input / output pin
12C
I12xCSCL 110 Clock input / output pin
SPxDO Output Data output pin
SPxDI Input Data input pin
SSP
SPxCLK 110 Clock input / output pin
SPxFSS 110 Frame / slave select input/output pin
CEC CECx 1/0 Data input / output pin
Remote control signal . .
RXINx Input Data input pin
preprocessor
AINX Input Analog input pin
Analog digital convertor
ADTRG Input External trigger input pin
ALARM Output ALARM output pin
Real time clock
RTCOUT Output 1Hz clock output pin

1.4.1.2 Debug function
Table 1-2 Pin name and functions
Input
Pin name or Function
Output
T™MS Input JTAG test mode select input pin
TCK Input JTAG serial clock input pin
TDO Output JTAG serial data output pin
TDI Input JTAG serial data input pin
TRST Input JTGA test reset input pin
SWDIO 110 Serial wire data input / output pin
SWCLK Input Serial wire clock input pin
SWv Output Serial wire viewer output pin
TRACECLK Output Trace clock output pin
TRACEDATAO Output Trace data output pin 0
TRACEDATA1 Output Trace data output pin 1
TRACEDATA2 Output Trace data output pin 2
TRACEDATA3 Output Trace data output pin 3
2023/07/31 Page 8
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1.4.1.3

Control function

Table 1-3 Pin name and functions

Input
Pin name or Function
Output
X1 Input High frequency resonator connection pin
X2 Output High frequency resonator connection pin
XT1 Input Low frequency resonator connection pin
XT2 Output Low frequency resonator connection pin
MODE pin
MODE Input .
This pin must be fixed to Low level.
TEST pin
TEST Input -
This pin must be open.
RESET Input Reset signal input pin
BOOT mode control pin
BOOT mode control pin is sampled at the rising edge of reset signal input
pin.
BOOT Input TMPM461F15/F10FG changes Single Boot Mode when BOOT mode con-

trol pin is "Low".

TMPM461F15/F10FG changes Single Chip Mode when BOOT mode con-
trol pin is "High".

Refer to "Flash memory" section for a detail.
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1.4 Pin names and Functions

TMPM461F15/F10FG

1.4.14

Power supply pins

Table 1-4 Pin name and functions

Povyer supply Function
pin name
REGIN1 Pin connected with the capacitor (1.0uF) for the regulator
REGOUT1 Pin connected with the capacitor (1.0uF) for the regulator
REGIN2 Pin connected with the capacitor (1.0uF) for the regulator
REGOUT2 Pin connected with the capacitor (1.0uF) for the regulator
REGOUT3 Pin connected with the capacitor (1.0uF) for the regulator
RVDD3 Power supply pin for the regulator
RVSS GND pin for the regulator
Power supply pin for the digital circuit
DVDD3 DVDD3 supplies the following pins.
PA to PG, PK to PN, X1, X2, XT1, XT2, MODE, TEST, RESET, BOOT
DVSS GND pin for the digital circuit
Power supply pin for the analog circuit
AVDD3 AVDD3 supplies the following pins.
PH, PJ
AVSS GND pin for ADC
AVREFH Reference power supply pin for ADC
REGOUT1
REGIN1 1
REGOUT2
REGIN2
REGOUT3 ﬁ_
—— Capacitor for regulator
T (Must be placed on the shortest
RVSS distance from a pin)
GND

Figure 1-3 Capacitor for a regulator connection circuit

2023/07/31
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TO S H I BA TMPM461F15/F10FG

1.4.2 Pin names and Function of TMPM461F15/F10FG

1.4.2.1  The detail for pin names and function list

The mean of the symbol in the table is shown below.

1. Function A

The function which is specified without setting of function register is shown in this cell.

2. Function B

The function which is specified with setting of function register is shown in this cell. The num-
ber in this cell is corresponded with the number of function register.

3. Pin specification

The mean of the symbol in the table is shown below.
SMT/CMOS : Type of input gate

SMT : Schmitt input
CMOS : CMOS input

S5V_T : 5V tolerant support
Yes : supported
N/A : Not supported

OD : Programmable open drain output support
Yes : supported
N/A : Not supported

PU/PD : Programmable Pull-Up / Pull-Down
PU : Programmable Pull-Up supported
PD : Programmable Pull-Down supported
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1.4 Pin names and Functions TMPM461F15/F10FG

1.4.2.2 PORT / Debug pin

Table 1-5 Pin names and functions <Sorted by PORT>

Pin Function B Port Specification
No. | TORT | FunctenA 2 3 4 puPp | op | sv.r | SUTL
PORTA
99 PAO A0 SPOFSS PU Yes N/A SMT
100 PA1 A1l SPODO PU Yes N/A SMT
101 PA2 A2 SPODI PU Yes N/A SMT
102 PA3 A3 SPOCLK PU Yes N/A SMT
103 PA4 A4 SP1FSS PU Yes N/A SMT
104 PA5 A5 SP1DO PU Yes N/A SMT
105 PA6 A6 SP1DI PU Yes N/A SMT
106 PA7 A7 SP1CLK PU Yes N/A SMT
PIn Function B Port Specification
No. PORT Function A ) 3 4 ';Lé/ ob sV T CS&A(;/S
PORTB
109 | PBO A8 TB8OUT PU Yes N/A SMT
110 | PB1 A9 TB9OUT PU Yes N/A SMT
111 | PB2 A10 UT1DCD PU Yes N/A SMT
112 | PB3 A1 UT1DSR PU Yes N/A SMT
113 | PB4 A12 UT1DTR PU Yes N/A SMT
114 | PB5 A13 UT1RIN PU Yes N/A SMT
115 | PB6 A14 UTICTS PU Yes N/A SMT
116 | PB7 A15 UT1RTS PU Yes N/A SMT
119 | PB8 UT1TXD UT1IROUT PU Yes N/A SMT
120 | PB9 UT1RXD UT1IRIN PU Yes N/A SMT
Pin Function B Port Specification
No. PORT Function A ) 3 4 ';lé/ ob sV T Cshl/\l,lc-)r/s
PORTC
121 | PCO A0 A16 TB4INO PU Yes N/A SMT
122 | PC1 A1 A17 TB4IN1 PU Yes N/A SMT
123 | PC2 A2 A18 TB5INO PU Yes N/A SMT
124 | PC3 A3 A19 TB5IN1 PU Yes N/A SMT
126 | PC4 A4 A20 GEMGT PU Yes N/A SMT
127 | PC5 A5 A21 MT1IN PU Yes N/A SMT
128 | PC6 A6 A22 MT10UTO MT1TBOUT PU Yes N/A SMT
129 | PC7 A7 A23 MT10UT1 MT1TBIN PU Yes N/A SMT
130 | PC8 INTB ALE PU Yes N/A SMT
131 | PC9 CSo TBAOUT PU Yes N/A SMT
132 | PC10 Ccs1 TB6IN6 PU Yes N/A SMT
133 | PC11 Ccs2 TB6IN1 PU Yes N/A SMT
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Pi Function B Port Specification
in
PORT Function A
PU/ SMT/
No.
o 1 2 3 4 5 PD oD 5V_T CMOS
PORTD
3 PDO DO0/ADO SC3TXD 12C2SDA PU Yes N/A SMT
4 PD1 D1/AD1 SC3RXD 12C2SCL PU Yes N/A SMT
5 PD2 D2/AD2 SC3SCK SC3CTS PU Yes N/A SMT
6 PD3 D3/AD3 SC4TXD 12C3SDA TBOOUT PU Yes N/A SMT
7 PD4 D4/AD4 SC4RXD 12C3SCL TB1OUT PU Yes N/A SMT
8 PD5 D5/AD5 SC4SCK SC4ACTS TB20OUT PU Yes N/A SMT
9 PD6 D6/AD6 TB30OUT PU Yes N/A SMT
10 PD7 D7/AD7 TB4OUT PU Yes N/A SMT
11 PD8 INTO D8/AD8 PU Yes N/A SMT
12 PD9 INT1 D9/AD9 PU Yes N/A SMT
13 PD10 INT2 D10/AD10 PU Yes N/A SMT
14 PD11 INT3 D11/AD11 PU Yes N/A SMT
15 PD12 INT4 D12/AD12 GEMGO PU Yes N/A SMT
16 PD13 INTS D13/AD13 SC5TXD 12C4SDA MTOIN PU Yes N/A SMT
17 PD14 INT6 D14/AD14 SC5RXD 12C4SCL MTOOUTO MTOTBOUT PU Yes N/A SMT
18 PD15 INT7 D15/AD15 SC5SCK SC5CTS MTOOUT1 MTOTBIN PU Yes N/A SMT
Pin Function B Port Specification
PORT Function A
PU/ SMT/
No.
o 1 2 3 4 5 PD oD VT | cvos
PORTE
24 PEO TRST CS3 TBBOUT PU Yes N/A SMT
25 PE1 TDI TB7INO PU Yes N/A SMT
26 PE2 TDO/SWV TB7IN1 PU Yes N/A SMT
27 PE3 TMS/SWDIO TB8INO PU Yes N/A SMT
28 PE4 TCK/SWCLK TB8IN1 PD Yes N/A SMT
53 PE5 TRACEDA- PU Yes N/A SMT
TAO
54 PE6 TRACEDA- PU Yes N/A SMT
TA1
TRACEDA-
55 PE7 TA2 PU Yes N/A SMT
56 PE8 INT9 ;E?CEDA- ADTRG PU Yes N/A SMT
59 PE9 INTA TRACECLK SCOUT PU Yes N/A SMT
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1.4 Pin names and Functions TMPM461F15/F10FG

Pin Function B Port Specification
No. PORT Function A ] ) 3 . 5 l;%/ oD sV T (:S&g/s
PORTF

34 PFO TB50UT PU Yes N/A SMT
35 PF1 RTCOUT TB6OUT PU Yes N/A SMT
36 PF2 ALARM TB70UT PU Yes N/A SMT
42 PF3 SCOTXD PU Yes N/A SMT
43 PF4 SCORXD TB9IN1 Yes Yes SMT
44 PF5 SCOSCK SCOCTS DMAREQA TB9INO Yes Yes SMT
45 PF6 SC1TXD PU Yes N/A SMT
46 PF7 SC1RXD TBAIN1 Yes Yes SMT
47 PF8 SC1SCK SC1CTS DMAREQB TBAINO Yes Yes SMT
48 PF9 SC2TXD PU Yes N/A SMT
49 PF10 SC2RXD TBBIN1 PU Yes N/A SMT
50 PF11 SC2SCK SC2CTS DMAREQC TBBINO PU Yes N/A SMT
51 PF12 | INT8 RXINO PU Yes N/A SMT
52 PF13 CEC Yes Yes SMT
Pin Function B Port Specification

No. PORT Function A ; ) 3 4 5 ';lé/ ob sV T CS’\'/\IIg/S

PORTG

60 PGO SP2FSS PU Yes N/A SMT
61 PG1 SP2DO PU Yes N/A SMT
62 PG2 SP2DI PU Yes N/A SMT
63 PG3 SP2CLK PU Yes N/A SMT
64 PG4 12COSDA SP2FSS PU Yes N/A SMT
65 PG5 12C0SCL SP2FSS PU Yes N/A SMT
66 PG6 12C1SDA PU Yes N/A SMT
67 PG7 12C1SCL PU Yes N/A SMT
68 PG8 TBOINO PU Yes N/A SMT
69 PG9 TB1INO PU Yes N/A SMT
70 PG10 TB2INO PU Yes N/A SMT
71 PG11 TB3INO PU Yes N/A SMT

2023/07/31 Page 14



TOSHIBA

TMPM461F15/F10FG

Pin Function B Port Specification
No. PORT Function A ] ) 3 l;%/ oD sV T CS,Cg/S
PORTH
75 PHO AINO PU N/A N/A SMT
76 PH1 AIN1 PU N/A N/A SMT
77 PH2 AIN2 PU N/A N/A SMT
78 PH3 AIN3 PU N/A N/A SMT
79 PH4 AIN4 PU N/A N/A SMT
80 PH5 AINS PU N/A N/A SMT
81 PH6 AIN6 PU N/A N/A SMT
82 PH7 AIN7 PU N/A N/A SMT
83 PH8 AIN8 PU N/A N/A SMT
84 PH9 AIN9 PU N/A N/A SMT
85 PH10 | AIN10 PU N/A N/A SMT
86 PH11 | AIN11 PU N/A N/A SMT
87 PH12 | AIN12 PU N/A N/A SMT
88 PH13 | AIN13 PU N/A N/A SMT
89 PH14 | AIN14 PU N/A N/A SMT
Pin Function B Port Specification
No. PORT Function A ) ) 3 ';Lé/ ob sV T CS&A(;/S
PORTJ
90 PJO AIN15 PU N/A N/A SMT
91 PJ1 AIN16 TBCINO PU N/A N/A SMT
92 PJ2 AINT7 TBCIN1 PU N/A N/A SMT
INTD
93 PJ3 AIN18 TBDINO PU N/A N/A SMT
INTE
94 PJ4 AIN19 TBDIN1 PU N/A N/A SMT
INTF
Pin Function B Port Specification
No. PORT Function A ; 5 3 E)%, oD sV T Cslm-)r/s
PORTK
134 PKO UTOTXD UTOIROUT PU Yes N/A SMT
137 PK1 UTORXD UTOIRIN PU Yes N/A SMT
138 PK2 BELL UTODCD PU Yes N/A SMT
139 PK3 BELH UTODSR PU Yes N/A SMT
140 PK4 WR UTODTR PU Yes N/A SMT
141 PK5 RD UTORIN PU Yes N/A SMT
142 PK6 WAIT UTOCTS PU Yes N/A SMT
143 PK7 UTORTS PU Yes N/A SMT
144 PK8 B PU Yes N/A SMT
BOOT
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1.4 Pin names and Functions TMPM461F15/F10FG

1.4.2.3 Control pin

Table 1-6 The number of pin and pin names

X Control function . Control function
Pin No. ) Pin No. )
Pin name Pin name
30 X1 39 MODE
32 X2 125 TEST
38 XT1 41 RESET
40 XT2 144 BOOT

1.4.2.4 Power Supply pin

Table 1-7 The number of pin and pin names

Pin No. P°Wer supply

Pin name
19 REGIN1

20 REGOUT1

97 REGIN2

98 REGOUT2

23 REGOUT3
21, 95 RvVDD3
22, 96 RVSS
1, 33, 57, 107, 117, 135 DVDD3
2, 29, 31, 58, 118, 136 DVSS
72 AVDD3

73 AVREFH
74 AVSS
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2. Product Information

This chapter describes peripheral function-related channels or number of units, information of pins and product-
specific function information. Use this chapter in conjunction with Chapter Peripheral Function.

- "2.1.1 DMA Controller (DMAC)"

- "2.1.2 External Bus Interface (EBIF)"

- "2.1.3 16-bit Timer/Event Counter (TMRB)"

- "2.1.4 16-bit Multi-Purpose Timer (MPT)"

- "2.1.5 Serial Channel (SIO/UART)"

- "2.1.6 Universal Asynchronous Serial Communication Circuit (UART)"
- "2.1.7 12C Bus (12C)"

- "2.1.8 Synchronous Serial Interface (SSP)"

- "2.1.9 CEC Function (CEC)"

- "2.1.10 Remote Control Determination Function (RMC)"
- "2.1.11 Analog/Digital Converter (ADC)"

- "2.1.12 Debug Interface"
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2. Product Information

2.1 Information of Each Peripheral Function

TMPM461F15/F10FG

2.1 Information of Each Peripheral Function

211

DMA Controller (DMAC)

TMPM461F15/F10FG incorporates 3 units of built-in DMA controller.

Table 2-1 Pin Specifications

Unit DMAREQx
DMAA PF5
DMAB PF8
DMAC PF11

chapter.

Table 2-2 DMA Request Table

Note:to use DMAC function, refer to "Bus Matrix" of "Memory Map" chapter and "DMA Controller(DMAC)"

Channel

Unit A

Unit B

Unit C

Burst

Single

Burst

Single

Burst

Single

ADC conversion
completion

SIO/UARTO reception

SIO/UARTS3 reception

SSPO reception

SSPO reception

SIO/UARTO transmission

SIO/UART3 transmission

SSPO transmis-
sion

SSPO transmis-
sion

SIO/UART1 reception

SIO/UART4 reception

SSP1 reception

SSP1 reception

SIO/UART1 transmission

SIO/UART4 transmission

SSP1 transmis-
sion

SSP1 transmis-
sion

SIO/UART2 reception

SIO/UARTS reception

SSP2 reception

SSP2 reception

SIO/UART2 transmission

SIO/UARTS5 transmission

SSP2 transmis-
sion

SSP2 transmis-
sion

UARTO reception

UARTO reception

UARTO transmis-
sion

UARTO transmis-
sion

UART1 reception

UART1 reception

10

UART1 transmis-
sion

UART1 transmis-
sion

TMRBO compare match
(Note1)

TMRB8 compare match
(Note1)

1"

12C0 transmission/

reception

TMRB1 compare match
(Note1)

TMRB9 compare match
(Note1)

12

12C1 transmission/

reception

TMRB2 compare match
(Note1)

TMRBA compare match
(Note1)

13

12C2 transmission/

reception

TMRB3 compare match
(Note1)

TMRBB compare match
(Note1)

14

12C3 transmission/

reception

TMRB4 compare match
(Note1)

TMRBC compare match
(Note1)

15

12C4 transmission/

reception

TMRB5 compare match
(Note1)

TMRBD compare match
(Note1)

16

TMRB6 compare match
(Note1)

TMRBE compare match
(Note1)

17

TMRB7 compare match
(Note1)

TMRB7 compare match
(Note1)

18

TMRBF compare match
(Note1)

TMRBF compare match
(Note1)

19

TMRBO input capture 0

TMRBS input capture 0

20

TMRBO input capture 1

TMRB8 input capture 1

21

TMRB1 input capture 0

TMRB9 input capture 0

22

TMRB1 input capture 1

TMRB9 input capture 1

2023/07/31
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Table 2-2 DMA Request Table

23 -

TMRB2 input capture 0

TMRBA input capture 0

24 -

TMRB2 input capture 1

TMRBA input capture 1

25 -

TMRB3 input capture 0

TMRBB input capture 0

26 -

TMRBS3 input capture 1

TMRBB input capture 1

27 -

TMRB4 input capture 0

TMRBC input capture 0

28 -

TMRB4 input capture 1

TMRBC input capture 1

29 -

TMRBS5input capture 0

TMRBD input capture 0

30 -

TMRBS input capture 1

TMRBD input capture 1

31 DMAREQA

DMAREQB

DMAREQC

Note 1: A DMA transfer request of TMRB occurs under the same conditions as a TMRB interrupt. A TMRB interrupt occurs
when the up-counter matches timer register 0/1, or the up-counter overflows. Mask unnecessary factors with interrupt
mask register (TBxIM) if required.

2.1.2 External Bus Interface (EBIF)

TMPM461F15/F10FG incorporates the external interface function and the separate or multiplex bus
modes can be used.

Table 2-3 Pin specifications

Separate bus Multiplex bus Port
A0 to A7 - PAO to PA7
A8 to A15 - PBO to PB7

A16 to A23

A0 to A7 A16 to A23 PCO to PC7
DO to D15 ADO to AD15 PDO to PD15

- ALE PC8

RD PK5

WR PK4

BELL PK2

BELH PK3

CS0 PC9

Ccs1 PC10

Cs2 PC11

Cs3 PEO

WAIT PK6

2.1.3 16-bit Timer/Event Counter (TMRB)

TMPM461F15/F10FG incorporates 16 channels of TMRB.
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Product Information

Information of Each Peripheral Function

TMPM461F15/F10FG

Table 2-4 Pin specifications

Channel TBxOUT TBxINO TBxIN1
TMRBO PD3 PG8 -
TMRB1 PD4 PG9 -
TMRB2 PD5 PG10 -
TMRB3 PD6 PG11 -
TMRB4 PD7 PCO PC1
TMRBS PFO PC4 PC5
TMRB6 PF1 PC10 PC11
TMRB7 PF2 PE1 PE2
TMRB8 PBO PE3 PE4
TMRB9 PB1 PF5 PF4
TMRBA PC9 PF8 PF7
TMRBB PEO PF11 PF10
TMRBC - PJ1 PJ2
TMRBD - PJ3 PJ4
TMRBE - - -
TMRBF - - -

Table 2-5 Synchronous start specifications

Master channel

Slave channel

TMRBO TMRB1, TMRB2, TMRB3
TMRB4 TMRB5, TMRB6, TMRB7
TMRB8 TMRB9, TMRBA, TMRBB

Table 2-6 Capture trigger specifications

Trigger input channel

Trigger output

TMRBO
TMRB1
TMRB2
TMRB3

TBCOUT

TMRB4
TMRB5
TMRB6
TMRB7

TBDOUT

TMRB8
TMRB9
TMRBA
TMRBB

TBEOUT

214

16-bit Multi-Purpose Timer (MPT)

TMPM461F15/F10FG contains 2 channels of MPT.

2023/07/31
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Table 2-7 Pin specifications

Channel MTxTBIN MTxTBOUT MTxON GEMGx MTxOUTO MTxOUT1
MPTO PD15 PD14 PD13 PD12 PD14 PD15
MPT1 PC7 PC6 PD5 PD4 PD6 PD7

Table 2-8 Synchronous start/clear specifications

Master channel Slave channel

MPTO MPT1

2.1.5 Serial Channel (SIO/UART)

TMPM461F15/F10FG incorporates 6 channels of SIO.

Table 2-9 Pin specifications

Channel SCxTXD SCxRXD SCxSCLK SCxCTS
SCO PF3 PF4 PF5 PF5
SC1 PF6 PF7 PF8 PF8
SC2 PF9 PF10 PG11 PF11
SC3 PDO PD1 PD2 PD2
SC4 PD3 PD4 PD5 PD5
SC5 PD13 PD14 PD15 PD15

Table 2-10 Transfer clock specifications

Clock input channel Clock output

SCOo

SC1 TBCOUT
SC2

SC3
SC4 TBDOUT
SC5

2.1.6 Universal Asynchronous Serial Communication Circuit (UART)

TMPM461F15/F10FG incorporates 2 channels of UART.

Table 2-11 Pin specifications

UTxTXD UTxRXD
Channel UTxDCD UTxDSR UTxDTR UTxRIN UTxCTS UTxRTS
UTxIROUT UTxIRIN
UARTO PKO PK1 PK2 PK3 PK4 PK5 PK6 PK7
UART1 PB9 PB8 PB2 PB3 PB4 PB5 PB6 PB7
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21.7

12C Bus (12C)

TMPMA461F15/F10FG incorporates 5 channels of 12C.

Table 2-12 Pin specifications

Channel 12CxSDA 12CxSCL
12C0 PG4 PG5
12C1 PG6 PG7
12C2 PDO PD1
12C3 PD3 PD4
12C4 PD13 PD14

2.1.8 Synchronous Serial Interface (SSP)

Table 2-13 Pin specifications

TMPM461F15/F10FG incorporates 3 channels of SSP.

Channel SPxCLK SPxDI SPxDO SPxFSS
SSPO PA3 PA2 PA1 PAO
SSP1 PA7 PA6 PA5 PA4
PGO
PG4
SSP2 PG3 PG2 PG1
PG5
(Note)
Note:Select any port to use.
Table 2-14 SPxCLK cycle
Channel Master (min) Slave (min)
SSPO
100ns 300ns
SSP1
SSP2 50ns 150ns

2.1.9 CEC Function (CEC)

TMPM461F15/F10FG incorporates 1 channel of CEC.

Table 2-15 Pin specifications

Channel

CEC

CECO

PF13

Table 2-16 Transfer clock specifications

Clock input ch

annel

Clock output

CECO

TBFOUT
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2.1.10 Remote Control Determination Function (RMC)

TMPM461F15/F10FG incorporates 1 channels of RMC.

Table 2-17 Pin specifications

Channel RXINX

RMCO PF12

Table 2-18 Transfer clock specifications

Clock input channel Clock output

RMCO TBFOUT

2.1.11 Analog/Digital Converter (ADC)

TMPM461F15/F10FG incorporates 1 unit of ADC.

Table 2-19 Pin specifications

Unit AINO to 14 AIN15 to 19 ADTRG

ADC PHO to 15 PIO to 4 PE8

Table 2-20 Internal startup trigger selection (ADILVTRGSEL)

Type Bit Symbol Internal trigger
Highest priority AD conver- HPTRGSEL[3:0] 0000: TRGO (A match with TBBRG1 of TMRB8)
sion startup trigger 0001: TRG1 (A match with TB9RG1 of TMRB9)

0010: TRG2 (A match with TBARG1 of TMRBA)

0011: TRG3 (A match with TBBRG1 of TMRBB)

0100: TRG4 (A match with TBCRG1 of TMRBC)

0101: TRG5 (A match with TBDRG1 of TMRBO0)

0110: TRG6 (A match with TBERG1 of TMRBE)

0111: TRG7 (A match with TBFRG1 of TMRBF)

1000: TRG8 (A match with MTOIGTRG of MPOT (IGBT))
1001: TRG9 (A match with MT1IGTRG of MPT1 (IGBT))
1010 to 1111: Reserved

Normal AD conversion start- | TRGSEL[3:0] 0000: TRGO (A match with TB8RG1 of TMRBS)

up trigger 0001: TRG1 (A match with TB9RG1 of TMRB9)

0010: TRG2 (A match with TBARG1 of TMRBA)

0011: TRG3 (A match with TBBRG1 of TMRBB)

0100: TRG4 (A match with TBCRG1 of TMRBC)

0101: TRG5 (A match with TBDRG1 of TMRBD)

0110: TRG6 (A match with TBERG1 of TMRBE)

0111: TRG7 (A match with TBFRG1 of TMRBF)

1000: TRG8 (A match with MTOIGTRG of MPTO (IGBT))
1001: TRGY (A match with MT1IGTRG of MPT1 (IGBT))
1010 to 1111: Reserved
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2.1 Information of Each Peripheral Function TMPM461F15/F10FG

2.1.12 Debug Interface
TMPM461F15/F10FG supports serial wire debug ports, JTAG debug ports and trace outputs.

TMPMA461F15/F10FG does not support the usage of "JTAG+SW(without TRST)" which is in the "Debug In-
terface" chapter.

Table 2-21 Pin specifications

TMS TCK TDO TDI TRST
SWDIO SWCLK SWv
JTAG
. . PE3 PE4 PE2 PE1 PEO
Serial wire
TRACECLK TRACEDATAO | TRACEDATA1 TRACEDATA2 | TRACEDATA3
Trace output PE9 PE5 PEG6 PE7 PES8
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2.2 Usage Note for TMPM461F15/F10FG
1.Cautions in case DMAC function is unused in TMPM461F15/F10FG
It should be set the all DMAC units as DMAxCfg = 0x00000001,
DMAxChnlReqMaskSet = OxFFFFFFFF, DMAxChnlEnableSet = OxFFFFFFFF.

(x=A,B,C)
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2.2 Usage Note for TMPM461F15/F10FG TMPM461F15/F10FG
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3. Processor Core

The TX04 series has a high-performance 32-bit processor core (the Arm Cortex-M4 processor with FPU core).
For information on the operations of this processor core, please refer to the documentation set issued by Arm Limi-
ted.This chapter describes the functions unique to the TX04 series that are not explained in that document.

3.1 Information on the processor core
The following table shows the revision of the processor core in the TMPM461F15/F10FG.

Refer to the detailed information about the CPU core and architecture, refer to the Arm documentation set for
"the Cortex-M4 series processors" in the following URL:

http://infocenter.arm.com/help/index.jsp

Product Name Core Revision

TMPM461F15/F10FG rOp1

3.2 Configurable Options
The Cortex-M4 processor with FPU core has optional blocks.

The following tables shows the configurable options in the TMPM461F15/F10FG.

Configurable options Implementation
MPU (Memory Protection Unit) Absent
FPB (Flash Patch and Breakpoint) .TVYO Iitere?l comparators
Six instruction comparators
DWT (Data Watchpoint and Trace) Four comparators
ITM (Instrumentation Trace Macrocell) Present
ETM (Embedded Trace Macrocell) Present
AHB-AP (AHB Access Port) Present
HTM Interface (AHB Trace Macrocell Interface) Absent
TPIU (Trace Port Interface Unit) Present
WIC (Wake-up Interrupt Controller) Absent
Debug Port (Serial-Wire or JTAG Debug Port) Present
FPU (Floating Point Unit) Present
Bit banding Present
Constant AHB control Disable
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3.3 Exceptions/ Interruptions TMPM461F15/F10FG

3.3 Exceptions/ Interruptions

Exceptions and interruptions are described in the following section.

3.3.1

3.3.2

3.3.3

3.3.4

3.3.5

3.3.6

Number of Interrupt Inputs

The number of interrupt inputs can optionally be defined from 1 to 240 in the Cortex-M4 processor with
FPU core.

TMPM461F15/F10FG has 111 interrupt inputs. The number of interrupt inputs is reflected in <INTLINES-
NUM]J3:0]> bit of NVIC register. In this product, if read <INTLINESNUM[3:0]> bit, "0x03" is read out.

Number of Priority Level Interrupt Bits

The Cortex-M4 processor with FPU core can optionally configure the number of priority level interrupt
bits from 3 bits to 8 bits.

TMPM461F15/F10FG has 3 priority level interrupt bits. The number of priority level interrupt bits is used
for assigning a priority level in the interrupt priority registers and system handler priority registers.

SysTick
The Cortex-M4 processor with FPU core has a SysTick timer which can generate SysTick exception.

For the detail of SysTick exception, refer to the section of "SysTick" in the exception and the register of Sy-
sTick in the NVIC register.

SYSRESETREQ

The Cortex-M4 processor with FPU core outputs SYSRESETREQ signal when <SYSRESETREQ> bit of
Application Interrupt and Reset Control Register are set.

TMPMA461F15/F10FG provides as same as warm reset operation when SYSRESETREQ signal are output.

LOCKUP

When irreparable exception generates, the Cortex-M4 processor with FPU core outputs LOCKUP signal to
show a serious error included in software.

TMPM461F15/F10FG does not use this signal. To return from LOCKUP status, it is necessary to use non-
maskable interrupt (NMI) or reset.

Auxiliary Fault Status register

The Cortex-M4 processor with FPU core provides auxiliary fault status registers to supply additional sys-
tem fault information to software.

However, TMPM461F15/F10FG is not defined this function. If auxiliary fault status register is read, al-
ways "0x0000 _0000" is read out.

2023/07/31
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3.4

3.5

3.6

3.7

Events

The Cortex-M4 processor with FPU core has event output signals and event input signals. An event output sig-
nal is output by SEV instruction execution. If an event is input, the core returns from low-power consumption
mode caused by WFE instruction.

TMPM461F15/F10FG does not use event output signals and event input signals. Please do not use SEV instruc-
tion and WFE instruction.

Power Management

The Cortex-M4 processor with FPU core provides power management system which uses SLEEPING signal
and SLEEPDEEP signal. SLEEPDEEP signals are output when <SLEEPDEEP> bit of System Control Register is
set.

These signals are output in the following circumstances:

-Wait-For-Interrupt (WFI) instruction execution

-Wait-For-Event (WFE) instruction execution

-the timing when interrupt-service-routine (ISR) exit in case that <SLEEPONEXIT> bit of System Control Reg-
ister is set.

TMPM461F15/F10FG does not use SLEEPDEEP signal so that <SLEEPDEEP> bit must not be set. And also
event signal is not used so that please do not use WFE instruction.

For detail of power management, refer to the Chapter "Clock/Mode control."

Exclusive access

In Cortex-M4 processor with FPU core, the DCode bus system supports exclusive access. However
TMPM461F15/F10FG does not use this function.

Floating Point Unit (FPU)

This product implements the Cortex-M4 processor with FPU that is the single precision variant of the Arm v7-
M Floating-Point Extension (FPv4-SP). It provides floating-point computation functionality that is compliant with
the ANSI/IEEE Std 754-2008, IEEE Standard for Binary Floating-Point Arithmetic, referred to as the IEEE 754
standard.

The FPU shares address bus and data bus with Cortex-M4 processor with FPU core, and operates in coopera-
tion. It performs add, subtract, and multiply in 1 clock, and multiply and accumulate in 3 clocks. The parallel pro-
cessing that is different from CPU is possible with using the exclusive data register.

The FPU supports all single-precision data-processing instructions and data types described in the Arm Architec-
ture Reference Manual.
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3.7 Floating Point Unit (FPU) TMPM461F15/F10FG
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4. Memory Map

4.1 Memory Map

The memory maps for TMPM461F15/F10FG are based on the Arm Cortex-M4 processor with FPU core memo-
ry map. The internal ROM, internal RAM and special function registers (SFR) of TMPM461F15/F10FG are map-
ped to the Code, SRAM and peripheral regions of the Cortex-M4 processor with FPU respectively. The special func-
tion register (SFR) means the control registers of all input/output ports and peripheral functions.

The CPU register area is the processor core’s internal register region.
For more information on each region, see the "Arm documentation set for the Arm Cortex-M4".

Note that access to regions indicated as "Fault" causes a memory fault if memory faults are enabled, or causes
a hard fault if memory faults are disabled. Also, do not access the vendor-specific region.

A memory map of TMPM461F15/F10FG is shown bellows.
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4.1 Memory Map

TMPM461F15/F10FG

OXFFFF_FFFF

0xE010_0000
OxEOOF_FFFF

0xE000_0000
OXDFFF_FFFF

OX63FF_FFFF

0x6000_0000

Ox5E17_FFFF

0x5E00_0000

0x5DFF_0000

Ox43FF_FFFF
0x4200_0000
0x403F _FFFF

0x4000_0000

0x2260_FFFF
0x2200_0000
0x2003_03FF
0x2003_0000
0x2002_FFFF

0x2000_0000

0x1003_03FF
0x1003_0000
0x1002_FFFF

0x1000_0000

0x0017_FFFF

0x0000_0000

Vendor-Specific

CPU Register Region

Fault

External bus area

Fault

Internal ROM
(Mirror)(1536K)

Flash(SFR)

Fault

Bit band alias

SFR

Fault

Bit band alias

Fault

Backup RAM (1K)

Main RAM (192K)

Fault

Backup RAM
Mirror) (1K)

Main RAM
(Mirror) (192K)

Fault

Internal ROM (1536K)

Single chip mode

Ox3F7F_FFFF
0x3F7F_F000

0x0000_OFFF
0x0000_0000

Vendor-Specific

CPU Register Region

Fault

External bus area

Fault

Internal ROM
(Mirror)(1536K)

Flash(SFR)

Fault

Bit band alias

SFR

Fault

Reserved

Fault

Bit band alias

Fault

Backup RAM (1K)

Main RAM (192K)

Fault

Boot ROM (4K)

Single boot mode

Figure 4-1 MemoryMap(1536KB)

Bit band alias

Bit band region

Bit band alias

Bit band region

OX43FF_FFFF

0x4200_0000

OX4O00F_FFFF
0x4000_0000

Ox23FF_FFFF

0x2200_0000

0x200F_FFFF
0x2000_0000
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TMPM461F15/F10FG

OXFFFF_FFFF

0xE010_0000
OxEOOF_FFFF

0xE000_0000
OXDFFF_FFFF

OX63FF_FFFF

0x6000_0000

0x5EOF_FFFF

0x5E00_0000

0x5DFF_0000

OXA3FF_FFFF
0x4200_0000
0x403F_FFFF

0x4000_0000

0x2260_FFFF
0x2200_0000

0x2003_03FF
0x2003_0000
0x2002_FFFF

0x2000_0000

0x1003_03FF
0x1003_0000
0x1002_FFFF

0x1000_0000

0x000F_FFFF

0x0000_0000

Vendor-Specific

CPU Register Region

Fault

External bus area

Fault
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(Mirror)(1024K)

Flash(SFR)

Fault

Bit band alias

SFR

Fault

Bit band alias

Fault

Backup RAM (1K)

Main RAM (192K)

Fault

Backup RAM
Mirror) (1K)

Main RAM
(Mirror) (192K)

Fault

Internal ROM (1024K)

Single chip mode

Ox3F7F_FFFF
0x3F7F_F000

0x0000_OFFF
0x0000_0000

Vendor-Specific

CPU Register Region

Fault

External bus area

Fault

Internal ROM
(Mirror)(1024K)

Flash(SFR)

Fault

Bit band alias

SFR

Fault

Reserved

Fault

Bit band alias

Fault

Backup RAM (1K)

Main RAM (192K)

Fault

Boot ROM (4K)

Single boot mode

Figure 4-2 MemoryMap(1024KB)

Bit band alias

Bit band region

Bit band alias

Bit band region

OX43FF_FFFF

0x4200_0000

OX400F_FFFF
0x4000_0000

OX23FF_FFFF

0x2200_0000

0x200F_FFFF
0x2000_0000
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4.2 Bus Matrix

This MCU contains two bus masters such as a CPU core and uDMA controllers.

Bus masters connect to slave ports (SO to S5) of Bus Matrix. In the bus matrix, master ports (MO to M15) con-
nect to peripheral functions via connections described as (0) or ( * ) in the following figure. ( * ) shows a connec-
tion to a mirror area.

While multiple slaves are connected on the same bus master line in the Bus Matrix, if multiple slave accesses
are generated at the same time, a priority is given to access from a master with the smallest slave number.
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421 Structure

4.21.1 Single chip mode

UDMAC | uDMAC | u(DMAC Cortex-M4
unitA unitB unitC with FPU
System
Data
Instruction
\ 4 \ 4 \ 4 \ 4
|so|51|sz|s3|s4|55|
<+«—»| MO & MO
Flash ROM «—>| M & M1
— 2 —-O—0O0—0O0—O0 M2
Main RAMO(40KB) <—>| M3 & Y & o, ) C M3
Main RAM1(128KB) |« > M4 o, &b 4 & § M4
Main RAM2(8KB)  |&—| M5 —P——p——p \;( M5
Main RAM3(8KB) |€¢—p| M6 —P—P—PH—D I M6
Main RAM4(8kB) |e—p| M7 —HD—D—D—D i M7
- o FanY N N
Backup RAM(1KB) |<€—| M8 \NY o D \ 8 SIO/UART(ch0-2)
BOOT ROM(4KB)  |===—pp{ M9 TMRB(ch0-7)
EBIF < > D N Pany D
M10 A\ Ay NP A\ SIO/UART(ch3-5)
Mll D D\
% N TMRB(ch8-15)
ADC i M12 Ve D
N N2 PORT
SSP(cho,1,2 Va NN\

(chol2) | | M3 O— MPT(cho,1)
UART(cho,1) R | w14 ) WDT
12C(ch0,1,2,3,4) |4 vans

( ) M15 & OFD

UDMAC unitA,B,C(SFR)| «= Flash(SFR)
|so|31|sz|ss|s4|35|
EBIF(SFR) A CEC
RMC(ch0)
RTC
CG
LVD

Figure 4-3 Bus Matrix of TMPM461F15/F10FG
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4.2 Bus Matrix

p

TMPM461F15/F10FG

4.21.2 Single boot mode
uDMAC | uDMAC | uDMAC Cortex-M4
unitA unitB unitC with FPU
System
Data
| |Instruction
\ 4 \ 4 \ 4 A 4 #
|so|31|52|53|s4|55|
<«—>| MO MO
Flash ROM < »( M1 M1
P » M) ) )
«—> 2 —O—0O—0O0——CO M2
Main RAMO(40KB) < » M3 P ant & . i C M3
; P a Fany N
Main RAM1(128KB) |g——p| M4 —D—D—PD—D I M4
Main RAM2(8KB)  |€&—| M5 —P—D—P—D ;( M5
Main RAM3(8KB)  |€=—p| M6 —P—P—P—H I M6
Main RAM4(8KB)  |[¢—| M7 —D—P—P—D I M7
Backup RAM(1KB) |¢—» M8 —p—p—p—p—0O—<C
BOOT ROM(4KB)  |=———p| M9 O—DP
EBIF —>| MI0 -H—P—P—D
M1l D B
ADC > M12 4 s
SSP(ch0,1,2) M13 e—b
ART(chO,1
UART(ch0,1) M14 b
12C(ch0,1,2,3,4) M15 C)
UDMAC unitA,B,C(SFR)
|so|31|sz|33|s4|35|
EBIF(SFR) >

Figure 4-4 Bus Matrix of TMPM461F15/F10FG

SIO/UART(ch0-2)

TMRB(ch0-7)

SIO/UART (ch3-5)

TMRB(ch8-15)

PORT

MPT(ch0,1)

WDT

OFD

Flash(SFR)

CEC

RMC(ch0)

RTC

CG

LVD
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4.2.2 Connection table

4221 Code area/ SRAM area

(1)  Single chip mode

Master uDMAC uDMAC uDMAC Core Core Core
Start Address unit A unit B unit C S-Bus D-Bus |1-Bus
Slave SO S1 S2 S3 S4 S5
0x0000_0000 Flash ROM m? Fault Fault Fault Fault o o
0x0010_0000 Fault - Fault Fault Fault Fault Fault Fault
0x1000_0000 Main RAMO (mirror) M3 Fault Fault Fault Fault o o
0x1000_A000 Main RAM1 (mirror) M4 Fault Fault Fault Fault o o
0x1002_A000 Main RAM2 (mirror) M5 Fault Fault Fault Fault [o) o
0x1002_C000 Main RAM3(mirror) M6 Fault Fault Fault Fault o o
0x1002_E000 Main RAM4(mirror) M7 Fault Fault Fault Fault o o
0x1003_0000 Backup RAM (mirror) M8 Fault Fault Fault Fault o o
0x1003_0400 Fault - Fault Fault Fault Fault Fault Fault
0x2000_0000 Main RAMO M3 o o o o Fault Fault
0x2000_A000 Main RAM1 M4 o o o [o) Fault Fault
0x2002_A000 Main RAM2 M5 o o o o Fault Fault
0x2002_C000 Main RAM3 M6 o o o o Fault Fault
0x2002_E000 Main RAM4 M7 o o o o) Fault Fault
0x2003_0000 Backup RAM M8 o o o o Fault Fault
0x2003_0400 Fault - Fault Fault Fault Fault Fault Fault
0x2200_0000 Bit band alias - Fault Fault Fault [o) Fault Fault
0x2260_8000 Fault - Fault Fault Fault Fault Fault Fault

Page 37 2023/07/31



4. Memory Map
4.2 Bus Matrix

TMPM461F15/F10FG
(2) Single boot mode
Master uDMAC uDMAC uDMAC Core Core Core
Start Address unit A unit B unit C S-Bus D-Bus |-Bus
Slave SO S1 S2 S3 S4 S5
0x0000_0000 Boot ROM M9 Fault Fault Fault Fault o o
0x0000_1000 Fault - Fault Fault Fault Fault Fault Fault
0x1000_0000 Main RAMO (mirror) M3 Fault Fault Fault Fault o o
0x1000_A000 Main RAM1 (mirror) M4 Fault Fault Fault Fault o o
0x1002_A000 Main RAM2 (mirror) M5 Fault Fault Fault Fault o o
0x1002_C000 Main RAM3(mirror) M6 Fault Fault Fault Fault o o
0x1002_E000 Main RAM4(mirror) M7 Fault Fault Fault Fault o o
0x1003_0000 Backup RAM (mirror) M8 Fault Fault Fault Fault o o
0x1003_0400 Fault - Fault Fault Fault Fault Fault Fault
0x2000_0000 Main RAMO M3 o o o o Fault Fault
0x2000_A000 Main RAM1 M4 o o o o Fault Fault
0x2002_A000 Main RAM2 M5 o o o o Fault Fault
0x2002_C000 Main RAM3 M6 o o o o Fault Fault
0x2002_E000 Main RAM4 M7 o o o o Fault Fault
0x2003_0000 Backup RAM M8 o o o o Fault Fault
0x2003_0400 Fault - Fault Fault Fault Fault Fault Fault
0x2200_0000 Bit band alias - Fault Fault Fault o Fault Fault
0x2260_8000 Fault - Fault Fault Fault Fault Fault Fault
0x3F7F_F000 Reserved - Fault Fault Fault Reserved Fault Fault
0x3F80_0000 Fault - Fault Fault Fault Fault Fault Fault

Note:Please do not access the address range given in Reserved.
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4.2.2.2 Peripheral area / External bus area

Master uDMAC uDMAC uDMAC Core Core Core

Start Address unit A unit B unit C S-Bus D-Bus I-Bus
Slave SO S1 S2 S3 S4 S5
0x4000_0000 Fault - Fault Fault Fault Fault Fault Fault
0x4004_0000 SSP o - - o Fault Fault
0x4004_8000 UART o - - o Fault Fault
0x4004_C000 UDMAC unit A(SFR) o - - o Fault Fault
0x4004_D000 UDMAC unit B(SFR) o - - o Fault Fault
0x4004_E000 UDMAC unit C(SFR) M11 o - - o Fault Fault
0x4005_0000 ADC [¢) - - o Fault Fault
0x4005_C000 EBIF(SFR) o - - o Fault Fault
0x4006_6000 ADCILV o - - o Fault Fault
0x400A_0000 12C o - - o Fault Fault
0x400C_0000 Reserved - - - - o Fault Fault
0x400C_4000 TMRB(chO to 7) - o - o Fault Fault
0x400E_1000 SIO/UART M1z - o - o Fault Fault
- (chO to 2)
0x4010_0000 Fault - Fault Fault Fault Fault Fault Fault
0x401C_4800 TMRB(ch8-F) - - o o Fault Fault
0x401E_1300 SIOIUART M3 - - o o Fault Fault
- (ch3 to 5)

0x4020_0000 Fault - Fault Fault Fault Fault Fault Fault
0x402C_0000 PORT - - - o Fault Fault
0x402C_7000 MPT - - - o Fault Fault
0x402F_1000 OFD M4 - - - o Fault Fault
0x402F_2000 WDT - - - o Fault Fault
0x4030_0000 Fault - Fault Fault Fault Fault Fault Fault
0x403C_C000 RTC - - - o Fault Fault
0x403E_6000 CEC - - - o Fault Fault
0x403E_7000 RMC M15 - - - o Fault Fault
0x403F_3000 CG - - - o Fault Fault
0x403F_4000 LVD - - - o Fault Fault
0x4040_0000 Fault - Fault Fault Fault Fault Fault Fault
0x4200_0000 Bit band alias - Fault Fault Fault o Fault Fault
0x4400_0000 Fault - Fault Fault Fault Fault Fault Fault
0x5DFF_0000 Flash(SFR) M14 - - - o Fault Fault
0x5E00_0000 Flash(Mirror) M2 o o o o Fault Fault
0x5E18_0000 Fault - Fault Fault Fault Fault Fault Fault
0x6000_0000 EBIF M10 [¢) [¢) o o Fault Fault
0x6400_0000 Fault - Fault Fault Fault Fault Fault Fault
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4.2.3 Address lists of peripheral functions

Do not access to addresses in the peripheral area except control registers. For details of control registers, re-
fer to Chapter of each peripheral functions.

Peripheral Function Base Address
ch0 0x4004_0000
Synchronous Serial Port (SSP) ch1 0x4004_1000
ch2 0x4004_2000
ch0 0x4004_8000
Asynchronous Serial Channel (UART)
ch1 0x4004_9000
unit A 0x4004_C000
unit B 0x4004_D000
MDMA Controller (WDMAC)
unit C 0x4004_E000
DMAIF 0x4005_F000
AD 0x4005_0000
Analog / Digital Converter (ADC)
ADILV 0x4006_6000
External bus interface (EBIF) 0x4005_C000
ch0 0x400A_0000
ch1 0x400A_1000
12C Bus interface (12C) ch2 0x400A_2000
ch3 0x400A_3000
ch4 0x400A_4000
ch0 0x400C_4000
ch1 0x400C_4100
ch2 0x400C_4200
ch3 0x400C_4300
ch4 0x400C_4400
ch5 0x400C_4500
ch6 0x400C_4600
ch7 0x400C_4700
16-bit Timer / Event Counters (TMRB)
ch8 0x401C_4800
ch9 0x401C_4900
chA 0x401C_4A00
chB 0x401C_4B00
chC 0x401C_4C00
chD 0x401C_4D00
chE 0x401C_4E00
chF 0x401C_4F00
ch0 0x400E_1000
ch1 0x400E_1100
ch2 0x400E_1200
Serial Channel (SIO/UART) o3 Ox401E_1300
ch4 0x401E_1400
ch5 0x401E_1500
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Peripheral Function Base Address

Port A 0x402C_0000

Port B 0x402C_0100

Port C 0x402C_0200

Port D 0x402C_0300

Input / Output port Port E 0x402C_0400
Port F 0x402C_0500

Port G 0x402C_0600

Port H 0x402C_0700

Port J 0x402C_0800

Port K 0x402C_0900

16-bit Multi-Purpose Timer (MPT) MPTO 0x402C_7009
MPT1 0x402C_7100

Oscillation Frequency Detector (OFD) 0x402F_1000
Watchdog Timer(WDT) 0x402F_2000
Real Time Clock (RTC) 0x403C_C000
CEC function (CEC) 0x403E_6000
Remote control signal preprocessor (RMC) ch0 0x403E_7000
Clock/Mode control(CG) 0x403F_3000
Low Voltage Detection Circuit (LVD) 0x403F_4000
Flash Control(Flash SFR) 0x5DFF_0000
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5. Reset Operation

The following are sources of reset operation.

RESET pin (RESET)

Releasing the STOP2 mode

Low voltage detection circuit (LVD)

Oscillation frequency detector circuit (OFD)

Watchdog timer (WDT)

Application interrupt by CPU and a signal from the reset register bit <SYSRESETREQ>

To recognize a source of reset, check CGRSTFG in the clock generator register described in chapter of "Excep-
tion".

A reset by releasing the STOP2 mode is refer to the "Clock/Mode control”.

A reset by low voltage detection circuit is refer to the "Low voltage detection circuit".

A reset by oscillation frequency detector circuit is refer to the "Oscillation frequency detector".
A reset by WDT is refer to the chapter on the "Watchdog timer".

A reset by <SYSRESETREQ> is referred to "Cortex-M4 Technical Reference Manual".

Note:Once reset operation is done, internal RAM data is not assured.

5.1 Cold Reset

When turning-on power, RESET pin must be kept "Low".

When turning-on power, it is necessary to take a stable time of built-in regulator into consideration. In the
TMPM461F15/F10FG, the internal regulator requires at least approximately 2ms to be stable. At cold reset, RE-
SET pin must be kept "Low" for a duration of time sufficiently long enough for the internal regulator to be sta-
ble. Approximately 0.251ms after RESET pin becomes "High", internal reset will be released.

Power voltage
recommendation range

ov

-

approximately 2ms /
| CPU fetch starts

i<—>
approximately 0.251ms

1

/

. 1

Internal reset signal !

RESET

Internal high-speed
oscillator

R R R ERRRR SRRl

Figure 5-1 Cold Reset Operation Sequence

Note: The above sequence is applied as well when restoring power.
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5.2 Warm Reset TMPM461F15/F10FG

5.2 Warm Reset

To do reset TMPM461F15/F10FG, the following conditions are required; power supply voltage is in the operation-
al range ; RESET pin is kept "Low" at least for 2ms. Approximately 0.251ms after RESET pin becomes "High", in-
ternal reset will be released.

In case of WDT reset or <SYSRESETREQ> reset, internal reset will be released approximately 30 internal high-
speed clocks after reset.

5.3 After reset

All of the control register of the internal core and the peripheral function control register (SFR) are initialized
by reset.

When reset is released, TMPM461F15/F10FG starts operation by a clock of internal high-speed oscillator. Exter-
nal clock and PLL multiple circuit should be set if necessary.
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6. Clock/Mode control

6.1 Outline

The clock/mode control block enables to select clock gear, prescaler clock and warm-up of the PLL clock multi-
plication circuit and oscillator.

There is also the low power consumption mode which can reduce power consumption by mode transitions.

This chapter describes how to control clock operating modes and mode transitions.
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6. Clock/Mode control
6.2 Registers

TMPM461F15/F10FG

6.2 Registers

6.2.1 Register List
The following table shows the Clock/Mode control related registers and addresses.
For the Base Address, refer to the " Peripheral Base address list " of " Memory Map " Chapter.
Register name Address (Base+)
System control register CGSYSCR 0x0000
Oscillation control register CGOSCCR 0x0004
Standby control register CGSTBYCR 0x0008
PLL selection register CGPLLSEL 0x000C
Clock stop register A for peripheral CGFSYSMSKA 0x0020
Clock stop register B for peripheral CGFSYSMSKB 0x0024
Protect register CGPROTECT 0x003C
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6.2.2 CGSYSCR (System control register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - FCSTOP - - - SCOSEL
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - FPSEL - PRCK
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - GEAR
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-21 - R Read as "0".
20 FCSTOP R/W ADC clock
0: Active
1: Stop
Enables to stop providing ADC clock.
ADC clock is provided after reset.
Confirming that ADC is stopped or finished in advance is required when setting "1"(stop).
Enables to confirm that ADC is stopped or finished.
19-17 - R Read as "0".
16 SCOSEL R/IW SCOUT out
0: fsys
1: fs
Enables to output the specified clock from SCOUT pin.
15-13 - R Read as "0".
12 FPSEL - fperiph source clock
0: fgear
1: fc
Specifies the source clock to fperiph.
Selecting fc fixes fperiph regardless of the clock gear mode.
11 - R Read as "0".
10-8 PRCK][2:0] R/W Prescaler clock
000: fperiph 100: fperiph/16
001: fperiph/2 101: fperiph/32
010: fperiph/4 110: Reserved
011: fperiph/8 111: Reserved
Specifies the prescaler clock to peripheral circuit.
7-3 - R Read as "0".
2-0 GEAR[2:0] R/W High-speed clock (fc) gear
000: fc 100: fc/2
001: Reserved  101: fc/4
010: Reserved  110: fc/8
011: Reserved  111: fc/16

Page 47 2023/07/31



6. Clock/Mode control

6.2 Registers TMPM461F15/F10FG

6.2.3 CGOSCCR (Oscillation control register)

31 | s | 2 | 28 | 27 26 25 24
bit symbol WUPT
After reset 1 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol WUPT WUPTL WUPSEL2 WUPSEL1
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol WUEF WUEON - - - HOSCON OSCF OSCSEL
After reset 0 0 0 0 0 0 0 0
7 6 5 4 8 2 1 0
bit symbol DRVOSCL - - - XTEN XEN3 XEN2 XEN1
After reset 0 0 0 0 1 1 1 0
Bit Bit Symbol Type Function

31-20 WUPT[11:0] R/W Warm-up counter setup value.
Setup the 16-bit timer for warm-up timer of upper 12-bits counter value.

19-18 WUPTL[1:0] R/W Warm-up counter setup value.
Setup the 16-bit timer for warm-up timer of lower 2-bits counter value, This is used for low-speed clock.

17 WUPSEL2 R/W Select High-Speed warm-up counter clock

0: Internal OSC

1: External OSC

Select the OSC clock for warm-up timer. A warm-up timer is counting by the selected clock.

16 WUPSELA1 R/W Select warm-up counter
0: High-speed
1: Low-speed

15 WUEF R Status of warm-up timer (WUP)

0: WUP finish

1: WUP active

Can be monitored the status of the warm-up timer.

14 WUEON W Operation of warm-up timer (WUP)
0: don’t care

1: warm-up timer start

Enables to start the warm-up timer.

Read as "0".
13-11 - R Read as "0".
10 HOSCON R/W Select external OSC source

0: external clock input
1: external oscillator

9 OSCF R Status of Selected High-speed oscillator
0: internal high-speed oscillator
1: external high-speed oscillator

8 OSCSEL R/W High-speed oscillator (Note6)
0: internal high-speed oscillator
1: external high-speed oscillator

7 DRVOSCL R/W Drive current control for low-speed oscillator (Note7)(Note8)
0: High
1: Normal

6-4 - R Read as "0".

3 XTEN R/W External low-speed oscillator operation
0: Stop
1: Oscillation
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Bit Bit Symbol Type Function

2 XEN3 R/W Internal high-speed oscillator operation (for OFD)
0: Stop
1: Oscillation

1 XEN2 R/W Internal high-speed oscillator operation (for SYS) (Note9)
0: Stop

1: Oscillation

0 XEN1 R/W External OSC (Note10)

0: Not used

1: Used

Note 1: Refer to 6.6.8.1 about the Warm-up setup.

Note 2: When selecting external oscillator (input external clock), select <OSCSEL> after setting <HOSCON>. (Do not select si-
multaneously)

Note 3: Refer to "6.3.5 Clock Multiplication Circuit (PLL)" about setting PLL.

Note 4: Returning from the STOP1/STOP2 mode, related bits CGOSCCR<WUPSEL2>,<WUPSEL1>, <OSCSEL>, <XEN3>,
<XEN2>, <XEN1> of the register CGOSCCR and CGPLLSEL<PLLSEL>,<PLLON> are initialized because of internal
high-speed oscillator starts up.

Note 5: When using internal high-speed oscillator (IHOSC), do not use it as system clock which high accuracy assurance is re-
quired.

Note 6: When changed the <OSCSEL>, next operation will be done after confirming the <OSCF> which is changed correctly.

Note 7: This bit is initialized to "0" by Reset, So Set to "1" only after confirming stable oscillation

Note 8: If the MCU did not enter the STOP1/2 mode, CGOSCCR<DRVOSCL> may be initialized.

Note 9: When disable the Internal OSC after changed from STOP2 to Normal mode, confirm the CGRTSFLG<OSCFLG>
which is "1".

Note 10:Set to "1" only when using External High-speed clock (oscillator /clock input)
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6.2 Registers TMPM461F15/F10FG

6.2.4 CGSTBYCR (Standby control register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - PTKEEP -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - STBY
After reset 0 0 0 0 0 0 1 1

Bit Bit Symbol Type Function
31-18 - R Read as "0".
17 PTKEEP R/W Keeps 1/0O control signal in STOP2 mode
0: Control by port
1: Keep status when setting 0->1 (This register must be set before entering STOP2 mode)
16-3 - R Read as "0".
2-0 STBY[2:0] R/W Low power consumption mode
000: Reserved
001: STOP1
010: Reserved
011: IDLE
100: Reserved
101: STOP2
110: Reserved
111: Reserved

Note:Access to the Reserved is prohibited.
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TMPM461F15/F10FG
6.2.5 CGPLLSEL (PLL Selection Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - PLLST PLLSEL PLLON
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol PLLSET
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol PLLSET -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-19 - R Read as "0".

18 PLLST R Status of selected clock in PLL
0: fosc
10 fpLL

17 PLLSEL R/W Use of PLL
0: fosc UsE
1: fpLL use

16 PLLON R/W PLL (multiplying circuit) operation
0: Stop
1: Oscillation

15-1 PLLSET[14:0] R/W PLL multiplying value (Do not use except below)
0x6AO0F: Input clock 8MHz, output clock 32MHz (4 multiplying)
0x6917: Input clock 8MHz, output clock 48MHz (6 multiplying)
0x691F: Input clock 8MHz, output clock 64MHz (8 multiplying)
0x6A26: Input clock 8MHz, output clock 80MHz (10 multiplying)
0x692E: Input clock 8MHz, output clock 96MHz (12 multiplying)
0xB6AO0F: Input clock 10MHz, output clock 40MHz (4 multiplying)
0x6A13: Input clock 10MHz, output clock 50MHz (5 multiplying)
0x6917: Input clock 10MHz, output clock 60MHz (6 multiplying)
0x6A26: Input clock 10MHz, output clock 100MHz (10 multiplying)
0x692E: Input clock 10MHz, output clock 120MHz (12 multiplying)
0xB6A0F: Input clock 12MHz, output clock 48MHz (4 multiplying)
0x6A26: Input clock 12MHz, output clock 120MHz (10 multiplying)
0xB6AO0F: Input clock 16MHz, output clock 64MHz (4 multiplying)
0x6A16: Input clock 16MHz, output clock 96MHz (6 multiplying)

0 - R Read as "0".

Note 1: Select PLL multiplying value which is shown in Table 6-2.
Note 2: Refer to "6.3.5 Clock Multiplication Circuit (PLL)" about setting PLL.

Note 3: Returning from the STOP1/STOP2 mode, related bits CGOSCCR<WUPSEL2>,<WUPSEL1>, <OSCSEL>, <XEN2>,
<XEN1>, and CGPLLSEL<PLLON>,<PLLSEL> are initialized because of internal high-speed oscillator starts up.

Note 4: When changed the <PLLSEL>, Next operation will be done after confirming the <PLLSEL> which is changed correctly
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6.2 Registers TMPM461F15/F10FG
6.2.6 CGFSYSMASKA (Clock stop register A for peripheral)

31 30 29 28 27 26 25 24
bit symbol TRACECLK MPT1 MPTO TMRB15 TMRB14 TMRB13 TMRB12 TMRB11
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol TMRB10 TMRB9 TMRB8 TMRB7 TMRB6 TMRB5 TMRB4 TMRB3
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol TMRB2 TMRB1 TMRBO - - - PORK PORTJ
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol PORTH PORTG PORTF PORTE PORTD PORTC PORTB PORTA
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31 TARCECLK R/W Clock control for TRACE
0: operation
1: clock stop

30 MPT1 R/W Clock control for MPT1
0: operation
1: clock stop

29 MPTO R/W Clock control for MPTO
0: operation
1: clock stop

28 TMRB15 R/W Clock control for TMRB15
0: operation
1: clock stop

27 TMRB14 R/W Clock control for TMRB14
0: operation
1: clock stop

26 TMRB13 RIW Clock control for TMRB13
0: operation
1: clock stop

25 TMRB12 R/W Clock control for TMRB12
0: operation
1: clock stop

24 TMRB11 R/IW Clock control for TMRB11
0: operation
1: clock stop

23 TMRB10 R/W Clock control for TMRB10
0: operation
1: clock stop

22 TMRB9 R/IW Clock control for TMRB9
0: operation
1: clock stop

21 TMRB8 R/W Clock control for TMRB8
0: operation
1: clock stop

20 TMRB7 R/IW Clock control for TMRB7
0: operation
1: clock stop

19 TMRB6 R/W Clock control for TMRB6
0: operation
1: clock stop
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Bit Bit Symbol Type Function

18 TMRB5 R/W Clock control for TMRB5
0: operation
1: clock stop
17 TMRB4 R/W Clock control for TMRB4
0: operation

1: clock stop

16 TMRB3 R/W Clock control for TMRB3
0: operation

1: clock stop

15 TMRB2 R/W Clock control for TMRB2
0: operation

1: clock stop

14 TMRB1 R/W Clock control for TMRB1
0: operation

1: clock stop

13 TMRBO R/W Clock control for TMRBO
0: operation

1: clock stop

12 - R/W Write "1" into this bit
11 - R/W Write "1" into this bit
10 - R/W Write "1" into this bit

9 PORTK R/W Clock control for PORT J
0: operation
1: clock stop
8 PORT J R/W Clock control for PORT |
0: operation

1: clock stop

7 PORTH R/W Clock control for PORT H
0: operation

1: clock stop

6 PORTG R/W Clock control for PORT G
0: operation

1: clock stop

5 PORTF R/W Clock control for PORT F
0: operation

1: clock stop

4 PORTE R/W Clock control for PORT E
0: operation

1: clock stop

3 PORTD R/W Clock control for PORT D
0: operation

1: clock stop

2 PORTC R/W Clock control for PORT C
0: operation

1: clock stop

1 PORTB R/W Clock control for PORT B
0: operation

1: clock stop

0 PORTA R/W Clock control for PORT A
0: operation

1: clock stop

Note:Set register to "1" after confirming stop of a Peripheral circuit operation. after setting to "1",do not set to "0".
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6.2.7 CGFSYSMASKB (Clock stop register B for peripheral)

31 30 29 28 27 26 25 24
bit symbol - - - - OFD WDT ADC DMAIF
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol DMAC DMAB DMAA EBIF SSP2 SSP1 SSPO 12C4
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol 12C3 12C2 12C1 12C0 UART1 UARTO - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - SI05 S04 SI03 SI02 SIO1 SI00
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-28 - R read as "0".
27 OFD R/W Clock control for OFD
0: operation
1: clock stop
26 WDT RIW Clock control for WDT
0: operation
1: clock stop
25 ADC R/W Clock control for ADC
0: operation
1: clock stop
24 DMAIF R/IW Clock control for DMAIF
0: operation
1: clock stop
23 DMAC R/W Clock control for DMAC C
0: operation
1: clock stop
22 DMAB RIW Clock control for DMAC B
0: operation
1: clock stop
21 DMAA R/W Clock control for DMAC A
0: operation
1: clock stop
20 EBIF RIW Clock control for EBIF
0: operation
1: clock stop
19 SSP2 R/W Clock control for SSP2
0: operation
1: clock stop
18 SSP1 R/W Clock control for SSP1
0: operation
1: clock stop
17 SSPO R/W Clock control for SSPO
0: operation
1: clock stop
16 12C4 R/W Clock control for 12C4
0: operation
1: clock stop
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Bit Bit Symbol

Type

Function

15 12C3

R/W

Clock control for 12C3
0: operation
1: clock stop

14 12C2

R/IW

Clock control for 12C2
0: operation
1: clock stop

13 12C1

R/IW

Clock control for 12C1
0: operation
1: clock stop

12 12C0

R/IW

Clock control for 12C0
0: operation
1: clock stop

11 UART1

R/IW

Clock control for UART1
0: operation
1: clock stop

10 UARTO

R/W

Clock control for UARTO
0: operation
1: clock stop

R/IW

write "1" into this bit.

R/IW

write "1" into this bit.

R/IW

write "1" into this bit.

R/W

write "1" into this bit.

o |o [N | ]|©
'

SIO5

R/W

Clock control for SIO/UARTS
0: operation
1: clock stop

4 SI04

R/IW

Clock control for SIO/UART4
0: operation
1: clock stop

3 SIO3

R/W

Clock control for SIO/UART3
0: operation
1: clock stop

2 SI02

R/W

Clock control for SIO/UART2
0: operation
1: clock stop

1 SIOo1

R/W

Clock control for SIO/UART1
0: operation
1: clock stop

0 SI00

R/IW

Clock control for SIO/UARTO
0: operation
1: clock stop

Note:Set register to "1" after confirming stop of a circuit operation. after setting to "1",do not set to "0".
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6.2 Registers

TMPM461F15/F10FG
6.2.8 CGPROTECT (Protect register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol CGPROTECT
After reset 1 1 0 0 0 0 0 1

Bit Bit Symbol Type Function

31-6 - R Read as "0".

7-0 CGPROTECT | R/W Register protection control
0xC1: Register write enable
Except 0xC1: Register write disable
Initial value is "0xC1" as writing enable to each register and when writing except "0xC1", each register ex-
cept CGPROTECT register cannot be written.
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6.3 Clock control

6.3.1 Clock Type

Each clock is defined as follows:

EHCLKIN : Clock input from the X1 pins.

EHOSC : Clock input from the external high-speed oscillator.

ELOSC : Clock input from the external Low-speed oscillator.

IHOSC : Clock input from the internal high-speed oscillator.(for SYS)
IHOSC2 : Clock input from the internal high-speed oscillator.(for OFD)
FOSCHI : Clock specified by CGOSCCR<HOSCON->.

fosc : Clock specified by CGOSCCR<OSCSEL>.

fpll : Clock multiplied by PLL.

fc : Clock specified by CGPLLSEL<PLLSEL> (high-speed clock)
fgear : Clock specified by CGSYSCR<GEAR[2:0]>

fsys : Clock specified by CGSYSCR<GEAR[2:0]>.(system clock)
fperiph : Clock specified by CGSYSCR<FPSEL[2:0]>

®TO0 : Clock specified by CGSYSCR<PRCK][2:0]> (prescaler clock)

The high-speed clock fc and the prescaler clock ¢TO are dividable as follows.

High-speed clock : fc, fe/2, fcla, fc/8, fc/16
Prescaler clock : fperiph, fperiph/2, fperiph/4, fperiph/8, fperiph/16, fperiph/32

6.3.2 Initial Values after Reset

Reset operation initializes the clock configuration as follows.

internal high-speed oscillator : oscillating

external high-speed oscillator : stop

external low-speed oscillator : oscillating

PLL (phase locked loop circuit) : stop

High-speed clock gear : fc (no frequency dividing)

internal high-speed oscillator for OFD  : oscillating

Reset operation causes all the clock configurations to be the same as fosc.

For example, system clock fsys is as same as the frequency of an internal high-speed oscillator after releas-
ing reset signal when an internal oscillator is started.

fc = fosc
fsys = fosc

¢TO = fosc
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6.3 Clock control

TMPM461F15/F10FG

6.3.3 Clock system Diagram

Figure 6-1 shows the clock system diagram.

The input clocks to selector shown with an arrow are set as default after reset.

CGOSCCR<WUEON>
CGOSCCR<WUPT[2:0]>

Warming-up timer

CGOSCCR<XEN3>

starts oscillation after reset A

Internal High-spped

IHOSC2

oscollator2

foro]

« | AD conversion clock
FCSTOP > ADCLK>
CGSYSCR<FCSTOP>
Operations after reset
fperiph

3
>

(to Peripheral 1/0)

Y

after reset

/]

fperiph ——a— 172 [ 1/4 | 118 [1/16]1/32] casyscr

<PRCK[2:0]>

TMRB, SIO/UART,MPT

CGPLLSEL CGPLLSEL ;ﬂ CGSYSCR<FPSEL>
CGOSCCR<XEN2> <PLLON>  <PLLSEL> ’ > fsys
starts oscillation after reset | I_J fgear
Internal High-spped > —| 12 1/4| 1/8 |1/16 CGSYSCR
oscollator IHOSC fc <GEAR[2:0]>
fosc
CGOSCCR<XENT> 1/4
stops oscillation after reset Trace Clock
EHOSC CGOSCCR
X2 O—External High-spped | | <OSCSEL> 1/32 _
X1 QT- oscollator CGOSCCR SysTick
<HOSCON>
EHCLKIN
XT2 O External Low-spped 5| [10-Bus 1/0]
XT1 (O— oscollator ELOSC RTC,RMC,CEC
CGOSCCR<XTEN> * _
starts oscillation 'ﬂ $TO [Peropheral I/O prescler input]

fsys

CGSYSCR
<SCOSEL>

v

[AHB-Bus 1/0]
CPU, ROM, RAM,
# DMAC, BOOT ROM

[APB-Bus 1/0]
SSP, ADC, EBIF, 12C,
UART ,uDMAC(SFR)

[10-Bus 1/0]
CG, WDT, SIO/UART,LVD
PORT, TMRB, OFD

E—) SCouT

Figure 6-1 Clock Block Diagram
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6.3.4 Warm-up function

The warm-up function secures the stability time for the oscillator of fs and the PLL with the warm-up tim-
er when releasing STOP1 and STOP2. Refer to "6.6.7 Warm-up" for a detail.

Note: Transition to the power consumption mode while the warm-up timer is operating is prohibited.

How to configure the warm-up function.

1. Specify the count up clock
Specify the count up clock for the warm-up counter in the CGOSCCR<WUPSEL2>,
<WUPSELI1>.

2. Specify the warm-up counter value

The warm-up time can be selected by setting the CGOSCCR<WUPT[11:0]><WUPTL[1:0]>.
The value can be calculated by following formula with round lower 4 bit off, set to the bit of <WUPT
[11:0]> for high-speed oscillation and set to the bit of <WUPT[11:0]><WUPTL[1:0]> for low-
speed oscillation.

Note: Setting warm-up count value to CGOSCCR<WUPT[11:0]>, wait until this value is reflected, then transit to the
low power consumption mode by executing a command "WFI"

Warm-up time equation and setup example are shown below.

warm-up time to set

number of warm-up cycle = —
input frequency cycle (s)

Note: The warm-up timer operates according to the oscillation clock, and it may contain errors if there is any fluctua-
tion in the oscillation frequency. Therefore, the warm-up time should be taken as approximate time.

<example> When using high-speed oscillator 8MHz, and set warm-up time Sms.

warm-up time to set 5ms

- = = 40000 cycle = 0x9C40
input frequency cycle (s) 1/8MHz

Round lower 4 bit off, set 0x9C4 to CGOSCCR<WUPT[11:0]>

3. confirm the start and completion of warm-up

The CGOSCCR<WUEON><WUEF> is used to confirm the start and completion of warm-up
through software (instruction). When CGOSCCR<WUEON> is set to "1", the warm-up start a
count up. The completion of warm-up can be confirmed with CGOSCCR<WUEF>.

The example of warm-up function setup.

Page 59 2023/07/31



6. Clock/Mode control

6.3 Clock control

TMPM461F15/F10FG
Table 6-1 The example of warm-up setting
CGOSCCR<WUODR][11:0]> = "0x9C4" : Specify the warm-up time
: Confirm warm-up time reflecting
Read CGOSCCR<WUODR[11:0]> ) X
Repeat until reading "0x9C4"
CGOSCCR<XEN2> = "1" : high-speed oscillator (fosc) enable
CGOSCCR<WUEON> ="1" : Start the warm-up timer (WUP)
C CGOSCCR<WUEF> read : Wait until the state becomes "0" (warm-up is finished)
Note 1: The warm-up function is not necessary when using stable external clock.
Note 2: The warm-up timer operates according to the oscillation clock, and it may contain errors if there is any fluctuation in

Note 3:

Note 4:

the oscillation frequency. Therefore, the warm-up time should be taken as approximate time.

Setting warm-up count value to CGOSCCR<WUPT[11:0]><WUPTL[1:0]>, wait until this value is reflected, then transit
to standby mode by executing a command "WFI".

Returning from the STOP1/STOP2 mode, related bits <WUPSEL2>, <WUPSEL1>,<OSCSEL>, <XEN3>, <XEN2>,
<XEN1> of the register CGOSCCR and CGPLLSEL<PLLSEL>,<PLLON> are initialized because of internal high-
speed oscillator starts up.
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6.3.5 Clock Multiplication Circuit (PLL)

This circuit outputs the fpll clock (120MHz max.) that is multiplied by 4, 5, 6, 8,10 or 12 of the high-
speed oscillator output clock (fosc: 8MHz to 16MHz). As a result, the input frequency to oscillator can be
low frequency, and the internal clock be made high-speed.

6.3.5.1  How to configure the PLL function

The PLL is disabled after reset. To enable the PLL, set CGPLLSEL<PLLSET> register's PLL multiply-
ing value after CGPLLSEL<PLLON> bit is set to "0", and then set CGPLLSEL<PLLON> bit set to "1".
As CGPLLSEL<PLLSEL> bit is set to "1", the fpll clock which is multiplied from fosc is output.

6.3.5.2  Stability time

The PLL requires a certain amount of time to be stabilized, which should be secured using the warm-
up function or other methods.

When the CGPLLSEL <PLLON> is set to "1" and operation starts, it is necessary to take approximate-
ly 100us as the Lock-up time.

The CGPLLSEL<PLLSEL> is first made "0" when the multiplying value is changed and PLL is stop-
ped. When the multiplying <PLLSEL> value is changed, the <PLLON> is set to "1" after approximately
100yus elapses as initialization time of PLL, and the state of PLL starts. Afterward, please secure the Lock-
up time.
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6.3.5.3

The sequence of PLL setting

The sequence of PLL setting is shown below.

The sequence of PLL setting

Initial state after releasing reset (note 1)
CGOSCCR<XEN2> = "1"
CGOPLLSEL<PLLON>= "0"
CGOSCCR<OSCSEL> = "0"

A

3

L

Y

fosc setting (in the case of using internal high-
speed oscillator)

The specification is not need because of us-
ing internal high-speed oscillator.

fosc setting (in the case of using external
high-speed oscillator)
CGOSCCR<XEN1> = "1"
CGOSCCR<HOSCON> = "1"
CGOSCCR<WUPSEL2>= "1"
CGOSCCR<WUPSEL1>= "0"

Set warm-up time to <WUPT>

Start warm-up counter

Confirm the completion of warm-up by read-
ing <WUEF>

CGOSCCR<OSCSEL>= "1"
Confirm CGOSCCR<OSCF>="1"

fosc setting (in the case of using external
clock input)

CGOSCCR<XEN1> = "1"
CGOSCCR<HOSCON> = "0"
CGOSCCR<OSCSEL> = "1"
Confirm CGOSCCR<OSCF>="1"

n

PLL operation settin:
CGPLLSEL<PLLON>="Q"

CGPLLSEL<PLLSET>= multiply setting (note
2)

Set warm-up time to <WUPT>

Start warm-up counter

CGPLLSEL<PLLON>= "1" after confirming
the completion of warm-up

Set warm-up time to <WUPT>
Start warm-up counter

Complete warm-up
CGPLLSEL<PLLSEL>="1"
Confirm CGPLLSEL<PLLST> = "1"

I

It is possible to use the clock multiplied.

Note 1: Internal high-speed oscillator and voltage supply need to be stable.

Note 2: When the multiplied value is changed, it is necessary to keep CGPLLSEL<PLLON> "0" for equal or more than 100us
as initialization time of PLL.
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6.3.6 System clock

The internal high-speed oscillation clock and the external high-speed oscillation clocks which are an oscilla-
tor connecting or an inputting clock can be used as a source clock of the system clock.

Source clock Frequency Using PLL

Internal high-speed oscillation (fiyosc) 10MHz Not use

Oscillator (feqosc) 8 to 16MHz 4,5,6, 8,10 or 12

External high-speed
oscillation

Input clock (fericikin) | 8 to 16MHz | Multiplying (note)

Note:When PLL is used, fc frequency must be kept equal or less then 120MHz even if source clock con-
tains errors.

The system clock can be divided by CGSYSCR<GEAR>. Although the setting can be changed while oper-
ating, the actual switching takes place after a slight delay.

Table 6-2 shows the example of the operation frequency by the setting of PLL and the clock gear.

Table 6-2 System clock (Unit: MHz, "-": Reserved)

ADC Max. Clock gear (CG) Clock gear (CG)
Max. oper- | operation PLL = ON PLL = OFF
External External .| ation fre freq.
; ; PLL multi- Q-
oscillator | clock input A
plying (fc) (fc,fc/2,
(MHz) | (MHz) (MH2) fody |1 | 12 | va | s || | 12 | s | s | 116
(MHz)
8 8 12 9 24 9 | 48 | 24 | 12 | &
8 8 10 80 40 80 | 40 | 20 [ 10 | 5
8 8 8 64 32 64 | 32 | 16| 8 | 4 | 8 | 4| 2|1 -
8 8 6 48 24 48 | 24 [ 12| 6 | 3
8 8 4 32 32 2|16 | 8 4|2
10 10 12 120 30 120 [ 60 | 30 | 15 | 75
10 10 10 100 25 100 | 50 | 25 | 125 6.25
10 10 6 60 30 60 | 30 | 15 | 75 [375| 10 | 5 | 25 [125] -
10 10 5 50 25 50 | 25 | 125 | 6.25 | 3.13
10 10 4 40 40 40 | 20 | 10| 5 |25
12 12 10 120 30 120 | 60 [ 30 | 15 | 75
226 | 3 |15] -
12 12 4 48 24 48 | 24 [ 12| 6 | 3
16 16 6 9 24 9 | 48 | 24 [ 12 | &
16 | 8 | 4| 2|1
16 16 4 64 32 64 | 32 | 16 | 8 | 4

1 initial value after reset

Note:Do not use 1/16 when SysTick is used.
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6.3.6.1 The sequence of System clock setting

The system clock is selected by CGOSCCR. After setting CGOSCCR, the PLL is set by CGPLLSEL
and CGOSCCR and the clock gear is set by CGSYSCR.

The sequence of System clock setting (Initial setting)

Initial state after releasing reset (note 1)
CGOSCCR<XEN2> = "1"

(Oscillation of internal high speed clock is en-
abled.)

CGOSCCR<OSCSEL> = "0"

(Selected an internal high speed oscillator.)
CGPLLSEL<PLLON>= "0" (Stop PLL)
CGPLLSEL<PLLSEL>="0" (Use fosc)
CGSYSCR<GEAR>="000" (No division)

A
& 15 1
fosc setting (in the case of using internal high- fosc setting (in the case of using external fosc setting (in the case of using external
speed oscillator) high-speed oscillator) clock input
The specification is not need. CGOSCCR<XEN1> = "1" CGOSCCR<XEN1> = "1"
CGOSCCR<HOSCON> = "1" CGOSCCR<HOSCON> = "0"
(Select an external high speed oscillator.) (Select an external high speed clock input.)
CGOSCCR<WUPSEL2>= "1" CGOSCCR<OSCSEL> = "1"
CGOSCCR<WUPSEL1>= "0" (Select an external high speed oscillator.)
Conform CGOSCCR<OSCF>="1"
@ CGOSCCR<XEN2>= "0"

(Stop an internal high speed oscillator.)

<Operate warm-up counter>

I

CGOSCCR<OSCSEL>="1"

(Select an external high speed oscillator.)
Confirm CGOSCCR<OSCF>="1"
CGOSCCR<XEN2>= "0"

(Stop an internal high speed oscillator.)

4 4 4

Set PLL.
Set clock gear.

The sequence of System clock setting (Switch from external to internal high-speed clock)

CGOSCCR<XEN2>="1"
(internal high-speed oscillation)

I

<Warming-up operation (approximately 3us) >

I

CGOSCCR<OSCSEL>="0"

(Internal high-speed oscillator selection)
Confirm CGOSCCR<OSCF>="0"
CGOSCCR<XEN>="0"

(External high-speed oscillator stops)
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The sequence of System clock setting (Switch from external to internal high-speed clock)

I

Clock gear setting

6.3.7 Prescaler Clock Control

Peripheral function has a prescaler for dividing a clock. As the clock @TO to be input to each prescaler,
the "fperiph" clock specified in the CGSYSCR<FPSEL> can be divided according to the setting in the
CGSYSCR<PRCK]2:0]>. After the controller is reset, fperiph/1 is selected as @TO.

Note: To use the clock gear, ensure that you make the time setting such that pre scaler output @Tn from
each peripheral function is slower than fsys (¢Tn < fsys). Do not switch the clock gear while the tim-
er counter or other peripheral function is operating.

6.3.8 System Clock Pin Output Function

TMPM461F15/F10FG enables to output the system clock from a pin. The SCOUT pin can output low
speed clock fs and the system clock fsys.

Note 1: The phase difference (AC timing) between the system clock output by the SCOUT and the internal clock
is not guaranteed.

Note 2: When fsys is output from SCOUT pin, SCOUT pin outputs the unexpected waveform just after changing

clock gear. In the case of influencing to system by the unexpected waveform, the output of SCOUT pin
should be disabled when changing the clock gear.

When port is used as SCOUT, refer to chapter "Input/Output ports".
The output clock is selected by CGSYSCR<SCOSEL>.

Table 6-3 shows the pin status in each mode when the SCOUT pin is set to the SCOUT output.

Table 6-3 SCOUT Output Status in Each Mode

Mode Low power consumption mode
SCOUT selection NORMAL
IDLE STOP1/STOP2
CGSYSCR
<SCOSEL> = "0" Output the fsys clock
<SCOSEL> ="1" Output the fs clock
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6.4 Modes and Mode Transitions
6.4.1 Operation Mode Transitions
TMPM461F15/F10FG has the NORMAL mode which is used high-speed for system clock.

The IDLE and STOP1 modes can be used as the low power consumption mode that enables to reduce pow-
er consumption by halting processor core and some peripheral circuits operation.

And TMPM461F15/F10FG has STOP2 mode that enables to reduce power consumption significantly by halt-
ing main voltage supply, retaining some peripheral circuits operations.

Figure 6-2 shows a mode transition diagram.

For a detail of sleep-on-exit, refer to "Arm documentation set for the Arm cortex-M4."

Reset has been performed
Starts internal high-speed oscillator (IHOSC)

STOP1 mode
(Halts the circuit
except some
peripheral circuit.)

Interrupt (Note2,3)

Interrupt (Note2,3)

STOP2 mode

> NORMAL mode [

Instruction
sleep on exit (Notel)

(Halts the circuit

4

Instruction
sleep on exit (Notel)

except some
peripheral circuit.)

(Halts a part of internal
voltage supply)

Instruction

. Interrupt
sleep on exit \

4

IDLE mode
(Stops CPU)
(Selectable peripheral
circuit operation)

Figure 6-2 Mode Transition Diagram

Note 1: The warm-up is needed when returning from the STOP1/STOP2 mode.The warm-up time is needed to set in NOR-
MAL mode, Regarding to warm-up time, refer to "6.6.8 Clock Operations in Mode Transition"

Note 2: Returning from the STOP1/STOP2 mode, related bits <WUPSEL2>, <WUPSEL1>,<OSCSEL>, <XEN3>,
<XEN2>, <XEN1> of the register CGOSCCR and CGPLLSEL<PLLSEL>,<PLLON> are initialized because of inter-
nal high-speed oscillator starts up.

Note 3: It branches to interrupt service routine of reset when returning from the STOP2 mode and it branches to inter-
rupt service routine of interrupt factor when returning from the STOP1 mode.
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6.5 Operation mode

6.5.1 NORMAL mode
This mode is to operate the CPU core and the peripheral circuits by using the high-speed clock.

It is shifted to the NORMAL mode after reset.

6.6 Low Power Consumption Modes

The TMPM461F15/F10FG has three low power consumption modes: IDLE, STOP1 and STOP2. To shift to
the low power consumption mode, specify the mode in the system control register CGSTBYCR<STBY[2:0]> and
execute the WFI (Wait For Interrupt) instruction. In this case, execute reset or generate the interrupt to release the
mode. Releasing by the interrupt requires settings in advance. See the chapter "Exceptions" for details.

Note 1: The TMPM461F15/F10FG does not offer any event for releasing the low power consumption mode. Transition
to the low power consumption mode by executing the WFE (Wait For Event) instruction is prohibited.

Note 2: The TMPM461F15/F10FG does not support the low power consumption mode configured with the SLEEP-
DEEP bit in the Cortex-M4 core. Setting the <SLEEPDEEP> bit of the system control register is prohibited.

Note 3: Transition to the power consumption mode while the warm-up timer is operating is prohibited.

The features of IDLE, STOP1, STOP2 mode are described as follows.

6.6.1 IDLE mode

Only the CPU is stopped in this mode. Each peripheral circuit has one bit in its control register for ena-
bling or disabling operation in the IDLE mode. When the IDLE mode is entered, peripheral circuits for
which operation in the IDLE mode is disabled stop operation and hold the state at that time.

Refer to "Table 6-6 Operational Status in Each Mode" for the peripheral circuits can be enabled or disa-
bled in the IDLE mode. For setting details, see the chapter on each peripheral circuits.

6.6.2 STOP1 mode

Except some peripheral circuits, all the internal circuits including the internal oscillator are brought to a
stop in STOP1 mode. When releasing STOP1 mode, an internal oscillator begins to operate and the opera-
tion mode changes to NORMAL mode.

The STOP1 mode enables to select the pin status by setting the port register. Table 6-4 shows the pin sta-
tus in the STOP1 mode.

6.6.3 STOPZ2 mode

This mode halts voltage supply, retaining some peripheral circuits operation. This enables to reduce power
consumption significantly compares to STOP1 mode.

Before entering STOP2 mode, set CGSTBYCR<PTKEEP>="0"—"1" and keeps each port conditions. If in-
ternal voltage is halted, it can be held interface to the external IC, and STOP2 release source interrupt is avail-
able. Because the signals are fixed, be careful not to affect the external IC when setting <PTKEEP>.

Before the MCU entering STOP2 mode, execute the WFI instruction on condition that interrupts are enabled.
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When the WFI instruction is executed to enter STOP2 mode, if an interrupt request for release from the low-
power consumption mode occurs, the MCU does not enter STOP2 mode because the interrupt for release has
a higher priority than the WFTI instruction. Therefore, the following process must be added:

1. The MCU branches to the interrupt service routine. Write the interrupt service routine.

2. After the interrupt service routine is complete, the instructions following the WFI instruction are exe-
cuted; write the process following the WFI instruction in case that the MCU does not enter STOP2
mode.

After releasing the STOP2 mode, voltage is supplied to the halted voltage supply then an internal high-
speed oscillator starts, returns to NORMAL mode, and branches interrupt service routine of reset. Use the Re-
set Flag (CGRSTFLG) Register of the Clock Generator to identify the source of a reset.

Note: The STOP2 mode should secure the period for 45 pus or more from mode transition to release in or-
der to perform internal electrical power source interception. If it cancels within a period, the internal
electrical power source management cannot operate normally.

Table 6-4 shows the pin status in the STOP2 mode.

Table 6-4 Pin States in the STOP1/STOP2 mode

STOP1 STOP2(note2)

Function Function name 110
(note1) <PTKEEP> = 1

Depend on

Input PxIE[m]

keep state

PORT PAXx to PKx
Depend on

Output PXCR[m]

keep state

TRST, TCK, TMS, TDI, SWCLK,
SWDI

Depend on

Input PxIE[m]

keep state

Debug TDO, SWDO, SWV, TRACECLK, Depend on

TRACEDATAO0/1/2/3 PxCR[m] and
Output keep state
enable when

data is valid

Depend on

Interrupt [ INTO to F Input PxIE[m]

keep state

Depend on
PxCR[m] and
enable when
data is valid

SSP SPxCLK, SPxFSS, SPxDO Output keep state

Depend on
PxCR[m] and
enable when
data is valid

MPT MTxOUTO,MTxOUT1 Output keep state

Depend on

Except above Input PxIE[m]

keep state
except

above

Depend on

Except above Output PXCR[m]

keep state

(note1) x: port number / m: corresponding bit / n: function register number
(note2) Set <PTKEEP> to "1" before moving to STOP2 mode.
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The flow chart of entering and releasing to or from STOP2 mode is shown bellows.

I:I indicates hardware handling, El indicates software handling.

Ready to entering to STOP2 mode
+ CGSYSCR<GEAR> = "000" (Setting Gear = 1/1)
- WDT disable
+ Setting Warm-up timer with IHOSC
+ CGSTBYCR<STBY> = "101" (Setting STOP2)
* CGPLLSEL<PLLSEL>= "0" (Used for fosc)
+ Confirm CGPLLSEL<PLLST>="0"
* CGPLLSEL<PLLON> = "0" (Stop PLL for fsys)
+ Interrupt enable

Setting to keep port state

+ CGSTBYCR<PTKEEP> = "1" (Keep the state when <PTKEEP> changes "0" to
")

Enter to STOP2 mode.

+ Execute WFI instruction

During STOP2 mode

+ The power supply of RVDD3 is shut-downed by stopping the main regulator.
+ Port state is kept.

The release factor is occurred.
+ The interrupt is occurred and STOP2 mode is released.

!

Start the sequence of releasing STOP2 mode

+ The main regulator is started up

+ Internal high-speed oscillator is started.
» Return to NORMAL mode.

+ Reset operation is done.

= Branch to the reset interrupt routine.

Check CGRSTFLG
» Read CGRSTFLG (Confirm the reset factor)

1

Interrupt procedure

+ Set interrupt enable register and interrupt priority register.

» Jump to an interrupt handler and confirm the release factor from STOP2 mode
in the interrupt handler.

Release the kept port state.

+ Initial setting at the time of STOP2 return (or state restoration), and a re-setup
of a port register

- CGSTBYCR<PTKEEP> ="0"
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6.6.4 Low power Consumption Mode Setting

The low power consumption mode is specified by the setting of the standby control register
CGSTBYCR<STBY[2:0]>.

Table 6-5 shows the mode setting in the <STBY[2:0]>.

Table 6-5 Low power consumption mode setting

CGSTBYCR
Mode
<STBY[2:0]>
STOP1 001
IDLE 011
STOP2 101

Note:Do not set any value other than those shown above in <STBY[2:0]>.

6.6.5 Operational Status in Each Mode

Table 6-6 show the operational status in each mode.

Table 6-6 Operational Status in Each Mode

NORMAL IDLE
Block Internql high-speed Interna] high-speed STOP1 STOP?2
oscillator use oscillator use
(IHOSC) (IHOSC)

Processor core o - - x
DMAC o [ - x

10 port o o —(note 1) —(note 2)
EBIF o o] - -
ADC o o —(note 3) x(note 3)
SSP o o - x
SIO/UART o ¢} - x
UART o o - x

12C o [ - x
WDT o o(note 4) A—-(note8) Ax(note8)
TMRB o o - x
MPT o [¢) - x
RTC o o o o(note 5 & 7)
RMC o [¢) o(note 5) o(note 5)
CEC o o o(note 5) o(note 5 & 6)
LVD o o o A-
PLL o o - Ax
OFD o o - Ax
E));t((eér:n(ljggl;-speed oscilla- o o _ A-

o : Operation is available when in the target mode.

- : The clock to module stops automatically when transiting to the target mode.

A : Enables to select enabling or disabling module operation by software when in the target mode.
x :Voltage supply to module turns off automatically when transiting to the target mode.
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Table 6-6 Operational Status in Each Mode
NORMAL IDLE
Block Internql high-speed Interna] high-speed STOP1 STOP2
oscillator use oscillator use
(IHOSC) (IHOSC)
External low-speed oscilla- o o ° o
tor (ELOSC)
Internal high-speed oscilla- o o _ _
tor 1 (IHOSC)
Internal high-speed oscilla- _
tor 2(OFD) ° 0 Ax
Backup RAM Keeping Data
Main RAM Accessible Accessible Keeping Data x
Flash ROM x

o : Operation is available when in the target mode.

- : The clock to module stops automatically when transiting to the target mode.

A : Enables to select enabling or disabling module operation by software when in the target mode.
x :Voltage supply to module turns off automatically when transiting to the target mode.

Note 1: The status depends on the port registers.

Note 2: The status depends on the CGSTBYCR<PTKEEP> bit. The state of port keeps the state when <PTKEEP> is
set to "1".

Note 3: It is available to reduce leakage current by stopping reference voltage for AD converter.

Note 4: Pay attention that the counter of watchdog timer function cannot be cleared by CPU while in IDLE mode.
Note 5: Available for using the Low-speed oscillator only

Note 6: Not Available in the transmit mode of CEC.

Note 7: RTCOUT and ALARM outputs are fixed.

Note 8: before entering STOP1/STOP2 mode, it should be stopped.
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6.6.6 Releasing the Low Power Consumption Mode

The low power consumption mode can be released by an interrupt request, Non-Maskable Interrupt (NMI)
or reset. The release source that can be used is determined by the low power consumption mode selected.

Details are shown in Table 6-7.

Table 6-7 Release Source in Each Mode

Low power consumption mode IDLE STOP1 STOP2

INTO to F (note 5) o o o (note 4)
INTSSPO to 2 o x x
INTI2CO to 4 o x x
INTRXO to 5, INTTXO to 5, INTUARTO to 1 o x x
INTUARTO to 1 o x x
INTRTC, INTRMCRXO0,INTCECRX, o o o
Interrupt | INTCECTX o o x
INTTBO to 7, INTCAPOQO to 71 o x x
INTMTTBOO to 11 INTMTCAPOO to 11, INTMTEMGO to 1 o x x
INTAD, INTADHP, INTADMO to 1 o x x

Release
source INTDMAAERR, INTDMABERR, INTDMACERR, o 5 5
INTDMAA,INTDMAB,INTDMAC

INTFLRDY o x x
SysTick interrupt o x x
Non-Maskable Interrupt (INTWDT) o x x
Non-Maskable Interrupt (NMI pin) ) x x
Non-Maskable Interrupt (INTLVD) o x x
RESET (WDT) o x x
RESET (LVD) o o x
RESET (OFD) o x x
RESET (RESET pin) o o o

o : Starts the interrupt handling after the mode is released. (The reset initializes the LSI)
x 1 Unavailable

Note 1: Regarding to the warm-up time which is need to return from each mode, refer to "6.6.7 Warm-up".

Note 2: After STOP2 mode is released, reset operation initializes the internal supply voltage cut off peripheral circuit (Refer
to Table 6-6). But back-up module is not initialized.

Note 3: For shifting to the low power consumption mode, set the CPU to prohibit all the interrupts other than the release
source. If not, releasing may be executed by an unspecified interrupt.

Note 4: When releasing from IDLE,STOP1/2 mode by interrupting level mode, hold the level until the interrupt handling
starts. If the level is changed before that, the correct interrupt handling cannot be started.
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Release by interrupt request

To release the low power consumption mode by an interrupt, the interrupt is set to detect inter-
rupt request before entering the low power consumption mode.

regarding to setting the interrupt to be used to release the STOP1 and STOP2 modes, refer to "Ex-
ceptions".
Release by Non-Maskable Interrupt (NMI)

There are three kinds of NMI sources: WDT interrupt INTWDT), LVD interrupt (INTLVD)
and NMI pin. WDT interrupt (INTWDT) can only be used in the IDLE mode.

Release by reset

Any low power consumption mode can be released by reset from the RESET pin, LVD.
IDLE mode can be released by reset from WDT or OFD.

After that, the mode switches to the NORMAL mode and all the registers are initialized as is the
case with normal reset.

Release by SysTick interrupt

SysTick interrupt can only be used in the IDLE mode.

Refer to the "Interrupt" of chapter "Exceptions" for details.
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6.6.7 Warm-up
Mode transition may require the warm-up so that the internal oscillator provides stable oscillation.

In the mode transition from STOP1/STOP2 to the NORMAL, an internal high-speed oscillator is activated
automatically. And an internal high-speed oscillator is selected as the source clock of warm-up counter, warm-
up counter is activated automatically.

Then the system clock output is started after the elapse of warm-up time. It is necessary to set a warm-up
time in the CGOSCCR<WUPT([11:0]> before executing the instruction to enter the STOP1/STOP2 mode. Re-
garding to warm-up time, refer to "6.6.8 Clock Operations in Mode Transition".

Note:Returning from the STOP1/STOP2 mode, related bits <WUPSEL2>, <WUPSEL1>, <OSCSEL>,
<XEN2>, <XEN1> of the register CGOSCCR and CGPLLSEL<PLLSEL>,<PLLON> are initialized be-
cause of internal high-speed oscillator starts up.

Table 6-8 shows whether the warm-up setting of each mode transition is required or not.

Table 6-8 Warm-up setting in mode transition

Mode transition Warm-up setting
NORMAL — IDLE Not required
NORMAL — STOP1 Not required
NORMAL — STOP2 Not required
IDLE — NORMAL Not required
STOP1 — NORMAL Auto-warm-up
STOP2 — NORMAL Auto-warm-up

Note:When releasing by reset is executed, automatic warm-up is not performed. Input a reset until the oscil-
lator becomes stable.
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6.6.8 Clock Operations in Mode Transition

The clock operations in mode transition are described as follows.

6.6.8.1  Transition of operation modes: NORMAL — STOP1 — NORMAL
When returning to the NORMAL mode from the STOP1 mode, the warm-up is activated automatically.

Returning to the NORMAL mode by reset does not induce the automatic warm-up. The reset signal as
same as cold reset should be inputted.

Note:lt is necessary for the warm-up to be set "3pus".

Execute WFI instruction/

sleep on exit Ocecurs release request factor
. (( H (( H
Operation mode NORMAL X ” i STOP1 ” X NORMAL
! )} T )} H
fosc | | | | | | (« | | | | | | | | l | | | | |
' ) l '
, , « ,
Warm-up : (« | < '!
1 ) \ 3uS !
fsys : i
(System clock) (° : (® I | | | | |
' )) ! )) !
Stop system clock Start internal high-speed oscillation End of warm-up
Start warm-up Start system clock
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6.6.8.2 Transition of operation modes: NORMAL — STOP2 — NORMAL
When returning to the NORMAL mode from the STOP2 mode, the warm-up is activated automatically.

After STOP2 mode is released, reset operation initializes the internal supply voltage cut off peripheral cir-
cuits. But the peripheral circuits which are cut the connection with the internal supply voltage are not initial-
ized.

Returning to the NORMAL mode by reset does not induce the automatic warm-up. The reset signal as
same as cold reset should be inputted.

Even returning to the NORMAL mode by without reset, it would be branched to interrupt service rou-
tine of reset.

Note 1: When releasing STOP2 by a external interrupt which is set as level-sensitive, the signal must be
kept at the releasing level during 500us or more.

Note 2: When releasing STOP2 by external interrupt pin, set <PTKEEP> to "1" before entering STOP2 mode.
Note 3: Before STOP2 moving, execute a WFI command after setting the CPU interrupt enable.

Execute WFI instruction/

sleep on exit Ocecurs release request factor
\ (( H (( H
Operation mode NORMAL X g I STOP2 o X NORMAL
1 )} T ) T
fosc | | | | | | (( I |_| |_| |_| |—| |—| |—| l—
' ) ' '
: : ( H
Warm-up H ( | 1
' )) 1 1
fsys , i
(System clock) (« : I I | _| |_| |_
! )) ! )) !
Stop system clock Start internal high-speed oscillation End of warm-up
Start warm-up Start system clock
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6.6.9 Precaution on Transition to the Low-power Consumption Mode

6.6.9.1 Case when the MCU Enters IDLE or STOP1 Mode

1. When the WFI instruction is executed to enter IDLE mode or STOP1 mode, if an interrupt re-
quest for release from the low-power consumption mode occurs, the MCU does not enter
IDLE or STOP1 mode. This is because the interrupt request has a higher priority than the
WEFT instruction. Therefore, the following process must be added depending on enabling or dis-
abling the interrupt:

a. Case when the interrupts are disabled (masked only by PRIMASK)

Write eight or more NOP instructions immediately after the WFT instruction, and then
write the instruction to be executed.
b. Case when the interrupts are enabled

Write the interrupt process routine because the MCU branches to the interrupt service
routine.

2. Before the MCU entering STOP1 mode, select the clock with CGOSCCR<WUPSEL>, which
is the same as the clock selected with CGOSCCR<OSCSEL>, to use the same source clock
for both the warm-up-counter and fosc.

3. A non-maskable interrupt can be used to release only in IDLE mode.

4. Do not use non-maskable interrupts as a release factor of STOP1 mode. Before the MCU enter-
ing STOP1 mode, inhibit non-maskable interrupts, specify as follows:

(NMI input pin set to "1",Stop the watchdog timer, Stop the LVD)

6.6.9.2 Case when the MCU enters to STOP2 mode

1. Before the MCU entering STOP2 mode, execute the WFI instruction on condition that inter-
rupts are enabled.

2. When the WFI instruction is executed to enter STOP2 mode, if an interrupt request for release
from the low-power consumption mode occurs, the MCU does not enter STOP2 mode be-
cause the interrupt for release has a higher priority than the WFI instruction. Then the MCU
branches to the interrupt service routine. Therefore, the following process must be added:

a. Write the interrupt service routine.

b. After the interrupt service routine is complete, the instructions following the WFI instruc-
tion are executed; write the process following the WFI instruction in case that the MCU
does not enter STOP2 mode.

3. If the MCU did not enter STOP2 mode, CGOSCCR<WUPSEL2><WUPSEL1>, <OSCSEL>,
<XEN2>, <XEN1>and CGPLLSEL <PLLSEL>, <PLLON> are not initialized. These regis-
ters maintain the former condition before entering the STOP2 mode.

4. Before the MCU entering STOP2 mode, to use the internal high-speed oscillator (IHOSC) as
the source clock for the system clock, specify as follows:

CGOSCCR<OSCSEL>=0, CGPLLSEL<PLLSEL>=0, and CGSYSCR<GEAR[2:0]>=000
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5. Before the MCU entering STOP2 mode, select the clock with CGOSCCR<WUPSEL2>,<WU-
PSEL1> which is the same as the clock selected with CGOSCCR<OSCSEL>, to use the same
source clock for both the warm-up-counter and fosc.

6. Do not use a non-maskable interrupt as a release factor of STOP2 mode. Before the MCU enter-
ing STOP2 mode, to inhibit non-maskable interrupts, specify as follows:

(NMI input pin set to "1",Stop the watchdog timer, Stop the LVD)
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7.

71

Exceptions

This chapter describes features, types and handling of exceptions.

Exceptions have close relation to the CPU core. Refer to "Arm documentation set for the Arm Cortex-M4" if nee-
ded.

Overview
An exception causes the CPU to stop the currently executing process and handle another process.

There are two types of exceptions: those that are generated when some error condition occurs or when an instruc-
tion to generate an exception is executed; and those that are generated by hardware, such as an interrupt request sig-
nal from an external pin or peripheral function.

All exceptions are handled by the Nested Vectored Interrupt Controller (NVIC) in the CPU according to the re-
spective priority levels. When an exception occurs, the CPU stores the current state to the stack and branches to
the corresponding interrupt service routine (ISR). Upon completion of the ISR, the information stored to the stack
is automatically restored.

7.1.1 Exception Types

The following types of exceptions exist in the Cortex-M4 processor with FPU.

For detailed descriptions on each exception, refer to "Arm documentation set for the Arm Cortex-M4".

Reset

Non-Maskable Interrupt (NMI)
Hard Fault

Memory Management
Bus Fault

Usage Fault

SVCall (Supervisor Call)
Debug Monitor

PendSV

SysTick

External Interrupt
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7.1.2 Handling Flowchart

The following shows how an exception/interrupt is handled. In the following descriptions,

E’ indicates hardware handling. ‘:I Indicates software handling.

Each step is described later in this chapter.

Processing Description See

|| Detection by ||

The CG/CPU detects the exception request. Section 7.1.2.1
CG/CPU
" Handling by CPU " The CPU handles the exception request.

Section 7.1.2.2

-

" Branch to ISR " The CPU branches to the corresponding interrupt service routine (ISR).

-

| Execution of ISR | Necessary processing is executed. Section 7.1.2.3

-

| Return from exception | The CPU branches to another ISR or returns to the previous program. Section 7.1.2.4

Note:ISR: Interrupt Service Routine
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7.1.2.1 Exception Request and Detection

(1)  Exception occurrence

Exception sources include instruction execution by the CPU, memory accesses, and interrupt re-
quests from external interrupt pins or peripheral functions.

An exception occurs when the CPU executes an instruction that causes an exception or when an er-
ror condition occurs during instruction execution.

An exception also occurs by an instruction fetch from the Execute Never (XN) region or an ac-
cess violation to the Fault region.

An interrupt request is generated from an external interrupt pin or peripheral function. For inter-
rupts that are used for releasing a standby mode, relevant settings must be made in the clock genera-
tor. For details, refer to "7.5 Interrupts".

(2) Exception detection
If multiple exceptions occur simultaneously, the CPU takes the exception with the highest priority.

Table 7-1 shows the priority of exceptions. "Configurable" means that you can assign a priority lev-
el to that exception. Memory Management, Bus Fault and Usage Fault exceptions can be enabled or
disabled. If a disabled exception occurs, it is handled as Hard Fault.

Table 7-1 Exception Types and Periority

No. Exception type Priority Description
1 Reset -3 (highest) Reset pin, WDT, STOP2, LVD, OFD or SYSRETREQ
2 Non-Maskable Interrupt | -2 NMI pin, LVD,or WDT
3 Hard Fault -1 Fault th?t_caqnot activate because a higher-priority fault is being han-
dled or it is disabled
Exception from the Memory Protection Unit (MPU) (Note 1)
4 Memory Management Configurable ) .
Instruction fetch from the Execute Never (XN) region
5 Bus Fault Configurable Access violation to the Hard Fault region of the memory map
) Undefined instruction execution or other faults related to instruction ex-
6 Usage Fault Configurable )
ecution
7 to 10 | Reserved -
11 SVCall Configurable System service call with SVC instruction
12 Debug Monitor Configurable Debug monitor when the CPU is not faulting
13 Reserved -
14 PendSV Configurable Pending system service request
15 SysTick Configurable Notification from system timer
up to 16 | External Interrupt Configurable External interrupt pin or peripheral function (Note 2)

Note 1: This product does not contain the MPU.

Note 2: External interrupts have different sources and numbers in each product. For details,
see "7.5.2 List of Interrupt Sources”.

(3) Priority setting

+  Priority levels

The external interrupt priority is set to the interrupt priority register and other exceptions
are set to <PRI n> bit in the system handler priority register.
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The configuration <PRI n> can be changed, and the number of bits required for setting
the priority varies from 3 bits to 8 bits depending on products. Thus, the range of priority val-
ues you can specify is different depending on products.

TMPM461F15/F10FG has a 3-bit configuration.

In the case of 8-bit configuration, the priority can be configured in the range from 0 to
255. The highest priority is "0". If multiple elements with the same priority exist, the small-
er the number, the higher the priority becomes.

Priority grouping

The priority group can be split into groups. By setting the <PRIGROUP> of the applica-
tion interrupt and reset control register, <PRI_n> can be divided into the pre-emption prior-
ity and the sub priority.

A priority is compared with the pre-emption priority. If the priority is the same as the pre-
emption priority, then it is compared with the sub priority. If the sub priority is the same
as the priority, the smaller the exception number, the higher the priority.

The Table 7-2 shows the priority group setting. The pre-emption priority and the sub pri-
ority in the table are the number in the case that <PRI n> is defined as an 8-bit configuration.

Table 7-2 Priority grouping setting

<PRI_n[7:0]> Number of
<PRIGROUP[2:0]> i Number of
- i _priori re-emption
setting Pre-emption Sub-priority p! ‘ P sub-priorities

field field priorities

000 [7:1] [0] 128 2

001 [7:2] [1:0] 64 4

010 [7:3] [2:0] 32 8

011 [7:4] [3:0] 16 16

100 [7:5] [4:0] 8 32

101 [7:6] [5:0] 4 64

110 71 [6:0] 2 128

111 None [7:0] 1 256

Note:If the configuration of <PRI_n> is less than 8 bits, the lower bit is "0".

For the example, in the case of 3-bit configuration, the priority is set as <PRI_n[7:5]>
and <PRI_n[4:0]> is "00000".
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7.1.2.2  Exception Handling and Branch to the Interrupt Service Routine (Pre-emption)

When an exception occurs, the CPU suspends the currently executing process and branches to the inter-
rupt service routine (ISP). This is called "pre-emption".

(1) Stacking

When the CPU detects an exception, it pushes the contents of the following eight registers to the
stack in the following order:

Program Status Register (xPSR)
Program Counter (PC)

Link Register (LR)

rl2

r0 - 3

The SP is decremented by eight words by the completion of the stack push. The following shows
the state of the stack after the register contents have been pushed.

Old SP — <previous>
xPSR
PC
LR
r12
r3
r2
r1
SP — r0

(2) Fetching an ISR
The CPU enables instruction to fetch the interrupt processing with data store to the register.

Prepare a vector table containing the top addresses of ISRs for each exception. After reset, the vec-
tor table is located at address 0x0000 0000 in the Code area. By setting the Vector Table Offset Reg-
ister, you can place the vector table at any address in the Code or SRAM space.

The vector table should also contain the initial value of the main stack.

(3) Late-arriving

If the CPU detects a higher priority exception before executing the ISR for a previous exception,
the CPU handles the higher priority exception first. This is called "late-arriving".

A late-arriving exception causes the CPU to fetch a new vector address for branching to the corre-
sponding ISR, but the CPU does not newly push the register contents to the stack.

(4) Vector table

The vector table is configured as shown below.
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You must always set the first four words (stack top address, reset ISR address, NMI ISR address,
and Hard Fault ISR address).

Set ISR addresses for other exceptions if necessary.

Offset Exception Contents Setting
0x00 Reset Initial value of the main stack Required
0x04 Reset ISR address Required
0x08 Non-Maskable Interrupt | ISR address Required
0x0C Hard Fault ISR address Required
0x10 Memory Management ISR address Optional
0x14 Bus Fault ISR address Optional
0x18 Usage Fault ISR address Optional
0x1C to 0x28 Reserved - -
0x2C SVCall ISR address Optional
0x30 Debug Monitor ISR address Optional
0x34 Reserved - -
0x38 PendSV ISR address Optional
0x3C SysTick ISR address Optional
0x40 External Interrupt ISR address Optional

7.1.2.3 Executing an ISR

An ISR performs necessary processing for the corresponding exception. ISRs must be prepared by the
user.

An ISR may need to include code for clearing the interrupt request so that the same interrupt will not oc-
cur again upon return to normal program execution.

For details about interrupt handling, see "7.5 Interrupts".

If a higher priority exception occurs during ISR execution for the current exception, the CPU abandons
the currently executing ISR and services the newly detected exception.

7.1.2.4 Exception exit

(1)  Execution after returning from an ISR

When returning from an ISR, the CPU takes one of the following actions:

+ Tail-chaining

If a pending exception exists and there are no stacked exceptions or the pending excep-
tion has higher priority than all stacked exceptions, the CPU returns to the ISR of the pend-
ing exception.
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In this case, the CPU skips the pop of eight registers and push of eight registers when ex-
iting one ISR and entering another. This is called "tail-chaining".

Returning to the last stacked ISR

If there are no pending exceptions or if the highest priority stacked exception is of high-
er priority than the highest priority pending exception, the CPU returns to the last stacked
ISR.

Returning to the previous program

If there are no pending or stacked exceptions, the CPU returns to the previous program.

Exception exit sequence

When returning from an ISR, the CPU performs the following operations:

Pop eight registers

Pops the eight registers (xPSR, PC, KR, 10 to r3 and r12) from the stack and adjust the
SP.
Load current active interrupt number

Loads the current active interrupt number from the stacked xPSR. The CPU uses this to
track which interrupt to return to.
Select SP

If returning to an exception (Handler Mode), SP is SP_main. If returning to Thread
Mode, SP can be SP_main or SP_process.
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7.2 Reset Exceptions

Reset exceptions are generated from the following sources.

Use the Reset Flag (CGRSTFLG) Register of the Clock Generator to identify the source of a reset.

External RESET pin

A reset exception occurs when an external RESET pin changes from "Low" to "High".

Reset exception by WDT
The watchdog timer (WDT) has a reset generating feature. For details, see the chapter on the WDT.

Reset exception by STOP2 mode release

A reset is generated when STOP2 mode is released. For details. see the chapter on the CG.

Reset exception by SYSRESETREQ

A reset can be generated by setting the SYSRESETREQ bit in the NVIC's Application Interrupt and Re-
set Control Register.

Reset exception by OFD

The oscillation frequency detector (OFD) has a reset generating feature. For details, see the chapter on
the OFD.

Reset exception by LVD

The low voltage detection circuit (LVD) has a reset generating feature. For details, see the chapter on
the LVD.
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7.3 Non-Maskable Interrupts (NMI)

Non-maskable interrupts are generated from the following two sources.

Use the NMI Flag (CGNMIFLG) Register of the clock generator to identify the source of a non-maskable interrupt.

External NMI pin
A non-maskable interrupt is generated when an external NMI pin changes from "High" to "Low".

Non-maskable interrupt by WDT

The watchdog timer (WDT) has a non-maskable interrupt generating feature. For details, see the chap-
ter on the WDT.

Non-maskable interrupt by LVD

The low voltage detection circuit (LVD) has a reset generating feature. For details, see the chapter on
the LVD.

Note:When moving into STOP1/STOP2 mode, non-maskable interrupt (NMI) should not be generated.

7.4 SysTick

SysTick provides interrupt features using the CPU's system timer.

When you set a value in the SysTick Reload Value Register and enable the SysTick features in the SysTick Con-
trol and Status Register, the counter loads with the value set in the Reload Value Register and begins counting
down. When the counter reaches "0", a SysTick exception occurs. You may be pending exceptions and use a flag
to know when the timer reaches "0".

Note:In this product, fosc which is selected by CGOSCCR <OSCSEL> <HOSCON> by 32 is used as exter-
nal reference clock.

Page 87 2023/07/31



7.
7.5

Exceptions

Interrupts

TMPM461F15/F10FG

7.5 Interrupts

This chapter describes routes, sources and required settings of interrupts.

The CPU is notified of interrupt requests by the interrupt signal from each interrupt source.

It sets priority on interrupts and handles an interrupt request with the highest priority.

Interrupt requests for clearing a standby mode are notified to the CPU via the clock generator. Therefore, appro-
priate settings must be made in the clock generator.

7.5.1

Interrupt Sources

7.5.1.1 Interrupt Route

Peripheral
Function
Interrupt request (route 1)
route 5 CPU
route 8 |
<INTXEN>
route 3
| i,
External interrupt [ }— port route 2 > Reteasing r°”te§}
pin low power
> consumption
route| 6 mode logic | route 7
Clock generator
Peripheral
Function

Figure 7-1 shows an interrupt request route.

The interrupts issued by the peripheral function that is not used to release standby are directly input to
the CPU (routel).

The peripheral function interrupts used to release low power consumption mode (route 2) are input to
the logic for releasing low power consumption mode in CG. After the active level for each interrupt re-
quest is detected, the logic for releasing low power consumption mode makes the active level to the new in-
terrupt request signal. This signal is input to CPU. (route 6, 7 and 8).

The interrupt request of an external interrupt pins (route 3) is used as the either releasing or no releas-
ing source of low power consumption mode by <INTXEN>.

The interrupt request of an external interrupt pin used as releasing the low power consumption mode is
input to the logic for releasing low power consumption mode. If the specified active level is detected, the
logic for releasing low power consumption mode makes it to the interrupt request, the interrupt request is
input to CPU (route 2, 4, 5).

The interrupt request of an external interrupt pin not used as releasing the low power consumption
mode is input CPU directly (route 2, 3, 5).

Figure 7-1 Interrupt Route
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7.5.1.2 Generation of the interrupt request

An interrupt request is generated from an external pin or peripheral function assigned as an interrupt
source or by setting the NVIC's Interrupt Set-Pending Register.
From external interrupt pin

Set the port control register so that the external interrupt pin can perform as an interrupt func-
tion pin.
From peripheral function

Set the peripheral function to make it possible to output interrupt requests.

See the chapter of each peripheral function for details.
By setting Interrupt Set-Pending Register (forced pending)

An interrupt request can be generated by setting the relevant bit of the Interrupt Set-Pend-
ing Register.

CPU recognizes the "H" level of the interrupt request signal as interrupt request.

7.5.1.3 Setting the registers for releasing the low power consumption mode

Some interrupt request among all interrupt request can be used to release the low power consumption
mode.

To use the interrupt request as the releasing the low power consumption mode, <INTXEN> is set to
"1" and the active level for the releasing the low power consumption mode is specified by <EMCGx[2:0]
>,

When the level specified by <EMCGx[2:0]> for the releasing the low power consumption mode is in-
put into an external interrupt pin, the low power consumption mode is released and the interrupt of "H" lev-
el is occurred.

When <EMCGx[2:0]> is "100", the active level detected until releasing the low power consumption
mode is read from <EMSTx[1:0]>.

The clearing the interrupt request is specified by CGICRCG<ICRCG>. <EMSTx[1:0]> is initialized by
clearing the interrupt request.
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7.5.2 List of Interrupt Sources

Table 7-3 shows the list of interrupt sources.

Table 7-3 List of Interrupt Sources

The active level to release the low power consump-
tion mode CG interrupt
No. Interrupt Source mode
"Low" | "High" | Rising | Falling Both | control register
level level edge edge edge
0 INTO External interrupt pin 0 o [¢) o o o
1 INT1 External interrupt pin 1 o o o o o
CGIMCGA
2 INT2 External interrupt pin 2 o [¢) o o o
3 INT3 External interrupt pin 3 o [¢) o o o
4 INT4 External interrupt pin 4 o [¢) o o o
5 INT5 External interrupt pin 5 o [¢) o o o
CGIMCGB
6 INT6 External interrupt pin 6 o o o o o
7 INT7 External interrupt pin 7 o [¢) [o) o o
8 INT8 External interrupt pin 8 o [¢) o o o
9 |INT9 External interrupt pin 9 o o o o o
CGIMCGC
10 | INTA External interrupt pin A o [¢) o o o
11 | INTB External interrupt pin B o [¢) o o o
12 | INTC External interrupt pin C o [¢) o o o
13 |INTD External interrupt pin D o [¢) o o o
CGIMCGD
14 | INTE External interrupt pin E o [ o o o
15 | INTF External interrupt pin F o [¢) o o o
16 | INTRXO0 SC receive interrupt (Channel 0)
17 | INTTXO SC transmit interrupt (Channel 0)
18 | INTRX1 SC receive interrupt (Channel 1)
19 | INTTX1 SC transmit interrupt (Channel 1)
20 | INTRX2 SC receive interrupt (Channel 2)
21 | INTTX2 SC transmit interrupt (Channel 2)
22 | INTRX3 SC receive interrupt (Channel 3)
23 |INTTX3 SC transmit interrupt (Channel 3)
24 | INTRX4 SC receive interrupt (Channel 4)
25 | INTTX4 SC transmit interrupt (Channel 4)
26 | INTRX5 SC receive interrupt (Channel 5)
27 | INTTX5 SC transmit interrupt (Channel 5)
28 | INTUARTO UART interrupt (channel 0)
29 | INTUART1 UART interrupt (channel 1)
30 |INTI2CO 12C0 interrupt
31 [INTI2C1 12C1 interrupt
32 |[INTI2C2 12C2 interrupt
33 |[INTI2C3 12C3 interrupt
34 |[INTI2C4 12C4 interrupt
35 | INTSSPO SPI serial interface (channel 0)
36 |[INTSSP1 SPI serial interface (channel 1)
37 |[INTSSP2 SPI serial interface (channel 2)
38 |[INTCECRX CEC reception x x o x x CGIMCGE
39 [INTCECTX CEC transmission x x o x x CGIMCGE
40 | INTRMCRXO0 Remote control reception (channel 0) x x o x x CGIMCGE
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Table 7-3 List of Interrupt Sources

The active level to release the low power consump-
tion mode CG interrupt
No. Interrupt Source — . — . mode
Low High Rising | Falling Both | control register
level level edge edge edge
41 INTADHP Highest priority AD conversion complete in-
terrupt
42 | INTADMO AD conversion monitoring function inter-
rupt 0
43 | INTADM1 AD conversion monitoring function inter-
rupt 1
44 | INTAD AD conversion completion interrupt
45 |[INTRTC RTC interrupt x x x o x CGIMCGE
46 | INTMTEMGO MPT EMG interrupt (channel 0)
47 | INTMTPTBOO MPT compare match 0 / overflow, IGBT cy-
cle interrupt (channel 0)
48 | INTMTTTRO1 MPT compare match 1, IGBT trigger inter-
rupt (channel 0)
49 | INTMTCAPOQO MPT input capture 0 (channel 0)
50 |[INTMTCAPO1 MPT input capture 1 (channel 0)
51 | INTMTEMG1 MPT EMG interrupt (channel 1)
52 | INTMTPTB10 MPT compare match 0 / overflow, IGBT cy-
cle interrupt (channel 1)
53 | INTMTTTB11 MPT compare match 1, IGBT trigger inter-
rupt (channel 1)
54 | INTMTCAP10 MPT input capture 0 (channel 1)
55 [INTMTCAP11 MPT input capture 1 (channel 1)
56 | INTTBO 16-bit TMRB compare match 0 / 1 / over-
flow (channel 0)
57 | INTTB1 16-bit TMRB compare match 0 / 1 / over-
flow (channel 1)
58 | INTTB2 16-bit TMRB compare match 0 / 1 / over-
flow (channel 2)
59 | INTTB3 16-bit TMRB compare match 0 / 1 / over-
flow (channel 3)
60 | INTTB4 16-bit TMRB compare match 0 / 1 / over-
flow (channel 4)
61 | INTTBS 16-bit TMRB compare match 0 / 1 / over-
flow (channel 5)
62 | INTTBS 16-bit TMRB compare match 0 / 1 / over-
flow (channel 6)
63 | INTTB? 16-bit TMRB compare match 0 / 1 / over-
flow (channel 7)
64 | INTTBS 16-bit TMRB compare match 0 / 1 / over-
flow (channel 8)
65 | INTTBO 16-bit TMRB compare match 0 / 1 / over-
flow (channel 9)
66 | INTTBA 16-bit TMRB compare match 0 / 1 / over-
flow (channel A)
67 | INTTBB 16-bit TMRB compare match 0 / 1 / over-
flow (channel B)
68 | INTTBC 16-bit TMRB compare match 0 / 1 / over-
flow (channel C)
69 | INTTBD 16-bit TMRB compare match 0 / 1 / over-
flow (channel D)
70 | INTTBE 16-bit TMRB compare match 0 / 1 / over-
flow (channel E)
71 | INTTBE 16-bit TMRB compare match 0 / 1 / over-
flow (channel F)
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Table 7-3 List of Interrupt Sources

The active level to release the low power consump-
tion mode CG interrupt
No. Interrupt Source mode
"Low" | "High" | Rising | Falling Both | control register
level level edge edge edge
72 | INTCAPOO TMRBO input capture 0 interrupt
73 | INTCAPO1 TMRBO input capture 1 interrupt
74 [ INTCAP10 TMRB1 input capture 0 interrupt
75 |[INTCAP11 TMRB1 input capture 1 interrupt
76 | INTCAP20 TMRB2 input capture 0 interrupt
77 | INTCAP21 TMRB2 input capture 1 interrupt
78 | INTCAP30 TMRBS3 input capture 0 interrupt
79 |[INTCAP31 TMRB3 input capture 1 interrupt
80 |[INTCAP40 TMRB4 input capture 0 interrupt
81 |[INTCAP41 TMRB4 input capture 1 interrupt
82 | INTCAP50 TMRBS5 input capture 0 interrupt
83 [ INTCAP51 TMRBS input capture 1 interrupt
84 | INTCAPG60 TMRBS6 input capture 0 interrupt
85 | INTCAP61 TMRBS6 input capture 1 interrupt
86 |[INTCAP70 TMRB?7 input capture O interrupt
87 | INTCAPT71 TMRB?7 input capture 1 interrupt
88 | INTCAP80 TMRBS8 input capture 0 interrupt
89 |[INTCAP81 TMRBS8 input capture 1 interrupt
90 [ INTCAP90 TMRB9 input capture 0 interrupt
91 [ INTCAP91 TMRB9 input capture 1 interrupt
92 [ INTCAPAO TMRBA input capture 0 interrupt
93 | INTCAPA1 TMRBA input capture 1 interrupt
94 [ INTCAPBO TMRBB input capture 0 interrupt
95 |[INTCAPB1 TMRBB input capture 1 interrupt
96 | INTCAPCO TMRBC input capture 0 interrupt
97 | INTCAPCA1 TMRBC input capture 1 interrupt
98 | INTCAPDO TMRBD input capture 0 interrupt
99 |[INTCAPD1 TMRBD input capture 1 interrupt
100 | INTCAPEO TMRBE input capture 0 interrupt
101 | INTCAPE1 TMRBE input capture 1 interrupt
102 | INTCAPFO TMRBEF input capture 0 interrupt
103 | INTCAPF1 TMRBF input capture 1 interrupt
104 | INTDMAA I(DUI\r/I{iI?E) transmission completion interrupt
105 | INTDMAB I(Duhil]ﬁg)transmission completion interrupt
106 | INTDMAC ?Uﬂﬁg)transmission completion interrupt
107 | INTDMAAERR DMAC transmission error interrupt (unit A)
108 | INTDMABERR DMAC transmission error interrupt (unit B)
109 | INTDMACERR DMAC transmission error interrupt (unit C)
110 | INTFLRDY FLASH Ready interrupt
111 | Reserved -
112 | Reserved -
113 | Reserved -
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Table 7-3 List of Interrupt Sources

The active level to release the low power consump-

tion mode CG interrupt
No. Interrupt Source - — — ) mode
Low High Rising | Falling Both | control register
level level edge edge edge

114 | Reserved -

115 | Reserved -

116 | Reserved -

117 | Reserved -

118 | Reserved -

119 | Reserved -

Note: The active level that is marked with "0" to release the low power consumption mode can be used.
The active level that is marked with "x" can not be used.
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7.5.3 Interrupt Handling

7.5.3.1 Flowchart

The following shows how an interrupt is handled.

In the following descriptions,lzl indicates hardware handling. I:I indicates software

handling.
Processing Details See
Set the relevant NVIC registers for detecting interrupts.
Set the clock generator as well if each interrupt source is used to clear a stand-
by mode.
Settings for detection oCommon setting

NVIC registers
oSetting to clear standby mode
Clock generator "7.5.3.2 Preparation”

Execute an appropriate setting to send the interrupt signal depending on the in-
terrupt type.

Settings for sending interrupt oSetting for interrupt from external pin
signal Port

oSetting for interrupt from peripheral function

Peripheral function (See the chapter of each peripheral function for details.)

{

Interrupt generation An interrupt request is generated.

Not clearing

standby mode Clearing
standby mode
1

Interrupt lines used for clearing a standby mode are connected to the CPU "7.5.3.3 Detection by
via the clock generator. Clock Generator"

CG detects interrupt

(clearing standby mode)

—

The CPU detects the interrupt.

"7.5.3.4 Detection by

CPU detects interrupt CPU"

If multiple interrupt requests occur simultaneously, the interrupt request with
the highest priority is detected according to the priority order.

{1

The CPU handles the interrupt.
"7.5.3.5 CPU pro-

CPU handles interrupt o
cessing

The CPU pushes register contents to the stack before entering the ISR.

{
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Processing Details See

. Program for the ISR.
ISR execution

Clear the interrupt source if needed.

"7.5.3.6 Interrupt

Service Routine
(ISR)"

| Return to preceding program | Configure to return to the preceding program of the ISR.

7.5.3.2 Preparation

When preparing for an interrupt, you need to pay attention to the order of configuration to avoid any un-
expected interrupt on the way.

Initiating an interrupt or changing its configuration must be implemented in the following order basical-
ly. Disable the interrupt by the CPU. Configure from the farthest route from the CPU. Then enable the in-
terrupt by the CPU.

To configure the clock generator, you must follow the order indicated here not to cause any unexpec-
ted interrupt. First, configure the precondition. Secondly, clear the data related to the interrupt in the
clock generator and then enable the interrupt.

The following sections are listed in the order of interrupt handling and describe how to configure them.

1. Disabling interrupt by CPU

2. CPU registers setting

3. Pre configuration (1) (Interrupt from external interrupt pin)
4. Pre configuration (2) (Interrupt from peripheral function)
5. Pre configuration (3) (Interrupt Set-Pending Register)

6. Configuring the clock generator

7. Enabling interrupt by CPU

(1) Disabling interrupt by CPU

To make the CPU for not accepting any interrupt, write "1" to the corresponding bit of the PRI-
MASK Register. All interrupts and exceptions other than non-maskable interrupts and hard faults
can be masked.

Use "MSR" instruction to set this register.

Interrupt mask register

PRIMASK | — | "1" (interrupt disabled)

Note 1: PRIMASK register cannot be modified by the user access level.
Note 2: If a fault causes when "1" is set to the PRIMASK register, it is treated as a hard fault.
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(2) CPU registers setting

You can assign a priority level by writing to <PRI_n> field in an Interrupt Priority Register of
the NVIC register.

Each interrupt source is provided with eight bits for assigning a priority level from 0 to 255, but
the number of bits actually used varies with each product. Priority level 0 is the highest priority lev-

el. If multiple sources have the same priority, the smallest-numbered interrupt source has the high-
est priority.

You can assign grouping priority by using the PRIGROUP field in the Application Interrupt and Re-
set Control Register.

NVIC register

<PRI_n> «— | "priority"

<PRIGROUP> «— | "group priority" (This is configurable if required.)

Note:"n" indicates the corresponding exceptions/interrupts.
This product uses three bits for assigning a priority level.

(8) Pre configuration (1) (Interrupt from external interrupt pin)

Set "1" to the port function register of the corresponding pin. Setting PxIE[m] allows the pin to
be used as the input port.

Port register

PXIE<PxmIE> | - | g

Note:x: port number / m: corresponding bit

Setting PxIE to enable input enables the corresponding interrupt input. Be careful not
to enable interrupts that are not used.

(4) Pre configuration (2) (Interrupt from peripheral function)

The setting varies depending on the peripheral function to be used. See the chapter of each periph-
eral function for details.

(5) Pre configuration (3) (Interrupt Set-Pending Register)

To generate an interrupt by using the Interrupt Set-Pending Register, set "1" to the corresponding
bit of this register.

NVIC register

Interrupt Set-Pending [m] | — | "

Note:m: corresponding bit

(6) Configuring the clock generator

For an interrupt source to be used for exiting a standby mode, you need to set the active level
and enable interrupts in the CGIMCG register of the clock generator. The CGIMCG register is capa-
ble of configuring each source. According to the active level, refer to "Table 7-3 List of Interrupt Sour-

Ces .
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Before enabling an interrupt, clear the corresponding interrupt request already held. This can
avoid unexpected interrupt. To clear corresponding interrupt request, write a value corresponding to
the interrupt to be used to the CGICRCG register. See "7.6.3.2 CGICRCG(CG Interrupt Request
Clear Register)" for each value.

Interrupt requests from external pins can be used without setting the clock generator if they are
not used for exiting a standby mode. However, an "High" pulse or "High"-level signal must be in-
put so that the CPU can detect it as an interrupt request.

Clock generator register

CGIMCGn<EMCGm> «— | active level
CGICRCG<ICRCG> «— | Value corresponding to the interrupt to be used
CGIMCGN<INTmEN> «— | "1" (interrupt enabled)

Note: n: register number / m:

number assigned to interrupt source

(7) Enabling interrupt by CPU

Enable the interrupt by the CPU as shown below.

Clear the suspended interrupt in the Interrupt Clear-Pending Register. Enable the intended inter-
rupt with the Interrupt Set-Enable Register. Each bit of the register is assigned to a single interrupt

source.

Writing "1" to the corresponding bit of the Interrupt Clear-Pending Register clears the suspended in-
terrupt. Writing "1" to the corresponding bit of the Interrupt Set-Enable Register enables the inten-

ded interrupt.

To generate interrupts in the Interrupt Set-Pending Register setting, factors to trigger interrupts
are lost if pending interrupts are cleared. Thus, this operation is not necessary.

At the end, PRIMASK register is zero cleared.

NVIC register

Interrupt Clear-Pending [m] — [ "
Interrupt Set-Enable [m] — M
Interrupt mask register

PRIMASK | - | "o

Note 1: m: corresponding bit
Note 2: PRIMASK register cannot be modified by the user access level.

7.5.3.3 Detection by Clock Generator

If an interrupt source is used for exiting a standby mode, an interrupt request is detected according to

the active level specified in the clock generator, and is notified to the CPU.

An edge-triggered interrupt request, once detected, is held in the clock generator. A level-sensitive inter-
rupt request must be held at the active level until it is detected, otherwise the interrupt request will cease
to exist when the signal level changes from active to inactive.

When the clock generator detects an interrupt request, it keeps sending the interrupt signal in "High" lev-
el to the CPU until the interrupt request is cleared in the CG Interrupt Request Clear (CGICRCG) Regis-
ter. If a standby mode is exited without clearing the interrupt request, the same interrupt will be detected
again when normal operation is resumed. Be sure to clear each interrupt request in the ISR.
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7.5.3.4 Detection by CPU

The CPU detects an interrupt request with the highest priority.

7.5.3.5 CPU processing

On detecting an interrupt, the CPU pushes the contents of xPSR, PC, LR, R12 and 13 to 10 to the stack
then enter the ISR.

7.5.3.6 Interrupt Service Routine (ISR)

An ISR requires specific programming according to the application to be used. This section describes
what is recommended at the service routine programming and how the source is cleared.

(1)  Procedure during ISR

An ISR normally pushes register contents to the stack and handles an interrupt as required. The Cor-
tex-M4 core automatically pushes the contents of xPSR, PC, LR, R12 and r3 to r0 to the stack. No ex-
tra programming is required for them.

Push the contents of other registers if needed.

Interrupt requests with higher priority and exceptions such as NMI are accepted even when an
ISR is being executed. We recommend you to push the contents of general-purpose registers that
might be rewritten.

(2) Clearing an interrupt source

If an interrupt source is used for clearing a standby mode, each interrupt request must be cleared
with the CG Interrupt Request Clear (CGICRCG) Register.

If an interrupt source is set as level-sensitive, an interrupt request continues to exist until it is
cleared at its source. Therefore, the interrupt source must be cleared. Clearing the interrupt source au-
tomatically clears the interrupt request signal from the clock generator.

If an interrupt is set as edge-sensitive, clear an interrupt request by setting the corresponding val-
ue in the CGICRCG register. When an active edge occurs again, a new interrupt request will be detec-
ted.

Note: After clearing the CG Interrupt Request Clear (CGICRCG) Register, Read again the flag regis-
ter which was cleared.
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7.6 Exception/Interrupt-Related Registers

7.6.1 Register List

The CPU's NVIC registers and clock generator registers described in this chapter are shown below with
their respective addresses.

For detail of the base address, refer to "Address lists of peripheral functions" of "Memory Map" chapter.

NVIC registers Base Address = OxE000_E000
Register name Address
SysTick Control and Status Register 0x0010
SysTick Reload Value Register 0x0014
SysTick Current Value Register 0x0018
SysTick Calibration Value Register 0x001C
Interrupt Set-Enable Register 1 0x0100
Interrupt Set-Enable Register 2 0x0104
Interrupt Set-Enable Register 3 0x0108
Interrupt Set-Enable Register 4 0x010C
Interrupt Clear-Enable Register 1 0x0180
Interrupt Clear-Enable Register 2 0x0184
Interrupt Clear-Enable Register 3 0x0188
Interrupt Clear-Enable Register 4 0x018C
Interrupt Set-Pending Register 1 0x0200
Interrupt Set-Pending Register 2 0x0204
Interrupt Set-Pending Register 3 0x0208
Interrupt Set-Pending Register 4 0x020C
Interrupt Clear-Pending Register 1 0x0280
Interrupt Clear-Pending Register 2 0x0284
Interrupt Clear-Pending Register 3 0x0288
Interrupt Clear-Pending Register 4 0x028C
Interrupt Priority Register 0x0400 to 0x047F
Vector Table Offset Register 0x0D08
Application Interrupt and Reset Control Register 0x0D0OC
System Handler Priority Register 0x0D18, 0xOD1C, 0x0D20
System Handler Control and State Register 0x0D24

peripheral function name: CG

Register name Address
CG Interrupt Mode Control Register A CGIMCGA 0x0040
CG Interrupt Mode Control Register B CGIMCGB 0x0044
CG Interrupt Mode Control Register C CGIMCGC 0x0048
CG Interrupt Mode Control Register D CGIMCGD 0x004C
CG Interrupt Mode Control Register E CGIMCGE 0x0050
CG Interrupt Request Clear Register CGICRCG 0x0060
Reset Flag Register CGRSTFLG 0x0064
NMI Flag Register CGNMIFLG 0x0068
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7.6.2 NVIC Registers
7.6.2.1  SysTick Control and Status Register
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - COUNTFLAG
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - - - - - CLKSOURCE TICKINT ENABLE
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-17 - R Read as 0.
16 COUNTFLAG R/IW 0: Timer not counted to 0
1: Timer counted to 0
Returns "1" if timer counted to "0" since last time this was read.
Clears on read of any part of the SysTick Control and Status Register.
15-3 - R Read as 0.
2 CLKSOURCE R/W 0: External reference clock (fosc/32) (Note)
1: CPU clock (fsys)
1 TICKINT R/W 0: Do not pend SysTick
1: Pend SysTick
0 ENABLE R/W 0: Disable
1: Enable
If "1" is set, it reloads with the value of the Reload Value Register and starts operation.

Note:In this product, fosc which is selected by CGOSCCR <OSCSEL> <HOSCON> by 32 is used as external refer-

ence clock.
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7.6.2.2 SysTick Reload Value Register

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol RELOAD
After reset Undefined

5 | 1 | a3 | 2 | o ] w0 | 9 | s
bit symbol RELOAD
After reset Undefined

7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bit symbol RELOAD
After reset Undefined

Bit Bit Symbol Type Function
31-24 - R Read as 0.
23-0 RELOAD R/W Reload value
Set the value to load into the SysTick Current Value Register when the timer reaches "0".

7.6.2.3 SysTick Current Value Register

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol CURRENT
After reset Undefined

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
bit symbol CURRENT
After reset Undefined

7| 6 | s | 4 | s | 2 | 1 | o
bit symbol CURRENT
After reset Undefined

Bit Bit Symbol Type Function
31-24 - R Read as 0.
23-0 CURRENT R/W [Read] Current SysTick timer value
[Write] Clear
Writing to this register with any value clears it to 0.
Clearing this register also clears the <COUNTFLAG> bit of the SysTick Control and Status Register.
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7.6.2.4 SysTick Calibration Value Register

31 30 29 28 27 26 25 24
bit symbol NOREF SKEW - - - - - -
After reset 0 1 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol TENMS
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol TENMS
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TENMS
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31 NOREF R 0: Reference clock provided
1: No reference clock
30 SKEW R 0: Calibration value is 10 ms.
1: Calibration value is not 10 ms.
29-24 - R Read as 0.
23-0 TENMS R Calibration value (Note)

Note: This product does not prepare the calibration value.
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7.6.2.5 Interrupt control registers

Each interrupt source has interrupt set-enable register, interrupt clear-enable register, interrupt set-pend-
ing register and interrupt clear-pending register.

(1) Interrupt Set-Enable Register
This register specifies enabling interrupt and confirms the enable/disable state of interrupt.
When set this register to "1", the corresponding interrupt is enabled.
Writing to "0" is no meaning.
To read this register, be able to confirm the enable/disable state of corresponding interrupt.

To clear the bit of this register, the corresponding bit of interrupt clear-enable register is cleared
tO "0"-

Bit symbol Type Function
Interrupt No. [119:0]
[Write]
1: Enable interrupt

SETENA R/W

[Read]

0: The interrupt state is disabled
1: The interrupt state is enabled

(@) Interrupt Set-Enable Register 1

31 30 29 28 27 26 25 24
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 23 | (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) | (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset 0 0 0 0 0 0 0 0
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(b) Interrupt Set-Enable Register 2
31 30 29 28 27 26 25 24
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 63) | (Interrupt 62) | (Interrupt 61) | (Interrupt 60) | (Interrupt 59) | (Interrupt 58) | (Interrupt 57) | (Interrupt 56)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 55) | (Interrupt 54) | (Interrupt 53) | (Interrupt 52) | (Interrupt 51) [ (Interrupt 50) | (Interrupt 49) | (Interrupt 48)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 47) | (Interrupt 46) | (Interrupt 45) | (Interrupt 44) | (Interrupt 43) | (Interrupt 42) | (Interrupt 41) | (Interrupt 40)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 39) | (Interrupt 38) | (Interrupt 37) | (Interrupt 36) | (Interrupt 35) | (Interrupt 34) | (Interrupt 33) | (Interrupt 32)
After reset 0 0 0 0 0 0 0 0
(c) Interrupt Set-Enable Register 3
31 30 29 28 27 26 25 24
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 95) | (Interrupt 94) | (Interrupt 93) | (Interrupt 92) | (Interrupt 91) [ (Interrupt 90) | (Interrupt 89) | (Interrupt 88)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 87) | (Interrupt 86) | (Interrupt 85) | (Interrupt 84) | (Interrupt 83) | (Interrupt 82) | (Interrupt 81) | (Interrupt 80)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 79) | (Interrupt 78) | (Interrupt 77) | (Interrupt 76) | (Interrupt 75) | (Interrupt 74) | (Interrupt 73) | (Interrupt 72)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 71) | (Interrupt 70) | (Interrupt 69) | (Interrupt 68) | (Interrupt 67) | (Interrupt 66) | (Interrupt 65) | (Interrupt 64)
After reset 0 0 0 0 0 0 0 0
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(d) Interrupt Set-Enable Register 4
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ) SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 110) | (Interrupt 109) | (Interrupt 108) | (Interrupt 107) | (Interrupt 106) | (Interrupt 105) | (Interrupt 104)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
(Interrupt 103) | (Interrupt 102) | (Interrupt 101) | (Interrupt 100) | (Interrupt 99) | (Interrupt 98) [ (Interrupt 97) | (Interrupt 96)
After reset 0 0 0 0 0 0 0 0
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(2) Interrupt Clear-Enable Register

This register specifies disabling interrupt and confirms the enable/disable state of interrupt.
When set this register to "1", the corresponding interrupt is disabled.

Writing to "0" is no meaning.

To read this register, be able to confirm the enable/disable state of corresponding interrupt.

To clear the bit of this register, the corresponding bit of interrupt clear-enable register is cleared
tO "0"'

Bit symbol Type Function
Interrupt No. [119:0]
[Write]
1: Disable interrupt

CLRENA R/W

[Read]

0: The interrupt state is disabled
1: The interrupt state is enabled

(@) Interrupt Clear-Enable Register 1

31 30 29 28 27 26 25 24
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 23 (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) | (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 15) | (Interrupt 14) | (Interrupt 13) [ (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset 0 0 0 0 0 0 0 0
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(b) Interrupt Clear-Enable Register 2
31 30 29 28 27 26 25 24
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 63) | (Interrupt 62) | (Interrupt 61) | (Interrupt 60) | (Interrupt 59) | (Interrupt 58) | (Interrupt 57) | (Interrupt 56)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 55) | (Interrupt 54) | (Interrupt 53) | (Interrupt 52) | (Interrupt 51) | (Interrupt 50) | (Interrupt 49) | (Interrupt 48)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 47) | (Interrupt 46) | (Interrupt 45) | (Interrupt 44) | (Interrupt 43) | (Interrupt 42) | (Interrupt 41) | (Interrupt 40)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 39) | (Interrupt 38) | (Interrupt 37) | (Interrupt 36) | (Interrupt 35) | (Interrupt 34) | (Interrupt 33) | (Interrupt 32)
After reset 0 0 0 0 0 0 0 0
(c) Interrupt Clear-Enable Register 3
31 30 29 28 27 26 25 24
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 95) | (Interrupt 94) | (Interrupt 93) [ (Interrupt 92) | (Interrupt 91) [ (Interrupt 90) | (Interrupt 89) | (Interrupt 88)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 87) | (Interrupt 86) | (Interrupt 85) | (Interrupt 84) | (Interrupt 83) | (Interrupt 82) | (Interrupt 81) | (Interrupt 80)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 79) | (Interrupt 78) | (Interrupt 77) | (Interrupt 76) | (Interrupt 75) | (Interrupt 74) | (Interrupt 73) | (Interrupt 72)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 71) | (Interrupt 70) | (Interrupt 69) | (Interrupt 68) | (Interrupt 67) | (Interrupt 66) | (Interrupt 65) | (Interrupt 64)
After reset 0 0 0 0 0 0 0 0
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(d) Interrupt Clear-Enable Register 4
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol ) CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 110) | (Interrupt 109) | (Interrupt 108) | (Interrupt 107) | (Interrupt 106) | (Interrupt 105) | (Interrupt 104)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
(Interrupt 103) | (Interrupt 102) | (Interrupt 101) | (Interrupt 100) | (Interrupt 99) | (Interrupt 98) [ (Interrupt 97) | (Interrupt 96)
After reset 0 0 0 0 0 0 0 0
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(3) Interrupt Set-Pending Register
This register specifies pending interrupt and confirms the pending state of interrupt.

When set this register to "1", the corresponding interrupt is pended. But this register is invalid for
the interrupt which is already pended or disabled.

Writing to "0" is no meaning.
To read this register, be able to confirm the pending state of corresponding interrupt.

To clear the bit of this register, the corresponding bit of interrupt clear-pending register is cleared
tO VIOH'

Bit symbol Type Function
Interrupt No. [119:0]
[Write]
1: Pending interrupt
SETPEND R/W
[Read]
0: No pending
1: Pending
(a) Interrupt Set-Pending Register 1
31 30 29 28 27 26 25 24
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 23 (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) [ (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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(b) Interrupt Set-Pending Register 2
31 30 29 28 27 26 25 24
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 63) | (Interrupt 62) | (Interrupt 61) | (Interrupt 60) | (Interrupt 59) | (Interrupt 58) | (Interrupt 57) | (Interrupt 56)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 55) | (Interrupt 54) [ (Interrupt 53) | (Interrupt 52) | (Interrupt 51) | (Interrupt 50) | (Interrupt 49) | (Interrupt 48)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 47) | (Interrupt 46) | (Interrupt 45) | (Interrupt 44) | (Interrupt 43) | (Interrupt 42) | (Interrupt 41) | (Interrupt 40)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 39) | (Interrupt 38) | (Interrupt 37) | (Interrupt 36) | (Interrupt 35) | (Interrupt 34) | (Interrupt 33) | (Interrupt 32)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
(c) Interrupt Set-Pending Register 3
31 30 29 28 27 26 25 24
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 95) | (Interrupt 94) | (Interrupt 93) [ (Interrupt 92) | (Interrupt 91) [ (Interrupt 90) | (Interrupt 89) | (Interrupt 88)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 87) | (Interrupt 86) | (Interrupt 85) | (Interrupt 84) | (Interrupt 83) | (Interrupt 82) | (Interrupt 81) | (Interrupt 80)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 79) | (Interrupt 78) | (Interrupt 77) | (Interrupt 76) | (Interrupt 75) | (Interrupt 74) | (Interrupt 73) | (Interrupt 72)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 71) | (Interrupt 70) | (Interrupt 69) | (Interrupt 68) | (Interrupt 67) | (Interrupt 66) | (Interrupt 65) | (Interrupt 64)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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(d) Interrupt Set-Pending Register 4
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit symbol i SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 110) | (Interrupt 109) | (Interrupt 108) | (Interrupt 107) | (Interrupt 106) | (Interrupt 105) | (Interrupt 104)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
(Interrupt 103) | (Interrupt 102) | (Interrupt 101) | (Interrupt 100) | (Interrupt 99) | (Interrupt 98) [ (Interrupt 97) | (Interrupt 96)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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(4) Interrupt Clear-Pending Register
This register specifies clearing the pended interrupt and confirms the pending state of interrupt.

When set this register to "1", the corresponding pended interrupt is cleared. But this register is in-
valid for the interrupt which is already started.

Writing to "0" is no meaning.

To read this register, be able to confirm the pending state of corresponding interrupt.

Bit symbol Type Function

SETPEND

R/W

[Write]

[Read]

1: Pending

0: No pending

Interrupt No. [119:0]

1: Clear Pended interrupt

(@) Interrupt Clear-Pending Register 1

31 30 29 28 27 26 25 24
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 23 (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) | (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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(b) Interrupt Clear-Pending Register 2
31 30 29 28 27 26 25 24
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 63) | (Interrupt 62) | (Interrupt 61) | (Interrupt 60) | (Interrupt 59) | (Interrupt 58) | (Interrupt 57) | (Interrupt 56)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 55) | (Interrupt 54) | (Interrupt 53) | (Interrupt 52) | (Interrupt 51) [ (Interrupt 50) | (Interrupt 49) | (Interrupt 48)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 47) | (Interrupt 46) | (Interrupt 45) | (Interrupt 44) | (Interrupt 43) | (Interrupt 42) | (Interrupt 41) | (Interrupt 40)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 39) | (Interrupt 38) | (Interrupt 37) | (Interrupt 36) | (Interrupt 35) | (Interrupt 34) | (Interrupt 33) | (Interrupt 32)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
(c) Interrupt Clear-Pending Register 3
31 30 29 28 27 26 25 24
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 95) | (Interrupt 94) | (Interrupt 93) [ (Interrupt 92) | (Interrupt 91) [ (Interrupt 90) | (Interrupt 89) | (Interrupt 88)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 87) | (Interrupt 86) | (Interrupt 85) | (Interrupt 84) | (Interrupt 83) | (Interrupt 82) | (Interrupt 81) | (Interrupt 80)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 79) | (Interrupt 78) | (Interrupt 77) | (Interrupt 76) | (Interrupt 75) | (Interrupt 74) | (Interrupt 73) | (Interrupt 72)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 71) | (Interrupt 70) | (Interrupt 69) | (Interrupt 68) | (Interrupt 67) | (Interrupt 66) | (Interrupt 65) | (Interrupt 64)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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(d) Interrupt Clear-Pending Register 4
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit symbol i CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 110) | (Interrupt 109) | (Interrupt 108) | (Interrupt 107) | (Interrupt 106) | (Interrupt 105) | (Interrupt 104)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
(Interrupt 103) | (Interrupt 102) | (Interrupt 101) | (Interrupt 100) | (Interrupt 99) | (Interrupt 98) [ (Interrupt 97) | (Interrupt 96)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
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7.6.2.6 Interrupt Priority Register
Each interrupt is provided with eight bits of an Interrupt Priority Register.

The following shows the addresses of the Interrupt Priority Registers corresponding to interrupt numbers.

31 24 23 16 15 8 7 0
0xE000_E400 PRI_3 PRI_2 PRI_1 PRI_O
0xE000_E404 PRI_7 PRI_6 PRI_5 PRI_4
0xE000_E408 PRI_11 PRI_10 PRI_9 PRI_8
0xE000_E40C PRI_15 PRI_14 PRI_13 PRI_12
0xE000_E410 PRI_19 PRI_18 PRI_17 PRI_16
0xE000_E414 PRI_23 PRI_22 PRI_21 PRI_20
0xE000_E418 PRI_27 PRI_26 PRI_25 PRI_24
0xE000_E41C PRI_31 PRI_30 PRI_29 PRI_28
0xE000_E420 PRI_35 PRI_34 PRI_33 PRI_32
0xE000_E424 PRI_39 PRI_38 PRI_37 PRI_36
0xE000_E428 PRI_43 PRI_42 PRI_41 PRI_40
0xE000_E42C PRI_47 PRI_46 PRI_45 PRI_44
0xE000_E430 PRI_51 PRI_50 PRI_49 PRI_48
0xE000_E434 PRI_55 PRI_54 PRI_53 PRI_52
0xE000_E438 PRI_59 PRI_58 PRI_57 PRI_56
0xE000_E43C PRI_63 PRI_62 PRI_61 PRI_60
0xE000_E440 PRI_67 PRI_66 PRI_65 PRI_64
0xE000_E444 PRI_71 PRI_70 PRI_69 PRI_68
0xE000_E448 PRI_75 PRI_74 PRI_73 PRI_72
0xE000_E44C PRI_79 PRI_78 PRI_77 PRI_76
0xE000_E450 PRI_83 PRI_82 PRI_81 PRI_80
0xE000_E454 PRI_87 PRI_86 PRI_85 PRI_84
0xE000_E458 PRI_91 PRI_90 PRI_89 PRI_88
0xE000_E45C PRI_95 PRI_94 PRI_93 PRI_92
0xE000_E460 PRI_99 PRI_98 PRI_97 PRI_96
0xE000_E460 PRI_99 Reserved Reserved PRI_96
0xE000_E464 PRI_103 PRI_102 PRI_101 PRI_100
0xE000_E468 PRI_107 PRI_106 PRI_105 PRI_104
0xE000_E46C - PRI_110 PRI_109 PRI_108

The number of bits to be used for assigning a priority varies with each product. This product uses three
bits for assigning a priority.

The following shows the fields of the Interrupt Priority Registers for interrupt numbers 0 to 3. The Inter-
rupt Priority Registers for all other interrupt numbers have the identical fields. Unused bits return "0"
when read, and writing to unused bits has no effect.
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31 30 29 28 27 26 25 24

bit symbol PRI_3 - - - - -

After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16

bit symbol PRI_2 - - - - -

After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8

bit symbol PRI_1 - - - - -

After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

bit symbol PRI_O - - - - -

After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-29 PRI_3 R/W Priority of interrupt number 3

28-24 - R Read as 0.

23-21 PRI_2 R/W Priority of interrupt number 2

20-16 - R Read as 0.

15-13 PRI_1 R/W Priority of interrupt number 1

12-8 - R Read as 0.

7-5 PRI_O R/W Priority of interrupt number 0O

4-0 - R Read as 0.
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7.6.2.7 Vector Table Offset Register

31 | s | 28 | 28 27 26 25 24
bit symbol TBLOFF
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol TBLOFF
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol TBLOFF
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol TBLOFF - - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-7 TBLOFF R/W Offset value

Set the offset value from the top of the space specified in TBLBASE.

The offset must be aligned based on the number of exceptions in the table. This means that the minimum
alignment is 32 words that you can use for up to 16 interrupts. For more interrupts, you must adjust the align-
ment by rounding up to the next power of two.

6-0 - R Read as 0.
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7.6.2.8 Application Interrupt and Reset Control Register

31 | s | 2 | 28 | 27 26 25 24
bit symbol VECTKEY/VECTKEYSTAT
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol VECTKEY/VECTKEYSTAT
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol | ENDIANESS - - - - PRIGROUP
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
) SYSRESET VECTCLR
bit symbol - - - - - VECTRESET
REQ ACTIVE
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 VECTKEY R/W Register key
(Write)/ [Write] Writing to this register requires 0x5FA in the <VECTKEY> field.
VECTKEY- [Read] Read as OxFAO05.
STAT(Read)
15 ENDIANESS R/W Endianness bit:(Note1)
1: big endian

0: little endian

14-11 - R Read as 0.

10-8 PRIGROUP R/W Interrupt priority grouping

000: seven bits of pre-emption priority, one bit of sub-priority

001: six bits of pre-emption priority, two bits of sub-priority

010: five bits of pre-emption priority, three bits of sub-priority

011: four bits of pre-emption priority, four bits of sub-priority

100: three bits of pre-emption priority, five bits of sub-priority

101: two bits of pre-emption priority, six bits of sub-priority

110: one bit of pre-emption priority, seven bits of sub-priority

111: no pre-emption priority, eight bits of sub-priority

The bit configuration to split the interrupt priority register <PRI_n> into pre-emption priority and sub priority.

7-3 - R Read as 0.
2 SYSRESET R/W System Reset Request.
REQ 1=CPU outputs a SYSRESETREQ signal. (note2)
1 VECTCLR R/W Clear active vector bit
ACTIVE 1: clear all state information for active NMI, fault, and interrupts

0: do not clear.

This bit self-clears.

It is the responsibility of the application to reinitialize the stack.
0 VECTRESET R/W System Reset bit

1: reset system

0: do not reset system

Resets the system, with the exception of debug components (FPB, DWT and ITM) by setting "1" and this
bit is also zero cleared.

Note 1: Little-endian is the default memory format for this product.

Note 2: When SYSRESETREQ is output, warm reset is performed on this product. <SYSRESETREQ> is cleared by
warm reset.
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7.6.2.9 System Handler Priority Register
Each exception is provided with eight bits of a System Handler Priority Register.

The following shows the addresses of the System Handler Priority Registers corresponding to each excep-
tion.

31 24 23 16 15 8 7 0
PRI_7 PRI_6 PRI_5 PRI_4
0xE000_ED18 - - -
(Usage Fault) (Bus Fault) (Memory Management)
PRI_11 PRI_10 PRI_9 PRI_8
0xE000_ED1C N
- (Svcall)
PRI_15 PRI_14 PRI_13 PRI_12
0xE000_ED20 ) )
- (SysTick) (PendSV) (Debug Monitor)

The number of bits to be used for assigning a priority varies with each product. This product uses three
bits for assigning a priority.

The following shows the fields of the System Handler Priority Registers for Memory Management,
Bus Fault and Usage Fault. Unused bits return "0" when read, and writing to unused bits has no effect.

31 | 30 | 29 28 27 26 25 24
bit symbol PRI_7 - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol PRI_6 - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol PRI_5 - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol PRI_4 - - - - -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-29 PRI_7 R/W Reserved
28-24 - R Read as 0.
23-21 PRI_6 R/W Priority of Usage Fault
20-16 - R Read as 0.
15-13 PRI_5 R/W Priority of Bus Fault
12-8 - R Read as 0.
7-5 PRI_4 R/W Priority of Memory Management
4-0 - R Read as 0.
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7.6.2.10 System Handler Control and State Register
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol i i i i i USGFAULT BUSFAULT MEMFAULT
ENA ENA ENA
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol SVCALL BUSFAULT MEMFAULT USGFAULT SYSTICKACT | PENDSVACT i MONITOR
PENDED PENDED PENDED PENDED ACT
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol | SVCALLAGT i i i USGFAULT i BUSFAULT MEMFAULT
ACT ACT ACT
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-19 - R Read as 0.
18 USGFAULT R/W Usage Fault
ENA 0: Disabled
1: Enable
17 BUSFAUL R/W Bus Fault
TENA 0: Disabled
1: Enable
16 MEMFAULT R/W Memory Management
ENA 0: Disabled
1: Enable
15 SVCALL R/W SVCall
PENDED 0: Not pended
1: Pended
14 BUSFAULT R/W Bus Fault
PENDED 0: Not pended
1: Pended
13 MEMFAULT R/W Memory Management
PENDED 0: Not pended
1: Pended
12 USGFAULT R/W Usage Fault
PENDED 0: Not pended
1: Pended
11 SYSTICKACT | RW SysTick
0: Inactive
1: Active
10 PENDSVACT R/W PendSV
0: Inactive
1: Active
9 - R Read as 0.
8 MONITORACT | RIW Debug Monitor
0: Inactive
1: Active
7 SVCALLACT R/W SVCall
0: Inactive
1: Active
6-4 - R Read as 0.
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Bit Bit Symbol Type Function
3 USGFAULT R/W Usage Fault
ACT 0: Inactive
1: Active
2 - R Read as 0.
1 BUSFAULT R/IW Bus Fault
ACT 0: Inactive
1: Active
0 MEMFAULT R/W Memory Management
ACT 0: Inactive
1: Active

Note: You must clear or set the active bits with extreme caution because clearing and setting these bits

does not repair stack contents.
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7.6.3 Clock generator registers

7.6.3.1 CG Interrupt Mode Control Register

This register specifies the active level to release the low power consumption mode and enable/disable
the releasing the low power consumption mode. And detecting active level can be read from this register.

Bit symbol Type Function

EMCGXx[2:0] R/W Select the active level to release the low power consumption mode
The active level can be selected from Table 7-4.

000: "Low" level

001: "High" level

010: Falling edge

011: Rising edge

100: Both edges

101 to 111: setting prohibited

EMSTx[1:0] R Detecting active level (This bit is valid in EMCGx[2:0]="100".)
00: -

01: Rising edge

10: Falling edge

11: Both edges

INTXEN R/W Release the low power consumption mode
0: Disable
1: Enable
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Table 7-4 The Active Level to release the Low Power Consumption Mode

The active level to release the low power consump-
Active level tion mode
Interrupt Source . -
control register "Low" "High" Rising Falling Both
level level edge edge edge
) . CGIMCGA
INTO External interrupt pin 0 o [o) [o) o o
<EMCGO00[1:0]>
) . CGIMCGA
INT1 External interrupt pin 1 (¢} [¢) o o o
<EMCGO01[1:0]>
) . CGIMCGA
INT2 External interrupt pin 2 o o o o o
<EMCGO02[1:0]>
) . CGIMCGA
INT3 External interrupt pin 3 o o o o o
<EMCGO03[1:0]>
) . CGIMCGB
INT4 External interrupt pin 4 o o) o o o
<EMCGO04[1:0]>
) . CGIMCGB
INTS External interrupt pin 5 o o o o o
<EMCGO05[1:0]>
CGIMCGB
INT6 External interrupt pin 6 o o o o o
<EMCGO06[1:0]>
) . CGIMCGB
INT7 External interrupt pin 7 o o o o o
<EMCGO07[1:0]>
) . CGIMCGC
INT8 External interrupt pin 8 o o o o o
<EMCGO08[1:0]>
) . CGIMCGC
INT9 External interrupt pin 9 o [¢) o o o
<EMCGO09[1:0]>
) . CGIMCGC
INTA External interrupt pin A o o o o o
<EMCGOA[1:0]>
) . CGIMCGC
INTB External interrupt pin B o [¢) o o o
<EMCGO0B[1:0]>
) . CGIMCGD
INTC External interrupt pin C o o o o o
<EMCGOCI1:0]>
) . CGIMCGD
INTD External interrupt pin D o o o o o
<EMCGODI[1:0]>
) . CGIMCGD
INTE External interrupt pin E o o) o o o
<EMCGOE[1:0]>
) . CGIMCGD
INTF External interrupt pin F o o o o o
<EMCGOF[1:0]>
. CGIMCGE
INTCECRX CEC reception x x o x x
<EMCG10[1:0]>
. CGIMCGE
INTCECTX CEC transmission x x o x x
<EMCG11[1:0]>
i CGIMCGE
INTRMCRX0 Remote control reception . < o N N
(channel 0) <EMCG12[1:0]>
) CGIMCGE
INTRTC RTC interrupt x x x o x
<EMCG13[1:0]>

Note: The active level that is marked with "0" to release the low power consumption mode can be used.
The active level that is marked with "x" cannot be used.
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(1) CGIMCGA(CG Interrupt Mode Control Register A)

31 30 29 | 28 7 | 2 25 24

bit symbol - EMCG03 EMST03 - INTO3EN
After reset 0 0 1 0 0 0 undefined 0
23 22 21 20 19 18 17 16

bit symbol - EMCGO02 EMST02 - INTO2EN
After reset 0 0 1 0 0 0 undefined 0
15 14 13 12 11 10 9 8

bit symbol - EMCGO01 EMSTO1 - INTO1EN
After reset 0 0 1 0 0 0 undefined 0
7 6 5 4 3 2 1 0

bit symbol - EMCGO00 EMSTO00 - INTOOEN
After reset 0 0 1 | 0 0 0 undefined 0

Note 1: The active level specified by <EMCGXx[2:0]> is depend on the interrupt request. To set correctly, refer to Table 7-4.
Note 2: <EMSTx> is effective only when <EMCGx[2:0]> is set to "100" for both rising and falling edge. The active lev-
el used for the reset of standby can be checked by referring <EMSTx>. If interrupts are cleared with the
CGICRCG register, <EMSTx> is also cleared.
Note 3: Please specify the bit for the edge first and then specify the bit for the <INTXEN>. Setting them simultaneously is pro-
hibited.
Note 4: "0" is read from bit 31, 23, 15 and 7.
Note 5: Undefined value is read from bit 25, 17, 9 and 1.
(2) CGIMCGB(CG Interrupt Mode Control Register B)
31 30 29 | 28 27 | 26 25 24
bit symbol - EMCG07 EMSTO07 - INTO7EN
After reset 0 0 1 0 0 0 undefined 0
23 22 21 20 19 18 17 16
bit symbol - EMCGO06 EMSTO06 - INTOGEN
After reset 0 0 1 0 0 0 undefined 0
15 14 13 12 11 10 9 8
bit symbol - EMCGO05 EMSTO05 - INTOSEN
After reset 0 0 1 0 0 0 undefined 0
7 6 5 4 3 2 1 0
bit symbol - EMCG04 EMST04 - INTO4EN
After reset 0 0 1 | 0 0 0 undefined 0

Note 1:

Note 2:

Note 3:

Note 4:
Note 5:

The active level specified by <EMCGx[2:0]> is depend on the interrupt request. To set correctly, refer to Table 7-4.
<EMSTx> is effective only when <EMCGx[2:0]> is set to "100" for both rising and falling edge. The active lev-

el used for the reset of standby can be checked by referring <EMSTx>. If interrupts are cleared with the
CGICRCG register, <EMSTx> is also cleared.

Please specify the bit for the edge first and then specify the bit for the <INTXEN>. Setting them simultaneously is pro-

hibited.

"0" is read from bit 31, 23, 15 and 7.
Undefined value is read from bit 25, 17, 9 and 1.
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(3) CGIMCGC(CG Interrupt Mode Control Register C)

31 30 29 | 28 7 | 2 25 24

bit symbol - EMCGOB EMSTOB - INTOBEN
After reset 0 0 1 0 0 0 undefined 0
23 22 21 20 19 18 17 16

bit symbol - EMCGOA EMSTA - INTOAEN
After reset 0 0 1 0 0 0 undefined 0
15 14 13 12 11 10 9 8

bit symbol - EMCGO09 EMST9 - INTO9EN
After reset 0 0 1 0 0 0 undefined 0
7 6 5 4 3 2 1 0

bit symbol - EMCGO08 EMSTO08 - INTOSEN
After reset 0 0 1 | 0 0 0 undefined 0

Note 1: The active level specified by <EMCGXx[2:0]> is depend on the interrupt request. To set correctly, refer to Table 7-4.
Note 2: <EMSTx> is effective only when <EMCGXx[2:0]> is set to "100" for both rising and falling edge. The active lev-
el used for the reset of standby can be checked by referring <EMSTx>. If interrupts are cleared with the
CGICRCG register, <EMSTx> is also cleared.
Note 3: Please specify the bit for the edge first and then specify the bit for the <INTXEN>. Setting them simultaneously is pro-
hibited.
Note 4: "0" is read from bit 31, 23, 15 and 7.
Note 5: Undefined value is read from bit 25, 17, 9 and 1.
(4) CGIMCGD(CG Interrupt Mode Control Register D)
31 30 29 | 28 27 | 26 25 24
bit symbol - EMCGOF EMSTOF - INTOFEN
After reset 0 0 1 0 0 0 undefined 0
23 22 21 20 19 18 17 16
bit symbol - EMCGOE EMSTOE - INTOEEN
After reset 0 0 1 0 0 0 undefined 0
15 14 13 12 11 10 9 8
bit symbol - EMCGOD EMSTOD - INTODEN
After reset 0 0 1 0 0 0 undefined 0
7 6 5 4 3 2 1 0
bit symbol - EMCGOC EMSTOC - INTOCEN
After reset 0 0 1 | 0 0 0 undefined 0

Note 1:

Note 2:

Note 3:

Note 4:
Note 5:

The active level specified by <EMCGx[2:0]> is depend on the interrupt request. To set correctly, refer to Table 7-4.

<EMSTx> is effective only when <EMCGx[2:0]> is set to "100" for both rising and falling edge. The active lev-
el used for the reset of standby can be checked by referring <EMSTx>. If interrupts are cleared with the
CGICRCG register, <EMSTx> is also cleared.

Please specify the bit for the edge first and then specify the bit for the <INTXEN>. Setting them simultaneously is pro-

hibited.

"0" is read from bit 31, 23, 15 and 7.
Undefined value is read from bit 25, 17, 9 and 1.
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(5) CGIMCGE(CG Interrupt Mode Control Register E)

31 0 | 20 | 28 7 | 2 25 24
bit symbol - EMCG13 EMST13 - INT13EN
After reset 0 0 1 0 0 0 undefined 0

23 22 21 20 19 18 17 16
bit symbol - EMCG12 EMST12 - INT12EN
After reset 0 0 1 0 0 0 undefined 0

15 14 13 12 11 10 9 8
bit symbol - EMCG11 EMST11 - INT11EN
After reset 0 0 1 0 0 0 undefined 0

7 6 5 4 3 2 1 0
bit symbol - EMCG10 EMST10 - INT10EN
After reset 0 0 1 | 0 0 0 undefined 0

Note 1: The active level specified by <EMCGXx[2:0]> is depend on the interrupt request. To set correctly, refer to Table 7-4.

Note 2: <EMSTx> is effective only when <EMCGx[2:0]> is set to "100" for both rising and falling edge. The active lev-
el used for the reset of standby can be checked by referring <EMSTx>. If interrupts are cleared with the
CGICRCG register, <EMSTx> is also cleared.

Note 3: Please specify the bit for the edge first and then specify the bit for the <INTXEN>. Setting them simultaneously is pro-
hibited.

Note 4: "0" is read from bit 31, 23, 15 and 7.
Note 5: Undefined value is read from bit 25, 17, 9 and 1.
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7.6.3.2 CGICRCG(CG Interrupt Request Clear Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - ICRCG
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-5 - R Read as 0.

4-0 ICRCGJ[4:0] w Clear interrupt requests.
0_0000: INTO 0_1000: INT8 1_0000: INTCECRX
0_0001: INT1 0_1001: INT9 1_0001: INTCECTX
0_0010: INT2 0_1010: INTA 1_0010: INTRMCRXO0
0_0011: INT3 0_1011: INTB 1_0011: INTRTC
0_0100: INT4 0_1100: INTC
0_0101: INT5 0_1101: INTD
0_0110: INT6 0_1110: INTE
0_0111: INT7 0_1111: INTF
1_0100 to 1_1111: Prohibited
Read as 0.
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7.6.3.3 CGNMIFLG(NMI Flag Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol - - - - - NMIFLG2 NMIFLG1 NMIFLGO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as 0.
2 NMIFLG2 R NMI source generation flag
0: not applicable
1: Only lower than the setting voltage when voltage decreasing.
1 NMIFLG1 R NMI source generation flag
0: not applicable
1: generated from NMI pin
0 NMIFLGO R NMI source generation flag
0: not applicable
1: generated from WDT
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7.6.3.4 CGRSTFLG (Reset Flag Register)

31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After pin
roset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After pin
reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After pin
0 0 0 0 0 0 0 0
reset
7 6 5 4 3 2 1 0
bit symbol - LVDRSTF OFDRSTF SYSRSTF BUPRSTF WDTRSTF OSCFLF PINRSTF
After pin .
0 0 0 0 0 0 undefined 1
reset
Bit Bit Symbol Type Function
31-7 - R Read as 0.
6 LVDRSTF R/W LVD reset flag
[Read]
0: -
1: Reset from LVD
[Write]
0: Clear reset flag (Note2)
1: don’t care
5 OFDRSTF R/IW OFD reset flag
[Read]
0: -
1: Reset from OFD
[Write]
0: Clear reset flag (Note2)
1: don’t care
4 SYSRSTF R/W Debug reset flag (Note2)
[Read]
0: -
1: Reset from SYSRESETREQ
[Write]
0: Clear reset flag (Note2)
1: don't care
3 BUPRSTF R/W STOP?2 reset flag
[Read]
0: -
1: Reset flag by STOP2 mode release
[Write]
0: Clear reset flag (Note2)
1: don’t care
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Bit Bit Symbol Type Function

2 WDTRSTF R/W WDT reset flag
[Read]
0: -
1: Reset from WDT
[Write]
0: Clear reset flag (Note2)
1: don't care

1 OSCFLF R Flag for stopping of the internal high-speed oscillator or writing to the flash memory

0: Can't stop the internal high-speed oscillator and write to the flash memory
1: Can stop the internal high-speed oscillator and write to the flash memory

0 PINRSTF R/W | RESET pin flag

[Read]

0: -

1: Reset from RESET pin.
[Write]

0: Clear reset flag (Note2)
1: don't care

Note 1: The reset which is generated by application interrupt in NVIC of CPU and setting reset control register <SYSRESE-
TREQ> is displayed.

Note 2: This bit is not cleared automatically. Therefore, clear the corresponded bit to "0" to clear it.
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8.

8.1

8.1.1

MDMA Controller (uUDMAC)

Overview

Function List

The main functions per unit are shown as below:

For the information on the start trigger of peripheral functions, refer to the chapter on "Product Information."

Table 8-1 uyDMA outline (Per unit)

Functions

Features

Descriptions

Channels

32 channels

Start trigger

Start by Hardware

DMA requests from peripheral functions

Start by Software

Specified by the DMAXChnlSwRequest register

Priority

Between
channels

chO (high priority) > ... > ch31 (high priority) >
ch0 (Normal priority) > ...

priority)

> ch31 (Normal

High-priority can be configured by the DMAxXChnl-
PrioritySet register

Transfer data size

8/16/32 bits

The number of

1 to 1024 times

transfer

Transfer source .

ad Increment / fixed

address Transfer source address and destination address
Address Transfer can be selected from the increment setting or fixed

destination Increment / fixed setting.

address
Endian Little-endian -

Interrupt function

Transfer completion interrupt

Output for each unit

Error interrupt

Operation mode

Basic mode
Automatic request
Ping-pong mode

mode

Memory scatter/gather mode

Peripheral scatter/gather mode
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8.2 Block Diagram
The uDMA controller contains the following blocks:
- APB block
This block controls the access to the control register.
+ AHB block
This block controls the bus cycle of the DMA transfer.
+ DMA control block
This block controls the whole operation of the DMA.
+ Interrupt control block
This block integrates interrupts and sets the flag register.
AN AN
APB block AHB block
3 APB 3
Li )
g ~ - memory AHB :_lte > o
| - mapped _master z
registers interface
~N~ ~N~
Transfer completion interrupt
ch0 to ch31
Burst transfer request —1» > Interrupt » Transfer completion interrupt
ch0 to ch31 DMA control block
control block
Single transfer request —1 » Error interrupt
chO to ch31

Figure 8-1 uDMA block diagram
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8.3 Regqisters

8.3.1 Register List

The following table shows control registers and addresses:

For the base address, refer to "A list of peripheral function base addresses" in the chapter on "Memory Map."

Then name of peripheral: DMA

Register names

Address (Base+)

DMA status register DMAXxStatus 0x0000
DMA configuration register DMAxCfg 0x0004
Channel control data base pointer register DMAXxCtriBasePtr 0x0008
Channel alternate control data base pointer register DMAXAItCtIBasePtr 0x000C
Channel software request status register DMAxChnlSwRequest 0x0014
Channel useburst set register DMAxChnlUseburstSet 0x0018
Channel useburst clear register DMAXxChnlUseburstClr 0x001C
Channel request mask set register DMAxChnlReqMaskSet 0x0020
Channel request mask clear register DMAXxChnIRegMaskClr 0x0024
Channel enable set register DMAXxChnlEnableSet 0x0028
Channel enable clear register DMAXxChnIEnableClIr 0x002C
Channel primary-alternate set register DMAXChnlIPriAltSet 0x0030
Channel primary-alternate clear register DMAXChnlIPriAltClr 0x0034
Channel priority set register DMAXChnlIPrioritySet 0x0038
Channel priority clear register DMAXxChnlPriorityClr 0x003C
Bus error clear register DMAXErrCIr 0x004C
Then name of peripheral: DMAIF
Register name Address (Base+)

Flag register A DMAIFFLGA 0x0000
Flag register B DMAIFFLGB 0x0004
Flag register C DMAIFFLGC 0x0008

Note:Access the registers in units of words (32 bits).
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8.3.2 DMAXxStatus (DMAC Status Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 1 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 1 1 1 1 1
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - master_
enable
After reset Undefined Undefined Undefined Undefined 0 0 0 0
Bit Bit symbol Type Functions
31-29 | - R Read as "0".
28 - R Read as "1".
27-21| - R Read as "0".
20-16 | - R Read as "1".
15-8 | - R Read as "0".
7-4 - R Read as an undefined value.
3-1 - R Read as "0".
0 master_enable | R DMA operation
0: Disabled
1: Enabled
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8.3.3 DMAXCfg (DMAC Configuration Register)
31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - master_
enable
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
311 | - W Write as "0".
0 master_ w DMA operation
enable 0: Disabled
1: Enabled

Note: After DMAxCfg = 0x00000001 DMAxChnlReqMaskSet = OxFFFFFFFF and DMAxChnlEnableSet =
OxFFFFFFFF are set to all units, release the masked channel of the unit to be used (the correspond-

ing bit of DMAxChanlReqMaskClr is set to "1"). However, do not release the same factor in each

DMAC unit at the same time.
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8.3.4 DMAXCtriBasePtr (Channel Control Data Base-pointer Register)

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Bit symbol ctrl_base_ptr
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol ctrl_base_ptr
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol ctrl_base_ptr - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function

31-10 | ctrl_base_ptr R/W Primary data base-pointer
Specifies the base address of the primary data.

9-0 - R Read as "0".

8.3.5 DMAXAItCtrIBasePtr (Channel Alternate Control Data Base-pointer Register)

st | a0 | 29 | 28 | a2z | 2 | 25 |
Bit symbol alt_ctrl_base_pt
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol alt_ctrl_base_pt
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol alt_ctrl_base_pt
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol alt_ctrl_base_pt
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | alt_ctrl_base_pt | R Alternative data base-pointer.
Reads the base address of the alternative data.
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8.3.6 DMAXChnIlSwRequest (Channel Software Request Register)

31 30 29 28 27 26 25 24
Bit symbol chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re
quest (ch31) quest (ch30) | quest (ch29) quest (ch28) | quest (ch27) quest (ch26) | quest (ch25) | quest (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re
quest (ch23) quest (ch22) quest (ch21) quest (ch20) quest (ch19) quest (ch18) quest (ch17) quest (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re
quest (ch15) quest (ch14) | quest (ch13) | quest (ch12q) [ quest (ch11) quest (ch10) quest (ch9) quest (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re chnl_sw_re
quest (ch7) quest (ch6) quest (ch5) quest (ch4) quest (ch3) quest (ch2) quest (ch1) quest (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 | chnl_sw_request | W DMA request

0: A transfer request does not occur.
1: A transfer request occurs.

Specifies transfer requests to the each channel.
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[Write]

[Read]

bled.

1: Single-transfer is disabled.

0: Single-transfer is enabled.
1: Single-transfer is disabled.

Bits are automatically set in the following conditions:

Each bit corresponds to the channels in the specified number.

8.3 Registers TMPM461F15/F10FG
8.3.7 DMAXChnlUseburstSet (Channel useburst Set Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_set (ch31) _set (ch30) _set (ch29) _set (ch28) _set (ch27) _set (ch26) _set (ch25) _set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_set (ch23) _set (ch22) _set (ch21) _set (ch20) _set (ch19) _set (ch18) _set (ch17) _set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_set (ch15) _set (ch14) _set (ch13) _set (ch12) _set (ch11) _set (ch10) _set (ch9) _set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_set (ch7) _set (ch6) _set (ch5) _set (ch4) _set (ch3) _set (ch2) _set (ch1) _set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | chnl_useburst_set | RIW Single-transfer is disabled

Writing "1" disables the single-transfer to the corresponding channel, and only burst transfer request be-
comes valid. Writing "0" has no meaning. Set the DMAxChnlUseburstCIr register in order to cancel the disa-
bled the single-transfer.

By reading the bit, the channel state of the corresponding bit can be checked whether it is enabled or disa-

+ This bit is cleared to "0", if the number of remaining transfer is less than 2R times at the end of second
2R time transfer from the end ("R" is specified by the channel_cfg<R_power> of the control data).

+ If the channel_cfg<next_useburst> of the control data is set to "1" in the peripheral scatter/gather mode,
this bit is set to "1" when the DMA transfer of the alternative data ends.

fers is less than 2R times.

Note: Do not set this bit to "1" if you do not use the burst transfer request on the condition where the number of trans-
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8.3.8 DMAXChnlUseburstClr (Channel useburst Clear Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_clr (ch31) _clr (ch30) _clr (ch29) _clr (ch28) _clr (ch27) _clr (ch26) _clr (ch25) _clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_clr (ch23) _clr (ch22) _clr (ch21) _clr (ch20) _clr (ch19) _clr (ch18) _clr (ch17) _clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_useburst | chnl_useburst [ chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_clr (ch15) _clr (ch14) _clr (ch13) _clr (ch12) _clr (ch11) _clr (ch10) _clr (ch9) _clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst | chnl_useburst
_clr (ch7) _clr (ch6) _clr (chb) _clr (ch4) _clr (ch3) _clr (ch2) _clr (ch1) _clr (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 | chnl_useburst_clr W Single-transfer is enabled.

1: Enables the single-transfer.

Each bit corresponds to the channels in the specified number.

To disable or confirm the signal-transfer, configure the DMAxChnlUseburstSet register.

Writing "1" enables the single-transfer to the corresponding channel. Writing "0" has no meaning.
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8.3.9 DMAXxChnlRegMaskSet (Channel Request Mask Set Register)

31 30 29 28 27 26 25 24
Bit symbol chnl_reqg_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
Y k_set (ch31) k_set (ch30) k_set (ch29) k_set (ch28) k_set (ch27) k_set (ch26) k_set (ch25) k_set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
4 k_set (ch23) k_set (ch22) k_set (ch21) k_set (ch20) k_set (ch19) k_set (ch18) k_set (ch17) k_set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
Y k_set (ch15) k_set (ch14) k_set (ch13) k_set (ch12) k_set (ch11) k_set (ch10) k_set (ch9) k_set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol chnl_reg_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
Y k_set (ch7) k_set (ch6) k_set (ch5) k_set (ch4) k_set (ch3) k_set (ch2) k_set (ch1) k_set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | chnl_req_mask_set R/W DMA request masking
[Write]
1: Mask a DMA request
[Read]

0: A DMA request is valid.
1: A DMA request is invalid.
Each bit corresponds to the channels in the specified number.

Writing "1" disables the single-transfer for the corresponding channel. Writing "0" has no meaning. To disa-
ble masking, configure the DMAxChnIRegMaskClr register.

By reading the bit, the status of the DMA request setting can be checked whether it is enabled or disabled.
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8.3.10 DMAxChnIRegMaskClIr (Channel Request Mask Clear Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
Y k_clr (ch31) k_clr (ch30) k_clr (ch29) k_clr (ch28) k_clr (ch27) k_clr (ch26) k_clr (ch25) k_clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
4 k_clr (ch23) k_clr (ch22) k_clr (ch21) k_clr (ch20) k_clr (ch19) k_clr (ch18) k_clr (ch17) k_clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
Y k_clr (ch15) k_clr (ch14) k_clr (ch13) k_clr (ch12) k_clr (ch11) k_clr (ch10) k_clr (ch9) k_clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_reg_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas | chnl_req_mas
Y k_clr (ch7) k_clr (ch6) k_clr (chb) k_clr (ch4) k_clr (ch3) k_clr (ch2) k_clr (ch1) k_clr (chO)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 | chnl_req_mask_clr | W DMA request mask clear
1: Clears the corresponding channel of the DMA request mask.
Each bit corresponds to the channels in the specified number.
Writing "1" disables the DMA request mask setting of the corresponding channel. Writing "0" has no meaning.
Configure the DMAxChnIRegMaskSet register to enable and confirm the setting.
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8.3.11 DMAxChnlEnableSet (Channel Enable Set Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
set (ch31) set (ch30) set (ch29) set (ch28) set (ch27) set (ch26) set (ch25) set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
set (ch23) set (ch22) set (ch21) set (ch20) set (ch19) set (ch18) set (ch17) set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
set (ch15) set (ch14) set (ch13) set (ch12) set (ch11) set (ch10) set (ch9) set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
set (ch7) set (ch6) set (ch5) set (ch4) set (ch3) set (ch2) set (ch1) set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | chnl_enable_set R/W DMA operation

[Write]

[Read]

* DMA cycle ends.

* A bus error occurs.

1: Enable the corresponding channel.

0: The corresponding bit is invalid.
1: The corresponding bit is valid.

Each bit corresponds to the channels in the specified number.

Writing "1" enables the corresponding channels. Writing "0" has no meaning. To disable the setting, config-
ure the DMAxChnlEnableClIr register.

By reading the bit, the corresponding channel can be checked whether it is enabled or disabled.
In the following conditions, the function automatically becomes invalid.

+ If the channel_cfg<cycle_ctrl> reads the control data of "000".
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8.3.12 DMAXChnlEnableClIr (Channel Enable Clear Register)

31 30 29 28 27 26 25 24
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
clr (ch31) clr (ch30) clr (ch29) clr (ch28) clr (ch27) clr (ch26) clr (ch25) clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
clr (ch23) clr (ch22) clr (ch21) clr (ch20) clr (ch19) clr (ch18) clr (ch17) clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
clr (ch15) clr (ch14) clr (ch13) clr (ch12) clr (ch11) clr (ch10) clr (ch9) clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_ | chnl_enable_
clr (ch7) clr (ch6) clr (ch5) clr (ch4) clr (ch3) clr (ch2) clr (ch1) clr (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 chnl_enable_clIr [ W DMA disabled

1: Disables the corresponding channel.

Each bit corresponds to the channels in the specified number.

Writing "1" disables the corresponding channel. Writing "0" has no meaning.
Configure the DMAxChnlEnableSet register in order to enable and confirm the setting.
In the following conditions, the function automatically becomes invalid.

+ DMA cycle ends.

+ The channel_cfg<cycle_ctrl> reads the control data of "000".

- A bus error occurs.
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8.3.13 DMAXChnIPriAltSet (Channel Primary-alternate Set Register)

31 30 29 28 27 26 25 24
Bit bol chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_ chnl_pri_alt_
it symbo
Y set (ch31) set (ch30) set (ch29) set (ch28) set (ch27) set (ch26) set (ch25) set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit bol chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_
it symbo
y set (ch23) set (ch22) set (ch21) set (ch20) set (ch19) set (ch18) set (ch17) set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit bol chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_
it symbo
v set (ch15) set (ch14) set (ch13) set (ch12) set (ch11) set (ch10) set (ch9) set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit bol chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_ | chnl_pri_alt_
it symbo
v set (ch7) set (ch6) set (ch5) set (ch4) set (ch3) set (ch2) set (ch1) set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 | chnl_pri_alt_set | RIW Selects primary data or alternative data
[Write]
1: Uses alternative data
[Read]

0: Primary data
1: Alternative data
Each bit corresponds to the channels in the specified number.

Writing "1" specifies the data that is firstly used in the corresponding channel as "alternative data". Writing
"0" has no meaning. To disable this bit, use the DMAxChnlEnableClIr register.

Only in basic mode, automatic request mode, and ping-pong mode the first data can be specified as alterna-
tive data.

When this bit is read, data of the corresponding channel can be checked whether data is primary data or al-
ternative data.

In the following conditions, the settings are automatically changed.

+ The primary data transfer is completed in ping-pong mode, memory scatter / gather mode or peripheral
scatter / gather mode.

- Data transfer of the alternative data is completed in the ping-pong mode, memory scatter / gather mode
or peripheral scatter / gather mode.
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8.3.14 DMAXChnIPriAltCIr (Channel Primary-alternate Clear Register)

31 30 29 28 27 26 25 24
Bit symbol chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_
clr (ch31) clr (ch30) clr (ch29) clr (ch28) clr (ch27) clr (ch26) clr (ch25) clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_
clr (ch23) clr (ch22) clr (ch21) clr (ch20) clr (ch19) clr (ch18) clr (ch17) clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_
clr (ch15) clr (ch14) clr (ch13) clr (ch12) clr (ch11) clr (ch10) clr (ch9) clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_ chn_pri_alt_
clr (ch7) clr (ch6) clr (ch5) clr (ch4) clr (ch3) clr (ch2) clr (ch1) clr (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 chnl_pri_alt_clr | W Clears the alternative data setting.

1: Uses the primary data
Each bit corresponds to the channels in the specified number.

Writing "1" sets the data of the corresponding channel to the primary data. Setting "0" is invalid. Configure
the DMAXChnlIPriAltSet register to set the primary data or to confirm the setting.

In the following conditions, the setting is automatically changed.
+ The primary data transfer in memory scatter/gather mode or peripheral scatter/gather mode is complete.
+ The primary data transfer in ping-pong mode is complete.

- The alternative transfer in ping-pong mode, memory scatter/gather mode, or peripheral scatter/gather
mode is complete.
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8.3.15 DMAXChnlIPrioritySet (Channel Priority Set Register)

31 30 29 28 27 26 25 24
Bit bol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
it symbo
Y set (ch31) set (ch30) set (ch29) set (ch28) set (ch27) set (ch26) set (ch25) set (ch24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit bol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
it symbo
y set (ch23) set (ch22) set (ch21) set (ch20) set (ch19) set (ch18) set (ch17) set (ch16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit bol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
it symbo
v set (ch15) set (ch14) set (ch13) set (ch12) set (ch11) set (ch10) set (ch9) set (ch8)
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit bol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority
it symbo
v set (ch7) set (ch6) set (ch5) set (ch4) set (ch3) set (ch2) set (ch1) set (ch0)
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-0 chnl_priority_set | RIW Priority settings
[Write]
1: Sets the high-priority
[Read]

0: Normal priority
1: High priority
Each bit corresponds to the channels in the specified number.

Writing "1" sets the priority of the corresponding channel high. Writing "0" has no meaning.To change the pri-
ority again to the normal, configure the DMAXxChnlPriorityClIr register.

the priority of the corresponding channel, high-priority or normal priority, can be confirmed by reading the
bit.
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8.3.16 DMAXChnIPriorityClr (Channel Priority Clear Register)
31 30 29 28 27 26 25 24
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ [ chnl_priority_ [ chnl_priority
clr (ch31) clr (ch30) clr (ch29) clr (ch28) clr (ch27) clr (ch26) clr (ch25) clr (ch24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
clr (ch23) clr (ch22) clr (ch21) clr (ch20) clr (ch19) clr (ch18) clr (ch17) clr (ch16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_
clr (ch15) clr (ch14) clr (ch13) clr (ch12) clr (ch11) clr (ch10) clr (ch9) clr (ch8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Bit symbol chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority_ | chnl_priority
clr (ch7) clr (ch6) clr (ch5) clr (ch4) clr (ch3) clr (ch2) clr (ch1) clr (ch0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit symbol Type Function
31-0 | chnl_priority_clr w Clears the high-priority setting.
[Write]

1:Sets normal priority setting

Each bit corresponds to the channels in the specified number.

Writing "1" changes the priority of the corresponding channel to normal priority. Writing "0" has no mean-
ing. Configure the DMAxChnlPrioritySet register to set the high-priority and to confirm the setting.
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8.3.17 DMAXErrCIr (Bus Error Clear Register)

31 30 29 28 27 26 25 24
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol - - - - - - - err_clr
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Function
31-1 - R Read as "0".
0 err_clr R/W Bus error
[Write]
1: Clears a bus error.
[Read]

0: No bus error
1: The state of a bus error

A bus error occurrence can be confirmed by reading the bit.

Writing "1" clears a bus error. Writing "0" has no meaning.
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8.3.18 DMAIFFLGx (DMA Flag Register)
31 30 29 28 27 26 25 24
Bit symbol FLG31 FLG30 FLG29 FLG28 FLG27 FLG26 FLG25 FLG24
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
Bit symbol FLG23 FLG22 FLG21 FLG20 FLG19 FLG18 FLG17 FLG16
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit symbol FLG15 FLG14 FLG13 FLG12 FLG11 FLG10 FLGY9 FLG8
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
Bit symbol FLG7 FLG6 FLG5 FLG4 FLG3 FLG2 FLG1 FLGO
After reset 0 0 0 0 0 0 0 0
Bit Bit symbol Type Functions
31-0 FLG31-FLGO | R DMA factor flag
0:-

ing bit is set to "1".

1: A completion interrupt occurs.

This register is cleared by reading automatically.

A bit number corresponds with a channel number. If a transfer completion interrupt occurs, the correspond-

Note:Before a transfer completion interrupt is enabled, this register must be read and cleared.
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8.4 Operation

This DMA is controlled by the channel control data, which locates on the memory. A channel of the each data
is four words and allocated in the contiguous areas same as the number of channels.

There are two types of channel control data: primary data and alternative data. According to the operation
mode, one of them is selected by setting the register or both data is used.

8.4.1 Channel Control Data Memory Map
Figure 8-2 shows the example of memory map of the channel control data.

Set the start address of the primary data to the DMAxCtrIBasePtr and the start address of the alternative da-
ta to the DMAxAItCtrIBasePtr.

Alternate Ch31 0x3F0 Primary Ch31 0x1F0
Alternate Ch30 0x3E0 Primary Ch30 O0x1EO
Alternate Ch29 0x3D0 Primary Ch29 0x1D0
Alternate Ch28 0x3CO0 Primary Ch28 0x1CO0
Alternate Ch27 0x3B0 Primary Ch27 0x1B0
Alternate Ch26 0x3A0 Primary Ch26 0x1A0
Alternate Ch25 0x390 Primary Ch25 0x190
Alternate Ch24 0x380 Primary Ch24 0x180
Alternate Ch23 0x370 Primary Ch23 0x170
Alternate Ch22 0x360 Primary Ch22 0x160
Alternate Ch21 0x350 Primary Ch21 0x150
Alternate Ch20 0x340 Primary Ch20 0x140
Alternate Ch19 0x330 Primary Ch19 0x130
Alternate Ch18 0x320 Primary Ch18 0x120
Alternate Ch17 0x310 Primary Ch17 0x110
Alternate Ch16 0x300 Primary Ch16 0x100
Alternate Ch15 0x2F0 Primary Ch15 0XOF0
Alternate Ch14 0Xx2EO0 Primary Ch14 [0)%0]=(0)
Alternate Ch13 0x2D0 Primary Ch13 0x0DO0
Alternate Ch12 0x2CO0 Primary Ch12 0x0CO0
Alternate Ch1l 0x2B0 Primary Ch11 0x0B0
Alternate Ch10 0x2A0 Primary Ch10 0Xx0A0
Alternate Ch9 0x290 Primary Ch9 0x090
Alternate Ch8 0x280 Primary Ch8 0x080
Alternate Ch7 0x270 Primary Ch7 0x070
Alternate Ché 0x260 Primary Ch6é 0x060
Alternate Ch5 0x250 Primary Ch5 0x050
Alternate Ch4 0x240 Primary Ch4 0x040
Alternate Ch3 0x230 Primary Ch3 0x030 Reserved 0x00C
Alternate Ch2 0x220 Primary Ch2 0x020 Control 0x008
Alternate Chl 0x210 Primary Chl ?;M Destination End Pointer | 0x004
Alternate Cho 0x200 Primary ChO X000 Source End Pointer 0x000

Figure 8-2 Memory map of the control data

Figure 8-2 shows the memory map of which all 32 channels can be used. Necessary areas are determined
by the number of usable channels. Table 8-2 shows the relationship between the number of channels and ad-
dresses.
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Table 8-2 Address bit setting of channel control

Address
Channel Settable base address

191 8] [71 [6] [5] [4] [3:0]

OxXXXX_XX00, OxXXXX_XX20, 0xXXXX_XX40,
0 - - - - - A OXXXXX_XX60, OxXXXX_XX80, 0xXXXX_XXAOQ,
OXXXXX_XXCO, 0xXXXX_XXEO

OxXXXX_XX00, OxXXXX_XX40, 0xXXXX_XX80,

0to 1 - - - - A C[o]
OxXXXXX_XXCO0
Oto3 - - - A C[1:0] OXXXXX_XX00, 0XXXXX_XX80
OXxXXXX_X000, OxXXXX_X100, 0xXXXX_X200,
OXXXXX_X300, OxXXXX_X400, 0xXXXX_X500,
Channel control — — —
. OXXXXX_X600, OxXXXX_X700, 0OxXXXX_X800,
Oto7 - - A C[2:0] data setting - = =

OxXXXX_X900, OxXXXX_XA00, 0xXXXX_XB00,
OxXXXX_XC00, 0xXXXX_XD00, 0xXXXX_XEO00,
OxXXXX_XF00

OxXXXX_X000, OxXXXX_X200, 0xXXXX_X400,
0to 15 - A C[3:0] OXXXXX_X600, OxXXXX_X800, 0xXXXX_XA00,
OxXXXX_XC00, 0xXXXX_XEO00

OxXXXX_X000, OxXXXX_X400, 0xXXXX_X800,

0 to 31 A C[4:0] OxXXXX_XC00

A: Primary/alternative setting (O:primary, 1:alternative)
C[x:0]: Channel number setting

8.4.2 Channel Control Data Structure

The channel control data contains the three kinds of data shown below:

+  The final address of the transfer source address
+  The final address of the transfer destination address
+  Control data

Each data is described in the following sections:

8.4.2.1  Final Address of the Transfer Source Data

Specify the final address of the data to be transferred. The alignment of an address should be adjusted
to a transfer data size. The DMA calculates the start address of the source address using this data.

31 0

src_data_end_ptr

bit Bit symbol Function

[31:0] src_data_end_ptr The final address of source transfer data
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8.4.2.2 Final Address of the Transfer Destination Address

Specify the final address of the destination address. The alignment of an address should be adjusted to
a transfer data size. The DMA calculates the start address of the destination address of the transfer destina-
tion address.

31 0

dst_data_end_ptr

bit Bit symbol Function

[31:0] dst_data_end_ptr The final address of the transfer destination address.

8.4.2.3 Control Data Setting

31 30 29 28|27 26 25 24|23 | 18 17 14 13 4|3 2 0

dst_inc |dst_size| src_inc |src_size - R_power n_minus_1 cycle_ctrl

|— next_useburst

bit Bit symbol Function

[31:30] dst_inc Increments the transfer destination address (note 2)
00: 1 byte

01: 2 bytes

10: 4 bytes

11: No increment

[29:28] dst_size Data size of transfer destination (note1)
00: 1 byte

01: 2 bytes

10: 4 bytes

11: Reserved

[27:26] src_inc Increments the transfer source address (note 2)
00: 1 byte

01: 2 bytes

10: 4 bytes

11: No increment

[25:24] Src_size Data size of transfer source (note 1)
00: 1 byte

01: 2 bytes

10: 4 bytes

11: Reserved

[23:18] - Set "000000".
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bit Bit symbol Function

[17:14] R_power Arbitration

0000: After 1 transfer
0001: After 2 transfers
0010: After 4 transfers
0011: After 8 transfers
0100: After 16 transfers
0101: After 32 transfers
0110: After 64 transfers
0111: After 128 transfers
1000: After 256 transfers
1001: After 512 transfers
1010 - 1111: No arbitration

A transfer request is checked after the specified number of transfers. If a higher-prior-
ity request exists, the controller arbitrates the DMA transfer.

[13:4] n_minus_1 The number of transfers
0x000: Once

0x001: Twice

0x002: Three times

Ox3FF: 1024 times

[3] next_useburst Changes the setting of single-transfer

1: Sets <chnl_useburst_set> to "1".

Note)

0: Do not change the value of <chnl_useburst_set>.

Specifies whether to set "1" to the <chnl_useburst_set> bit at the end of the DMA trans-
fer using alternative data in the peripheral scatter/ gather mode.

This bit <chnl_useburst_set> is zero cleared, if the number of remaining transfer is
less than 2R times at the end of second 2Rtime transfer from the end ("R" is specified
by the <R_power>). Setting this bit to "1" sets "1" to the <chnl_userburst_set>.

[2:0] cycle_ctrl Operation mode

000: Invalid. The DMA stops the operation.
001: Basic mode

010: Automatic request mode

011: Ping-pong mode

100: Memory scatter / gather mode (primary data)
101: Memory scatter / gather mode (alternative data)
110: Peripheral memory scatter / gather mode (primary data)
111: Peripheral memory scatter / gather mode (alternative data)

Note 1: The setting value of <dst_size> must be the same as <src_size>.
Note 2: According to the settings of <dst_size> and <src_size>, the settings of <dst_inc> and <src_inc> are limited

as shown below:

<src_size>/<dst_size>
<src_inc>/<dst_inc> 00 01 10
(1 byte) (2 bytes) (4 bytes)
00 (1byte) o - -
01 (2bytes) o o -
10 (4bytes) o o o
No increment o o [¢]

8.4.3 Operation Modes

This section describes the operation modes configured by channel cfg<cycle ctrl> of the channel control da-

ta.
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8.4.3.1 Invalid Setting

The DMA sets the operation mode invalid after the end of transfer. This operation prevents a transfer
from being performed again. Also, the operation completes if invalid data is read either in ping-pong
mode, memory scatter / gather mode or peripheral scatter / gather mode.

8.4.3.2 Basic Mode
In basic mode, data structure can be selected from primary data or alternative data.
A transfer is started by receiving a transfer request.

An arbitration is performed for every transfer configured by <R power>. If a higher-priority request ex-
its, the DMA switches a channel. If a transfer request for the operating channel is received, the transfer is
continued.

After performing transfers for the number of times specified by <n_minus_1>, a transfer completion in-
terrupt occurs.

8.4.3.3 Automatic Request Mode

In this mode, a single-transfer request stops the DMA transfer. The data structure can be selected from pri-
mary data or alternative data.

The DMA transfer is started by a transfer request.

In each transfer configured by <R power>, a channel is switched if a higher-priority request is re-
ceived. If not, the transfer is continued.

After performing transfers for the number of times specified by <n_minus_1>, a transfer completion in-
terrupt occurs.

8.4.3.4 Ping-pong Mode

In ping-pong mode, a continuous DMA transfer that uses primary data and alternative data alternately
is performed. If <cycle ctrl> reads data specified to be invalid ("000"), or the channel is specified to be in-
valid, the transfer is stopped. Every time a DMA transfer (task) that uses primary data or alternative data
is complete, a transfer completion interrupt occurs.
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Preparation: Prepare primary data and alternative data, and set "1" to the bits
of the channels corresponding to both DMAxCfg<master_enable>

and DMAxChnlEnableSet.

Task A: Primary data
<cycle_ctrl[2:0]> = "011"
(ping-pong mode)
<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"0x005" (6 times)

Task B: Alternative data

<cycle_ctrl[2:0]> = "011"

<R_power{3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"0x00B" (12 times)

Task C: Primary data
<cycle_ctrl[2:0]> = "011"
<R_power[3:0]> = "0001"
(2 times)
<n_minus_1[9:0]> =
"0x001" (2 times)

Task D: Alternative data
<cycle_ctrl[2:0]> = "011"
<R_power{4:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"0x004" (5 times)

Task E: Primary data
<cycle_ctrl[2:0]> = "011"
<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"0x006" (7 times)

Final: Alternative data
<cycle_ctrl[2:0]> = "000"
(invalid)

Trans Task A
ransfer
request
Transfer .| .. _____.
request
q Transfer completion
interrupt
Transf Task B
ransfer g,
request ’
Transfer gl ...
request
Transfer 3.0 ____________
request
e
Transfer completion
interrupt
Transfer Task €
—>
request E’ Transfer completion
Interrupt
Task D
Transfer
request
Transfer g} oo oL
request

—> .
Transfer completion
interrupt

Task E
Transfer 5,
request ?
Transfer g | oo oooo_.
request
Transfer completion
interrupt
Transfer
request

—_—> -

Receiving a transfer request, the DMA performs a
transfer four times and performs arbitration.

If there is no other high-priority requests, the DMA
performs remaining transfers twice toward a re-
quest for a transfer to the corresponding channels.

The DMA generates a transfer completion interrupt
request and performs an arbitration.

After completing Task A, primary data for Task C
can be set.

Receiving a transfer request, The DMA performs a
transfer four times and performs arbitration.

If there is no other high-priority requests, The DMA
performs transfers twice toward a request for a trans-
fer to the corresponding channels.

The DMA generates a transfer completion interrupt
request and performs an arbitration.

After completing Task B, alternative data for Task
D can be set.

Receiving a transfer request, the DMA performs a
transfer twice and performs arbitration.

The DMA generates a transfer completion interrupt
request and performs an arbitration.

After completing Task C, alternative data for Task
E can be set.

Receiving a transfer request, the DMA performs a
transfer four times and performs arbitration.

If there is no other high-priority requests, the DMA
performs a transfer once toward a request for a
transfer to the corresponding channels.

The DMA generates a transfer completion interrupt
request and performs an arbitration.

Receiving a transfer request, the DMA performs a
transfer four times and performs arbitration.
If there is no other high-priority requests, the DMA

performs transfers three times toward a request for
a transfer to the corresponding channels.

The DMA generates a transfer completion interrupt
request and performs an arbitration.

Even receiving a transfer request, the operation
stops because <cycle_ctrl[2:0]> is set to invalid.

(The operation can be also stopped by setting the
<cycle_ctrl[2:0]> of Task E to normal mode "001".)
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8.4.3.5 Memory Scatter/Gather Mode
In memory scatter/gather mode, primary data is used in order to transfer data for alternative data.

Receiving a transfer request, the DMA transfers four alternative data using primary data. If there is no
new requests, it starts data transferring using alternative data. Then, it keeps transferring alternative data us-
ing primary data and transfer using alternative data, until either invalid setting ("000") of the <cycle ctrl
[2:0]> or setting data of the basic mode ("001") is read. A new transfer request is not required during this
period. After the transfer operation, an interrupt is generated.

The settings of the channel cfg of primary data must be configured as shown below:

Table 8-3 Setting values of Memory scatter/gather mode (Primary data)

Bit Bit symbol Setting Description
values
[31:30] | dst inc 10 3-byte increment is specified for transfer destination ad-
ress.

[29:28] [ dst_size 10 4 bytes are specified as transfer destination address.
[27:26] | src_inc 10 4-byte increment is specified for transfer source address.
[25:24] | src_size 10 4 bytes are specified as transfer source address.
[17:14] | R_power 0010 4 is specified as arbitration cycle.
[13:4] n_minus_1 N ;Ii'gs number of alternative task to be prepared x4 is speci-
[3] next_useburst |0 "0" is specified in memory scatter/gather mode.

Memory scatter/gather mode (primary data) is specified.
[2:0] cycle_ctrl 100 te) v g (p y ) P

note

Note:If the transfers specified in the <n_minus_1> are complete, invalid data "000" is automatically set.
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Preparation:

Copy A: Primary data
<cycle_ctrl[2:0]> = "100"

(Memory scatter / gather
mode)

<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"Ox00F" (16 times)

Task A: Alternative data

<cycle_ctrl[2:0]> = "100"

<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"0x002" (3 times)

Copy B: Primary data

Task B: Alternative data
<cycle_ctrl[2:0]> = "100"
<R_power[3:0]> = "0001"
(2 times)

<n_minus_1[9:0]> =
"0x007" (8 times)

Copy C: Primary data

Task C: Alternative data

Prepare primary data. Set "100" to <cycle_ctrl> and set four task da-
ta 4 x 4 = 16 as the number of transfers <n_minus_1>.

Set alternative data for Task A,B,C and D to the memory location
which is set to the <src_data_end_ptr>.

Set "1" to bits of channels corresponding to DMAxCfg <master_en-
able> and DMAxChniSet.

Primary Alternate
Transfer 5, COpy A
request ?
Auto request
Task A
Auto request ;
Copy B

Auto request

Auto request —»f-------------
Auto request = -------------
Auto request = -------------

Auto request

Copy C

Auto request

Receiving a transfer request, the DMA performs a
transfer for alternative data of Task A for four times.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs Task A.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs transfers for alternative data of
Task B for four times.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs Task B.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs transfers for alternative data of
Task C for four times.

After completing the transfer, a transfer request is
automatically generated and arbitration starts.

The DMA performs Task C.

<cycle_ctrl[2:0> = "100" Task C After completing the transfer, a transfer request is

<R_power[3:0]> = "0011" automatically generated and arbitration starts.

(8 times)

<n_minus_1[9:0]> =

— — A
"0x004" (5 times) uto request
Copy D: Primary data The DMA performs transfers for alternative data of
Copy D Task D for four times. The DMA also sets "000" to
<cycle_ctrl> of the primary data in order to set the
next primary data invalid.
A transfer request is automatically generated and ar-
\% bitration starts.
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Task D: Alternative data
<cycle_ctr[2:0]> = "001"
<R_power[3:0]> = "0010"
(4 times)

<n_minus_1[9:0]> =
"0x003" (4 times)

The DMA performs Task D.

Task D Since <cycle_ctrl[2:0]> is set to the basic mode
"001", the DMA generates a transfer completion in-
terrupt request after the end of the transfer, and com-

e pletes the operation.

Transfer completion
interrupt

8.4.3.6  Peripheral Scatter/Gather Mode

Primary data is used in order to transfer data for alternative data in peripheral scatter/gather mode.

Receiving a transfer request, the DMA transfers four alternative data using primary data, and then

starts transfer using alternative data.

After that, if a transfer request is generated, it starts alternative data transferring using primary data.
Then, it keeps transferring alternative data using primary data and transfer using alternative data, until ei-
ther invalid setting ("000") of the <cycle ctrl> or setting data of the basic mode ("001") is read. A new trans-
fer request is not required during this period. After the transfer operation, an interrupt is generated.

The settings of the channel cfg of primary data must be configured as shown below:

Table 8-4 Fixed values in peripheral scatter / gather mode (Primary data)

Bit Bit symbol Setting Description
value
[31:30] | dst inc 10 A 4-byte increment is specified for transfer destination ad-
dress.
[29:28] | dst_size 10 4 bytes are specified as transfer destination address.
[27:26] | src_inc 10 A 4-byte increment is specified for transfer source address.
[25:24] | src_size 10 4 bytes are specified as transfer source address.
[17:14] | R_power 0010 4 is specified as arbitration cycle.
[13:4] n_minus_1 N ;Ii'::j number of alternative task to be prepared x4 is speci-
[2: