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Preface

Thank you for your continued use of Cypress products.
Read this manual and "Data Sheet" thoroughly before using products in this family.

Purpose of This Manual and Intended Readers

This manual explains the functions and operations of this family and describes how it is used. The manual is
intended for engineers engaged in the actual development of products using this family.

For the descriptions on Analog macro, Timer, and Communication Macro, see the respective separate
peripheral manual.

Note:
—  This manual explains the configuration and operation of the peripheral functions, but does not cover
the specifics of each device in the series.
Users should refer to the respective data sheets of devices for device-specific details.
Trademark

ARM and Cortex are the registered trademarks of ARM Limited in the EU and other countries.

The company names and brand names herein are the trademarks or registered trademarks of their
respective owners.

Sample Programs and Development Environment

Cypress offers sample programs free of charge for using the peripheral functions of the FM4 family. Cypress
also makes available descriptions of the development environment required for this family. Feel free to use
them to verify the operational specifications and usage of this Cypress microcontroller.

Microcontroller Support Information:
http://www.spansion.com/support/microcontrollers/

Note:

— Note that the sample programs are subject to change without notice. Since they are offered as a
way to demonstrate standard operations and usage, evaluate them sufficiently before running them
on your system.

Cypress assumes no responsibility for any damage that may occur as a result of using a sample
program.

Overall Organization of This Manual
Peripheral Manual Timer part has 8 chapters and Appendixes as shown below.

CHAPTER 1: Watchdog Timer

CHAPTER 2: Dual Timer

CHAPTER 3-1: Watch Counter Prescaler
CHAPTER 3-2: Watch Counter

CHAPTER 4-1: Real-time Clock

CHAPTER 4-2: RTC Count Block (A)
CHAPTER 4-3: RTC Count Block (B)
CHAPTER 4-4: RTC Count Block (C)
CHAPTER 4-5: RTC Clock Control Block (A)
CHAPTER 4-6: RTC Clock Control Block (B)
CHAPTER 4-7: RTC Clock Control Block (C)
CHAPTER 5-1: Base Timer I/O Select Function

May 27, 2015, FM4_MN709-00002-4v0-E 3



PERIPHERAL MANUAL

CHAPTER 5-2: Base Timer

CHAPTER 6: Multifunction Timer

CHAPTER 7-1: PPG Configuration

CHAPTER 7-2: PPG

CHAPTER 8-1: Quadrature Position/Revolution Counter

CHAPTER 8-2: Quad Counter Position Rotation Count Display Function
Appendixes
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Related Manuals

The manuals related to this family are listed below. See the manual appropriate to the applicable conditions.

The contents of these manuals are subject to change without notice. Contact us to check the latest versions
available.

Peripheral Manual
B FM4 Family Peripheral Manual (MN709-00001)
Called Peripheral Manual hereafter

B FM4 Family Peripheral Manual Timer Part (this manual)
Called Timer Part hereafter

B FM4 Family Peripheral Manual Analog Macro Part (MN709-00003)
Called Analog Macro Part hereafter

B FM4 Family Peripheral Manual Communication Macro Part (MN709-00004)
Called Communication Macro Part hereafter

B FM4 Family Peripheral Manual GDC Part (MN709-00014)
Called GDC Part hereafter

Data Sheet
For details about device-specific, electrical characteristics, package dimensions, ordering information etc.,
see the following document.

B 32-bit Microcontroller FM4 Family Data Sheet
Note:
—  The data sheets for each series are provided.
See the appropriate data sheet for the series that you are using.

CPU Programming Manual
For details about ARM Cortex-M4F core, see the following documents that can be obtained from
http://www.arm.com/.

B Cortex-M4 Technical Reference Manual
B ARMv7-M Architecture Application Level Reference Manual

Flash Programming Manual
For details about the functions and operations of the built-in flash memory, see the following document.

B FM4 Family Flash Programming Manual
Note:
—  Flash programming manuals for each series are provided.
See the appropriate flash programming manual for the series that you are using.
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How to Use This Manual

Finding a Function
The following methods can be used to search for the explanation of a desired function in this manual:
B Search from the table of the contents
The table of the contents lists the manual contents in the order of description.
B Search from the register

The address where each register is located is not described in the text. To verify the address of a
register, see A. Register Map in Appendixes.

About the Chapters
Basically, this manual explains 1 peripheral function per chapter.

Terminology
This manual uses the following terminology.

Term Explanation
Word Indicates access in units of 32 bits.
Half word Indicates access in units of 16 bits.
Byte Indicates access in units of 8 bits.
Notations
B The notations in bit configuration of the register explanation of this manual are written as follows.
- bit: bit number
- Field: bit field name
— Attribute: Attributes for read and write of each bit
- R Read only
- W Write only
-  RMW: Readable/Writable
- - Undefined
— Initial value: Initial value of the register after reset
- 0 Initial value is 0
- 1 Initial value is 1
- X Initial value is undefined

B The multiple bits are written as follows in this manual.
Example : bit7:0 indicates the bits from bit7 to bitO

M The values such as for addresses are written as follows in this manual.

— Hexadecimal number: Ox is attached in the beginning of a value as a prefix
(example : OXFFFF)

— Binary number: Ob is attached in the beginning of a value as a prefix
(example: 0b1111)

— Decimal number : Written using numbers only (example: 1000)
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The Target Products in This Manual
B |n this manual, the products are classified into the following groups and are described follows.
For the descriptions such as "TYPE1-M4", see the relevant items of the target product in the list below.

Table 1 TYPE1-M4 Product List

Description in Flash memory size
this manual 1024 Kbytes 768 Kbytes 512 Kbytes
MB9BF568M
MB9BF567M MBO9BF566M
MB9BF568N
MB9BF567N MB9BF566N
MB9BF568R
MB9BF567R MB9BF566R
MB9BF568RF
MB9BF468M MB9BF467M MB9BF466M
MB9BF468N MB9BF467N MB9BF466N
TYPE1-M4 MB9BF468R MB9BF467R MB9BF466R
MB9BF368M MB9BF367M MB9BF366M
MB9BF368N MB9BF367N MB9BF366N
MB9BF368R MB9BF367R MB9BF366R
MB9BF168M MB9BF167M MB9BF166M
MB9BF168N MB9BF167N MB9BF166N
MB9BF168R MB9BF167R MB9BF166R

Table 2 TYPE2-M4 Product List

Description in Flash memory size

this manual 512 Kbytes 384 Kbytes 256 Kbytes
MB9BF566K MB9BF565K MB9BF564K
MB9BF566L MB9BF565L MB9BF564L
MB9BF466K MB9BF465K MB9BF464K
MB9BF466L MB9BF465L MB9BF464L

TYPE2-M4
MB9BF366K MB9BF365K MB9BF364K
MB9BF366L MB9BF365L MB9BF364L
MB9BF166K MB9BF165K MB9BF164K
MB9BF166L MB9BF165L MB9BF164L
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Table 3 TYPE3-M4 Product List

Description Flash memory size No-Flash
in this SRAM size
2 Mbytes 1.5 Mbytes 1 Mbytes
manual 256 Kbytes
S6E2CCA LOAGL20
S6E2CC8 LOAGL20
S6E2CCA LHAGL20
S6E2CC9 LOAGL20 S6E2CC8 LHAGL20
S6E2CCAJ0AGV20
S6E2CC9 LHAGL20 S6E2CC8J0AGV20
S6E2CCAJHAGV20
S6E2CC9J0AGV20 S6E2CC8JHAGV20
S6E2CCAJOAGB10
S6E2CC9JHAGV20 S6E2CC8J0AGB10
S6E2CCAJHAGB10 -
S6E2CC9J0AGB10 S6E2CC8JHAGB10
S6E2CCAHOAGV20
S6E2CC9JHAGB10 S6E2CC8HOAGV20
S6E2CCAHHAGV20
S6E2CC9HOAGV20 S6E2CC8HHAGV20
S6E2CCAJGAGV20
S6E2CC9HHAGV20 S6E2CC8JGAGB10
S6E2CCAJGAGB10
S6E2CC8JFAGB10
S6E2CCAJFAGB10
S6E2C5A LOAGL20 S6E2C59 LOAGL20 S6E2C58 LOAGL20
S6E2C5AJ0AGV20 S6E2C59J0AGV20 S6E2C58J0AGV20
S6E2C5AJ0AGB10 S6E2C59J0AGB10 S6E2C58J0AGB10
S6E2C5AHO0AGV20 S6E2C59H0AGV20 S6E2C58HO0AGV20
S6E2C4A LOAGL20 S6E2C49 LOAGL20 S6E2C48 LOAGL20
S6E2C4AJ0AGV20 S6E2C49J0AGV20 S6E2C48J0AGV20
TYPE3-M4 S6E2C4AJ0AGB10 S6E2C49J0AGB10 S6E2C48J0AGB10
S6E2C4AHOAGV20 S6E2C49H0AGV20 S6E2C48HO0AGV20
S6E2C3A LOAGL20 S6E2C39 LOAGL20 S6E2C38 LOAGL20
S6E2C3AJ0AGV20 S6E2C39J0AGV20 S6E2C38J0AGV20
S6E2C3AJ0AGB10 S6E2C39J0AGB10 S6E2C38J0AGB10
S6E2C3AHO0AGV20 S6E2C39H0AGV20 S6E2C38H0AGV20
S6E2C2A LOAGL20 S6E2C29 LOAGL20 S6E2C28LOAGL20
S6E2C2A LHAGL20 S6E2C29 LHAGL20 S6E2C28LHAGL20
S6E2C2AJ0AGV20 S6E2C29J0AGV20 S6E2C28J0AGV20
S6E2C2AJHAGV20 S6E2C29JHAGV20 S6E2C28JHAGV20
S6E2C2AJ0AGB10 S6E2C29J0AGB10 S6E2C28J0AGB10
S6E2C2AJHAGB10 S6E2C29JHAGB10 S6E2C28JHAGB10
S6E2C2AHO0AGV20 S6E2C29H0AGV20 S6E2C28HO0AGV20
S6E2C2AHHAGV20 S6E2C29HHAGV20 S6E2C28HHAGV20
S6E2C1ALOAGL20 S6E2C19L0AGL20 S6E2C18LOAGL20 S6E2C10H2AGV20
S6E2C1AJ0AGV20 S6E2C19J0AGV20 S6E2C18J0AGV20 S6E2C10J2AGV20
S6E2C1AJ0AGB10 S6E2C19J0AGB10 S6E2C18J0AGB10 S6E2C10J2AGB10
S6E2C1AHOAGV20 S6E2C19HOAGV20 S6E2C18HOAGV20 S6E2C10L2AGL20
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Table 4 TYPE4-M4 Product List

“YPR

Description in this
manual

Flash memory size 384 Kbytes

VRAM 512 Kbytes

VRAM 512 Kbytes
+

VFLASH 2 Mbytes

TYPE4-M4

S6E2D35G0AGB30
S6E2D35G0AGV20
S6E2D35G0AGE20
S6E2D35J0AGV20

S6E2D35GJAMV20

S6E2D55G0AGB30
S6E2D55G0AGV20
S6E2D55G0AGE20
S6E2D55J0AGV20

S6E2D55GJAMV20

S6E2DF5G0AGB30
S6E2DF5G0AGV20
S6E2DF5G0AGE20
S6E2DF5J0AGV20

S6E2DF5GJAMV20

S6E2DH5GO0AGB30
S6E2DH5GO0AGV20
S6E2DH5GO0AGE?20
S6E2DH5J0AGV20

S6E2DH5GJAMV20

ESS

ERFORM
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Table 5 TYPE5-M4 Product List

Description in Flash memory size

this manual 1 Mbytes 512 Kbytes
S6E2GM8JHAGV20 S6E2GM6JHAGV20
S6E2GM8J0AGV20 S6E2GM6J0AGV20
S6E2GM8HHAGV20 S6E2GMEHHAGV20
S6E2GM8HOAGV20 S6E2GM6EHOAGV20
S6E2GK8JHAGV20 S6E2GK6JHAGV20
S6E2GK8J0AGV20 S6E2GK6J0AGV20
S6E2GK8HHAGV20 S6E2GK6HHAGV20

N~ S6E2GK8HOAGV20 S6E2GK6HOAGV20
S6E2GHB8J0AGV20 S6E2GH6J0AGV20
S6E2GH8HO0AGV20 S6E2GHEH0AGV20
S6E2G28JHAGV20 S6E2G26JHAGV20
S6E2G28J0AGV20 S6E2G26J0AGV20
S6E2G28HHAGV20 S6E2G26HO0AGV20
S6E2G28HOAGV20 S6E2G26HHAGV20
S6E2G38J0AGV20 S6E2G36J0AGV20
S6E2G38HOAGV20 S6E2G36HOAGV20
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Table 6 TYPE6-M4 Product List
Description in Flash memory size
this manual 512 Kbytes 256 Kbytes
S6E2HG6GO0AGV20 S6E2HG4G0AGV20
S6E2HG6F0AGV20 S6E2HG4F0AGV20
S6E2HG6EOAGV20 S6E2HG4EO0AGV20
S6E2HG6GOAGB10 S6E2HG4G0AGB10
S6E2HE6GOAGV20 S6E2HE4GO0AGV20
S6E2HE6FO0AGV20 S6E2HE4F0AGV20
S6E2HEGEOAGV20 S6E2HE4EO0AGV20
S6E2HE6GOAGB10 S6E2HE4GOAGB10
TYPE6-M4
S6E2H46G0AGV20 S6E2H44G0AGV20
S6E2H46F0AGV20 S6E2H44F0AGV20
S6E2H46E0AGV20 S6E2H44E0AGV20
S6E2H46GOAGB10 S6E2H44G0AGB10
S6E2H16GO0AGV20 S6E2H14G0AGV20
S6E2H16FO0AGV20 S6E2H14F0AGV20
S6E2H16E0AGV20 S6E2H14E0AGV20
S6E2H16GOAGB10 S6E2H14G0AGB10
May 27, 2015, FM4_MN709-00002-4v0-E 11
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1. Overview

This section explains the overview of the watchdog timer.
The watchdog timer is a function to detect runaway of user program.

If the watchdog timer is not cleared within the specified interval time, it judges that a user program is out of
control, and outputs a system reset request or an interrupt request to CPU.

This interrupt request is called a watchdog interrupt request, and a reset request is called a watchdog reset
request.

During watchdog timer operation, it is required to clear continually and periodically before the specified
interval time has elapsed. If an abnormal operation of user program such as hanging up prevents it from
being periodically cleared, it continues down counting, underflows and outputs a watchdog interrupt request
or a watchdog reset request.

This MCU has two kinds of watchdog timers as follows.

Software Watchdog Timer

— The software watchdog timer is activated by user program.

— Adivided clock of APB bus clock is used for a count clock.

— It counts cycles while CPU program is operating, and it stops counting while APB clock is stopped in
the standby mode (timer mode, stop mode, and during oscillation stabilization wait time of the source
clock). The count value is retained so that it continues counting after returning from the standby mode.

— The software watchdog timer is stopped by all the resets.

— The window watchdog mode is provided.

Hardware Watchdog Timer

— The hardware watchdog timer is activated by tuning on the device, and after releasing all the resets
except software resets without an intervention of software.

— The hardware watchdog timer can be stopped by accessing a register by software.

— Low-speed CR clock (CLKLC) is used for a count clock.

— It counts cycles while CLKLC is operated, and it stops counting while CLKLC is stopped in the standby
mode (stop mode). The count value is retained so that it continues counting after returning from the
standby mode.

Software/hardware Watchdog Timer
— Each watchdog timer has a lock register, accessing to all the registers of watchdog timers cannot be
done unless accessing and releasing a lock with a certain procedure.
— The watchdog timers can be reloaded by accessing to the watchdog clear register.
— When the first underflow of the watchdog counter is generated, an interrupt request is generated.
When the second underflow is generated without clearing the interrupt request, a reset request is
generated. This function can be set by the register.
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Configuration and Block Diagram

This section shows the block diagram of the watchdog timer.
Figure 2-1 Block Diagram of Software Watchdog Timer
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Figure 2-2 Block Diagram of Hardware Watchdog Timer

HWDG clock
—>

System reset

APB

TOOL break signal

Hardware Watchdog Timer

bus ¥

APB
interface

A\ 4

Control logic/register

Lock register (WDG_LCK)

Load register (WDG_LDR)

Control register (WDG_CTL)

Clear register (WDG_ICL)

HWDG

\ 4

Interrupt/
reset
generation
circuit

reset

HWDG
interrupt
—>

y

Watchdog timer counter
(32-bit down counter)

\ 4

v

Value register (WDG_VLR)

A

24

FM4_MN709-00002-4v0-E, May 27, 2015



CHAPTER 1: Watchdog Timer
3. Operations

PERIPHERAL MANUAL

3. Operations

This section shows the configuration of the watchdog timer.

The watchdog timer consists of the following blocks.

Software Watchdog Timer
B Control register / logic
This circuit controls the software watchdog timer.
It consists of the load register, the lock register, the control register, and the clear register.

— Load register (WdogLoad)

This register is a 32-bit register used to set count interval cycles of the software watchdog timer. The
initial value is OXFFFFFFFF. Table 3-1 shows the examples of interval time setting.

Table 3-1 Examples of Interval Time Setting of Software Watchdog Timer

Count Frequency Interval Set Value Interval Time
40 MHz OXFFFFFFFF [initial value] Approx. 107 s
20 MHz OXFFFFFFFF [initial value] Approx. 214 s
40 MHz 0x0000FFFF Approx. 1.6 ms
20 MHz 0x0000FFFF Approx. 3.2 ms

— Lock register (WdogLock)

This register controls accesses of all the registers of the software watchdog timer.

Writing a value of 0OXLACCES55L1 to this register enables write access to all the other registers of the
software watchdog timer.

— Control register (WdogControl)

This register sets an interrupt enable of the software watchdog, a reset enable of the software
watchdog, and .a window watchdog mode enable.

— Clear register (WdogIntClr)

This is a clear register of the software watchdog timer.

Writing any value to the clear register reloads the value set in the load register to the counter. After
the reloading is completed, the counting is continued.

— Window Watchdog Mode Control register (WdogSPMC)

This register sets a trigger of Window Watchdog Mode of the software watchdog timer.
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B Watchdog Timer Counter (32-bit Down Counter)
This is a 32-bit down counter. The count value is reloaded to the set value of the load register (WdogLoad)
by accessing to the clear register (WdogIntClr) before the counter value becomes 0 by decrementing.

Table 3-2 shows the down counter reload condition.
Table 3-2 Down Counter Reload Condition of Software Watchdog Timer

Reload Conditions

Accessing to the clear register (WdogIntClr)

When the 32-bit down counter reaches "0"
When the load register (WdogLoad) is modified
When the watchdog is stopped by writing INTEN=0 to the control register
(WdogContral), and reactivated by writing INTEN=1

B Value register (WdogValue)
This register can read the current counter value of the watchdog timer.

B Interrupt and reset generation circuit
When an underflow of the watchdog timer counter is detected, a watchdog interrupt and a watchdog reset
are generated due to the register setting.
— Interrupt status register (WdogRIS)
This register shows the status of a software watchdog interrupt.
B Activation of software watchdog timer

— Access to the control register (WdogControl), and enable the watchdog interrupt and watchdog reset.
— Table 3-3 shows the combination of watchdog interrupt and watchdog reset settings.

Table 3-3 Combination of Software Watchdog Interrupt and Reset

Interrupt Reset Operation
Disable Disable The watchdog timer is not operated

Enable Disable An interrupt is generated at underflow
Disable Enable The watchdog timer is not operated

An interrupt is generated at the first underflow
Areset is generated at the second underflow  [Initial setting]

Enable Enable

Enabling an interrupt of the control register (WdogControl) becomes an activation trigger of the watchdog
timer.

B Reload and lock of the register of the software watchdog timer

— The register has not been locked with initial condition after reset. To enable locking, write any values
other than OXxX1ACCES551 to the WdogLock register with software.

— When you access the clear register, write 0OXLACCES551 to the WdogLock register to release the lock.

— The value set to the load register (WdogLoad) is reloaded by writing an arbitrary value to the clear
register (WdogIntClIr).

— After accessed the clear register, it will not be automatically locked. Lock it again with software.
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B Halting the software watchdog timer

The software watchdog timer is stopped by accessing to the control register (WdogControl), and
writing 0 to the watchdog interrupt enable bit.

The software watchdog timer is stopped by generating a reset.
B Window Watchdog Mode
— The software watchdog timer has the Window Watchdog Mode.

The Window Watchdog Mode detects whether counter reload by software is implemented at the right
timing.

In the following cases, the specified event (an interrupt or reset) is issued:
When a counter underflow occurs.

When the WdogIntClr register is accessed at timing outside the timing window and the counter is
cleared

When the WdogLoad register is accessed at timing outside the timing window and the counter is
reloaded.
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Hardware Watchdog Timer
B Control register / logic
This is a circuit to control the hardware watchdog timer.
It consists of the load register, the lock register, the control register, and the clear register.

Load register (WDG_LDR)

This register is a 32-bit register used to set count interval cycles of the hardware watchdog timer.
The initial value is 0XO000FFFF (down counter for 16 bits=> approx. 655 ms @ 100 kHz (TYP)). For
the frequency of CLKLC which is a count clock, see "Data Sheet" for the product used.

Lock register (WDG_LCK)

This register controls the accesses of all the registers of the hardware watchdog timer. Writing a
value of "Ox1LACCES551" to this register enables write access to all the registers except the control
register (WDG_CTL).

— Control register (WDG_CTL)

This register sets watchdog interrupt enable and watchdog reset enable. To access this register,
write 0XLJACCEDS551 to the lock register, and also write OXE5331AAE to the lock register. In case of
not writing the correct value after writing OxXLACCES51, repeat the process from the beginning.

Clear register (WDG_ICL)

This is a clear register of the hardware watchdog timer.
By writing an arbitrary 8-bit value and its reversed value in series, the timer counter is relojjaded to
the value stored in the load register and its counting is continued.

B Watchdog Timer Counter (32-bit down counter)
This is a 32-bit down counter. The count value is reloaded to the set value of the load register (WDG_LDR)
by accessing to the clear register (WDG_ICL) before the counter value becomes "0" by decrementing.

Table 3-4 shows the down counter reload condition.

Table 3-4 Down Counter Reload Condition of Hardware Watchdog Timer

Reload Conditions

Accessing to the clear register (WDG_ICL)

When the 32-bit down counter reaches "0"
When the load register (WDG_LDR) is modified
When the watchdog is stopped by writing INTEN=0 to the control register
(WDG_CTL), and reactivated by writing INTEN=1

B Value register (WDG_VLR)
This register can read the current counter value of the watchdog timer. However, during tool break, a correct
value can be read when the watchdog timer is stopped. Except during tool break, an inaccurate value may
be read due to asynchronous reading. In this case, a countermeasure is necessary such as comparing read
values after reading it twice.

B Interrupt and reset generation circuit
When an underflow of the watchdog timer counter is detected, a watchdog interrupt and a watchdog reset
are generated due to the register setting.
— Interrupt status register (WDG_RIS)
This register shows the status of a hardware watchdog interrupt.
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B Activation of hardware watchdog timer

Writing OXLACCEDS51 to the lock register (WDG_LCK) and then writing a reversal value
"OXE5331AAE" to it enables to access to the control register (WDG_CTL) also.

Access to the control register (WDG_CTL), and enable the watchdog interrupt and the watchdog reset

Table 3-5 shows the combination of watchdog interrupt and watchdog reset settings.

Table 3-5 Combination of hardware watchdog interrupt and reset

Interrupt Reset Operation
Disable Disable The watchdog timer is not operated

Enable Disable An interrupt is generated at underflow
Disable Enable The watchdog timer is not operated

Enable Enable An interrupt is generated at the first underflow

Areset is generated at the second underflow  [Initial setting]

Enabling an interrupt of the control register (WDG_CTL) becomes an activation trigger of the
hardware watchdog timer.

B Reload and lock of the register of the hardware watchdog timer

The set value is reloaded from the load register to the 32-bit down counter by writing a value to the
clear register (WDG_ICL). After reloading, the register is locked again.

Unlock is required each time accessing to the clear register hereafter.
B Stopping the hardware watchdog timer

— Writing OX1ACCES551 to the lock register (WDG_LCK) and then writing a reversal value 0XE5331AAE
to it enables to access to the control register (WDG_CTL).

The hardware watchdog timer is stopped by accessing to the control register (WDG_CTL), and writing
0 to the watchdog interrupt enable bit.
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Differences between Software Watchdog Timer and Hardware Watchdog Timer
Table 3-6 shows the major differences between software watchdog timer and hardware watchdog timer.

Table 3-6 Differences between Software Watchdog Timer and Hardware Watchdog Timer

Software Watchdog

Hardware Watchdog

Count clock

Divided clock of APB

CLKLC

Read value of the value
register

Synchronous reading
Reading possible

Asynchronous reading
Only during tool break, a correct value can be read.
Except during tool break, an inaccurate value may be read.

Initial value of watchdog
interrupt setting and reset
setting Initial value

Disable

(No watchdog operation)

Enable
(With a watchdog operation)

Register lock function initial
state

No lock
(Software locks after activation)

Lock
(Hardware locks from the activation)

Releasing lock

Writing OXIACCES551 to lock register to
release all lock for the registers

Writing 0XLACCES551 to lock
register to release all lock for the registers except
WDG_CTL

WdogControl/
WDG_CTL register
Releasing separate lock

None

Writing OXE5331AAE to lock register to release lock of
WDG_CTL register

Relock conditions

Writing a value other than "Ox1ACCE551" to

the lock register locks all the registers again.

After releasing lock for the registers except WDG_CTL, the

lock is resumed under any of the following conditions:

- Writing a value other than "0x1ACCES551" or "OXE5331AAE"
to WDG_LCK

- Writing to WDG_LDR

- Writing to WDG_CTL

- Writing to WDG_ICL again

After releasing lock for the registers including WDG_CTL,
lock is resumed under any of the following conditions:

- Writing a value other than "0x1ACCE551" to WDG_LCK

- Writing to WDG_LDR

- Writing to WDG_ICL

- Writing to WDG_CTL

Initial value of
load register

OXFFFFFFFF

0xO000FFFF

Bit number of clear register

32 bits

8 bits

Clear register access

Clear by writing an arbitrary value

Clear by writing an arbitrary value, and then writing a
reversal value of the arbitrary value

Window Watchdog Mode

Available

None
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4.  Setting Procedure Example

This section explains a setting procedure example of the watchdog timer.

Software Watchdog Timer
Figure 4-1 Setting Procedure Example of Software Watchdog Timer (1)
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Figure 4-2 Setting Procedure Example of Software Watchdog Timer (2)
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Hardware Watchdog Timer

Figure 4-3 Setting Procedure Example of Hardware Watchdog Timer
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arbitrary value

v

Access WDG_ICL
and write reversal value of arbitrary
value to clear watchdog counter

A4

Automatically lock registers again

Watchdog counter

Yes
Interrupt flag=1 ?

Watchdog interrupt is generated

[ Process interrupts ]

l

Watchdog reset is generated
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5. Operation Example

This section shows an operation example of the watchdog timers.

Software Watchdog Timer
Figure 5-1 Operation Example of Software Watchdog Timer

Watchdog
counter value

A

Initial value Operation halts Operation halts
OXFFFFFFFF T - — - — - - mmmmmm e e e e e o — -

Set value example

Ox111FFFFF
Setvalue example |______ _____ S S N F PO I NS
Ox0000FFFF
T T A T A - Time
1. Interval 3. Watchdog 7 Transit
setting counter clear 5. Underflow t' STOP 9. Underflow reset
Ox111FFFFF interrupt is 0 d is generated
_ generated mode
2.INTEN=1 4. watchdog 6. Interval 8. Release
activate counter clear setting change  STOP mode
watchdog OXO000FFFF
Note:

—  Before accessing each register, unlock the lock register In the above example, this operation is
omitted. Also, this operation is not in window watchdog mode.

1. Set SWC_PSR and WdogControl registers before activation.
Write the set value to WdogLoad register to set the interval time.
The interval time is not reflected because the watchdog is not activated. The count value is the initial
value.
2. Access to WdogControl register, and write 1 to INTEN bit to activate the watchdog.
At this time, the interval time is reflected and decrementing will be started from the value set in 1.
3. Write an arbitrary value to WdogIntClr register to clear the watchdog counter.
At this time, the set value is the value set in 2.
4. Access to WdogIntClr register and write an arbitrary value to clear the Watchdog .
At this time, the set value is the value set in 2.
5. When the counter is not cleared this time, an interrupt is generated at au underflow.
At this time, the down counter set value is the value set in 2.
6. Access to WdogLoad register to change the interval time.
At this time the down counter value is cleared to be to the set value.
7. Transfers to STOP mode. Thus, the software watchdog stops.
8. Clears STOP mode. The down counter is restarted. But, then counter value is not cleared.
Note: After the oscillation stabilization wait is completed and the base clock operation is started, the down
count is restarted.
9. When WdogIntClIr register is not accessed and the interrupt flag is not cleared, a software watchdog reset
is generated if the second underflow occurs.
Due to reset occurrence, the software watchdog timer operation is stopped.
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Figure 5-2 Operation Example of Single Period Mode

Note:

Operation at 75% of Window width (when interrupt is selected.)

WdogLoad = Set value —

Set value x 0.75

0000_0000
Timer clear Timer clear
A'F the normal timing, At wrong timing, clear,
tlmer.' clearloperatlon watchdog interrupt or
is continued. reset is generated.

When the count value is changed with Wdogload register at a range without the window,
An interrupt/reset occur in the same way.
At a counter underflow;an interrupt/reset occurs.

A

Before power-on, set SWC_PSR and WdogControl registers.

Write the setting value to WdogLoad register and set an interval.

Set SPM and TWD bits of WdogControl. At this time, INTEN must be 0.

Because the power-on, the interval time is not reflected. Count value becomes the initial value.
Set WdogSPMC register and set the trigger type in window watchdog mode.

. Write 1 to INTEN bit of WdogControl register to start the watchdog.

Then, the intrerval time is reflected and the count down is started from the value set in 1.

. Write an arbitrarily value to WdogClr register to execute the watchdog counter clear.

When the cleared timer value is within the set window value (in the above operation example, 75% or
less):

The clear is executed at the normal timing and the counter value becomes the value set in 1. to continue
the operation.

. Access to WdogClr to write an arbitrarily value and execute watchdog counter clear.

When the cleared timer value is without the set window value (in the above operation example, more than
75%):

The clear is executed at the anomalous timing and the watchdog timer generates the interrupt/reset set in
1.

. When an interrupt occurs, the watchdog timer continues its operation (in the above example).

When a reset occurs, the watchdog timer stops its operation.

Note:
— Release of the lock register is required to access each register. It is omitted in the operation
example.
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Hardware Watchdog Timer
Figure 5-3 Operation Example of Hardware Watchdog Timer

Watchdog
counter value

Set value example

OXFFFFFFFF

T

Initial value
O0x0000FFFF

f F T ) > Time

1. After power-on 3.Waichdog
Operation starts counter Clear 5.Release STOP mode
7.underflow RESET is
generated .
2.Interval setting 4. Transit to 6.underflow interrupt is
OxFFFFFFFF STOP Mode

generated .

1. After power-on, the hardware watchdog timer is started.
The count value is the initial value (0XO000FFFF).
2. Access to WDG_LDR register to change the interval time.
At this time, the down count value will be cleared to the set value.
3. Write an arbitrary value to WDG_ICL register, and the write the reversal value of the arbitrary value to
clear the watchdog counter.
At this time, the set value will be the value set in 2.
4. Transit to Stop mode. The hardware watchdog will be stopped by this.

5. Release Stop mode. The down counter is restarted. The count value is not cleared.
(Note) Decrementing will be restarted after CLKLC oscillation is started, and HWDG clock is input to
restart the down count.

6. Without clearing the counter, an interrupt will be generated at underflow.
At this time, the set value of the down counter will be the value set in 2.

7. A hardware watchdog reset will be generated when the second underflow is generated without clearing
the interrupt flag by accessing the WDG_ICL register.
The count value is returned to the initial value and decrementing is restarted.

Note:
— Release of the lock register is required to access each register. It is omitted in the operation
example.
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6. Registers

This section explains the registers of clock generation.
Table 6-1 List of Registers for the Watchdog Timer

Abbreviated .

register name Register Name Reference
WdogLoad Software watchdog timer load register 6.1
WdogValue Software watchdog timer value register 6.2
WdogControl Software watchdog timer control register 6.3
WdoglIntClr Software watchdog timer clear register 6.4
WdogRIS Software watchdog timer interrupt status register 6.5
WdogSPMC Software watchdog timer Window Watchdog Mode control register 6.6
WdogLock Software watchdog timer lock register 6.7
WDG_LDR Hardware watchdog timer load register 6.8
WDG_VLR Hardware watchdog timer value register 6.9
WDG_CTL Hardware watchdog timer control register 6.10
WDG_ICL Hardware watchdog timer clear register 6.11
WDG_RIS Hardware watchdog timer interrupt status register 6.12
WDG_LCK Hardware watchdog timer lock register 6.13
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6.1 Software Watchdog Timer Load Register (WdogLoad)
The WdogLoad register sets the cycle of the software watchdog timer.
Register configuration
bit 31 0
Field I WdogLoad
Attribute R/W
Initial value OXFFFFFFFF

Register function

bit31:0] WdogLoad : Interval cycle setting bits
bit31:0 Explanation

Sets the cycle of the software watchdog.
The initial value is OXFFFFFFFF.

In case of writing o N
The minimum value for writing is "0x00000001".

When "0x00000000" is written, an interrupt will be generated.
(A reset may be generated immediately depending on setting.)
In case of reading A set value can be read. The initial value OXFFFFFFFF is read.

Notes:
—  During watchdog timer operation, if the value of WdogLoad is modified, the value of WdogLoad will

be reflected to the timer counter, and counting is continued.
—  While the watchdog timer is halting, if the value of WdogLoad is modified, the value of WdogLoad
will be reflected to the timer counter at activation of the watchdog timer.
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6.2 Software Watchdog Timer Value Register (WdogValue)

The WdogValue register can read the current counter value of the software watchdog timer.

Register configuration

bit 31 0
Field I WdogValue
Attribute R
Initial value OXFFEFEFFF

Register function

bit31:0] WdogValue : Counter value bits
bit31:0 Explanation
In case of writing No effect on the operation. .

) The count value of the current watchdog counter is read.
In case of reading

The initial value OXFFFFFFFF is read if reading before activation.

Note:
—  See "5.13 Debug Break Watchdog Timer Control Register (DBWDT_CTL)" in the chapter of Clock in
Peripheral Manual for the setting of watchdog timer at tool break.
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6.3 Software Watchdog Timer Control Register (WdogControl)
The WdogControl register sets enable/disable of the software watchdog timer.
Register configuration
bit 7 6 5 4 3 2 1 0
Field I Reserved SPM TWD RESEN INTEN
Attribute - R/W R/W R/W R/W
Initial value - 0 00 0 0

Register function

[bit7:5] Reserved : Reserved bits
"0b000" is read from these bits.
In case of writing, set 0b000.

[bit4]SPM: Software Watchdog window watchdog mode enable bit

bit Explanation
Read Register value is read.
Write 0 A window watchdog mode is disabled.
Write 1 A window watchdog mode is enabled.

Notes:
= When INTEN=1, writing to this bit is disabled. During INTEN=0, write to this bit.
— AtINTEN=1, writing to INTEN bit and this bit at the same time is valid
At INTEN=0, writing to INTEN bit and this bit at the same time is invalid.

bit3:2] TWD : Timing window setting bit of the software watchdog

Bit Explanation
Read Register value is read.
Write 00 At the period of WdogLoad or less, reload is enabled.
Write 01 At the period of 75% or less of WdogLoad, reload is enabled.
Write 10 At the period of 50% or less of WdogLoad, reload is enabled.
Write 11 At the period of 25% or less of WdogLoad, reload is enabled.

Notes:
—  Only when SPM=1, this bit is effective.
- When INTEN=1, writing to this bit is disabled. During INTEN=0, write to this bit.
- At INTEN=1, writing to INTEN bit and this bit at the same time is valid
At INTEN=0, writing to INTEN bit and this bit at the same time is invalid.
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[bitl] RESEN : Reset enable bit of the software watchdog

bit Description
Read Register value is read.
Write 0 A watchdog reset is disabled.
Write 1 A watchdog reset is enabled.

Note:
- At SMP=1, the setting of this bit is invalid.

[bitO] INTEN : Interrupt and counter enable bit of the software watchdog

bit Description
Read Register value is read.
. A watchdog interrupt is disabled.
Write 0 -
A watchdog counter is disabled.
. A watchdog interrupt is enabled.
Write 1 .
A watchdog counter is enabled.
Notes:

— By writing 1 to INTEN bit, the watchdog counter loads the interval cycle value from WdogLoad and
the software watchdog timer is activated.

—  Writing 0 to INTEN bit stops the watchdog counter. The watchdog counter reloads the cycle value
from WdogLoad when 1 is written again and reactivated.

—  The watchdog timer can be activated by enabling INTEN bit only. The watchdog timer is not
activated by enabling RESEN bit only. To activate the watchdog timer, INTEN bit should be enabled.
See "3. Operations" for details.

—  Writing 0 to INTEN bit clears the interrupt flag in the software watchdog timer interrupt status
register (WdogRIS).
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6.4 Software Watchdog Timer Clear Register (WdogIntClr)
The WdogIntClr register clears the software watchdog timer.
Register configuration
bit 31 0
Field I WdogIntClr
Attribute R/W
Initial value OXXXXXXXXX

Register function

bit31:0] WdogIntClr : clear bits
bit31:0 Description
Read An undefined value is read.

Writing an arbitrary value
Clears an interrupt of the watchdog timer, if an interrupt of the watchdog timer is
generated.

Write

Reloads the set value from the WdogLoad register to the watchdog timer counter.
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6.5 Software Watchdog Timer Interrupt Status Register (WdogRIS)

The WdogRIS register shows the interrupt status of the software watchdog timer.

Register configuration

bit 7 0
Field | Reserved RIS
Attribute R
Initial value 0
Register function
[bit7:1] Reserved: Reserved bits
0b0000000 is read from these bits.
In case of writing, set 0b0000000.
bit0] RIS: Software watchdog interrupt status bit
bit Description
Write No effect on the operation.
Read A watchdog interrupt is not generated.
Read A watchdog interrupt is generated.
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6.6 Software Watchdog Timer Window Watchdog Mode Control Register
(WdogSPMC)

WdogSPMC register controls the software watchdog timer window watchdog mode.

Register configuration

Bit 7 1 0
Field | Reserved TGR
Attribute - R/W

Initial value - 0

Register function

[bit7:1] Reserved : Reserved bits
0b0000000 is read from these bits.
In case of writing, set 0b0000000.

[bit0] TGR : Software watchdog trigger type bit

bit Description

Read Register value is read.

In the following conditions, an interrupt is generated:
Wit 0 When an counter underflow is generated

rite
When a counter clear (WdoglIntClr write) is generated outside the timing window

When a counter reload (WdogLoad write) is generated outside the timing windown

In the following conditions, a reset is generated:

Wit 1 When an counter underflow is generated
rite
When a counter clear (WdogIntClr write) is generated outside the timing window

When a counter reload (WdogLoad write) is generated outside the timing window

Note:

- Only when SPM=1, this bit is effective.
When setting TGR=1, a reset is generated as an event regardless of the setting of RESEN bit of

WdogControl.
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6.7 Software Watchdog Timer Lock Register (WdogLock)

The WdogLock register controls accesses of all the registers of software watchdog timer.

Register configuration

bit 31 0
Field I WdogLock
Attribute R/W
Initial value 0x00000000

Register function

bit31:0] WdogLock : Software watchdog lock register
bit31:0 Explanation
Writing OX1IACCES51:

Releases locks of all the registers of software watchdog timer.

Write »
Writing other than Ox1ACCES551:
Lock function for all of the software watchdog timer registers will be enabled.
0x00000000 : The locks are released.
Read

0x00000001 : The locks are not released.

Notes:

—  Lock for initial values are not enabled. Enable lock function after the software watchdog timer is
started.

—  After lock is released, the software watchdog timer clear register (WdogIntClIr) will become
accessible.

—  After accessed the clear register (WdogIntClIr), lock will not be automatically enabled. Incorporate
"lock release -> clear -> lock enable" for any clear sequence.

— In case of accessing to each register of the hardware watchdog when the locks are not released,
reading is enabled and the values of each register can be read. Writing is ignored.
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6.8 Hardware Watchdog Timer Load Register (WDG_LDR)
The WDG_LDR register sets the cycle of hardware watchdog timer.
Register configuration
bit 31 0
Field | WDG_LDR
Attribute R/W
Initial value O0XO000FFFF

Register function

bit31:0] WDG_LDR : Interval cycle setting bits

bit31:0 Explanation

Sets cycle of the hardware watchdog.
The initial value is 0XO000FFFF.

Write . L
The minimum value of writing is 0x00000001.
An interrupt is generated when 0x00000000 is written.
Read A set value can be read. The initial value OxO000FFFF is read.

Notes:

During watchdog timer operation, if the value of WDG_LDR is modified, the value of WDG_LDR will
be reflected to the timer counter and counting is continued.

During the watchdog timer is halting, if the value of WDG_LDR is modified, the value of WDG_LDR
will be reflected to the timer counter at activation of the watchdog timer.

The case of modifying the WDG_LDR register when the watchdog timer interrupt was generated,
the watchdog timer interrupt is cleared.

This register cannot be cleared by a software reset or a software watchdog reset.
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6.9 Hardware Watchdog Timer Value Register (WDG_VLR)

The WDG_VLR register can read the current counter value of the hardware watchdog timer.

Register configuration

bit 31 0
Field | WDG_VLR
Attribute R
Initial value OXXXXXXXXX

Register function

bit31:0] WDG_VLR : Counter value bits
bit31:0 Explanation
The count value of the current watchdog counter can be read.

By turning on the power, the hardware watchdog automatically activates, therefore

Read
decrementing is already started at the time of reading. The value after power on or
the value decremented from the initial value OxO000FFFF is read.

Write No effect on the operation.

Notes:

—  This register cannot be cleared by software reset or software watchdog reset.

Reading a correct value of this register is possible only if the watchdog timer stops at tool break. See
"5.13 Debug Break Watchdog Timer Control Register (DBWDT_CTL)" in the chapter of Clock in
Peripheral Manual for the setting of watchdog timer at tool break. Except during tool break, an
inaccurate value may be read due to asynchronous reading for the bus clock. In this case, a
countermeasure is necessary such as comparing read values after reading it twice.
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6.10 Hardware Watchdog Timer Control Register (WDG_CTL)
The WDG_CTL register sets enable/disable of the hardware watchdog timer.
Register configuration
bit 7 2 1 0

Field | Reserved RESEN INTEN
Attribute - R/W R/W
Initial value - 1 1

Register function

[bit7:2] Reserved : Reserved bits
0b000000 is read from these bits.
In case of writing, set these bits to 0b000000.

bitl] RESEN: Hardware watchdog reset enable bit

bit Explanation
Read A value of register is read.
Write 0 A watchdog reset is disabled.
Write 1 A watchdog reset is enabled.

bit0] INTEN: Hardware watchdog interrupt and counter enable bit

bit Explanation
Read The value of the register is read.
. A watchdog interrupt is disabled.
Write 0 -
A watchdog counter is disabled.
. A watchdog interrupt is enabled.
Write 1 .
A watchdog counter is enabled.
Notes:

—  Writing 0 to INTEN bit stops the watchdog counter. When writing 1 again, the watchdog counter
reloads the cycle value from WDG_LDR register to activate the counter.

—  The watchdog timer can be activated by enabling INTEN bit only. The watchdog timer is not
activated by enabling RESEN bit only. To activate the watchdog timer, INTEN bit should be enabled.

—  To access this register, write OxX1IACCES551 to the hardware watchdog timer lock register
(WDG_LCK), and also write the reversal value OXE5331AAE to release lock.

—  This register cannot be cleared by a software reset or a software watchdog reset

—  Writing 0 to INTEN bit clears the interrupt flag in hardware watchdog timer interrupt status register
(WDG_RIS).
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6.11 Hardware Watchdog Timer Clear Register (WDG_ICL)

The WDG_ICL register clears the hardware watchdog timer.

Register configuration

bit 7
Field | WDG_ICL
Attribute RIW
Initial value OxXX
Register function
bit7:0] WDG_ICL: clear bits
bit7:0 Explanation
Read Undefined value is read.
Writing an arbitrary 8-bit value, and then write a reversal value of the arbitrary value,
Write Clears an interrupt of watchdog timer, if an interrupt of watchdog timer is generated.
Reloads the set value from the WDG_LDR register to the watchdog timer counter.

Note:

—  This register cannot be cleared by a software reset or a software watchdog reset.

May 27, 2014, FM4_MN709-00002-4v0-E

49



CHAPTER 1: Watchdog Timer

6. Registers
,%YPRESS PERIPHERAL MANUAL
6.12 Hardware Watchdog Timer Interrupt Status Register (WDG_RIS)
The WDG_RIS register shows the interrupt status of the hardware watchdog timer.
Register configuration
bit 7 1 0
Field | Reserved RIS
Attribute - R
Initial value - 0

Register function

[bit7:1] Reserved: Reserved bits
0b0000000 is read from these bits.
In case of writing, set 0b0000000.

bit0] RIS: Hardware watchdog interrupt status bit

bit Explanation
Write No effect on the operation.
Read 0 Hardware watchdog interrupt is not generated.
Read 1 Hardware watchdog interrupt is generated.

Note:
—  This register cannot be cleared by a software reset or a software watchdog reset.
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6.13 Hardware Watchdog Timer Lock Register (WDG_LCK)

The WDG_LCK register controls accesses of all the registers of the hardware watchdog timer.

Register configuration

F# CYPRESS

bit 31
Field | WDG_LCK
Attribute R/W
Initial value 0x00000001

Register function

bit31:0] WDG LCK :

Hardware watchdog lock register

bit31:0

Explanation

Write

Writing OX1IACCES551:

The locks of all the registers other than the control register are released.
Later, in case of writing the reversal value, OXE5331AAE:

The locks of all the registers are released.
In case of other procedure is performed or writing any value other than the
aboveOx1ACCES551:

The locks of all the registers will be enabled.

Read

0x00000000: The locks are released.
0x00000001: The locks are not released.

Notes:

—  This register cannot be cleared by a software reset or a software watchdog reset.

— In case of accessing to each register of the hardware watchdog when the locks are not released,

reading is enabled and the values of each register can be read. Writing is ignored.
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7. Usage Precautions

The section explains the precautions when using the watchdog timer.

B Hardware watchdog timer clear register
To clear the hardware watchdog, write an arbitrary 8-bit value, and then write a reversal value of the arbitrary
value. Clearing cannot be performed unless the correct reversal value is written. Even if clearing is not
performed, the register is locked again.

B Cooperation with a debug tool
When a tool break is applied by a debug tool, to continue or stop of the counter of the watchdog timer can be
set by setting of the register. See the chapter, Clock in Peripheral Manual for details about the behavior of
the watchdog timers during debugging.

B Operation at standby mode
Writing to a key register is required at setting of the standby mode not to stop the watchdog timer for the
case of the mode is transited to the standby mode because of an unintended program operation.
See the chapter, Low Power Consumption Mode in Peripheral Manual for more details.

Generation of a watchdog reset can be confirmed by the reset source register. See the section 4.1 Reset
Cause Register (RST_STR: ReSeT STatus Register) in the chapter Reset in Peripheral Manual for more
details.

B For an interrupt factor, see the section 3.3 EXC02 Batch Read Register (EXC02MON) and 3.5 IRQ001
Batch Read Register (IRQO01MON) in the chapter Interrupts in Peripheral Manual.

B Use a divided clock of APB clock for the count clock of the software watchdog.
See the chapter, Clock in Peripheral Manual for divided clock setting of the count clock.

B Hardware watchdog and interrupt handler
Before releasing the Lock for WDG_CTL (after releasing the Lock for the register other than WDG_CTL),
if another interrupt becomes effective by the hardware watchdog and the interrupt handler begins its
processing, the Lock releasing count could not be detected by hardware.
So, at the beginning of the interrupt handler, write values in the WDG_LCK register to lock the register.
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1. Overview

Dual Timer consists of two programmable 32-/16-bit down counters. An interrupt is generated when the
counter reaches zero.

Dual Timer Overview

Dual Timer consists of two programmable Free Run Counters. Each timer block operates identically. The
Free Run Counters can be programmed for 32-bit or 16-bit counter size by Control Register. Also, any one of
the following three timer modes can be selected:

B Free-running mode
The counter operates continuously and wraps around to its maximum value each time that it reaches
zero.

B Periodic mode
The counter is reloaded from Load Register and operates continuously each time that it reaches
zero.

B One-shot mode
Writing to the Load Register (TimerXLoad) loads the counter with a new value. The counter halts
until it is reprogrammed when the counter reaches zero.

Two Free Run Counters operate in common timer clock (TIMCLK). APB bus clock (PCLK) is used as the
timer clock. Also, each Free Run Counter has a prescaler that can divide by 1, 16, or 256. Therefore, the
count rate of each Free Run Counter can be controlled by each prescaler.

Writing to the Load Register (TimerXLoad) loads the counter with the timer count value. If the timer counter
is enabled, the timer decrements at the rate determined in the timer clock and in the prescaler setting. When
the timer counter has been running, writing to the Load Register restarts the counter immediately with a new
value.

An alternative way of loading the timer count is to write to Background Load Register (TimerXBGLoad). In
this way, the current count value is not affected immediately after the writing, and the counter continues to
decrement. Then, in the case where the counter reaches zero, the timer counter is reloaded with a new load
value if it is in Periodic Mode.

When the timer count reaches zero, an interrupt is generated. Writing to Interrupt Clear Register
(TimerXIntClIr) clears the interrupt. Also, the interrupt output signal can be masked by Interrupt Mask
Register.

The current count value can be read from Value Register at any time.
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2. Configuration

This section illustrates the Dual Timer configuration.
Figure 2-1 Dual Timer Block Diagram
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3. Operations

This section explains Dual Timer operations.

3.1. Timer Operating Mode
3.2. Initial State
3.3. Interrupt Operation
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3.1 Timer Operating Mode
Operating modes are selected from three timer modes based on the settings of the Control Register
(TimerXControl)’'s mode bit (TimerMode) and one-shot mode bit (OneShot).

Table 3-1 Mode Selection Table

TimerMode OneShot Selective Mode
0 0 Free-running Mode
1 0 Periodic Mode
- 1 One-shot Mode

Timer size bit (TimerSize) of the Control Register is used to appropriately configure 32-bit or 16-bit counter
operation.

Note:

—  The character X in a register name in this chapter indicates either register of Free Run Counter 1 or
2.
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Free-running Mode

When a reset is performed, the timer value is initialized to OxFFFFFFFF. Then, if the counter is enabled, the
count decrements by one at the timer clock (TIMCLK) rising edge. Alternatively, writing to the Load Register
(TimerXLoad) loads a new initial counter value. Then, if the counter is enabled, the counter starts to
decrement from this loaded value.

In 32-bit mode, when the count reaches zero (0x00000000), an interrupt is generated. Then, regardless of
the Load Register’s value, the counter wraps around to OXFFFFFFFF. The counter starts to decrement again,
and as long as the counter is enabled, this whole cycle is repeated.

In 16-bit mode, only the lower 16 bits of the counter are decremented. When the count reaches 0x0000, an
interrupt is generated. Then, regardless of the Load Register’s value, the counter wraps around to OxFFFF.

If the Enable bit (TimerEn) of the Control Register (TimerXControl) is cleared and that the counter is disabled,
the counter halts and holds the current value. If the counter is enabled again, the counter continues to
decrement from the current value.

The counter value can be read from the Value Register (TimerXValue) at any time.
Figure 3-1 Free-running Mode Operation (32-bit Mode)

Count Value
A Timer
OXFFFFFFFF Disable.
| | |
| | |
| | |
OXAFFFFFFF | o
| | |
| I | | \
| | | |
| | | |
| | |
| |
| | | |
| : | |
| | |
0x00000000 , — | — >
| | | | |
| | b ' | | I Time
| | o ! | | :
l ' | | bl |
T. E I I I I I
imeren ., Timer Enable : I : Tim}er Enable
, — | : :
TimerXLoad | 0x00000000 I XOXAFFFFFFFI I
I |
| i M M
TimerXRIS | !
I Interrupt | Interrupt Interrupt
| generated | generated generated
Reset Release Write to Load
Register
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Periodic Mode
Writing to the Load Register (TimerXLoad) loads an initial counter value. Then, the counter starts to
decrement from this value if the counter is enabled.

In 32-bit mode, all 32 bits of the counter are decremented. Then, when the count reaches zero
(0x00000000), an interrupt is generated. The counter reloads the Load Register value. The counter starts to
decrement again. As long as the counter is enabled, this whole cycle is repeated.

In 16-bit mode, only the lower 16 bits of the counter are decremented. When the count reaches 0x0000, an
interrupt is generated. Then, the counter reloads the Load Register value. The counter starts to decrement
again. As long as the counter is enabled, this whole cycle is repeated.

When a new value is written to the Background Load Register (TimerXBGLoad) while the counter is running,
the value of the Load Register is also updated to the same value. However, the counter continues to
decrement to zero. When the counter reaches zero, it reloads the new value. As long as the Timer is set to
Periodic Mode, this new load value is used for each subsequent reload.

When a new value is written to the Load Register for loading the value to the counter while the counter is
running, the counter value is changed to the new load value at the next timer clock.

If the Enable bit (TimerEn) of the Control Register (TimerXControl) is cleared and that the counter is disabled,
the counter halts and holds the current value. If the counter is enabled again, the counter continues to
decrement from the current value.

Figure 3-2 Periodic Mode Operation (32-bit Mode)

Count Value
A Timer
OXFFFFFFFF oisable.
| |
OXCFFFFFFF : :
| |
| |
| |
OX7FFFFFFF | ;
Lo | |
I I |
| |
[ |
Lo | | |
| | | |
000000000 — L — — >
| Lo | Lo | _
| [ : I : I I | : Time
l . L . by |
| I L . b |
| |
i | I I | I | f t
TimerEn Timer Enablg | | Tilner Enable|
|
TimerXLoad / I l ' ' ! ' ;
) |0xooooooocX OX7FFFFFFF | X}xCFFFFFFF XOX?FFFFFFF | |
TimerXBGLoad | | I | | | I I
i i N i M
TimerxRIS | ' ! !
1 1
| | Interrupt | Interrupt | Interrupt Interrupt
| | generated I generated | generated generated
Reset Release  \wyrite to Load Write to BG Load ~ Write to Load
Register Register Register
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One-shot Mode
To start the count down sequence in One-shot Mode, a new load value is written to the Load Register
(TimerXLoad). If the counter is enabled, it starts to decrement from this value.

In 32-bit mode, all 32 bits of the counter are decremented. Then, when the count reaches zero
(0x00000000), an interrupt is generated. Then, the counter halts.

In 16-bit mode, only the lower 16 bits of the counter are decremented. When the count reaches 0x0000, an
interrupt is generated. Then, the counter halts.

In One-shot Mode, writing a new value to the Load Register starts the counter again. Then, the counter
value is changed to the new load value at the next timer clock.

Figure 3-3 One-shot Mode Operation (32-bit Mode)

Count Value
Timer
S .
OXFFFFFFFF [Disable.
| |
OXCFFFFFFF : :
| |
| |
| |
OX7FFFFFFF ; -
| I | |
| | | |
| | | |
| | | |
| | | |
| |
0x00000000 : ! | — , | >
| I | | | |
| | | by ' o I Time
| | |
: | I | : | | : | |
| | | |
| | — —] | !
- | | ) | |
Timergn | i Timer EI*Iab|eI : I Timer Fnable
I | 1 [ 1 I L
TimerXLoad :OXOOOOOOOOX OX7FFFFFFF I X)XCFFFFFFF I X OX7FFFFFFF I
: | | |
| | . . M
TimerXRIS ! ' ! !
1
I I Interrupt | Interrupt I Interrupt
| | generated | generated | generated
Reset Release Write to Load Write to Load Write to Load
Register Register Register
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3.2 Initial State

After the reset, the timer is initialized as shown below:

B Timer counter disabled

B Free-running mode selected

B 16-bit counter mode selected

B Prescaler in the setting of dividing by 1

B Interrupt clear and interrupt enable states
B | oad Register set to zero

B Counter value set to OXFFFFFFFF

May 27, 2015, FM4_MN709-00002-4v0-E 61



CHAPTER 2: Dual Timer
3. Operations

PERIPHERAL MANUAL

3.3 Interrupt Operation

This section explains interrupt operation.

An interrupt is generated when the counter reaches 0x00000000 (in 32-bit mode) or OxXXXX0000 (in 16-bit
mode) in the setting of interrupt enable (IntEnable=1). In 16-bit mode, the upper 16 bits of the counter are
ignored.

Writing to Interrupt Clear Register (TimerXIntClr) clears an interrupt.

The interrupt signals generated in the Timer module can be masked when Interrupt Enable bit (IntEnable) of
the Control Register (TimerXControl) is set to "0". The raw interrupt state before being masked can be read
from Interrupt Status Register (TimerXRIS). Also, the masked interrupt state can be read from Masked
Interrupt Status Register (TimerXMIS).
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4.  Setting Procedure Example

This section describes an example of the Dual Timer setting procedure.

Dual Timer Setting Procedure Flow

Figure 4-1 Periodic Mode Setting Procedure Example

Setup start /I Register setting example

[/l TimerXIntClr ="OXFFFF FFFF"

Interrupt source clear

// Mode: Periodic Mode
/I Size: 32-bit counter
/I Prescaler: divided by 1
/I Interrupt enable
TimerXControl ="0x0000 0062"

Timer mode setting
Counter size setting
Prescaler setting
Interrupt enable

/I'1 ms interval setting@TIMCLK=40 MHz

v TimerXLoad="0x00009C3F"
Timer interval setting

/I TimerXControl:TimerEn="1"
v

Enable setting

Start the down count from
the timer interval setting
value

v

End
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Timer Interval Setting
Expressions of the timer interval calculations in respective modes are shown in Table 4-1:

Table 4-1 Expression for Timer Interval Calculation
Mode
32-bit Free-running

Timer Interval
(PRESCALEpy / TIMCLKgreo) x 2%
16-bit Free-running (PRESCALEpy / TIMCLKggeq) x 2

Periodic & One-shot (PRESCALEpy / TIMCLKEggeq) x (TimerXLoad + 1)

TIMCLKrgreq is the timer clock (TIMCLK) frequency.

PRESCALEopyy is the prescaler division factor of 1, 16, or 256 configured by bit3:2 of the Control
Register (TimerXControl).

TimerXLoad is the value of the Load Register (TimerXLoad).

For example, in the case of TIMCLKgrreq=40 MHz and PRESCALEpy=1, the value of the Load Register
(TimerXLoad) to configure 1ms timer interval can be calculated as follows:
TimerXLoad = Timer interval x TIMCLKrreq / PRESCALEpy — 1
=1msx40MHz/1—-1=4x10"-1 = 0x00009C3F

Note:

The minimum valid value of the Load Register (TimerXLoad) is 0x00000001. If the Load Register is
set to 0x00000000, an interrupt will be immediately generated.
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5. Registers

This section explains the structures and functions of the registers used in Dual Timer.

Dual Timer Register List

Abbreviation Register Name Reference
TimerlLoad Timerl Load Register 5.1
TimerlValue Timerl Value Register 5.2
TimerlControl Timerl Control Register 5.3
TimerlintClr Timerl Interrupt Clear Register 5.4
TimerlRIS Timerl Interrupt Status Register 55
TimerlMIS Timerl Masked Interrupt Status Register 5.6
TimerlBGLoad Timerl Background Load Register 5.7
Timer2Load Timer2 Load Register 5.1
Timer2Value Timer2 Value Register 5.2
Timer2Control Timer2 Control Register 5.3
Timer2IntClr Timer2 Interrupt Clear Register 5.4
Timer2RIS Timer2 Interrupt Status Register 5.5
Timer2MIS Timer2 Masked Interrupt Status Register 5.6
Timer2BGLoad Timer2 Background Load Register 5.7
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5.1 Load Register (TimerXLoad) X=1lor?2

The Load Register (TimerXLoad) set a start value to decrement the counter in 32-bit Register.

bit 31 16
Field TimerXLoad[31:16]
Attribute R/W
Initial value 0x0000
bit 15 0
Field TimerXLoad[15:0]
Attribute RIW
Initial value 0x0000

[bit31:0] TimerXLoad : Timer X Load bits

When a value is directly written to this register, the current count is immediately set to a new value at the
next timer clock. Also, in Periodic Mode setting, this value is used for reloading the counter when the current
count reaches zero.

In addition, the value in this register is also overwritten when the Background Load Register
(TimerXBGLoad) is written. However, in this case, the current count is not immediately affected.

After either the Load Register (TimerXLoad) or the Background Load Register (TimerXBGLoad) is written,
the register value written last is returned at any reading. In other words, the same value is read from both of
the Load Register and the Background Load Register, and the value is always reloaded after the counter
reaches zero in Periodic Mode.

Note:
—  The minimum valid value of the Load Register (TimerXLoad) is "0x00000001". If the Load Register
is set to "0x00000000", an interrupt will be immediately generated.
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5.2 Value Register (TimerXValue) X=1or?2

The Value Register (TimerXValue) indicates the current value of the decrement counter in 32-bit Read Only

Register.
bit 31 16
Field TimerXValue[31:16]
Attribute R
Initial value OXFFEE
bit 15 0
Field TimerXValue[15:0]
Attribute R
Initial value OXFFFE

[bit31:0] TimerXValue : Timer X Value bits
After a load operation which a new load value is written to the Load Register (TimerXLoad), the new load

value is reflected immediately to this Value Register (TimerXValue).

Note:
= In 16-bit timer mode, the upper 16 bits of 32-bit Value Register (TimerXValue) are not automatically

set to "0x0000". For example, when no writing to the Load Register (TimerXLoad) has occurred yet
since the change in the Timer from 32-bit mode to 16-bit mode, the upper 16 bits of the Value

Register have non-zero values.
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5.3 Control Register (TimerXControl) X=1or 2
The Control Register (TimerXControl) controls the Timer.
bit 31 16
Field Reserved
Attribute -
Initial value OXXXXX
bit 15 8 7 6 5 4 3 2 1 0
Field Reserved Timer [ Timer| Int |Reser| TimerPre |Timer| One
En |Mode |Enable| ved Size | Shot
Attribute - R/W
Initial value OxXX 0 0 1 0 00 0 0

[bit31:8] Reserved : Reserved bits
These bits have no effect in write mode.
The read value is undefined.

bit7] TimerEn : Enable bit

bit Description
0 Timer disabled [Initial value]
1 Timer enabled

[bit6] TimerMode : Mode bit

bit Description
0 Free-running Mode [Initial value]
1 Periodic Mode

bit5] IntEnable : Interrupt enable bit

bit Description
0 Interrupt disabled
1 Interrupt enabled [Initial value]

[bit4] Reserved : Reserved bit
This bit has no effect in write mode.
The read value is undefined.
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[bit3:2] TimerPre : Prescale bits

bit3 bit2 Description
0 0 Clock divided by 1 [Initial value]
0 1 Clock divided by 16
1 0 Clock divided by 256
1 1 Setting is prohibited.

[bitl] TimerSize : Counter size bit
Select 16/32-bit counter operation.

bit Description
0 16-bit counter [Initial value]
1 32-bit counter

[bit0] OneShot : One-shot mode bit
Select One-shot Mode or Counter Wrapping Mode (Free-running Mode/Periodic Mode). Based on Mode bit
(TimerMode) settings, Free-running Mode or Periodic Mode is selected.

bit Description
0 Wrapping Mode (Free-running Mode/Periodic Mode) [Initial value]
1 One-shot Mode

Note:

The counter mode, size, or prescale settings must not be changed while the Timer is running. To
configure a new setting, the Timer needs to be disabled first and that a new setting value needs to
be written to respective registers. Then, after the setting is changed, the Timer needs to be enabled
again. Failure to follow this setting procedure can result in unpredictable behaviors of the device.
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Interrupt Clear Register (TimerXIntClr) X=1or 2
The Interrupt Clear Register (TimerXIntClIr) clears an interrupt.
bit 31 16
Field TimerXIntClr[31:16]
Attribute w
Initial value OXXXXX
bit 15 0
Field TimerXIntClr[15:0]
Attribute w
Initial value OXXXXX

[bit31:0] TimerXIntClr : Interrupt clear bits
Writing any value to this register clears an interrupt output from the counter.
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5.5 Interrupt Status Register (TimerXRIS) X=1or2

The Interrupt Status Register (TimerXRIS) indicates an unmasked and raw interrupt status.

bit 31 16
Field Reserved
Attribute -
Initial value OXXXXX
bit 15 0
Field Reserved Timer
XRIS
Attribute - R
Initial value 0,9,9,9,9,0,9,9,9,9,9,9,9,9,9.¢ 0
[bit31:1] Reserved : Reserved bits
These bits have no effect in write mode.
The read value is undefined.
bit0] TimerXRIS :Interrupt Status Register bit
bit Description
0 No interrupt generated from the counter [Initial value]
1 Interrupt generated from the counter
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5.6 Masked Interrupt Status Register (TimerXMIS) X=1 or 2
The Masked Interrupt Status Register (TimerXMIS) indicates the masked interrupt status.
bit 31 16
Field Reserved
Attribute -
Initial value OXXXXX
bit 15 1 0
Field Reserved Timer
XMIS
Attribute - R
Initial value XXXXXXXXX XX XXX 0

[bit31:1] Reserved : Reserved bits
These bits have no effect in write mode.
The read value is undefined.

[bit0] TimerXMIS : Masked Interrupt Status bit
This bit is a logical AND value of the Raw Interrupt Status and the Timer Interrupt Enable bit (IntEnable) of
the Control Register (TimerXControl). The same value as this bit is connected to the interrupt output signal.

bit Description
0 No interrupt generated from the counter [Initial value]
1 Interrupt generated from the counter
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5.7 Background Load Register (TimerXBGLoad) X=1or 2
The Background Load Register (TimerXBGLoad) is a 32-bit register having a value which the counter starts
to decrement.

bit 31 16
Field TimerXBGLoad[31:16]
Attribute R/W
Initial value 0x0000
bit 15 0
Field TimerXBGLoad[15:0]
Attribute RIW
Initial value 0x0000

[bit31:0] TimerXBGLoad : Background Load bits
This register is used to reload the counter when the current count reaches zero in Periodic Mode setting.
This is not used in Free-running Mode or One-shot Mode.

Writing to this register reloads the counter differently from the writing to the Load Register (TimerXLoad).
The difference is as follows. Writing to the Load Register immediately starts the counter with the new value;
however, writing to this register does not immediately restart the counter with the new value.

After a value is written to either of the Load Register or the Background Load Register (TimerXBGLoad), the
register value written last is returned at any reading. In other words, the same value is read from the Load
Register (TimerXLoad) and the Background Load Register (TimerXBGLoad), and the value is always
reloaded after the counter reaches zero in Periodic Mode.
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CHAPTER 3-1: Watch Counter Prescaler

This chapter explains the functions and operations of the watch counter prescaler

1. Overview of Watch Counter Prescaler
2. Configuration of Watch Counter Prescaler
3. Explanation of Operations and Setting Procedure Examples of Watch Counter Prescaler

4. Registers of Watch Counter Prescaler
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1. Overview of Watch Counter Prescaler

The watch counter prescaler is a prescaler which generates a counter clock used for a watch counter.

Watch Counter Prescaler

This is a prescaler which generates a count clock of the watch counter.

The watch counter prescaler can select a main clock, a sub clock, sub clock, high-speed CR, or CLKLC as
an input clock (FcL). The watch counter prescaler outputs the division clocks (WCCKO to WCCK3) shown in
Table 1-1 by setting the output clock selection bit (SEL_OUT[2:0]) of the clock selection register (CLK_SEL).

Table 1-1 Division Clocks Generated by the Watch Counter Prescaler

SEL_OUT[2:0] WCCK3 WCCK?2 WCCK1 WCCKO
000 2%/F¢, 2%Fc, 2%/Fc, 2%IF¢,
001 2%[F¢, 2%IFc. 2%IFc, 2%IF¢,
010 2YFa 2%FeL 2’IFeL 2/Fc,
011 2%FcL 2'IFc. 2%/Fc. 25IFcL
100 2%IF¢, 2%FeL 2"F¢, 2°IFeL
101 2%/F¢, 2% /Fc, 2Y"IFc, 2"/F¢,
110 2%5/F¢, 2%2IF¢, 2%YFe, 2%IF¢,

SEL_OUT[2:0]: Output clock selection bit of clock selection register (CLK_SEL)
FcL: Frequency of input clock

Note:
— CLKLC is a clock that is obtained by dividing low-speed CR by CR prescaler.

76 FM4_MN709-00002-4v0-E, May 27, 2015



CHAPTER 3-1: Watch Counter Prescaler
2. Configuration of Watch Counter Prescaler

PERIPHERAL MANUAL

2. Configuration of Watch Counter Prescaler

This section shows the block diagram of watch counter prescaler.

Block Diagram of Watch Counter Prescaler
Figure 2-1 shows the block diagram of watch counter prescaler.

Figure 2-1 Block Diagram of Watch Counter Prescaler

Clock selection register (CLK_SEL upper byte)

< »( SEL_OUT
Input Division
clock select vy Clock setting

Main clock————»
—— WCCKO
Sub clock—————p Division counter » WCCK1

—>
High Speed CR———> Fo (down counter) > WCCK2
——» WCCK3

Low speed CR
Low speed __ P CLKLC 5,

CR Prescaler Division clock
(to watch counter)
SEL_IN 4 Count enabled

Clock selection register (CLK_SEL lower byte)

=|| CLK_EN_R | CLK_EN

Internal bus

A

Division clock enable register (CLK_EN)

FcL : Frequency of input clock

B Clock selection register (CLK_SEL)
This register selects the input clock (Fc.) which inputs the division counter, and sets the division
clocks (WCCKO to WCCK3) that output.

B Division clock enable register (CLK_EN)
This register enables counting down of the division counter.
There is a delay for 2 cycles of the clock selected by the Input selection bit (SEL_IN[1:0]) of the clock
selection register (CLK_SEL) during a period of time from a value is written to this register until the
division counter starts to operate.

W Division counter
This is a down counter which generates the division clocks (WCCKO to WCCK3) of the input clock

(Fco).
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3. Explanation of Operations and Setting Procedure Examples of Watch
Counter Prescaler

This section explains the operations of the watch counter prescaler. Also, procedures for setting the
operating state are shown.

Procedures for Setting the Watch Counter Prescaler
The procedures for setting the watch counter prescaler are shown below.

B To start output of the division clock
1. Select the input clock (FcL) of the division counter with the Input Clock Selection Bit (SEL_IN[1:0]) of
the clock selection register (CLK_SEL). Also, set the division clock that outputs with the Output Clock
Selection Bit(SEL_OUT[2:0]) of the clock selection register (CLK_SEL).
At this time, the division clock to be output is fixed to L since the division counter is not operated.
2. Set 1 to the division clock enable bit (CLK_EN) of the division clock enable register (CLK_EN) to
enable output of the division clock.

B To stop output of the division clock
Set 0 to the division clock enable bit (CLK_EN) of the division clock enable register (CLK_EN) to
disable output of the division clock.

B To restart after stopping output of the division clock

1. Set 1 to the division clock enable bit (CLK_EN) of the division clock enable register (CLK_EN) to
enable output of the division clock.

2. Write 0 to the watch counter operation enable bit (WCEN) of the watch counter control register
(WCCR) of the watch counter, and clear the value of the 6-bit down counter in the watch counter to
0b000000.

3. Write 1 to the watch counter operation enable bit (WCEN) of the watch counter control register
(WCCR) of the watch counter to restart the operation of the watch counter.

B To switch while the division clock is operating

1. Set 0 to the division clock enable bit (CLK_EN) of the division clock enable register (CLK_EN) to
disable output of the division clock.

2. Read the CLK_EN_R bit of the division clock enable register (CLK_EN), and confirm whether output of
the division clock is stopped (CLK_EN_R=0).

3. Select the input clock (FcL) of the division counter by the SEL_IN [1:0] bits of the clock selection
register (CLK_SEL). Also, set the division clock to be output with the Output Clock Selection
Bit(SEL_OUTI[2:0]) of the clock selection register (CLK_SEL).

4. Set 1 to the division clock enable bit (CLK_EN) of the division clock enable register (CLK_EN) to
enable output of the division clock.

Notes:

—  The peripheral clock (PCLK) is used to set each register of the watch counter prescaler. The input
clock (Fcy) of the division clock and the peripheral clock (PCLK) are not synchronized. Since the
input clock (Fc.) of the division counter and peripheral clock (PCLK) are not synchronized, a delay
for 3 clocks of the input clock (FcL) is occurred to WCCKO to WCCKS3 after a value is set to each
register.

—  Regarding 2. of To switch while the division clock is operating, a glitch may occur when the division
clock is switched while the division counter is operating. Confirm whether output of the division
counter is stopped.

—  The watch counter uses output of the watch counter prescaler as a count clock. Therefore, the
settings of the watch counter prescaler should not be changed while the watch counter is operating.
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Operation of the Watch Counter Prescaler
Figure 3-1 shows an operation of the watch counter prescaler when SEL_OUT [2:0] bit is set to 0 as an
example.

Figure 3-1 Operation Explanation Diagram of the Watch Counter Prescaler

Peripheral clock
(PCLK) |_|_|_|_|_|_|_I_|_I_|_I_I_I_I_I_
! 1
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Division counter
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weoel ||
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(1) Set the CLK_EN bit at rising of the peripheral clock (PCLK).
(2) The division counter is operated synchronizing with the input clock (Fcy).

(3) The clocks are output to WCCKO to WCCK3 from the counter according to the settings of the SEL_OUT
[2:0] bit.

Note:
—  The peripheral clock (PCLK) is used for the settings of each register of the watch counter prescaler.
Since the input clock (FcL) of the division counter and peripheral clock (PCLK) are not synchronized,
a delay for 4 clocks of the input clock (FcL) is occurred to WCCKO to WCCK3 after a value is set to
each register.

Relationship between the Frequency of the Input Clock (Fc ) and the Cycle of the Division

Clock
Table 3-1 shows the setting example of the frequency of the input clock (Fc.) and the cycle of the division
clock.
Table 3-1 Setting Example of the Watch Counter Prescaler
Input clock Cycle of division clock
SEL_IN
- SEL_OUT[2:0] frequency
[1:0] (Fe) WCCK3 WCCK2 WCCK1 WCCKO
CL

00 (sub clock) 000 32.768 kHz 1s 500 ms 250 ms 125 ms

01 (main clock) 001 33.554 MHz 1ls 500 ms 250 ms 125 ms

10 (High Speed CR) 110 4 MHz 2.097 s 1.049s 524 ms 262 ms

11 (CLKLC) 100 100 kHz 41 ms 20 ms 10 ms 5ms
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4. Registers of Watch Counter Prescaler

This section explains the registers for the watch counter prescaler.

List of Registers for the Watch Counter Prescaler

Table 4-1 List of Registers for the Watch Counter Prescaler

Abbreviated )
. Register Name Reference
Register Name
CLK_SEL Clock selection register 4.1
CLK_EN Division clock enable register 4.2
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4.1 Clock Selection Register (CLK_SEL)

The clock selection register (CLK_SEL) selects the input clock (FcL) and sets the division clocks (WCCKO to
WCCK3) to be output.

bit 15 to 11 10 9 8
Field | Reserved SEL_OUT[2:0]
Attribute - R/W
Initial value 00000 000
bit 7 2 1 0
Field Reserved SEL_IN[1:0]
Attribute - R/W
Initial value 000000 00

[bit15:11, bit7:2] Reserved : Reserved bits
0 is always read.
Writing is ignored.

[bit10:8] SEL_OUT : Output clock selection bit
This bit selects the division clocks (WCCKO to WCCK3) to be output from the division counter.

Explanation
bit
WCCK3 WCCK2 WCCK1 WCCKO
000 2"IFc. 2M/Fc. 2%/Fc. 2%IFc.
010 2%IFc. 2%Fc. 2%IFc. 2%IFc.
010 2/Fcy 2°/Fey 2°IFc 2/Fcy
011 2%IFe. 2'IFe 2%IFc 2°IFc.
100 2"%IF¢. 2"Fe, 2"IF¢. 2°IFc
101 2"IFc. 2"%Fc. 2YIFc. 2"IFc.
110 2%IFc. 2%IFc. 2% Fc, 2%Fc.
[bit1:0] SEL_IN : Input clock selection bit
This bit selects the input clock (FcL) to be used.
bit Explanation
00 Generates a division clock using the sub clock.
01 Generates a division clock using the main clock.
10 Generates a division clock using the high-speed CR
11 Generates a division clock using CLKLC.
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4.2 Division Clock Enable Register (CLK_EN)

The division clock enable register (CLK_EN) is a register to enable a count down of the division counter.

bit 7 2 1 0
Field Reserved CLK_EN_R | CLK_EN
Attribute - R/W R/W
Initial value 000000 0 0

[bit7:2] Reserved: Reserved bits
0 is always read.
Writing is ignored.

[bitl] CLK_EN_R : Division clock enable read bit
This bit can read the value of CLK_EN bit used for controlling the division. Writing to this bit does not affect
the operations and the reading value.

bit Explanation

0 The counter for the clock division stops counting, and oscillation of the division clock is not
performed.

1 The counter for the clock division starts counting, and oscillation of the division clock is

performed.

[bit0] CLK_EN : Division clock enable bit
There is a delay for 2 cycles in the clock selected by the CLK_SEL register during a period of time from a
value is written to the CLK_EN bit until the value is reflected.

bit Explanation

0 The division counter stops counting, and disables oscillation of the division clock.
Clears the value of the division counter to 0.

1 The division counter starts counting, and enables oscillation of the division clock.
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CHAPTER 3-2: Watch Counter

This chapter explains the functions and operations of the watch counter.

1. Overview of the Watch Counter

2. Configuration of the Watch Counter

3. Interrupts of the Watch Counter

4. Explanation of Operations and Setting Procedure Examples of the Watch Counter

5. Registers of Watch Counter
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1. Overview of the Watch Counter

The watch counter is a timer that counts down starting from the specified value, and it generates an interrupt
request at the time that the 6-bit down counter enters an underflow condition.

Watch counter

— For the watch counter, one of the four types of clock (WCCKO0, WCCK1, WCCK2, and WCCK3)
selected by the count clock select bits (CS[1:0]) of the watch counter control register (WCCR) is used
as a count clock of the 6-bit down counter.

— A number between 0 and 63 can be set as the value used for counting by the 6-bit down counter. If
"60" is the count value used for a counting period of 1 second, an interrupt request is generated at an
interval of 1 minute. If 0 is the count value used for a counting period of 1 second, an interrupt request
is generated at an interval of 64 seconds

— An interrupt request can be generated at the time that the 6-bit down counter enters an underflow
condition.
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2. Configuration of the Watch Counter

This section shows the block diagram of the watch counter.

Block Diagram of the Watch Counter
Figure 2-1 shows a block diagram of the watch counter.

Figure 2-1 Block Diagram of the Watch Counter

Watch counter read register
CTR5|CTR4|CTR3|CTR2|CTR1|CTRO

A
A 4

Watch counter reload register A
< » RLC5|RLC4 | RLC3| RLC2|RLC1|RLCO I I I I
l l l l Counter value
Reload value
Counter clearing -~ 6-bit

down counter

A

”
>
2
g Count
3] clock selection Underflow
£

WCCKQ — b

WCCK1 —»|

WCCK2 ———b, L ) >
WCCK3 ———p Enabling » Interrupt request

of interrupts

A 4
WCENWCOP CS1 | CSO (WCIE|WCIF

A
A 4

Watch counter control register

WCCK 0 to WCCK3 : Count clock (before selection)

B 6-bit down counter
This is the 6-bit down counter of the watch counter. It reloads the value set in the watch counter

reload register (WCRL) and starts counting down.

B Watch counter reload register (WCRL)
This register specifies the value used by the watch counter to start counting. The 6-bit down counter
counts down starting from the value set in this register.

B Watch counter read register (WCRD)
This register reads the value in the 6-bit down counter. Also, the register can be read to check the
count value.

B Watch counter control register (WCCR)
This register controls the operation of the watch counter.
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3. Interrupts of the Watch Counter
The 6-bit down counter enters an underflow condition when the value in the 6-bit down counter becomes
0b000001, and an underflow interrupt request is then generated.
Interrupts of the Watch Counter
Table 3-1 shows the interrupts that can be used with the watch counter.
Table 3-1 Interrupts of the Watch Counter
Interrupt request . .
Interrupt request Interrupt request flag Clearing an interrupt request
enabled
Underflow interrupt request WCCR:WCIF=1 WCCR:WCIE=1 Write O to the WCIF bit for WCCR
WCCR: Watch counter control register
Note:
If generation of interrupt requests is enabled while the interrupt request flag is 1, an interrupt request is
generated at the same time. To enable generation of the interrupt request, do either of the following.
—  Enable interrupt requests before enabling the generation of interrupt requests.
—  Clear interrupt requests simultaneously with interrupts enabled.
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4. Explanation of Operations and Setting Procedure Examples of the
Watch Counter

This section explains operations of the watch counter. Also, examples of procedures for setting the operating
state are shown.

Setting Procedure Examples of the Watch Counter
To operate the watch counter, follow the procedure below.

Select a count clock by using the count clock select bits (CS[1:0]) of the watch counter control register
(WCCR).

Set a count value to the counter reload value setting bits (RLC[5:0]) in the watch counter reload register
(WCRL).

Enable the operation of the watch counter by using the watch counter operation enable bit (WCEN) (WCEN

= 1) of the watch counter control register (WCCR).
Start a countdown. Counting is performed at the rising edge of the count clock.

If the 6 -bit down counter enters an underflow condition, the value of the interrupt request flag bit (WCIF in
the watch counter control register (WCCR) is changed to 1.

At this time, if generation of underflow interrupt requests has been enabled by the WCIE bit (WCIE = 1) in
the watch counter control register (WCCR), an underflow interrupt request is generated.

Also, the value that is set in the counter reload value setting bits (RLC[5:0]) in the watch counter reload
register (WCRL) is reloaded in the 6-bit down counter and the countdown is restarted.

If the value of the counter reload value setting bits (RLC[5:0]) in the watch counter reload register (WCRL) is
changed to another value while the watch counter is active, the watch counter is updated with the new value
at the next reload time.

The underflow interrupt request is cleared when 0 is written to the interrupt request flag bit (WCIF) in the
watch counter control register (WCCR).

The 6-bit down counter is cleared to 0b000000 and the counting operation is stopped when "0" is written to
the watch counter operation enable bit (WCEN) in the watch counter control register (WCCR).

May 27, 2015, FM4_MN709-00002-4v0-E 87



CHAPTER 3-2: Watch Counter
4. Explanation of Operations and Setting Procedure Examples of the Watch Counter

PERIPHERAL MANUAL

Operation of the Watch Counter
Figure 4-1 shows the operation of the watch counter.

Figure 4-1 Operation Explanation Figure of the Watch Counter

WCEN bit (3) (7)

Count clock

CS1 and CSO bits (1)

RLC5 to RLCO bits | (2)

CTR5 to CTRO bits 0 716154132198 |7]|6([5]4

WCIF bit

(4) (6)

Notes:

The peripheral clock (PCLK) is used for the settings of each register of the watch counter. Since the
count clock and peripheral clock (PCLK) are not synchronized, an error of up to 1T (T: Count clock
period) may occur at the count start time, depending on the time at which 1 is written to the WCEN
bit in the watch counter control register (WCCR).

Even at transition of the timer mode, the watch counter continues operating as long as the main
clock or sub clock is operating. The timer mode can be canceled with the watch counter interrupt
processing routine.

Under the following condition, verify that the watch counter is stopped by checking the watch
counter operating state flag (WCOP) (WCOP=0) in the watch counter control register (WCCR)
before reactivating the watch counter.

Condition: In case of reactivating the watch counter after the watch counter is stopped by writing 0 to
the WCEN in the watch counter control register (WCCR) by using the WCEN bit (WCEN = 1).
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5. Registers of Watch Counter

This section explains the registers for the watch counter.

Registers for the Watch Counter

Table 5-1 List of Registers for the Watch Counter

Abbreviated

Register Name Register Name Reference
WCRD Watch counter read register 5.1
WCRL Watch counter reload register 5.2
WCCR Watch counter control register 5.3
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Watch Counter Read Register (WCRD)
This register reads the value in the 6-bit down counter.
bit 7 6 5 4 3 2 1 0
Field Reserved CTR[5:0]
Attribute - R
Initial value 00 000000

[bit7:6] Reserved : Reserved bits

"0" is always read.
Writing is ignored.

[bit5:0] CTR[5:0] : Counter read bits
These bits can read the counter value.
Writing is ignored.

If the 6-bit down counter is operating when its value is read, the register value must be read twice

Note:

and verified to be the same value.

FM4_MN709-00002-4v0-E, May 27, 2015
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5.2 Watch Counter Reload Register (WCRL)
This register specifies the value used by the watch counter to start counting. The 6-bit down counter counts
down starting from the value set in the register.

The register specifies the reload value for the 6-bit down counter. If the 6-bit down counter enters an
underflow condition, the value in this register is reloaded in the 6-bit down counter, and the countdown is

restarted.
bit 15 14 13 12 11 10 9 8
Field Reserved RLCI[5:0]
Attribute - R/W
Initial value 00 000000

[bit15:14] Reserved : Reserved bits
"0" is always read.
Writing is ignored.

[bit13:8] RLC[5:0] : Counter reload value setting bits
These bits set the reload value for the 6-bit down counter.

The 6-bit counter counts downwards from the reload value and enters an underflow condition when its value
reaches "1". If "0b000000" is set in these bits, it performs 64 countdowns from "63" to "0".
If this bit is modified during counting, the modified value is valid at reloading after underflow.

Notes:

— If the value of RLC[5:0] bits is changed to another value while the 6-bit down counter is active, an
underflow occurs and the new value is then reloaded.

— Ifthe value of RLC[5:0] bits is changed to another value at the same time that an underflow interrupt
request is generated, the correct value is not reloaded. Be sure to rewrite the value of RLC[5:0] bits
either when the watch counter is stopped or in the interrupt processing routine before an interrupt
request is generated.

—  To verify whether the reload value is correctly set, read this register.
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5.3 Watch Counter Control Register (WCCR)
This register selects a count clock for the watch counter or enables/disables generation of interrupt requests.
The register also enables/disables the operation of the watch counter.

bit 23 22 21 20 19 18 17 16
Field WCEN WCOP Reserved CsS1 CSO0 WCIE WCIF
Attribute R/W R - R/W R/W R/W R/W

Initial value 0 0 00 0 0 0 0

[bit23] WCEN : Watch counter operation enable bit
This bit enables the operation of the watch counter.

The peripheral clock (PCLK) is used for the settings of each register of the watch counter. Since the count
clock and the peripheral clock (PCLK) are not synchronized, an error of up to 1T (T: count clock period) may
occur at the count start time, depending on the time at which "1" is written to WCEN bit of watch counter
control register (WCCR).

Before writing "1" to this bit to start the operation of the watch counter, verify that the watch counter is
stopped by checking the WCOP bit (WCOP=0).

bit Explanation

0 The watch counter is disabled/stopped. The value in the 6-bit down counter is cleared to
"0b000000".

1 The watch counter is enabled/started.

[bit22] WCOP : Watch counter operating state flag
This bit indicates the operating state of the watch counter.

bit Explanation
0 The watch counter is stopped.
1 The watch counter is active.

[bit21:20] Reserved : Reserved bits
"0" is always read.
Writing is ignored.
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[bit19:18] CS1, CSO: Count clock select bits
These bits select a clock for the watch counter.
Change these bits when WCCR:WCEN=0 (watch counter operation disabled) and WCOP=0 (watch counter

stopped).
bit19 bit18 Explanation
0 0 Selects WCCKO as a count clock.
0 1 Selects WCCK1 as a count clock.
1 0 Selects WCCK?2 as a count clock.
1 1 Selects WCCK3 as a count clock.

[bitl7] WCIE : Interrupt request enable bit
This bit specifies whether to generate an underflow interrupt request when the 6-bit down counter
underflows (WCIF=1).

bit Explanation
0 Disables generation of underflow interrupt requests.
1 Enables generation of underflow interrupt requests.

[bit16] WCIF : Interrupt request flag bit
This bit becomes "1" when the counter underflows.

When this bit and the WCIE bit are "1", a watch counter interrupt is generated.

"1" can be read when reading by the read modify write access.

bit Explanation
) 0 Clear this bit.
Write -
1 No effect on operation.
Read 0 Indicate that an underflow does not occur.
ea
1 Indicate that an underflow occurs.
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The real-time clock is composed of the RTC clock control block and the RTC count

block.

1. Configuration of Real-time Clock
2. Real-time Clock Acronym

3. Resetting RTC
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1. Configuration of Real-time Clock

This section shows the configuration of the real-time clock.

Reference Chapter of The Real-Time Clock

Table 1-1 Correspondence Table for Real-time Clock

Product TYPE Reference
TYPE1-M4, TYPE2-M4, Chapter "RTC Count Block (A)"
TYPE6-M4 Chapter "RTC Clock Control Block (A)"

Chapter "RTC Count Block (B)"
Chapter "RTC Clock Control Block (B)"
Chapter "RTC Count Block (C)"
Chapter "RTC Clock Control Block (C)"

TYPE3-M4, TYPE4-M4

TYPE5-M4

Configuration of the Real-time Clock

Figure 1-1 Configuration of RTC Clock Control Block (A) and RTC Count Block (A)

VBAT Domain i
Always ON Domain SUBOUT
(to SUBOUT
Sub clock _ i external pin)

RTC clock RTCCO i 5

control block (to RTCCO o)

VBAT Power-on RTCt:)lCO;:trol external pin) . E_,

reset v B oc g

RTC count RTC interrupt request| &

> block s
Figure 1-2 Configuration of RTC Clock Control Block (B) and RTC Count Block (B)
VBAT Domain i
Always ON Domain SUBOUT
(to SUBOUT
Sub clock RTC clock » external pin)

control block gl RTCCO 5

(Frequency (to RTCCO 5]

VBAT Power-on correction RTC control | externalpin) | 3
t functi -« » RTC count block ) >

rese unction) block RTC interrupt requegt g

(Calendar > =
function)
i
Y
RTC clock
RTC count block control block
(Timer function) (Oscillation boost
function, SUBOUT
function)
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Figure 1-3 Configuration of RTC Clock Control Block (C) and RTC Count Block (C)

Always ON Domain
_ SuBOUT
N > " (to SUBOUT external pin)
_ RTCCO
. RTC clock " (to RTCCO external pin)
5 Main clock Control block
& coO
S
= Sub clock RTC reset
g MCLK
w
RTC —» RTC interrupt t
Count block Interrupt reques
Notes:

— In case of configuration of RTC clock control block (A) and RTC count block (A),
All of RTC clock control block and RTC count block are placed in VBAT domain.
— In case of configuration of RTC clock control block (B) and RTC count block (B),
frequency correction function of RTC clock control block and calendar function of RTC count block

are placed in VBAT domain.
See Chapter VBAT Domain for details of the RTC control block.
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2. Real-time Clock Acronym
This section explains the acronym of the real-time clock.

Acronym

RTC: Real-time clock
The RTC is composed of the RTC clock control block and the RTC count block.
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3. Resetting RTC

This section explains the resetting of the RTC.

Resetting RTC (TYPE1-M4, TYPE2-M4, TYPE3-M4, TYPE4-M4, TYPE6-M4)
The RTC is reset by the VBAT power-on reset, but cannot be reset by the reset of the Always ON Domain.
Table 3-1 shows the reset sources of the VBAT Domain and Always ON Domain.

Table 3-1 Reset sources of the VBAT Domain and Always ON Domain

VBAT Domain Always ON Domain
VBAT power-on reset o x
Power-on reset X o
Low voltage detection reset X o
System reset X o
RTC reset X o
“o” shows the reset sources.

The system reset consists of the following reset sources.
= INITX pin input
— Software watchdog reset
— Hardware watchdog reset
— Clock failure detection reset
— Anomalous frequency detection reset
An RTC reset is generated by writing 1 to the WTCR10:SRST bit.

Note:

—  See Chapter RTC Count Block for buffers to be initialized in the reset signals of the Always ON
Domain.

Resetting RTC (TYPE5-M4)
Four types of resets are available to the real-time clock, and they are each initialized with a different register.

B | ow-voltage Detection Reset/Power-on Reset
All the registers of the real-time clock are initialized.

B System Reset
A system reset occurs with a reset factor (i.e., INITX pin input, a software watchdog reset, a hardware
watchdog reset, a clock failure detection reset, or an abnormal frequency detection reset).

All the registers of the RTC clock control block are initialized.

For the registers that are initialized in the RTC count block, see 4. Resetting of the RTC Count Block in
Chapter RTC Count Block.

B RTC Reset
An RTC reset occurs by writing "1" to the SRST (RTC reset bit) in the RTC count block.

For the initialization of the registers in the RTC clock control block, see the precautions for the respective
resisters in 7. Registers of the RTC Clock Control Block in Chapter RTC Clock Control Block.

For the registers that are initialized in the RTC count block, see "4. Resetting of the RTC Count Block" in
Chapter RTC Count Block.
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CHAPTER 4-2: RTC Count Block(A)

This chapter explains the functions and operations of the RTC count block(A).

. Overview of RTC Count Block

. Block Diagram of RTC Count Block

. Operations of RTC Count Block and Setting Procedures Examples
. RTC Control Block Reset Operation

. Leap Year Compliance of RTC Count Block

. Time Rewrite Error

. Registers in RTC Control Block

0 N oo 0o b~ WN P

. Usage Precautions
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1. Overview of RTC Count Block

The RTC count block counts date and time (year, month, day, hour, minute, second and day of the week)
from 00 year to 99 year, and also sets an alarm and a timer. The block can set an alarm for a specific time
(year, month, day, hour, minute) or for a specific year/month/day/hour/minute. It can also set the timer to a
future time (in hours, minutes and seconds) or to an interval (in hours, minutes and seconds) within a day.
An overview of the RTC count block is shown below.

Overview of Functions of RTC Count Block

B Setting date and time (year, month, date, hour, minute, second, day of the week)

B Counting date and time (year (00 to 99), month, day, hour, minute, second and day of the week)

B |eap year compliance

B Alarm for a specific time (year, month, day, hour, minute)

B Alarm for a specific year/month/day/hour/minute

B Timer for a future time (in hours, minutes or seconds) or to an interval (in hours, minutes or seconds) within
a day

B The RTC count block can reset the watch count of the RTC count block and modify the time for setting the

time by the time signal.

B For changing time zone, the RTC count block can rewrite the time while keeping the watch count of the
RTC count block running.(If the rewriting of the time is completed within 1 second, the RTC count block
can keep counting the time without being interrupted.)

B The RTC count block can output the following interrupts:

B Alarm (an interrupt to be generated at a designated date and time)
= Every hour
— Every minute
— Every second
— Every 0.5second
- Timer
— Time rewrite error
— Time counter read completion
— Pulse output every 0.5 second
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2. Block Diagram of RTC Count Block

Figure 2-1 shows the block diagram of the RTC count block.
Figure 2-1 Block Diagram of RTC Count Block
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Sub Clock Divider and Sub-second Generation Counter (for Timer)
The sub clock divider generates a timer clock. The sub-second generation counter (for timer) operates using
the clock generated by the sub clock divider and counts the time by the sub-second (0.5 second).

Sub Clock Divider and Sub-second Generation Counter (for Date and Time)

The sub clock divider generates a date and clock. The sub-second generation counter (for date and time)
operates using the clock generated by the sub clock divider and counts the time by the sub-second (0.5
second).

Timer Setting Register (WTTR)
This register stores the future time (in hours, minutes and seconds) and the interval (in hours, minutes and
seconds) for the timer.

Timer Counter (Down Counter)
The timer counter counts down the value set in the Timer Setting Register with 0.5-second pulse that is
output by the sub-second generation counter (for timer).

1-second Generation Counter
The timer counter generates 1-second pulses by counting 0.5-second pulses that the sub-second
generation counter (for date and time) outputs.
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Second Counter, Minute Counter, Hour Counter, Day Counter, Month Counter, Year
Counter, and Day of the Week Counter
These counters count seconds, minutes, hours, days, months, years and days of the week respectively.

Second Register (WTSR), Minute Register (WTMIR), Hour Register (WTHR), Day Register
(WTDR), Month Register (WTMOR) and Year Register (WTYR)

These registers indicate the following data of the RTC count block respectively: second, minute, hour, day,
month and year.

Time Counter Read Report Control Circuit
This circuit reports the completion of the reading of the time counter.

Alarm Minute Register (ALMIR), Alarm Hour Register (ALHR), Alarm Day Register (ALDR),
Alarm Month Register (ALMOR) and Alarm Year Register (ALYR)

These registers store the minute, hour, day, month and year settings of the alarm respectively. If an alarm is
set, a comparison circuit compares the value stored in one of the above registers with its corresponding
counter value (minute counter, hour counter, day counter, month counter and year counter). If the two values
are the same, an alarm interrupt is generated.
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3. Operations of RTC Count Block and Setting Procedures Examples

This section explains the operations of the RTC count block and shows examples of the setting procedures.

Example of Initial Time Setting Procedures

Figure 3-1 Initial Time Setting Procedures

RTC CPU
Read the TRANS bit in the (1)
WTCR10 Register
Value of the TRANS bit (2)
Read the RUN bit in the WTCR10
Register (3)
Value of the RUN bit @) Write the desired time to the year
buffer, month buffer, day buffer, hour
Count starts after values buffer, minute buffer, second buffer,
are loaded to the Write “1” to the CWRITE bit in the day of the week buffer and the counter
WTYR, WTMOR, WTCR20 Register period setting buffer. Then write "1" to
WTDR, WTHR, WTMIR, (5)  the ST bitin the WTCR10 Register
WTSR, WTDW, and the
sub-second generation Read the TRANS bit 6
counter (for date and ( )
time)
Value of the TRANS bit
(1) Read the value of the TRANS bit in the WTCR10 Register of the RTC count block.
(2) If the value of the TRANS bit is 1, wait until the value becomes 0.
(3) Ifthe value of the RUN bit is 0, follow step (4) to step (6) to complete the initial time setting is possible.

(4)

(®)
(6)

If the value of the RUN bit is 1, see Time rewrite setting procedures (with time count continued) and
Time rewrite setting procedures (with time count reset).

Write the desired time to the year buffer, month buffer, day buffer, hour buffer, minute buffer, second
buffer, day of the week buffer ( WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR, and WTDW) and
write 1 to the ST bit in the WTCR10 Register.

Write 1 to the CWRITE bit in the WTCR20 Register of the RTC count block. (CWRITE operation)
If the value of the TRANS bit is 1, the CWRITE bit is operating.
If the value of the TRANS bit is 0, the operation of the CWRITE bit has completed.

Notes:

Access to the buffers in the RTC control block is prohibited during a recall operation or save
operation.

Run PCLK2 at 1 MHz or above during time rewrite.

Do not reset the RTC control block or cut off power during transfer.

If the power is turned off during the save operation, set it again.

Do not perform any operation that will stop the sub clock during the save operation.
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Example of Time Read Setting Procedures

Figure 3-2 Time Read Setting Procedures

RTC CPU
Read the TRANS bit in the WTCR10 Register (1)
Value of the TRANS bit
@ &)
Transfer the value of the follow
registers: WTYR, WTMOR, Write "1" to the CWRITE bit in the WTCR20
WTDR, WTHR, WTMIR, Register
WTSR, WTDW to the year (3)
buffer, month buffer, day buffer,
hour buffer, minute buffer,
second buffer, day of the week
buffer Interrupt
(5) Interrupt flag clear (6)

When reading is completed = =
and the value of the CWRITE
bit becomes "0", the counter
value read completion
interrupt occurs

(1) Read the value of the TRANS bit in the WTCR10 Register.
(2) If the value of the TRANS bit is 1, wait until the value becomes 0.
(3) Write 1 to the CWRITE bit in the WTCR20 Register of the RTC count block. (CREAD operation)

(4) When the value of the CWRITE bit becomes 1, the value of the following registers: WTYR, WTMOR,
WTDR, WTHR, WTMIR, WTSR, WTDW will be transferred to the year buffer, month buffer, day buffer,
hour buffer, minute buffer, second buffer, day of the week buffer ( WTYR, WTMOR, WTDR, WTHR,
WTMIR, WTSR, WTDW) respectively.

(5) When the above operation is completed, the value of the CREAD bit and that of the TRANS bit become
0, and the year/ month/ day/ hour/ minute/ second/ day of the week counter value read completion flag
will occur.

(6) Clear the year/ month/ day/ hour/ minute/ second/ day of the week counter value read completion flag
bit (INTCRI) in the WTCR12 Register of the RTC count block.

Notes:

—  Access to the buffers in the RTC control block is prohibited during a recall operation or save
operation.

— Run PCLK2 at 1 MHz or above during time rewrite.

— Do not reset the RTC control block or cut off power during transfer.

—  When the value of the CREAD bit is 1, writing 1 to the SCST bit and the SRST bit in the WTCR10
Register of the RTC count block is prohibited.

— Do not perform any operation that will stop the sub clock during the recall operation.
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Example of Time Rewrite Setting Procedures (with Time Count Continued)

Figure 3-3 Time Rewrite Setting Procedures (with Time Count Continued)

When the value of the
BUSY bit becomes “1’, the
71-second generation
counter stops the 1-second
detection pulse

Update the WTYR,
WTMOR, WTDR, WTHR,
WTMIR, WTSR, WTDW,
and the value of the BUSY
bit is cleared to ‘0"

RTC CPU
Read the TRANS bit in the WTCR 10 Register (1)
Value of the TRANS bit | (2)
Read the BUSY bit and the SCST bit in the
WTCR10 Register (3)
Value of the BUSY bit and the SCST bit (4)
1-second interrupt setting (5)
(9) Interrupt
(6)
1-second interrupt flag clear (7)
Write “1” to the SCST bit (8)
Write “1” to the CWRITE bit in the WTCR20
Register (1 0)
(14) Read the TRANS bit (11)
Value of the TRANS bit N (1 2)
Write “0” to the SCST bit (1 3)

@)
@)
®)
(4)

®)

(6)
@)
(8)
9)

Read the value of the TRANS bit in the WTCR10 Register.
If the value of the TRANS bit is 1, wait until the value becomes 0.
Read the value of the BUSY bit and the SCST bit in WTCR10 Register of the RTC count block.

If the value of the BUSY bit is 1 and that of the SCST bit is 0, wait until the value of the BUSY bit
becomes 0. In other cases, follow step (5) and onwards.

Write O to the INTSI bit in the WTCR12 Register of the RTC count block to clear the interrupt flag bit.
Write 1 to the INTSIE bit in the WTCR13 Register of the RTC count block to enable the interrupt.

1-second interrupt request will occur.
Write O to the INTSI bit to clear the interrupt flag bit.
Write 1 to the SCST bit.

When 1 is written to the SCST bit, the value of the BUSY bit becomes 1. When the value of the
BUSY bit becomes 1, the detection of the 1-second pulse of the 1-second generation counter
stops.

(10) While the value of the BUSY bit is 1, write the desired year/ month/ day/ hour/ minute/ second/ day

of the week to the year buffer, month buffer, day buffer, hour buffer, minute buffer, second buffer,
day of the week buffer (WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR, WTDW) respectively.
Write "1" to the CWRITE bit in the WTCR20 Register of the RTC count block.

(11) Read the value of the TRANS bit.

(12) If the value of the TRANS bit is 1, wait until the value becomes 0.
(13) Write 0 to the SCST bit.

(14) The value of the BUSY bit will be cleared to 0.

May 27, 2015, FM4_MN709-00002-4v0-E

107



CHAPTER 4-2: RTC Count Block(A)
3. Operations of RTC Count Block and Setting Procedures Examples

PERIPHERAL MANUAL

Access to the buffers in the RTC control block is prohibited during a recall operation or save
operation.

Run PCLK2 at 1 MHz or above during time rewrite.

Do not reset the RTC control block or cut off power during transfer. If the busy bit (BUSY) of control
register 10 (WTCR10) is 1 after the reset is cancelled, set it again, starting from (8). If it is not set
again, there may be a time lag.

To rewrite the time, recall must be performed. Rewrite the time after the latest time is read. If recall
has not been performed, time lag occurs.

If the value of the BUSY bit is 1 and that of the SCST bit is 0, writing 1 to the SCST bit is prohibited.
If the value of the RUN bit is O, writing 1 to the SCST bit is prohibited.

Continuous time count cannot be guaranteed if the setting in step (7) to step (13) exceeds 1 second.
In that case, a time rewrite error interrupt will occur. When the value of the INTERI bit in the
WTCR12 Register becomes 1, time lag may occur. Therefore, write 0 to the SCST bit. After the time
rewrite error flag is cleared, follow the above procedures from the beginning again to set the time.
When the value of the SCST bit is 0 and that of the BUSY bit is 1, or that of the TRANS bit are 1,
writing to the year buffer, month buffer, day buffer, hour buffer, minute buffer, second buffer or day of
the week buffer is prohibited because data is transferring from to the year buffer, month buffer, day
buffer, hour buffer, minute buffer, second buffer and day of the week buffer to the WTYR, WTMOR,
WTDR, WTHR, WTMIR, WTSR and WTDW.

After setting the value of the SCST bit to 1, write 1 to the CREAD bit before updating the WTYR,
WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW. The value written in the year buffer, month
buffer, day buffer, hour buffer, minute buffer, second buffer or day of the week buffer will be
overwritten to the WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW respectively.

If sub clock is stopped while the value of the BUSY bit is 1, the transfer of value from the WTYR,
WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW to the year counter, month counter, day
counter, hour counter, minute counter, second counter and day of the week counter cannot function
properly. Therefore, the value of the year counter, month counter, day counter, hour counter, minute
counter, second counter and day of the week counter cannot be guaranteed.

When the value of the BUSY bit is 1, writing O to the ST bit in the WTCR10 Register is prohibited.
When the busy bit (BUSY) of control register 10 (WTCR10) is 1, or the 1-sec pulse detection stop bit
(SCST) of control register 10 (WTCR10) is 1, it is prohibited to write 1 to the RTC reset bit (SRST) of
control register 10 (WTCR10).

During the continuous time rewrite operation (i.e. when the RTC count block operation bit (RUN) of
control register 10 (WTCR10) is 1, and the 1-sec pulse detection stop bit (SCST) of control register
10 (WTCR10) is 1), it is prohibited to writel to the 1-sec pulse detection stop bit (SCST) of control
register 10 (WTCR10) until the busy bit (BUSY) of control register 10 (WTCR10) is set to 0, after 0 is
written to the 1-sec pulse detection stop bit (SCST) of control register 10 (WTCR10).
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Example of Time Rewrite Setting Procedures (Time Count Reset)

Figure 3-4 Time Rewrite Setting Procedures (Time Count Reset)

RTC CPU

Read the value of the TRANS bit in the WTCR10 1
Register ( )

(4)

(®)
(6)

)

8)
9)

Value of the TRANS bit | (2)
Read the BUSY bit and the SCRST bit in the
WTCR10 Register (3)
Value of the BUSY bit and the SCRST bit 4
When the value of the BUSY ( )
bit in the WTCR 10 Register of 6
the RTC count block becomes ( ) Write "1" to the SCRST bit
‘0, the sub-second (5)
generation counter and 1-
second generation counter Write "1" to the CWRITE bit in the WTCR20
are reset Register @
Read the value of the TRANS bit (8)
Update the WTYR, WTMOR,
WTDR, WTHR, WTMIR, )
WTSR, WTDW, and the value (1 1) Value of the TRANS bit (9)
of the BUSY bit is cleared to
"
Write "0" to the SCRST bit (1 0)
(1) Read the value of the TRANS bit in the WTCR10 Register.
(2) If the value of the TRANS bit is 1, wait until the value becomes 0.
(3) Read the value of the BUSY bit and that of the SCRST bit in WTCR10 Register.

If the value of the BUSY bit is 1 and that of the SCRST is 0, wait until the value of the BUSY bit
becomes 0. In other cases, follow step (5) and onwards.

Write 1 to the SCRST bit.

When 1 is written to the SCRST bit, the value of the BUSY bit becomes 1. The sub-second
generation/1-second generation counter is reset.

While the value of the SCRST bit is 1, write the desired value for the WTYR, WTMOR, WTDR, WTHR,
WTMIR, WTSR, WTDW to the year buffer, month buffer, day buffer, hour buffer, minute buffer, second
buffer or day of the week buffer  WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR, WTDW)
respectively. Write 1 to the CWRITE bit in the WTCR20 Register.

Read the value of the TRANS bit.

If the value of the TRANS bit is 1, wait until the value becomes 0.

(10) Write 0 to the SCRST hit.

(11) When the value of the year buffer, month buffer, day buffer, hour buffer, minute buffer, second buffer

or day of the week buffer is transferred to the WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR or
WTDW respectively, the value of the BUSY bit is cleared to 0.
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Access to the buffers in the RTC control block is prohibited during a recall operation or save
operation.

Run PCLK2 at 1 MHz or above during time rewrite.

Do not perform a reset or turn off the power during transfer (i.e. when the transfer flag bit (TRANS)
of control register 10 (WTCR10) is 1) or when the sub-second generation/1-sec generation counter
reset bit (SCRST) of control register 10 (WTCR10) is 1. If the busy bit (BUSY) of control register 10
(WTCR10) is 1 after the reset is cancelled, write 0 to the sub-second generation/1-sec generation
counter reset bit (SCRST) of control register 10 (WTCR10), and then set it again, starting from (5). If
it is not set again, there may be a time lag.

To rewrite the time, recall must be performed. Rewrite the time after the latest time is read. If recall
has not been performed, time lag occurs.

If the value of the BUSY bit is 1 and that of the SCRST bit is 0, writing 1 to the SCRST bit is
prohibited.

If the value of the RUN bit is 0, writing O to the SCRST bit is prohibited.

When the value of the SCRST bit is 0 and that of the BUSY bit is 1, or of the TRANS bit is 1, writing
data to the year buffer, month buffer, day buffer, hour buffer, minute buffer, second buffer or day of
the week buffer is prohibited because data is transferring from the year buffer, month buffer, day
buffer, hour buffer, minute buffer, second buffer or day of the week buffer to the WTYR, WTMOR,
WTDR, WTHR, WTMIR, WTSR or WTDW respectively.

After setting 1 to the SCRST bit, run the CREAD bit before updating the WTYR, WTMOR, WTDR,
WTHR, WTMIR, WTSR or WTDW. The value written in the year buffer, month buffer, day buffer,
hour buffer, minute buffer, second buffer or day of the week buffer will be overwritten to the WTYR,
WTMOR, WTDR, WTHR, WTMIR, WTSR or WTDW respectively.

If sub clock is stopped (transit to STOP mode or sub-oscillation stop control by WTOSCCNT) while
the value of the BUSY bit is 1, the transfer of value from the year buffer, month buffer, day buffer,
hour buffer, minute buffer, second buffer or day of the week buffer to the WTYR, WTMOR, WTDR,
WTHR, WTMIR, WTSR or WTDW cannot function properly. Therefore, the value of the WTYR,
WTMOR, WTDR, WTHR, WTMIR, WTSR or WTDW cannot be guaranteed.

When the value of the BUSY bit is 1, writing O to the ST bit is prohibited.

When the busy bit (BUSY) of control register 10 (WTCR10) is 1, or the sub-second generation/1-sec
generation counter reset bit (SCRST) of control register 10 (WTCR10) is 1, it is prohibited to write 1
to the RTC reset bit (SRST) of control register 10 (WTCR10).
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Example of Setting Procedures of Every 0.5-second/ 1-second/ 1-minute/ 1-hour Interrupt

Figure 3-5 Setting Procedures of Every 0.5-second/ 1-second/ 1-minute/ 1-hour Interrupt

RTC CPU

1) When the value of sub-
second generation counter
becomes "0", the 0.5-
second interrupt occurs.

2) After the 0.5-second
counter starts to count up,
the 1-second interrupt (2) &
occurs at the 2" count up.

3) The second counter
counts up and when the
value becomes "59", Interrupt >
minute interrupt occurs at
the next count.
4)The minute counter
counts up and when the
value becomes "59", hour
interrupt occurs at the next
count.

Clear the interrupt flag and write "1" to the
INTHIE bit, the INTMIE bit, the INTSIE bit and
the INTSSIE bit of the WTCR13 Register

(1

Clear interrupt flag (3)

(1) Write O to the INTHI bit, the INTMI bit, the INTSI bit and the INTSSI bit in the WTCR12 Register to clear
the interrupt flag bit. Write 1 to the desired interrupt enable bit among the INTHIE bit, the INTMIE bit, the
INTSIE bit and the INTSSIE bit of the WTCR13 Register to enable the interrupt.

(2) When either 0.5-second interrupt, 1-second interrupt, 1-minute interrupt or 1-hour interrupt occurs,
interrupt request will occur.

(3) Write 0 to the INTHIE bit, the INTMIE bit, the INTSIE bit and the INTSSIE bit to clear the interrupt flag bit.

May 27, 2015, FM4_MN709-00002-4v0-E 111



CHAPTER 4-2: RTC Count Block(A)
3. Operations of RTC Count Block and Setting Procedures Examples

-YPRESS PERIPHERAL MANUAL

Example of Alarm Interrupt Setting Procedures

Figure 3-6 Alarm Interrupt Setting Procedures

RTC CPU

Read value of the TRANS bit in the WTCR10
Register (1)
Value of the TRANS bit - (2)

Write "1" to the CREAD bit in the WTCR20
_ Register (3)
Counter value read completion interrupt _
Clear counter value read completion interrupt (4)
flag

< ®)

Write "0" to the INTALI bit in the. WTCR12
Register of the RTC count block and write "1" to

the INTALIE bit in the WTCR13 Register (6)
Write to alarm (year/ month/ date/ hour/ minute)
buffers
7

Write “1” to the YEN bit, the MOEN bit, the DEN
bit, the HEN bit and the MIEN bit in the WTCR 11 (8)

Set 1-second interrupt (9)
Interrupt

Write "1" to the ST bit in the WTCR10 Regster
and the CWRITE bit in the WTCR20 Register (1 0)

Read value of the TRANS bit

11
Interrupt occurs Value of the TRANS bit ( )
when the value of £ 9 (1 2)
the ALMIR, ALHR, Interrupt .
ALDR, ALMOR or Write "1" to the CREAD bit in the WTCR20
ALYR coincides with Register (14)
the value of the year (1 3) - —
counter. month Counter value read completion interrupt _
counter, day counter, Counter value read completion interrupt flag
hour counter or clear
minute counter Check if the value of the year counter, month
counter, day counter, hour counter or minute
counter coincides with the value of the ALMIR,
ALHR, ALDR, ALMOR, ALYR
Clear interrupt fla
- e (15)

(1) Read the value of the TRANS bit in the WTCR10 Register.
(2) If the value of the TRANS bit is 1, wait until the value becomes 0.
(3) Write 1 to the CREAD bit in the WTCR20 Register to read the counter value.

(4) When the transfer of value to the year buffer, month buffer, day buffer, hour buffer, minute buffer, second
buffer or day of the week buffer is completed, the value of the CREAD bit becomes 0 and the year/
month/ day/ hour/ minute/ second/ day of the week counter value read completion interrupt will occur.

(5) Clear the counter value read completion interrupt flag bit.

(6) Write 0 to the INTALI bit in the WTCR12 Register of the RTC count block to clear the alarm interrupt flag
bit. Write 1 to the INTALIE bit in the WTCR13 Register to enable the alarm interrupt.

(7) Write the desired date and time for the alarm interrupt to the alarm (year/ month/ day/ hour) buffers.
(8) Write 1 to the YEN bit, the MOEN bit, the DEN bit, the HEN bit and the MIEN bit in the WTCR11.
(9) After setting the 1-second interrupt, wait for it.

(10) After the 1-second interrupt occurs, write 1 to the ST bit in the WTCR10 Register and the CWRITE bit in
the WTCR20 Register to transfer the alarm value.

(11) Read the value of the TRANS bit.
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(12) Wait until the value of the TRANS bit becomes 1.

(13) If the value of the ALMIR, ALHR, ALDR, ALMOR, ALYR and that of the year counter, month counter, day
counter, hour counter or minute counter coincides, interrupt request occurs.

(14) Follow the time read setting procedures to read the time and check if the value of the year counter, month
counter, day counter, hour counter or minute counter coincides with the value of the ALMIR, ALHR, ALDR,
ALMOR, ALYR.

(15) Write 0 to the INTALI bit to clear the alarm interrupt flag bit.

Notes:

— Interrupt may occur immediately after 1 is written to any of the alarm enable bits. Recall and read the
time after the interrupt and check if the value of the year counter, month counter, day counter, hour
counter or minute counter coincides with the value of the ALMIR, ALHR, ALDR, ALMOR, ALYR.

—  Access to the buffers in the RTC control block is prohibited during a recall operation or save
operation.

—  Run PCLK2 at 1 MHz or above during time rewrite.

— Do not reset the RTC control block or cut off power during transfer.
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ERFORM

Example of Timer Interrupt Setting Procedures (with (Hours, Minutes, and Seconds)
Elapsed)

Figure 3-7 Timer Interrupt Setting Procedures (with (Hours, Minutes, and Seconds) Elapsed)

RTC CPU

Clear the interrupt flag and write "1" to the
INTHIE bit, the INTMIE bit, the INTSIE bit and
the INTSSIE bit of the WTCR13 Register

" Read the value of the TRANS bit in the WTCR10

@

Register (2)
Value of the TRANS bit (3)
Read the value of the RUN bit in the WTCR10 |
Register and the TMRUN bit in the WTCR21
Register (4)
Value of the RUN bit and the TMRUN bit _ (5)
Write to WTTRO Register/ WTTR1 Register/
WTTR2 Register of the RTC count block (6)
Write "0" to the TMEN bit in the WTCR21
Register
- 7

Set the value of the TMST bit in the WTCR21 to

< L (8)

Set 1-second interrupt (9)
Load timer setting register
value to timer counter, and Interrupt
down count starts when the (11)
value of the TMRUN bit Write "1" to the CREAD bit in the WTCR20
becomes "1" Register
- g (lO)
Read the value of the TRANS bit
When underflow occurs, timer .
counter interrupt occurs. Clear Value of the TRANS bit >
the value of the TMST bit to (12) 1 4
"0" to stop the timer counter T . . I
and clear the value of the Timer interrupt -
TMRUN bit to "0"

@)

@)
®)
(4)
(®)

(6)
(@)
(8)
9)

Write O to the INTTMI bit in the WTCR12 Register of the RTC count block to clear the timer interrupt flag
bit. Write 1 to the INTTMIE bit in the WTCR13 Register of the RTC Register to enable the timer interrupt.

Read the value of the TRANS bit in the WTCR10 Register.
If the value of the TRANS bit is 1, wait until the value becomes 0.
Read the value of the TMRUN bit in the WTCR21 Register and that of the RUN bit in the WTCR10.

Check if the value of the TMRUN bit is O (Timer is stopped). If the value of the RUN bit is 0, there is no
need to follow step (9) to set the 1-second interrupt.

Write timer setting to WTTRO Register/ WTTR1 Register/ WTTR2 Register.
Write O to the TMEN bit in the WTCR21 Register.
Write 1 to the TMST bit in the WTCR21 Register.

As mentioned in step (5), if the value of the RUN bit is O, follow step (10). If the value of the RUN bit is 1,
set the 1-second interrupt and wait for it.

(10) Write 1 to the CWRITE bit in the WTCR20 Register to transfer the setting. Wait until the value of the

TRANS bit becomes 0.

(11) The value of timer setting register transfers to the timer counter and the countdown begins.
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(12) When there is underflow during count down, interrupt request occurs. The value of the TMST bit is
cleared to 0 and the timer counter stops. After the timer counter has stopped, the value of the TMRUN bit
becomes 0.

Notes:
—  During a timer counter operation (WTCR21: TMRUN=1), writing 1 to the TMST bit is prohibited
before the TMRUN bit becomes 0 after 0 is written to the TMST bit.
—  To change the setting of the TMEN bit, do so while the timer counter has stopped
(WTCR21:TMRUN=0).
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Example of Timer Interrupt Setting Procedures (in Intervals of (Hours, Minutes, and
Seconds) Elapsed)

Figure 3-8 Timer Interrupt Setting Procedures (in Intervals of (Hours, Minutes, and Seconds) Elapsed)

RTC CPU

Clear the interrupt flag and write "1" to the
INTHIE bit, the INTMIE bit, the INTSIE bit and

the INTSSIE bit of the WTCR13 Register (1)

Read the value of the TRANS bit in the WTCR10 | (2)
Register

Value of the TRANS bit (3)

Read the value of the RUN bit in the WTCR10

Register and the TMRUN bit in the WTCR21 (4)
Register

Value of the RUN bit and the TMRUN bit

Write to WTTRO Register/ WTTR1 Register/

WTTR?2 Register of the RTC count block (5)
Write "1" to the TMEN bit in the WTCR21
Register (6)
Write "1" to the TMST bit in the WTCR21
Register @)
1-second interrupt setting (8)
Interrupt

. . . Write "1" to the CWRITE bit in the WTCR20
Load timer setting register

value to timer counter, down Register (9)
count starts when the value
of bit2 in the WTCR21 (10) Read the value of the TRANS bit

Register of the RTC counter
block transits to "1" Value of the TRANS bit

Timer interrupt

When underflow occurs, Interrupt flag clear

timer counter interrupt (12)
occurs. Reload timer setting (1) Write "0" to the TMST bit to stop the timer

value to timer counter

(13)

Write "1" to the CWRITE bit

@)

)
®)
(4)

(®)
(6)
@)
8)

9)

Write O to the INTTMI in the WTCR12 Register to clear the timer interrupt flag bit. Write 1 to the INTTMIE
bit in the WTCR13 Register to enable the timer interrupt.

Read the value the TRANS bit in the WTCR10 Register.
If the value of the TRANS bit is 1, wait until the value becomes 0.

Read the TMRUN bit in the WTCR21 Register to check if the value is 0 (stopped). If the value of the RUN
bit is 0, there is no need to follow step (8) to set the 1-second interrupt.

Write timer setting to WTTRO Register/ WTTR1 Register/ WTTR2 Register of the RTC count block.
Write 1 to the TMEN bit in the WTCR21 Register.
Write 1 to the TMST bit in the WTCR21 Register.

As mentioned in step (4), if the value of the RUN bit in the WTCR10 Register is 0, follow the setting in
step (9). If the value of the RUN bit is 1, set the 1-second interrupt and wait for it.

Write 1 to the CWRITE bit in the WTCR20 Register, and wait for the value of the TRANS bit to become 0.

(10) The value of timer setting register transfers to the timer counter and the countdown begins.

(11) When the count is completed, the RTC count block interrupt request will occur, and the timer setting

register value will be reloaded to the timer counter and the operation will continue.

(12) Write 0 to the INTTMI bit to clear the timer interrupt flag bit.

(13) To stop the timer, write 0 to the TMST bit and 1 to the CWRITE bit.
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Notes:
—  During a timer counter operation (WTCR21:TMRUN=1), writing 1 to the TMST bit is prohibited
before the TMRUN bit becomes 0 after 0 is written to the TMST bit.
—  To change the setting of the TMEN bit, do so while the timer counter has stopped
(WTCR21: TMRUN=0).

Output Operation of CO External Pin
The RTC count block has CO external pin to output 0.5-second pulse.
Figure 3-9 shows the waveform of CO external pin output.

Figure 3-9 CO External Pin Output Waveform
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|
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4. RTC Control Block Reset Operation

This section explains the resetting of the RTC control block.

Low-voltage Detection Reset/ Power-on Reset Operation

The shaded parts in Table 4-1 are target bits of the low-voltage detection reset/ power-on reset. The
sub-second generation counter, timer counter and year counter, month counter, day counter, hour counter,
minute counter, second counter and day of the week counter not shown in Table 4-1 are not reset targets.
Since the INTALI, RUN and TMRUN bits are generated in the VBAT domain, they cannot be cleared by a
reset for the Always on domain.

Table 4-1 Low-voltage Detection Reset/ Power-on Reset Target Bits

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
WTCR10 | TRANS BUSY SCRST SCST SRST RUN - ST
WTCR11 - - - YEN MOEN DEN HEN MIEN
WTCR12 | INTCRI INTERI INTALI INTTMI INTHI INTMI INTSI INTSSI
WTCR13 | INTCRIE | INTERIE | INTALIE | INTTMIE | INTHIE | INTMIE INTSIE | INTSSIE
WTCR20 - - PWRITE | PREAD | BWRITE | BREAD | CWRITE | CREAD
WTCR21 - - - - - TMRUN TMEN TMST
WTSR - TS2 TS1 TSO S3 S2 S1 SO
WTMIR - TMI2 T™MI1 TMIO MI3 MI2 Mil MIO
WTHR - - TH1 THO H3 H2 H1 HO
WTDR - - TD1 TDO D3 D2 D1 DO
WTDW - - - - - DW2 DW1 DWO
WTMOR - - - TMOO0 MO3 MO2 MO1 MO0
WTYR TY3 TY2 TY1 TYO Y3 Y2 Y1 YO
ALMIR - TAMI2 TAMI1 TAMIO AMI3 AMI2 AMI1 AMIO
ALHR - - TAH1 TAHO AH3 AH2 AH1 AHO
ALDR - - TAD1 TADO AD3 AD2 AD1 ADO
ALMOR - - - TAMOO AMO3 AMO2 AMO1 AMOO
ALYR TAY3 TAY2 TAY1 TAYO AY3 AY2 AY1l AYO
WTTRO T™M7 TM6 TM5 T™M4 T™M3 T™M2 T™M1 TMO
WTTR1 T™M15 T™14 TM13 T™M12 TM11 TM10 T™M9 TM8
WTTR2 - - - - - - TM17 TM16

118 FM4_MN709-00002-4v0-E, May 27, 2015



CHAPTER 4-2: RTC Count Block(A)

4. RTC Control Block Reset Operation

PERIPHERAL

MANUAL

System Reset Operation

The shaded parts in Table 4-2 are target bits of the system reset.

The sub-second generation counter (for date and time/ for timer) and the year counter, month counter, day

counter, hour counter, minute counter, second counter and day of the week counter are not reset targets.

Table 4-2 System Reset Target Bits

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
WTCR10 | TRANS BUSY SCRST SCST SRST RUN - ST
WTCR11 - - - YEN MOEN DEN HEN MIEN
WTCR12 | INTCRI INTERI INTALI INTTMI INTHI INTMI INTSI INTSSI
WTCR13 | INTCRIE | INTERIE | INTALIE | INTTMIE [ INTHIE | INTMIE INTSIE | INTSSIE
WTCR20 - - PWRITE | PREAD | BWRITE | BREAD | CWRITE | CREAD
WTCR21 - - - - - TMRUN TMEN TMST
WTSR - TS2 TS1 TSO S3 S2 S1 SO
WTMIR - T™MI2 T™I1 TMIO MI3 Mi2 Mi1 MIO
WTHR - - TH1 THO H3 H2 H1 HO
WTDR - - TD1 TDO D3 D2 D1 DO
WTDW - - - - - Dw?2 Dw1 DWO
WTMOR - - - TMOO0 MO3 MO2 MO1 MO0
WTYR TY3 TY2 TY1 TYO Y3 Y2 Y1 YO
ALMIR - TAMI2 TAMI1 TAMIO AMI3 AMI2 AMI1 AMIO
ALHR - - TAH1 TAHO AH3 AH2 AH1 AHO
ALDR - - TAD1 TADO AD3 AD2 AD1 ADO
ALMOR - - - TAMOO AMO3 AMO2 AMO1 AMOO
ALYR TAY3 TAY2 TAY1 TAYO AY3 AY2 AY1 AYO
WTTRO T™M7 TM6 TM5 T™4 T™M3 T™M2 ™1 TMO
WTTR1 TM15 T™M14 TM13 T™M12 TM11 TM10 T™M9 T™M8
WTTR2 - - - - - - T™17 TM16
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RTC Reset Operation
The shaded parts in Table 4-3 are target bits of the RTC reset.

The sub-second generation counter (for date and time/ for timer) and the year counter, month counter, day
counter, hour counter, minute counter, second counter and day of the week counter, 1-second counter and
timer counter not shown in Table 4 3 are not reset targets.

Table 4-3 RTC Reset Target Bits

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
WTCR10 | TRANS BUSY SCRST SCST SRST RUN - ST
WTCR11 - - - YEN MOEN DEN HEN MIEN
WTCR12 | INTCRI INTERI INTALI INTTMI INTHI INTMI INTSI INTSSI
WTCR13 | INTCRIE | INTERIE | INTALIE | INTTMIE [ INTHIE | INTMIE INTSIE | INTSSIE
WTCR20 - - PWRITE | PREAD | BWRITE | BREAD | CWRITE | CREAD
WTCR21 - - - - - TMRUN TMEN TMST
WTSR - TS2 TS1 TSO S3 S2 S1 SO
WTMIR - T™MI2 T™I1 TMIO MI3 Mi2 Mi1 MIO
WTHR - - TH1 THO H3 H2 H1 HO
WTDR - - TD1 TDO D3 D2 D1 DO
WTDW - - - - - Dw?2 Dw1 DWO
WTMOR - - - TMOO0 MO3 MO2 MO1 MO0
WTYR TY3 TY2 TY1 TYO Y3 Y2 Y1l YO
ALMIR - TAMI2 TAMI1 TAMIO AMI3 AMI2 AMI1 AMIO
ALHR - - TAH1 TAHO AH3 AH2 AH1 AHO
ALDR - - TAD1 TADO AD3 AD2 AD1 ADO
ALMOR - - - TAMOO AMO3 AMO2 AMO1 AMOO
ALYR TAY3 TAY2 TAY1 TAYO AY3 AY2 AY1 AYO
WTTRO T™M7 TM6 TM5 T™4 T™M3 T™M2 ™1 TMO
WTTR1 TM15 T™M14 TM13 T™M12 TM11 TM10 T™M9 T™M8
WTTR2 - - - - - - T™17 TM16

Note:
- After the RTC reset, make sure to write 00h to WTCR12.
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5. Leap Year Compliance of RTC Count Block

This section explains the leap year compliance of the RTC count block.

Leap Year Compliance
Table 5-1 shows the days of each month.

Table 5-1 List of Leap Years

Leap Month
Year

year 1 2 3 4 5 6 7 8 9 10 11 12

00 o 31 29 31 30 31 30 31 31 30 31 30 31
01 to 03 x 31 28 31 30 31 30 31 31 30 31 30 31
04 o 31 29 31 30 31 30 31 31 30 31 30 31
05 to 07 x 31 28 31 30 31 30 31 31 30 31 30 31
08 o 31 29 31 30 31 30 31 31 30 31 30 31
09to 11 x 31 28 31 30 31 30 31 31 30 31 30 31
12 o 31 29 31 30 31 30 31 31 30 31 30 31
13to0 15 x 31 28 31 30 31 30 31 31 30 31 30 31
16 o 31 29 31 30 31 30 31 31 30 31 30 31
17 to0 19 x 31 28 31 30 31 30 31 31 30 31 30 31
20 o 31 29 31 30 31 30 31 31 30 31 30 31
21t0 23 x 31 28 31 30 31 30 31 31 30 31 30 31
24 o 31 29 31 30 31 30 31 31 30 31 30 31
25t0 27 x 31 28 31 30 31 30 31 31 30 31 30 31
28 o 31 29 31 30 31 30 31 31 30 31 30 31
29 to 31 x 31 28 31 30 31 30 31 31 30 31 30 31
32 o 31 29 31 30 31 30 31 31 30 31 30 31
33t035 x 31 28 31 30 31 30 31 31 30 31 30 31
36 o 31 29 31 30 31 30 31 31 30 31 30 31
37t0 39 x 31 28 31 30 31 30 31 31 30 31 30 31
40 o 31 29 31 30 31 30 31 31 30 31 30 31
41t043 x 31 28 31 30 31 30 31 31 30 31 30 31
44 o 31 29 31 30 31 30 31 31 30 31 30 31
45 to 47 x 31 28 31 30 31 30 31 31 30 31 30 31
48 o 31 29 31 30 31 30 31 31 30 31 30 31
49to 51 x 31 28 31 30 31 30 31 31 30 31 30 31
52 o 31 29 31 30 31 30 31 31 30 31 30 31
53 to 55 x 31 28 31 30 31 30 31 31 30 31 30 31
56 o 31 29 31 30 31 30 31 31 30 31 30 31
57 to 59 x 31 28 31 30 31 30 31 31 30 31 30 31
60 o 31 29 31 30 31 30 31 31 30 31 30 31
61 to 63 x 31 28 31 30 31 30 31 31 30 31 30 31
64 o 31 29 31 30 31 30 31 31 30 31 30 31
65 to 67 x 31 28 31 30 31 30 31 31 30 31 30 31
68 o 31 29 31 30 31 30 31 31 30 31 30 31
69 to 71 x 31 28 31 30 31 30 31 31 30 31 30 31
72 o 31 29 31 30 31 30 31 31 30 31 30 31
73t0 75 x 31 28 31 30 31 30 31 31 30 31 30 31
76 o 31 29 31 30 31 30 31 31 30 31 30 31
771079 x 31 28 31 30 31 30 31 31 30 31 30 31
80 o 31 29 31 30 31 30 31 31 30 31 30 31
811083 x 31 28 31 30 31 30 31 31 30 31 30 31
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Vear Leap Month
year 1 2 3 4 5 6 7 8 9 10 11 12
84 o 31 29 31 30 31 30 31 31 30 31 30 31
85 to 87 x 31 28 31 30 31 30 31 31 30 31 30 31
88 o 31 29 31 30 31 30 31 31 30 31 30 31
891to 91 X 31 28 31 30 31 30 31 31 30 31 30 31
92 o 31 29 31 30 31 30 31 31 30 31 30 31
93 to 95 x 31 28 31 30 31 30 31 31 30 31 30 31
96 o 31 29 31 30 31 30 31 31 30 31 30 31
97 to 99 X 31 28 31 30 31 30 31 31 30 31 30 31
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6. Time Rewrite Error

This section explains the time rewrite error during time rewrite (with time count continued).

Time Rewrite Error
Below shows the situation when 0.5-second pulse of the 0.5-second generation counter is detected for twice
while the value of the SCST bit remains as 1 during time rewrite (time count continued).

B When only second counter and minute counter are rewritten.

pulse detection

0.5-second
generation
counter
Time
0.5-second h
i i i i i
1-second
generation counter X X X X
Y When the value of the SCST
S flag is "1", 1-second generation
1-second counter is stopped.

Time rewrite error flag
iz \
1

SCST bit _ 1
[ \ 1
CWRITE bit \ 130
|
Second buffer [ XXXS I Bs \\ ]
Minute buffer [ XXX | bm 1 ]
During a suspension of 1-second pulse
Write desired value to the the detection (WTCR:SCST=1), if a 1-second pulse
second buffer and minute buffer occurs, the value of the second register cannot
040 be guaranteed.
Second counter [ 3s BsTxx T XX ]
Minute counter [ Zm Tom XX ]

Count value of counter

After the 1-second interrupt is detected, clear the 1-second interrupt flag. Write 1 to the SCST bit and write
the counter value.

Set the value of the CWRITE bit to 1 and write the counter value.

When 0.5-second pulse is detected for twice while the value of the SCST flag remains as 1, the value of time
rewrite error flag becomes 1.

The value of the second counter, minute counter, hour counter, week counter, month counter and year
counter cannot be guaranteed.

Notes:

If 0.5-second pulse is detected less than once while the value of the SCST bit remains as 1, the
value of time rewrite error flag will not become 1.

When 0.5-second pulse is detected twice while the value of the SCST bit remains as 1, the value of
second counter cannot be guaranteed. Therefore, revise the time rewrite value again.

Rewrite the time in 1 second after the 1-second interrupt is detected.
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7. Registers in RTC Control Block

This section shows the list of registers in the RTC control block.

List of Registers in the RTC Control Block

Table 7-1 List of Registers in RTC Control Block

Abbreviation Register name Interface circuit type Reference
WTCR10 Control Register 10 Bit0 ST:2, Bit2 RUN:4 7.1
WTCR11 Control Register 11 2 7.2
WTCR12 Control Register 12 - 7.3
WTCR13 Control Register 13 - 7.4
WTCR20 Control Register 20 1 7.5
WTCR21 Control Register 21 2 7.6

WTSR Second Register 2 7.7
WTMIR Minute Register 2 7.8
WTHR Hour Register 2 7.9
WTDR Day Register 2 7.10
WTDW Day Of the Week Register 2 7.11
WTMOR Month Register 2 7.12
WTYR Year Register 2 7.13
ALMIR Alarm Minute Register 2 7.14
ALHR Alarm Hour Register 2 7.15
ALDR Alarm Day Register 2 7.16
ALMOR Alarm Month Register 2 7.17
ALYR Alarm Year Register 2 7.18
WTTRO Timer Setting Register 0 2 7.19
WTTR1 Timer Setting Register 1 2 7.20
WTTR2 Timer Setting Register 2 2 7.21

The registers shown in Table 7-1 correspond to Circuit Type 1 or 2 or 4 in the chapter VBAT Domain. For the
Circuit Type 2, a system reset and RTC reset do not initialize the registers in the VBAT domain. They do,
however, initialize the buffers in the Always ON domain. After a reset, therefore, the save operation must be
performed after the value is set again or the recall operation is performed. The registers shown circuit type
as “-“ doesn’t influence VBAT domain.

For the details of interface circuit type, refer to Interfacing with Always-on Domain in CHAPTER 7: VBAT
Domain in FM4 Family Peripheral Manual.

Note:
- After 1 is written to the CWRITE bit, the value of the TRANS bit becomes 0 and the RTC control
block buffer value is reflected on the registers in RTC count block (VBAT Domain).
During transfer (WTCR10[7]: TRANS=1), do not access any registers of the RTC count block, RTC
control block or VBAT domain, except WTCR10.
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7.1 Control Register 10 (WTCR 10)

This register controls the operations of the RTC control block.

bit 7 6 5 4 3 2 1 0
Field TRANS BUSY SCRST SCST SRST RUN Reserved ST
Attribute R R R/W R/W w R R R/W
Initial value 0 0 0 0 0 0 0 0

[bit7] TRANS: Transfer flag bit
The TRANS bit indicates if the value is transferring.
When the value of this bit is 1, writing to RTC count block registers is prohibited.

bit Description
0 Indicates that transfer of value has completed.
1 Indicates that value is transferring.

[bit6] BUSY: Busy bit
The BUSY bit indicates if time rewrite is operating.

bit Description

0 Indicates that time rewrite is not operating.

Indicates that any of the following conditions is happening:

- When 1 is written to the SCST bit in WTCR10 Register

- When 1 is written to the SCRST bit in the WTCR Register

- The value of the WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW are transferring to

the year counter, month counter, day counter, hour counter, minute counter, second counter and day

of the week counter respectively

[bit5] SCRST: Sub-second generation/ 1-second generation counter reset bit
The SCRST bit controls the reset of the sub-second generation/ 1-second generation counter (for date and

time)
bit Description
0 Cancel the sub-second generation/ 1-second generation counter (for date and time) reset.
1 Reset the sub-second generation/ 1-second generation counter (for date and time).

If the value of this bit and that of the SCST bit are both set to 0 during the RTC operation (RUN=1), the
WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW cannot be updated. Setting the value of
SCST bit and that of the SCRST bit to 1 simultaneously is prohibited. When RTC operation has stopped
(RUN=0), setting the value of this bit to 1 is prohibited.

When the SCRST bit is 1, it is prohibited to set the SRST bit to 1.
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[bit4] SCST: 1-second pulse detection stop bit
The SCST bit controls the detection of 1-second pulse of 1-second generation counter.

bit Description
0 Enable detection of 1-second pulse.
1 Stop Detection of 1-second pulse.

If this bit and SCRST bit are both set to 0 during the RTC operation (RUN=1), the WTYR, WTMOR, WTDR,
WTHR, WTMIR, WTSR and WTDW cannot be updated. Setting the value of SCST bit and SCRST bitto 1
simultaneously is prohibited. When RTC is stopped (RUN=0), setting the value of this bit to 1 is prohibited.

When the SCST bit is 1, it is prohibited to set the SRST bit to 1.

[bit3] SRST: RTC reset bit

The SRST bit is the RTC reset bit.

See Table 4-3 in chapter RTC Control Block Reset Operation for the registers or bits that are initiated by
RTC reset.

This bit always reads 0.

bit Description
read Always read as 0

0 is written No effect on operation.

1 is written When 1 is written, the hardware issues the RTC reset.

Write 1 to this bit, after confirming that the time rewrite operation active bit (BUSY) is 0.

[bit2] RUN: RTC count block operation bit

The RUN bit indicates the operation state of the RTC count block.

During RTC count block operation (WTCR10:ST=1), set the ST bit to O will stop the RTC count block
operation and the value of the RUN bit will becomeO.

bit Description
0 RTC count block is stopped.
1 RTC count block is operating.

[bitl] Reserved: Reserved bit
Always read as 0.
Set the value of this bit to 0 when writing.

[bit0] ST: Start bit
The ST bit controls the startup of the RTC count block.

1 cannot be written, when the sub-oscillation is stopped.

bit Description
0 Stops the RTC count block.
Transfers the setting of the WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW to
1 the year counter, month counter, day counter, hour counter, minute counter, second counter
and day of the week counter respectively, and the RTC count block operation starts.

Note:
- After the RTC reset, make sure to write 00h to WTCR12.
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7.2 Control Register 11 (WTCR 11)

This register controls the interrupt enable of the RTC control block.

bit 7 6 5 4 3 2 1 0
Field Reserved YEN MOEN DEN HEN MIEN
Attribute R R/W R/W R/W R/W R/W

Initial value 000 0 0 0 0 0

[bit7:5] Reserved: Reserved bits
Always read as 0.
Set the value of this bit to 0 when writing.

[bit4] YEN: Alarm year register enable bit
The YEN bit enables the comparison between the ALYR and the year counter. When the value of this bit is
set to 1, this bit becomes the detection target of the alarm coincidence flag (INTALI).

bit Description
0 Prohibit comparison of the ALYR and the year counter.
1 Enable the comparison between the ALYR and the year counter.

[bit3] MOEN: Alarm month register enable bit
The MOEN bit enables the comparison between the ALMOR and the month counter. When the value of this
bit is set to 1, this bit becomes the detection target of the alarm coincidence flag (INTALI).

bit Description
0 Prohibit comparison between the ALMOR and the month counter.
1 Enable the comparison between the ALMOR and the month counter.

[bit2] DEN: Alarm day register enable bit
The DEN bit enables the comparison between the ALDR and the day counter. When the value of this bit is
set to 1, this bit becomes the detection target of the alarm coincidence flag (INTALI).

bit Description
0 Prohibit comparison between the ALDR and the day counter.
1 Enable comparison between the ALDR and the day counter.

[bitl] HEN: Alarm hour register enable bit
The HEN bit enables the comparison between the ALHR and the hour counter. When the value of this bit is
set to 1, this bit becomes the detection target of the alarm coincidence flag (INTALI).

bit Description
0 Prohibit comparison between the ALHR and the hour counter.
1 Enable comparison between the ALHR and the hour counter.

May 27, 2015, FM4_MN709-00002-4v0-E 127



CHAPTER 4-2: RTC Count Block(A)
7. Registers in RTC Control Block

PERIPHERAL MANUAL

[bit0] MIEN: Alarm minute register enable bit
The MIEN bit enables the comparison between the ALMIR and the minute counter. When the value of this bit
is set to 1, this bit becomes the detection target of the alarm coincidence flag (INTALI).

bit Description
0 Prohibit comparison between the ALMIR and the minute counter.
1 Enable comparison between the ALMIR and the minute counter.
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7.3 Control Register 12 (WTCR 12)

This is the RTC control block interrupt flag register.

bit 7 6 5 4 3 2 1 0
Field INTCRI INTERI INTALI INTTMI INTHI INTMI INTSI INTSSI
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

[bit7] INTCRI: Year/ month/ day/ hour/ minute/ second/ day of the week counter value read
completion flag bit

According to the CREAD bit, the INTCRI bit indicates the transfer state of the value of the year counter,
month counter, day counter, hour counter, minute counter, second counter and the day of the week counter
to the WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW when the date and time is read.
During read access of read modify right access, 1 is always read.

bit Description

When 0i d Reading of the value of the year counter, month counter, day counter, hour counter, minute
en 0 is rea
counter, second counter and the day of the week counter has not completed.

Reading of the value of the year counter, month counter, day counter, hour counter, minute

When 1 is read
counter, second counter and the day of the week counter has completed.

When 0 is .
) Clear this flag.
written
When 1 is )
. No effect on operation.
written

[bit6] INTERI: Time rewrite error flag bit
During time rewrite (SCST=1), the INTERI indicates that the second counter does not count up.
During read access of read modify right access, 1 is always read.

Bit
When 0 is read
When 1 is read

Description

Time rewrite error is not occurring.

Time rewrite error occurred.

When 0 is .
) Clear this flag.
written
When 1 is )
. No effect on operation.
written

[bit5] INTALI: Alarm coincidence flag bit
The INTALI bit indicates if the value of the ALYR, ALMOR, ALDR, ALHR or ALMIR coincides with the value

of the year counter, month counter, day counter, hour counter or minute counter.
During read access of read modify right access, 1 is always read.

Bit Description

When 0 is read

Alarm coincidence is not occurring.

When 1 is read

Alarm coincidence occurred.

When 0 is
written

This flag is cleared.

When 1 is
written

No effect on operation.
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[bit4] INTTMI: Timer underflow detection flag bit
When timer counter underflows, the value of the INTTMI bit becomes 1.
During read access of read modify right access, 1 is always read.

bit

Description

When 0 is read

Timer underflow is not occurring.

When 1 is read

Timer underflow occurred.

When 0 is
written

This flag is cleared.

When 1 is
written

No effect on operation.

[bit3] INTHI: Every hour flag bit
When hour counter counts up, the value of the INTHI bit becomes 1.
During read access of read modify right access, 1 is always read.

Bit

Description

When 0 is read

Hour counter count up is not occurring.

When 1 is read

Hour counter count up occurred.

When 0 is
written

Clear this flag.

When 1 is
written

No effect on operation.

[bit2] INTMI: Every minute flag bit
When minute counter counts up, the value of the INTMI bit becomes 1.
During read access of read modify right access, 1 is always read.

Bit

Description

When 0 is read

Minute counter count up is not occurring.

When 1 is read

Minute counter count up occurred.

When 0 is
written

Clear this flag.

When 1 is
written

No effect on operation.

[bitl] INTSI: Every second flag bit
When second counter counts up, the value of the INTSI bit becomes 1.
During read access of read modify right access, 1 is always read.

bit

Description

When 0 is read

Second counter count up is not occurring.

When 1 is read

Second counter count up occurred.

When 0 is
written

Clear this flag.

When 1is
written

No effect on operation.
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[bitO] INTSSI: Every 0.5-second flag bit
When 0.5-second pulse occurs, the value of the INTSSI bit becomes 1.
During read access of read modify right access, 1 is always read.

Bit Description

When Oisread | 0.5-second pulse is not occurring.

When lisread | 0.5-second pulse occurred.

When 0 is .
. Clear this flag.
written
When 1 is )
. No effect on operation.
written
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7.4 Control Register 13 (WTCR 13)
This is the RTC control block interrupt enable register.
bit 7 6 5 4 3 2 1 0
Field INTCRIE | INTERIE INTALIE INTTMIE INTHIE INTMIE INTSIE INTSSIE
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
[bit7] INTCRIE: Year/ month/ day/ hour/ minute/ second/ day of the week counter value read
completion interrupt enable bit
The INTCRIE bit enables the year/ month/ day/ hour/ minute/ second/ day of the week counter value read
completion interrupt.
bit Description
0 Interrupt prohibited.
1 Interrupt enabled.
[bit6] INTERIE: Time rewrite error interrupt enable bit
The INTERIE bit enables the time rewrite error interrupt.
bit Description
0 Interrupt prohibited.
1 Interrupt enabled.
[bit5] INTALIE: Alarm coincidence interrupt enable bit
The INTALIE bit enables the alarm coincidence interrupt.
bit Description
0 Interrupt prohibited.
1 Interrupt enabled.
[bit4] INTTMIE: Timer underflow interrupt enable bit
The INTTMIE bit enables the timer underflow interrupt.
bit Description
0 Interrupt prohibited.
1 Interrupt enabled.
[bit3] INTHIE: Every hour interrupt enable bit
The INTHIE bit enables the every hour interrupt.
bit Description
0 Interrupt prohibited.
1 Interrupt enabled.
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[bit2] INTMIE: Every minute interrupt enable bit
The INTMIE bit enables the every minute interrupt.

bit Description
0 Interrupt prohibited.
1 Interrupt enabled.

[bitl] INTSIE: Every second interrupt enable bit
The INTSIE bit enables the every second interrupt.

bit Description
0 Interrupt prohibited.
1 Interrupt enabled.

[bit0] INTSSIE: Every 0.5-second interrupt enable bit
The INTSSIE bit enables the every 0.5-second interrupt.

bit Description
0 Interrupt prohibited.
1 Interrupt enabled.
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7.5 Control Register 20 (WTCR 20)

This register controls the save operation and recall operation.

bit 7 6 5 4 3 2 1 0
Field Reserved PWRITE PREAD BWRITE BREAD CWRITE CREAD
Attribute R R/W R/W R/W R/W R/W R/W
Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits
Always read as 0.
Set the value of this bit to 0 when writing.

[bit5] PWRITE: VBAT PORT save control bit
When the value of the PWRITE bit is set to 1, the buffer value set in the Always ON Domain will start saving
to the VBAT Domain. During read access of read modify right access, 0 is always read.

bit Description
O is read Saving to the VBAT Domain has completed.
1is read Value is saving to the VBAT Domain.
0 is written During transfer (WTCR10[7]=1), it is prohibited to write 0.
1 is written Start to save buffer value from the Always ON Domain to the VBAT Domain.

[bit4] PREAD: VBAT PORT recall control bit
When the value of the PREAD bit is set to 1, the buffer value set in the VBAT Domain will start recalling to

the Always ON Domain. During read access of read modify right access, 0 is always read.

bit Description
0 is read Recalling from the VBAT Domain has completed.
1is read Value is recalling from the VBAT Domain.
0 is written During transfer (WTCR10[7]=1), it is prohibited to write 0.
1 is written Start to recall register value from the VBAT Domain to the Always ON Domain.

[bit3] BWRITE: Back up register save control bit
When the value of the PWRITE bit is set to 1, the buffer value set in the Always ON Domain will start saving
to the VBAT Domain. During read access of read modify right access, 0 is always read.

bit Description
Ois read Saving to the VBAT Domain has completed.
1is read Value is saving to the VBAT Domain.
0 is written During transfer (WTCR10[7]=1), it is prohibited to write 0.
1 is written Start to save buffer value from the Always ON Domain to the VBAT Domain.
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[bit2] BREAD: Back up register recall control bit
When the value of the BREAD bit is set to 1, the register value set in the VBAT Domain will start recalling to

the Always ON Domain. During read access of read modify right access, 0 is always read.

bit Description
O is read Recalling from the VBAT Domain has completed.
1is read Value is recalling from the VBAT Domain.
0 is written During transfer (WTCR10[7]=1), it is prohibited to write 0.
1 is written Start to recall register value from the VBAT Domain to the Always ON Domain.

[bitl] CWRITE: RTC setting save control bit
When the value of the PWRITE bit is set to 1, the buffer value set in the Always ON Domain will start saving

to the VBAT Domain.
During read access of read modify right access, 0 is always read.

1 cannot be written, when the sub-oscillation is stopped.

bit Description
O is read Saving to the VBAT Domain has completed.
1is read Value is saving to the VBAT Domain.
0 is written During transfer (WTCR10[7]=1), it is prohibited to write 0.
1 is written Start to save buffer from the Always ON Domain to the VBAT Domain.

[bit0] CREAD: RTC setting recall control bit
When the value of the BREAD bit is set to 1, the register value set in the VBAT Domain will start recalling to

the Always ON Domain. During read access of read modify right access, 0 is always read.

1 cannot be written, when the sub-oscillation is stopped.

bit Description
O is read Recalling to the VBAT Domain has completed.
1is read Value is recalling to the VBAT Domain.
0 is written No effect on operation.
1 is written Start to recall register value from the Always ON Domain to the VBAT Domain.

Notes:
—  During transfer (WTCR10[7]:TRANS=1), do not access any registers of the RTC count block, RTC
control block or VBAT domain, except WTCR10.
- There are restrictions on combination of simultaneous transfer. See “Circuit connected to interface
circuit” in Chapter VBAT Domain in the Peripheral Manual for restrictions on combination of
simultaneous transfer details and transfer target registers.
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7.6 Control Register 21 (WTCR 21)

This register control timer operation of the RTC count block.

bit 7 6 5 4 3 2 1 0
Field Reserved TMRUN TMEN TMST
Attribute R R R/W R/W
Initial value 00000 0 0 0

[bit7:3] Reserved: Reserved bits
Always read as 0.
Set the value of this bit to 0 when writing.

[bit2] TMRUN: Timer counter operation bit

The TMRUN bit indicates the operation of timer counter.

If the timer counter control bit (TMEN) is 0, timer counter counts up and this bit will be cleared by the
hardware. If the value of the TMEN bit is 1, remain the value of the TMRUN bit as 1 until O is written to the
TMST bit.

During a timer operation (TMST=1), setting 0 to the TMST bit will stop the timer operation and the value of
this bit will become 0.

bit Description
0 Timer counter is stopped.
1 Timer counter is operating.

[bitl] TMEN: Time counter control bit
The TMEN bit controls whether the time counter operates after a specific time (hour, minute, second) or at a
specific interval (hour, minute, second).

1 cannot be written, when the sub-oscillation is stopped.

bit Description
0 Time counter operates after a specific time (hour, minute, second)
1 Time counter operates at a specific interval (hour, minute, second)

[bit0] TMST: Time counter start bit

The TMST bit starts the time counter.

If the value of the TMEN bit is 0, the value of the TMST bit will be cleared to 0 by the hardware once the
count has completed.

See time counter operation bit (TMRUN) for the time counter operation state. To rewrite the time setting
register, do so after stopping this bit by writing 0 to it. Then rewrite the time setting register and write 1 to this
bit to resume the operation.

1 cannot be written, when the sub-oscillation is stopped.

bit Description
0 Timer counter is stopped.
1 Timer counter starts operating.
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7.7 Second Register (WTSR)

This register indicates the second information in the RTC count block. The register value is shown in
Binary-Coded Decimal.

bit 7 6 5 4 3 2 1 0
Field Reserved TS2 TS1 TSO S3 S2 S1 SO
Attribute R R/W R/IW R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

[bit7] Reserved: Reserved bit
Always read as 0.

Set the value of this bit to 0 when writing.

[bit6:4] TS2-TSO: Second register
The TS2 to TS0 bits show the 2nd digit of the second information in the RTC count block.

0to5: Valid
6, 7: Setting is prohibited

[bit3:0] S3-S0: Second register
The S3 to SO bits show the 1st digit of the second information in the RTC count block.

Oto9: Valid
Ato F: Setting is prohibited
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7.8 Minute Register (WRMIR)
This register indicates the minute information in the RTC count block. The register value is shown in BCD.

bit 7 6 5 4 3 2 1 0
Field Reserved T™MI2 T™MI1 T™MIO MI3 Mi2 Mi1 MIO
Attribute R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

[bit7] Reserved: Reserved bit
Always read as 0.
Set the value of this bit to 0 when writing.

[bit6:4] TMI2-TMIO: Minute register
The TMI2 to TMIO bits show the 2nd digit of the minute information in the RTC count block
Oto5: Valid

6, 7: Setting is prohibited

[bit3:0] MI3-MIO: Minute register
The MI3 to MIO bits show the 1st digit of the minute information in the RTC count block.

0to 9: Valid

Ato F: Setting is prohibited
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7.9 Hour Register (WTHR)

This register indicates the hour information in the RTC count block. The register value is shown in BCD.

bit 7 6 5 4 3 2 1 0
Field Reserved TH1 THO H3 H2 H1 HO
Attribute R R/W R/W R/W R/W R/W R/W
Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits
Always read as 0.

Set the value of this bit to 0 when writing.

[bit5:4] TH1, THO: Hour register
The TH1 bit and THO bit show the 2nd digit of the hour information in the RTC count block.

Oto 2: Valid
3: Setting is prohibited

[bit3:0] H3-HO: Hour register
The H3 to HO bits show the 1st digit of the hour information in the RTC count block.

Oto9: Valid
Ato F: Setting is prohibited
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7.10 Day Register (WTDR)
This register indicates the day information in the RTC count block. The register value is shown in BCD.
bit 7 6 5 4 3 2 1 0
Field Reserved TD1 TDO D3 D2 D1 DO
Attribute R R/W R/W R/W R/W R/W R/W
Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits

Always read as 0.
Set the value of this bit to 0 when writing.

[bit5:4] TD1, TDO: Day register
The TD1 bit and TDO bit show the 2nd digit of the day information in the RTC count block.

[bit3:0] D3-DO: Day register
The D3 to DO bits show the 1st digit of the day information in the RTC count block.

Valid

Oto9:
Setting is prohibited

Ato F:
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7.11 Day of the Week Register (WTDW)

This register indicates the day of the week information in the RTC count block. The register value is shown in

BCD.
bit 7 6 5 4 3 2 1 0
Field Reserved Dw2 Dw1 DwWO
Attribute R R/W R/W R/W
Initial value 00000 0 0 0

[bit7:3] Reserved: Reserved bits
Always read as 0.

Set the value of this bit to 0 when writing.

[bit2:0] DW2-DWO: Day of the week register
The DW2 to DWO bits show the day of the week information in the RTC count block.

0: Sun
1: Mon
Tues
Wed
Thurs
Fri
Sat

N o g R~ w DD

Setting is prohibited.
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7.12 Month Register (WTMOR)
This register indicates the month information in the RTC count block. The register value is shown in BCD.

bit 7 6 5 4 3 2 1 0
Field Reserved TMOO0 MO3 MO2 MO1 MO0
Attribute R R/W R/W R/W R/W R/W
Initial value 000 0 0 0 0 0

[bit7:5] Reserved: Reserved bits

Always read as 0.
Set the value of this bit to 0 when writing.

[bit4] TMOO: Month register
The TMOO bit shows the 2nd digit of the month information in the RTC count block.

[bit3:0] MO3-MOO: Month register
The MO3 to MOO bits show the 1st digit of the month information in the RTC count block.

0to9: Valid

Ato F: Setting is prohibited
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7.13 Year Register (WTYR)
This register indicates the year information in the RTC count block. The register value is shown in BCD.

bit 7 6 5 4 3 2 1 0
Field TY3 TY2 TY1 TYO Y3 Y2 Y1 YO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

[bit7:4] TY3-TYO: Year register
The TY3 to TYO bits show the 2nd digit of the year information in the RTC count block.

0to9: Valid

Ato F: Setting is prohibited

[bit3:0] Y3-YO: Year register
The Y3 to YO bits show the 1st digit of the year information in the RTC count block.

0to9: Valid

Ato F: Setting is prohibited
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7.14 Alarm Minute Register (ALMIR)

This register indicates the minute information in alarm setting.

bit 7 6 5 4 3 2 1 0
Field Reserved TAMI2 TAMI1 TAMIO AMI3 AMI2 AMI1 AMIO
Attribute R R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

[bit7] Reserved: Reserved bit
Always read as 0.

Set the value of this bit to 0 when writing.

[bit6:4] TAMI2-TAMIO: Alarm minute register
The TAMI2 to TAMIO bits show the 2nd digit of the minute information in the alarm setting.

0to5: Valid
6, 7: Setting is prohibited

[bit3:0] AMI3-AMIO: Alarm minute register
The AMI3 to AMIO bits show the 1st digit of the minute information in the alarm setting.

Oto9: Valid
Ato F: Setting is prohibited
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7.15 Alarm Hour Register (ALHR)

This register indicates the hour information in alarm setting.

bit 7 6 5 4 3 2 1 0
Field Reserved TAH1 TAHO AH3 AH2 AH1 AHO
Attribute R R/W R/W R/W R/W R/W R/W

Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits
Always read as 0.
Set the value of this bit to 0 when writing.

[bit5:4] TAH1, TAHO: Alarm hour register
The TAH1 bit and TAHO bit show the 2nd digit of the hour information in the alarm setting.

Oto 2: Valid
3: Setting is prohibited

[bit3:0] AH3-AHO: Alarm hour register
The AH3 to AHO bits show the 1st digit of the hour information in the alarm setting.

Oto9: Valid
Ato F: Setting is prohibited
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7.16 Alarm Day Register (ALDR)
This register indicates the day information in alarm setting.
bit 7 6 5 4 3 2 1 0
Field Reserved TAD1 TADO AD3 AD2 AD1 ADO
Attribute R R/W R/W R/W R/W R/W R/W
Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits

Always read as 0.
Set the value of this bit to 0 when writing.

[bit5:4] TAD1, TADO: Alarm day register
The TAD1 bit and TADO bit show the 2nd digit of the day information in the alarm setting.

[bit3:0] AD3-ADO: Alarm day register
The AD3 to ADO bits show the 1st digit of the day information in the alarm setting.

0to9: Valid

Ato F: Setting is prohibited
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7.17 Alarm Month Register (ALMOR)
This register indicates the month information in alarm setting.
bit 7 6 5 4 3 2 1 0
Field Reserved TAMOO AMO3 AMO2 AMO1 AMOO
Attribute R R/W R/W R/W R/W R/W
Initial value 000 0 0 0 0 0

[bit7:5] Reserved: Reserved bits

Always read as 0.
Set the value of this bit to 0 when writing.

[bit4] TAMOO: Alarm month register
The TAMOO bit shows the 2nd digit of the month information in the alarm setting.

[bit3:0] AMO3-AMOO: Alarm month register
The AMO3 to AMOO bits show the 1st digit of the month information in the alarm setting.

0to9: Valid

Ato F: Setting is prohibited
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7.18 Alarm Year Register (ALYR)

This register indicates the year information in alarm setting.

bit 7 6 5 4 3 2 1 0
Field TAY3 TAY2 TAY1 TAYO AY3 AY2 AY1 AYO0
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

[bit7:4] TAY3-TAYO: Alarm year register
The TAY3 to TAYO bits show the 2nd digit of the year information in the alarm setting.
Oto9: Valid

Ato F: Setting is prohibited

[bit3:0] AY3-AYO: Alarm year register
The AY3 to AYO bits show the 1st digit of the year information in the alarm setting.

0to9: Valid

Ato F: Setting is prohibited
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7.19 Time Setting Register 0 (WTTRO)

This register sets a future time (in hours, minutes and seconds) or an interval (in hours, minutes and
seconds) for the timer.
The value can be set from 1 second up to 1 day.

bit 7 6 5 4 3 2 1 0
Field ™7 TM6 TM5 T™M4 T™3 T™M2 ™1 TMO
Attribute R/W R/W R/W RW RW R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

[bit7:0] TM7-TMO: Timer setting register
The TM7 to TMO bits are timer setting information bits.

WTTRO sets the 7 bit to 0 bit of time setting register. Use the WTTRO Register/ WTTR1 Register/ WTTR2
Register to set the timer.

Set the timer to a future time (in hours, minutes and seconds) or to an interval (in hours, minutes and
seconds) within a day.

It is possible to set the time from 1 second up to 1 day at 0.5-second interval.
Check the setting to timer setting registers by the following formula.

TM [17:0] = (Time set[s] x 2) -1

110172799 Valid
0, 172800 to 262143: Setting is prohibited
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7.20 Time Setting Register 1 (WTTR1)

This register sets a future time (in hours, minutes and seconds) or an interval (in hours, minutes and
seconds) for the timer.
The value can be set from 1 second up to 1 day.

bit 7 6 5 4 3 2 1 0
Field TM15 T™M14 T™M13 T™M12 T™M11 TM10 T™M9 T™M8
Attribute R/W R/W R/W RW RW R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

[bit7:0] TM15-TM8: Timer setting register
These are the timer setting information bit.

WTTRL1 sets the 15 bit to 8 bit of time setting register. Use the WTTRO Register/ WTTR1 Register/ WTTR2
Register to set the timer.

See 7.19 Time Setting Register 0 (WTTRO) for the setting to time setting register.
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7.21 Time Setting Register 2 (WTTR2)
This register sets a future time (in hours, minutes and seconds) or an interval (in hours, minutes and
seconds) for the timer. The value can be set from 1 second up to 1 day.

bit 7 6 5 4 3 2 1 0

Field | Reserved ™17 T™16

Attribute R R/W R/W
Initial value 000000 0 0

[bit7:2] Reserved: Reserved bits
Always read as 0.
Set the value of this bit to 0 when writing.

[bit1:0] TM17-TM16: Timer setting register
These are the timer setting information bit.

WTTRL1 sets the 17bit, 16bit of time setting register. Use the WTTRO Register/ WTTR1 Register/ WTTR2
Register to set the timer.

See 7.19 Time Setting Register 0 (WTTRO) for the setting to time setting register.
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8. Usage Precautions
Note the following when using the RTC count block.

B Use PCLK2 (APB2 bus clock) with frequency 1 MHz or more.

B During time rewrite, always perform CWRITE after performing CREAD operation.

B To change the setting of the alarm registers, do so when the value of the alarm interrupt data control bits
(WTCR11:YEN, WTCR11:MOEN, WTCR11:DEN, WTCR11:HEN, WTCR11:MIEN) are 0.

B If the value of any of the alarm interrupt data control bits (WTCR11:YEN, WTCR11:MOEN, WTCR11:DEN,
WTCR11:HEN, WTCR11:MIEN) is set to 1, interrupt occurs immediately. Therefore, read and check the
value of date and time after the interrupt.

B When WTCR10:TRANS is 1, it is prohibited to access any registers of the RTC count block, RTC control
block or VBAT domain.

B Do not stop the sub clock during transfer.

B Complete transfer of time continue rewrite in 1 second after 1-second interrupt.

B When the Always ON Domain is reset with SCST assert (WTCR10:SCST=1), time lag may occur.
Therefore, rewrite the time with the SCST bit again. After reset is canceled, if the value of the BUSY bit
remains as 1, there is a need to reset.

B Write 1 to the RTC reset bit, after confirming that the time rewrite operation active bit (BUSY) is 0.

B To use the RTC count block, use it after writing 0 to the Power-on bit (VDET:PON) (See 6.7 VDET Register
in chapter VBAT Domain in the Peripheral Manual)
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This chapter explains the functions and operations of the RTC count block(B).

. Overview of RTC Count Block

. Block Diagram of RTC Count Block

. Operations of RTC Count Block and Setting Procedures Examples
. RTC Control Block Reset Operation

. Leap Year Compliance of RTC Count Block

. Time Rewrite Error

. Registers in RTC Control Block

0 N oo 0o b~ WN P

. Usage Precautions

Code: FS13_FM4-E1.0

May 27, 2015, FM4_MN709-00002-4v0-E 153



CHAPTER 4-3: RTC Count Block(B)
1. Overview of RTC Count Block

PERIPHERAL MANUAL

1. Overview of RTC Count Block

The RTC count block counts date and time (year, month, day, hour, minute, second and day of the week)
from 00 year to 99 year, and also sets an alarm and a timer. The block can set an alarm for a specific time
(year, month, day, hour, minute) or for a specific year/month/day/hour/minute. It can also set the timer to a
future time (in hours, minutes and seconds) or to an interval (in hours, minutes and seconds) within a day.
An overview of the RTC count block is shown below.

Overview of Functions of RTC Count Block

B Setting date and time (year, month, date, hour, minute, second, day of the week)

B Counting date and time (year (00 to 99), month, day, hour, minute, second and day of the week)

B |eap year compliance

B Alarm for a specific time (year, month, day, hour, minute)

B Alarm for a specific year/month/day/hour/minute

B Timer for a future time (in hours, minutes or seconds) or to an interval (in hours, minutes or seconds) within
a day

B The RTC count block can reset the watch count of the RTC count block and modify the time for setting the

time by the time signal.

B For changing time zone, the RTC count block can rewrite the time while keeping the watch count of the
RTC count block running.(If the rewriting of the time is completed within 1 second, the RTC count block
can keep counting the time without being interrupted.)

B The RTC count block can output the following interrupts:

B Alarm (an interrupt to be generated at a designated date and time)
= Every hour
— Every minute
— Every second
— Every 0.5 second
- Timer
— Time rewrite error
— Time counter read completion
— Pulse output every 0.5 second
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2. Block Diagram of RTC Count Block

Figure 2-1 shows the block diagram of the RTC count block.
Figure 2-1 Block Diagram of RTC Count Block
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Sub Clock Divider and Sub-second Generation Counter (for Timer)
The sub clock divider generates a timer clock. The sub-second generation counter (for timer) operates using
the clock generated by the sub clock divider and counts the time by the sub-second (0.5 second).

Sub Clock Divider and Sub-second Generation Counter (for Date and Time)

The sub clock divider generates a date and clock. The sub-second generation counter (for date and time)
operates using the clock generated by the sub clock divider and counts the time by the sub-second (0.5
second).

Timer Setting Register (WTTR)
This register stores the future time (in hours, minutes and seconds) and the interval (in hours, minutes and
seconds) for the timer.

Timer Counter (Down Counter)
The timer counter counts down the value set in the Timer Setting Register with 0.5-second pulse that is
output by the sub-second generation counter (for timer). This function is placed in VBAT domain.

1-second Generation Counter
The timer counter generates 1-second pulses by counting 0.5-second pulses that the sub-second
generation counter (for date and time) outputs.
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Second Counter, Minute Counter, Hour Counter, Day Counter, Month Counter, Year
Counter, and Day of the Week Counter
These counters count seconds, minutes, hours, days, months, years and days of the week respectively.

Second register (WTSR), Minute Register (WTMIR), Hour Register (WTHR), Day Register
(WTDR), Month Register (WTMOR) and Year Register (WTYR)

These registers indicate the following data of the RTC count block respectively: second, minute, hour, day,
month and year.

Time Counter Read Report Control Circuit
This circuit reports the completion of the reading of the time counter.

Alarm Minute Register (ALMIR), Alarm Hour Register (ALHR), Alarm Day Register (ALDR),
Alarm Month Register (ALMOR) and Alarm Year Register (ALYR)

These registers store the minute, hour, day, month and year settings of the alarm respectively. If an alarm is
set, a comparison circuit compares the value stored in one of the above registers with its corresponding
counter value (minute counter, hour counter, day counter, month counter and year counter). If the two values
are the same, an alarm interrupt is generated.
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3. Operations of RTC Count Block and Setting Procedures Examples

This section explains the operations of the RTC count block and shows examples of the setting procedures.

Example of Initial Time Setting Procedures

Figure 3-1 Initial Time Setting Procedures

RTC CPU
Read the TRANS bit in the (1)
WTCR10 Register
Value of the TRANS bit (2)
Read the RUN bit in the WTCR10
Register (3)
Value of the RUN bit @) Write the desired time to the year
buffer, month buffer, day buffer, hour
Count starts after values buffer, minute buffer, second buffer,
are loaded to the Write “1” to the CWRITE bit in the day of the week buffer and the counter
WTYR, WTMOR, WTCR20 Register period setting buffer. Then write "1" to
WTDR, WTHR, WTMIR, (5)  the ST bitin the WTCR10 Register
WTSR, WTDW, and the
sub-second generation Read the TRANS bit 6
counter (for date and ( )
time)
Value of the TRANS bit
(1) Read the value of the TRANS bit in the WTCR10 Register of the RTC count block.
(2) If the value of the TRANS bit is 1, wait until the value becomes 0.
(3) Ifthe value of the RUN bit is 0, follow step (4) to step (6) to complete the initial time setting is possible.

(4)

(®)
(6)

If the value of the RUN bit is 1, see Time rewrite setting procedures (with time count continued) and
Time rewrite setting procedures (with time count reset).

Write the desired time to the year buffer, month buffer, day buffer, hour buffer, minute buffer, second
buffer, day of the week buffer ( WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR, and WTDW) and
write 1 to the ST bit in the WTCR10 Register.

Write 1 to the CWRITE bit in the WTCR20 Register of the RTC count block. (CWRITE operation)
If the value of the TRANS bit is 1, the CWRITE bit is operating.
If the value of the TRANS bit is 0, the operation of the CWRITE bit has completed.

Notes:

Access to the buffers in the RTC control block is prohibited during a recall operation or save
operation.

Do not reset the RTC control block or cut off power during transfer.

If the power is turned off during the save operation, set it again.

Do not perform any operation that will stop the sub clock during the save operation.
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Example of Time Read Setting Procedures

Figure 3-2 Time Read Setting Procedures

RTC CPU
Read the TRANS bit in the WTCR10 Register (1)
Value of the TRANS bit
@ &)
Transfer the value of the follow
registers: WTYR, WTMOR, Write "1" to the CWRITE bit in the WTCR20
WTDR, WTHR, WTMIR, Register
WTSR, WTDW to the year (3)
buffer, month buffer, day buffer,
hour buffer, minute buffer,
second buffer, day of the week
buffer Interrupt
(5) Interrupt flag clear (6)

When reading is completed = =
and the value of the CWRITE
bit becomes "0", the counter
value read completion
interrupt occurs

(1) Read the value of the TRANS bit in the WTCR10 Register.
(2) If the value of the TRANS bit is 1, wait until the value becomes 0.
(3) Write 1 to the CWRITE bit in the WTCR20 Register of the RTC count block. (CREAD operation)

(4) When the value of the CWRITE bit becomes 1, the value of the following registers: WTYR, WTMOR,
WTDR, WTHR, WTMIR, WTSR, WTDW will be transferred to the year buffer, month buffer, day buffer,
hour buffer, minute buffer, second buffer, day of the week buffer ( WTYR, WTMOR, WTDR, WTHR,
WTMIR, WTSR, WTDW) respectively.

(5) When the above operation is completed, the value of the CREAD bit and that of the TRANS bit become
0, and the year/ month/ day/ hour/ minute/ second/ day of the week counter value read completion flag
will occur.

(6) Clear the year/ month/ day/ hour/ minute/ second/ day of the week counter value read completion flag
bit (INTCRI) in the WTCR12 Register of the RTC count block.

Notes:
—  Writing to the buffers in the RTC control block is prohibited during a recall operation or save
operation.
— Do not reset the RTC control block or cut off power during transfer.
- When the value of the CREAD bit is 1, writing 1 to the SCST bit and the SRST bit in the WTCR10
Register of the RTC count block is prohibited.
— Do not perform any operation that will stop the sub clock during the recall operation.
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Example of Time Rewrite Setting Procedures (with Time Count Continued)

Figure 3-3 Time Rewrite Setting Procedures (with Time Count Continued)

When the value of the
BUSY bit becomes “1’, the
7-second generation
counter stops the 1-second
detection pulse

Update the WTYR,
WTMOR, WTDR, WTHR,
WTMIR, WTSR, WTDW,
and the value of the BUSY
bit is cleared to 0"

RTC CPU
Read the TRANS bit in the WTCR 10 Register (1)
Value of the TRANS bit N (2)
Read the BUSY bit and the SCST bit in the
WTCR10 Register (3)
Value of the BUSY bit and the SCST bit N (4)
1-second interrupt setting (5)
(9) Interrupt
" ()
1-second interrupt flag clear (7)
Write “1” to the SCST bit (8)
Write “1” to the CWRITE bit in the WTCR20
Register (1 0)
14 Read the TRANS bit
( ) (1 1)
J
Value of the TRANS bit | (1 2)
Write “0” to the SCST bit (1 3)

@)
@)
®)
(4)

®)

(6)
@)
(8)
9)

Read the value of the TRANS bit in the WTCR10 Register.
If the value of the TRANS bit is 1, wait until the value becomes 0.
Read the value of the BUSY bit and the SCST bit in WTCR10 Register of the RTC count block.

If the value of the BUSY bit is 1 and that of the SCST bit is 0, wait until the value of the BUSY bit
becomes 0. In other cases, follow step (5) and onwards.

Write O to the INTSI bit in the WTCR12 Register of the RTC count block to clear the interrupt flag bit.
Write 1 to the INTSIE bit in the WTCR13 Register of the RTC count block to enable the interrupt.

1-second interrupt request will occur.
Write O to the INTSI bit to clear the interrupt flag bit.
Write 1 to the SCST bit.

When 1 is written to the SCST bit, the value of the BUSY bit becomes 1. When the value of the
BUSY bit becomes 1, the detection of the 1-second pulse of the 1-second generation counter
stops.

(10) While the value of the BUSY bit is 1, write the desired year/ month/ day/ hour/ minute/ second/ day

of the week to the year buffer, month buffer, day buffer, hour buffer, minute buffer, second buffer,
day of the week buffer (WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR, WTDW) respectively.
Write 1 to the CWRITE bit in the WTCR20 Register of the RTC count block.

(11) Read the value of the TRANS bit.

(12) If the value of the TRANS bit is 1, wait until the value becomes 0.
(13) Write 0 to the SCST bit.

(14) The value of the BUSY bit will be cleared to 0.

May 27, 2015, FM4_MN709-00002-4v0-E

159



CHAPTER 4-3: RTC Count Block(B)
3. Operations of RTC Count Block and Setting Procedures Examples

PERIPHERAL MANUAL

Writing to the buffers in the RTC control block is prohibited during a recall operation or save
operation.

Do not reset the RTC control block or cut off power during transfer. If the busy bit (BUSY) of control
register 10 (WTCR10) is 1 after the reset is cancelled, set it again, starting from (8). If it is not set
again, there may be a time lag.

To rewrite the time, recall must be performed. Rewrite the time after the latest time is read. If recall
has not been performed, time lag occurs.

If the value of the BUSY bit is 1 and that of the SCST bit is 0, writing 1 to the SCST bit is prohibited.
If the value of the RUN bit is O, writing 1 to the SCST bit is prohibited.

Continuous time count cannot be guaranteed if the setting in step (7) to step (13) exceeds 1 second.
In that case, a time rewrite error interrupt will occur. When the value of the INTERI bit in the
WTCR12 Register becomes 1, time lag may occur. Therefore, write 0 to the SCST bit. After the time
rewrite error flag is cleared, follow the above procedures from the beginning again to set the time.
When the value of the SCST bit is 0 and that of the BUSY bit is 1, or that of the TRANS bit are 1,
writing to the year buffer, month buffer, day buffer, hour buffer, minute buffer, second buffer or day of
the week buffer is prohibited because data is transferring from to the year buffer, month buffer, day
buffer, hour buffer, minute buffer, second buffer and day of the week buffer to the WTYR, WTMOR,
WTDR, WTHR, WTMIR, WTSR and WTDW.

After setting the value of the SCST bit to 1, write 1 to the CREAD bit before updating the WTYR,
WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW. The value written in the year buffer, month
buffer, day buffer, hour buffer, minute buffer, second buffer or day of the week buffer will be
overwritten to the WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW respectively.

If sub clock is stopped while the value of the BUSY bit is 1, the transfer of value from the WTYR,
WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW to the year counter, month counter, day
counter, hour counter, minute counter, second counter and day of the week counter cannot function
properly. Therefore, the value of the year counter, month counter, day counter, hour counter, minute
counter, second counter and day of the week counter cannot be guaranteed.

When the value of the BUSY bit is 1, writing 0 to the ST bit in the WTCR10 Register is prohibited.

160

FM4_MN709-00002-4v0-E, May 27, 2015



CHAPTER 4-3: RTC Count Block(B)
3. Operations of RTC Count Block and Setting Procedures Examples

PERIPHERAL MANUAL

Example of Time Rewrite Setting Procedures (Time Count Reset)

Figure 3-4 Time Rewrite Setting Procedures (Time Count Reset)

(4)

(®)
(6)

)

8)
9)

RTC CPU
Read the value of the TRANS bit in the WTCR10 1
Register ( )
Value of the TRANS bit | (2)
Read the BUSY bit and the SCRST bit in the
WTCR10 Register (3)
Value of the BUSY bit and the SCRST bit |
When the value of the BUSY (4)
bit in the WTCR10 Register of 6
the RTC count block becomes ( ) Write "1" to the SCRST bit
‘0", the sub-second (5)
generation counter and 1-
second generation counter Write "1" to the CWRITE bit in the WTCR20
are reset Register (7)
Read the value of the TRANS bit (8)
Update the WTYR, WTMOR,
WTDR, WTHR, WTMIR, )
WTSR, WTDW, and the value (1 1) Value of the TRANS bit . (9)
of the BUSY bit is cleared to
"
Write "0" to the SCRST bit (1 0)
(1) Read the value of the TRANS bit in the WTCR10 Register.
(2) If the value of the TRANS bit is 1, wait until the value becomes 0.
(3) Read the value of the BUSY bit and that of the SCRST bit in WTCR10 Register.

If the value of the BUSY bit is 1 and that of the SCRST is 0, wait until the value of the BUSY bit
becomes 0. In other cases, follow step (5) and onwards.

Write 1 to the SCRST bit.

When 1 is written to the SCRST bit, the value of the BUSY bit becomes 1. The sub-second
generation/1-second generation counter is reset.

While the value of the SCRST bit is 1, write the desired value for the WTYR, WTMOR, WTDR, WTHR,
WTMIR, WTSR, WTDW to the year buffer, month buffer, day buffer, hour buffer, minute buffer, second
buffer or day of the week buffer  WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR, WTDW)
respectively. Write 1 to the CWRITE bit in the WTCR20 Register.

Read the value of the TRANS bit.

If the value of the TRANS bit is 1, wait until the value becomes 0.

(10) Write 0 to the SCRST hit.

(11) When the value of the year buffer, month buffer, day buffer, hour buffer, minute buffer, second buffer

or day of the week buffer is transferred to the WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR or
WTDW respectively, the value of the BUSY bit is cleared to 0.
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Writing to the buffers in the RTC control block is prohibited during a recall operation or save
operation.

Do not perform a reset or turn off the power during transfer (i.e. when the transfer flag bit (TRANS)
of control register 10 (WTCR10) is 1) or when the sub-second generation/1-sec generation counter
reset bit (SCRST) of control register 10 (WTCR10) is 1. If the busy bit (BUSY) of control register 10
(WTCR10) is 1 after the reset is cancelled, write 0 to the sub-second generation/1-sec generation
counter reset hit (SCRST) of control register 10 (WTCR10), and then set it again, starting from (5). If
it is not set again, there may be a time lag.

To rewrite the time, recall must be performed. Rewrite the time after the latest time is read. If recall
has not been performed, time lag occurs.

If the value of the BUSY bit is 1 and that of the SCRST bit is 0, writing 1 to the SCRST bit is
prohibited.

If the value of the RUN bit is 0, writing O to the SCRST bit is prohibited.

When the value of the SCRST bit is 0 and that of the BUSY bit is 1, or of the TRANS bit is 1, writing
data to the year buffer, month buffer, day buffer, hour buffer, minute buffer, second buffer or day of
the week buffer is prohibited because data is transferring from the year buffer, month buffer, day
buffer, hour buffer, minute buffer, second buffer or day of the week buffer to the WTYR, WTMOR,
WTDR, WTHR, WTMIR, WTSR or WTDW respectively.

After setting "1" to the SCRST bit, run the CREAD bit before updating the WTYR, WTMOR, WTDR,
WTHR, WTMIR, WTSR or WTDW. The value written in the year buffer, month buffer, day buffer,
hour buffer, minute buffer, second buffer or day of the week buffer will be overwritten to the WTYR,
WTMOR, WTDR, WTHR, WTMIR, WTSR or WTDW respectively.

If sub clock is stopped (transit to STOP mode or sub-oscillation stop control by WTOSCCNT) while
the value of the BUSY bit is 1, the transfer of value from the year buffer, month buffer, day buffer,
hour buffer, minute buffer, second buffer or day of the week buffer to the WTYR, WTMOR, WTDR,
WTHR, WTMIR, WTSR or WTDW cannot function properly. Therefore, the value of the WTYR,
WTMOR, WTDR, WTHR, WTMIR, WTSR or WTDW cannot be guaranteed.

When the value of the BUSY bit is 1, writing O to the ST bit is prohibited.
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Example of Setting Procedures of Every 0.5-second/ 1-second/ 1-minute/ 1-hour Interrupt

Figure 3-5 Setting Procedures of Every 0.5-second/ 1-second/ 1-minute/ 1-hour Interrupt

RTC CPU

1) When the value of sub-

second generation counter Clear the interrupt flag and write "1" to the

becomes 07, the 0.5- INTHIE bit, the INTMIE bit, the INTSIE bit and

second interrupt occurs. X .
2) After the 0.5-second « the INTSSIE bit of the WTCR13 Register (1)

counter starts to count up,
the 1-second interrupt (2) A A
occurs at the 2" count up.
3) The second counter
counts up and when the

value becomes "59", Interrupt >
minute interrupt occurs at
the next count.

4)The minute counter
counts up and when the
value becomes "59", hour
interrupt occurs at the next -
count.

Clear interrupt flag (3)

(1) Write O to the INTHI bit, the INTMI bit, the INTSI bit and the INTSSI bit in the WTCR12 Register to clear
the interrupt flag bit. Write 1 to the desired interrupt enable bit among the INTHIE bit, the INTMIE bit, the
INTSIE bit and the INTSSIE bit of the WTCR13 Register to enable the interrupt.

(2) When either 0.5-second interrupt, 1-second interrupt, 1-minute interrupt or 1-hour interrupt occurs,
interrupt request will occur.

(3) Write 0 to the INTHIE bit, the INTMIE bit, the INTSIE bit and the INTSSIE bit to clear the interrupt flag bit.
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Example of Alarm Interrupt Setting Procedures

Figure 3-6 Alarm Interrupt Setting Procedures

RTC CPU

Read value of the TRANS bit in the WTCR10
Register (1)
Value of the TRANS bit - (2)

Write "1" to the CREAD bit in the WTCR20
_ Register (3)
Counter value read completion interrupt _
Clear counter value read completion interrupt (4)
flag

< ®)

Write "0" to the INTALI bit in the. WTCR12
Register of the RTC count block and write "1" to

the INTALIE bit in the WTCR13 Register (6)
Write to alarm (year/ month/ date/ hour/ minute)
buffers
7

Write “1” to the YEN bit, the MOEN bit, the DEN
bit, the HEN bit and the MIEN bit in the WTCR 11 (8)

Set 1-second interrupt (9)
Interrupt

Write "1" to the ST bit in the WTCR10 Regster
and the CWRITE bit in the WTCR20 Register (1 0)

Read value of the TRANS bit

11
Interrupt occurs Value of the TRANS bit ( )
when the value of £ 9 (1 2)
the ALMIR, ALHR, Interrupt .
ALDR, ALMOR or Write "1" to the CREAD bit in the WTCR20
ALYR coincides with Register (14)
the value of the year (1 3) - —
counter. month Counter value read completion interrupt _
counter, day counter, Counter value read completion interrupt flag
hour counter or clear
minute counter Check if the value of the year counter, month
counter, day counter, hour counter or minute
counter coincides with the value of the ALMIR,
ALHR, ALDR, ALMOR, ALYR
Clear interrupt fla
- e (15)

Read the value of the TRANS bit in the WTCR10 Register.
If the value of the TRANS bit is 1, wait until the value becomes 0.
Write 1 to the CREAD bit in the WTCR20 Register to read the counter value.

When the transfer of value to the year buffer, month buffer, day buffer, hour buffer, minute buffer, second
buffer or day of the week buffer is completed, the value of the CREAD bit becomes 0 and the year/ month/
day/ hour/ minute/ second/ day of the week counter value read completion interrupt will occur.

Clear the counter value read completion interrupt flag bit.

Write 0 to the INTALI bit in the WTCR12 Register of the RTC count block to clear the alarm interrupt flag bit.
Write 1 to the INTALIE bit in the WTCR13 Register to enable the alarm interrupt.

Write the desired date and time for the alarm interrupt to the alarm (year/ month/ day/ hour) buffers.
Write 1 to the YEN bit, the MOEN bit, the DEN bit, the HEN bit and the MIEN bit in the WTCR11.
After setting the 1-second interrupt, wait for it.

After the 1-second interrupt occurs, write 1 to the ST bit in the WTCR10 Register and the CWRITE bit in the
WTCR20 Register to transfer the alarm value.

Read the value of the TRANS bit.
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Wait until the value of the TRANS bit becomes 1.

If the value of the ALMIR, ALHR, ALDR, ALMOR, ALYR and that of the year counter, month counter, day
counter, hour counter or minute counter coincides, interrupt request occurs.

Follow the time read setting procedures to read the time and check if the value of the year counter, month
counter, day counter, hour counter or minute counter coincides with the value of the ALMIR, ALHR, ALDR,
ALMOR, ALYR.

Write 0 to the INTALI bit to clear the alarm interrupt flag bit.

Notes:

— Interrupt may occur immediately after 1 is written to any of the alarm enable bits. Recall and read the
time after the interrupt and check if the value of the year counter, month counter, day counter, hour
counter or minute counter coincides with the value of the ALMIR, ALHR, ALDR, ALMOR, ALYR.

—  Writing to the buffers in the RTC control block is prohibited during a recall operation or save
operation.

— Do not reset the RTC control block or cut off power during transfer.

May 27, 2015, FM4_MN709-00002-4v0-E 165



CHAPTER 4-3: RTC Count Block(B)
3. Operations of RTC Count Block and Setting Procedures Examples

e

CYPRESS

ERFORM

PERIPHERAL MANUAL

il

Example of Timer Interrupt Setting Procedures (with (Hours, Minutes, and Seconds)
Elapsed)

Figure 3-7 Timer Interrupt Setting Procedures (with (Hours, Minutes, and Seconds) Elapsed)

RTC CPU

Clear the interrupt flag and write "1" to the
Interrupt enable bit.
- 1)

Register and the TMRUN bit in the WTCR21

_ Register
Value of the TMRUN bit - (2)
Write to WTTRO Register/ WTTR1 Register/

WTTR2 Register of the RTC count block (3)
Load timer setting register (6) Write "0" to the T';\AEN bit in the WTCR21
value to timer counter, and egister (4)
down count starts when the Set the value of the TMST bit in the WTCR21 to
value of the TMRUN bit nqn
becomes "1" (5)

(7) = =

When underflow occurs, timer Timer interrupt .

counter interrupt occurs. Clear
the value of the TMST bit to "0"
to stop the timer counter and
clear the value of the TMRUN
bit to "0"

(1) Write 0 to the INTTMI bit in the WTCR12 Register of the RTC count block to clear the timer interrupt flag bit.
Write 1 to the INTTMIE bit in the WTCR13 Register of the RTC Register to enable the timer interrupt.

(2) Check if the value of the TMRUN bit is 0 (Timer is stopped).

(3) Write timer setting to WTTRO Register/ WTTR1 Register/ WTTR2 Register.

(4) Write 0 to the TMEN bit in the WTCR21 Register.

(5) Write 1 to the TMST bit in the WTCR21 Register.

(6) The value of timer setting register transfers to the timer counter and the countdown begins.

(7) When there is underflow during count down, interrupt request occurs. The value of the TMST bit is cleared to
0 and the timer counter stops. After the timer counter has stopped, the value of the TMRUN bit becomes 0.

Notes:
—  During a timer counter operation (WTCR21:TMRUN=1), writing 1 to the TMST bit is prohibited

before the TMRUN bit becomes 0 after 0 is written to the TMST bit.
—  To change the setting of the TMEN bit, do so while the timer counter has stopped
(WTCR21:TMRUN=0).
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Example of Timer Interrupt Setting Procedures (in Intervals of (Hours, Minutes, and
Seconds) Elapsed)

Figure 3-8 Timer Interrupt Setting Procedures (in Intervals of (Hours, Minutes, and Seconds) Elapsed)

RTC CPU
Clear the interrupt flag and write "1" to the
_ Interrupt enable bit. (1)
Register and the TMRUN bit in the WTCR21
Register
, @
Value of the TMRUN bit
Write to WTTRO Register/ WTTR1 Register/
WTTR2 Register of the RTC count block (3)
Load timer setting register (6)
value to timer counter, down Write "1" to the TMEN bit in the WTCR21
count starts when the value - Register (4)
of bit2 in the WTCR21
Register of the RTC counter Write "1" to the TMST bit in the WTCR21
block transits to "1" Register (5)
Timer interrupt
Q) >
When underflow occurs, . Interrupt flag clear @)
timer counter interrupt
oceurs. R’_eload timer setting Write "0" to the TMST bit to stop the timer
value to timer counter 9)
(1) Write 0 to the INTTMI in the WTCR12 Register to clear the timer interrupt flag bit. Write 1 to the INTTMIE

)
®)
(4)
(®)
(6)
(@)

(8)
9)

bit in the WTCR13 Register to enable the timer interrupt.

Read the TMRUN bit in the WTCR21 Register to check if the value is 0 (stopped).

Write timer setting to WTTRO Register/ WTTR1 Register/ WTTR2 Register of the RTC count block.
Write 1 to the TMEN bit in the WTCR21 Register.

Write 1 to the TMST bit in the WTCR21 Register.

The value of timer setting register transfers to the timer counter and the countdown begins.

When the count is completed, the RTC count block interrupt request will occur, and the timer setting
register value will be reloaded to the timer counter and the operation will continue.

Write O to the INTTMI bit to clear the timer interrupt flag bit.
To stop the timer, write 0 to the TMST bit and 1 to the CWRITE bit.

Notes:

—  During a timer counter operation (WTCR21:TMRUN=1), writing 1 to the TMST bit is prohibited
before the TMRUN bit becomes 0 after O is written to the TMST bit.

—  To change the setting of the TMEN bit, do so while the timer counter has stopped
(WTCR21: TMRUN=0).
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Output Operation of CO External Pin
The RTC count block has CO external pin to output 0.5-second pulse.

Figure 3-9 shows the waveform of CO external pin output.

Figure 3-9 CO External Pin Output Waveform
Sub clock L]
Cco it
- 0.5-second: >
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4. RTC Control Block Reset Operation

This section explains the resetting of the RTC control block.

Low-voltage Detection Reset/ Power-on Reset Operation
The shaded parts in Table 4-1 are target bits of the low-voltage detection reset/ power-on reset.

In addition, the sub-second generation counter for timer counter and timer counter not shown in Table 4-1

are also reset targets.

The sub-second generation counter for date and time and year counter, month counter, day counter, hour
counter, minute counter, second counter and day of the week counter not shown in Table 4-1 are not reset

targets.

Since the INTALI and RUN bits are generated in the VBAT domain, they cannot be cleared by a reset for the

Always on

domain.

Table 4-1 Low-voltage Detection Reset/ Power-on Reset Target Bits

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
WTCR10 | TRANS BUSY SCRST SCST SRST RUN - ST
WTCR11 - - - YEN MOEN DEN HEN MIEN
WTCR12 | INTCRI INTERI INTALI INTTMI INTHI INTMI INTSI INTSSI
WTCR13 | INTCRIE | INTERIE | INTALIE | INTTMIE | INTHIE | INTMIE INTSIE | INTSSIE
WTCR20 - - PWRITE | PREAD | BWRITE | BREAD | CWRITE | CREAD
WTCR21 - - - - - TMRUN TMEN TMST
WTSR - TS2 TS1 TSO S3 S2 S1 SO
WTMIR - TMI2 T™I1 TMIO MI3 MI2 Mi1 MIO
WTHR - - TH1 THO H3 H2 H1 HO
WTDR - - TD1 TDO D3 D2 D1 DO
WTDW - - - - - DW2 DwW1 DWO
WTMOR - - - TMOO0 MO3 MO2 MO1 MOO
WTYR TY3 TY2 TY1 TYO Y3 Y2 Y1 YO
ALMIR - TAMI2 TAMI1 TAMIO AMI3 AMI2 AMI1 AMIO
ALHR - - TAH1 TAHO AH3 AH2 AH1 AHO
ALDR - - TAD1 TADO AD3 AD2 AD1 ADO
ALMOR - - - TAMOO AMO3 AMO2 AMO1 AMOO
ALYR TAY3 TAY2 TAY1 TAYO AY3 AY2 AY1l AYO
WTTRO T™M7 TM6 TM5 T™4 T™M3 T™M2 ™1 TMO
WTTR1 T™M15 T™14 TM13 T™M12 T™M11 TM10 T™M9 TM8
WTTR2 - - - - - - T™17 TM16
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System Reset Operation
The shaded parts in Table 4-2 are target bits of the system reset.

In addition, the sub-second generation counter for timer counter and timer counter not shown in Table 4-1
are also reset targets.

The sub-second generation counter (for date and time) and the year counter, month counter, day counter,
hour counter, minute counter, second counter and day of the week counter are not reset targets.

Table 4-2 System Reset Target Bits

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
WTCR10 | TRANS BUSY SCRST SCST SRST RUN - ST
WTCR11 - - - YEN MOEN DEN HEN MIEN
WTCR12 | INTCRI INTERI INTALI INTTMI INTHI INTMI INTSI INTSSI
WTCR13 | INTCRIE | INTERIE | INTALIE [ INTTMIE | INTHIE INTMIE INTSIE | INTSSIE
WTCR20 - - PWRITE | PREAD | BWRITE | BREAD | CWRITE | CREAD
WTCR21 - - - - - TMRUN TMEN TMST
WTSR - TS2 TS1 TSO S3 S2 S1 SO
WTMIR - T™MI2 T™I1 T™MIO MI3 Mi2 MI1 MIO
WTHR - - TH1 THO H3 H2 H1 HO
WTDR - - TD1 TDO D3 D2 D1 DO
WTDW - - - - - DwW2 DW1 DWO
WTMOR - - - TMOO0 MO3 MO2 MO1 MO0
WTYR TY3 TY2 TY1 TYO Y3 Y2 Y1 YO
ALMIR - TAMI2 TAMI1 TAMIO AMI3 AMI2 AMI1 AMIO
ALHR - - TAH1 TAHO AH3 AH2 AH1 AHO
ALDR - - TAD1 TADO AD3 AD2 AD1 ADO
ALMOR - - - TAMOO AMO3 AMO2 AMO1 AMOO
ALYR TAY3 TAY2 TAY1 TAYO AY3 AY2 AY1l AYO
WTTRO T™M7 TM6 TM5 T™4 T™M3 T™M2 ™1 TMO
WTTR1 T™M15 T™M14 TM13 TM12 T™M11 TM10 T™M9 T™M8
WTTR2 - - - - - - T™M17 TM16
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RTC Reset Operation
The shaded parts in Table 4-3 are target bits of the RTC reset. The timer counter not shown in Table 4-3 are

RTC reset targets as well.
The sub-second generation counter (for date and time/ for timer) and the year counter, month counter, day
counter, hour counter, minute counter, second counter and day of the week counter, 1-second counter are
not reset targets.

Table 4-3 RTC Reset Target Bits

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
WTCR10 | TRANS BUSY SCRST SCST SRST RUN - ST
WTCR11 - - - YEN MOEN DEN HEN MIEN
WTCR12 | INTCRI INTERI INTALI INTTMI INTHI INTMI INTSI INTSSI
WTCR13 | INTCRIE | INTERIE | INTALIE | INTTMIE [ INTHIE | INTMIE INTSIE | INTSSIE
WTCR20 - - PWRITE | PREAD | BWRITE | BREAD | CWRITE | CREAD
WTCR21 - - - - - TMRUN TMEN TMST
WTSR - TS2 TS1 TSO S3 S2 S1 SO
WTMIR - T™MI2 T™I1 TMIO MI3 Mi2 Mi1 MIO
WTHR - - TH1 THO H3 H2 H1 HO
WTDR - - TD1 TDO D3 D2 D1 DO
WTDW - - - - - Dw?2 Dw1 DWO
WTMOR - - - TMOO0 MO3 MO2 MO1 MO0
WTYR TY3 TY2 TY1 TYO Y3 Y2 Y1l YO
ALMIR - TAMI2 TAMI1 TAMIO AMI3 AMI2 AMI1 AMIO
ALHR - - TAH1 TAHO AH3 AH2 AH1 AHO
ALDR - - TAD1 TADO AD3 AD2 AD1 ADO
ALMOR - - - TAMOO AMO3 AMO2 AMO1 AMOO
ALYR TAY3 TAY2 TAY1 TAYO AY3 AY2 AY1 AYO
WTTRO T™M7 TM6 TM5 T™4 T™M3 T™M2 ™1 TMO
WTTR1 TM15 T™M14 TM13 T™M12 TM11 TM10 T™M9 T™M8
WTTR2 - - - - - - T™17 TM16
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5. Leap Year Compliance of RTC Count Block

This section explains the leap year compliance of the RTC count block.

Leap Year Compliance
Table 5-1 shows the days of each month.

Table 5-1 List of Leap Years

Leap Month
Year

year 1 2 3 4 5 6 7 8 9 10 11 12

00 o 31 29 31 30 31 30 31 31 30 31 30 31
01 to 03 x 31 28 31 30 31 30 31 31 30 31 30 31
04 o 31 29 31 30 31 30 31 31 30 31 30 31
05 to 07 x 31 28 31 30 31 30 31 31 30 31 30 31
08 o 31 29 31 30 31 30 31 31 30 31 30 31
09to 11 x 31 28 31 30 31 30 31 31 30 31 30 31
12 o 31 29 31 30 31 30 31 31 30 31 30 31
13to0 15 x 31 28 31 30 31 30 31 31 30 31 30 31
16 o 31 29 31 30 31 30 31 31 30 31 30 31
17 to0 19 x 31 28 31 30 31 30 31 31 30 31 30 31
20 o 31 29 31 30 31 30 31 31 30 31 30 31
21t0 23 x 31 28 31 30 31 30 31 31 30 31 30 31
24 o 31 29 31 30 31 30 31 31 30 31 30 31
25t0 27 x 31 28 31 30 31 30 31 31 30 31 30 31
28 o 31 29 31 30 31 30 31 31 30 31 30 31
29 to 31 x 31 28 31 30 31 30 31 31 30 31 30 31
32 o 31 29 31 30 31 30 31 31 30 31 30 31
33t035 x 31 28 31 30 31 30 31 31 30 31 30 31
36 o 31 29 31 30 31 30 31 31 30 31 30 31
37t0 39 x 31 28 31 30 31 30 31 31 30 31 30 31
40 o 31 29 31 30 31 30 31 31 30 31 30 31
41t043 x 31 28 31 30 31 30 31 31 30 31 30 31
44 o 31 29 31 30 31 30 31 31 30 31 30 31
45 to 47 x 31 28 31 30 31 30 31 31 30 31 30 31
48 o 31 29 31 30 31 30 31 31 30 31 30 31
49to 51 x 31 28 31 30 31 30 31 31 30 31 30 31
52 o 31 29 31 30 31 30 31 31 30 31 30 31
53 to 55 x 31 28 31 30 31 30 31 31 30 31 30 31
56 o 31 29 31 30 31 30 31 31 30 31 30 31
57 to 59 x 31 28 31 30 31 30 31 31 30 31 30 31
60 o 31 29 31 30 31 30 31 31 30 31 30 31
61 to 63 x 31 28 31 30 31 30 31 31 30 31 30 31
64 o 31 29 31 30 31 30 31 31 30 31 30 31
65 to 67 x 31 28 31 30 31 30 31 31 30 31 30 31
68 o 31 29 31 30 31 30 31 31 30 31 30 31
69 to 71 x 31 28 31 30 31 30 31 31 30 31 30 31
72 o 31 29 31 30 31 30 31 31 30 31 30 31
73t0 75 x 31 28 31 30 31 30 31 31 30 31 30 31
76 o 31 29 31 30 31 30 31 31 30 31 30 31
771079 x 31 28 31 30 31 30 31 31 30 31 30 31
80 o 31 29 31 30 31 30 31 31 30 31 30 31
811083 x 31 28 31 30 31 30 31 31 30 31 30 31
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Leap Month
Year
year 1 2 3 4 5 6 7 8 9 10 11 12
84 o 31 29 31 30 31 30 31 31 30 31 30 31
85 to 87 x 31 28 31 30 31 30 31 31 30 31 30 31
88 o 31 29 31 30 31 30 31 31 30 31 30 31
89 to 91 x 31 28 31 30 31 30 31 31 30 31 30 31
92 o 31 29 31 30 31 30 31 31 30 31 30 31
93 to 95 x 31 28 31 30 31 30 31 31 30 31 30 31
96 o 31 29 31 30 31 30 31 31 30 31 30 31
97 to 99 x 31 28 31 30 31 30 31 31 30 31 30 31
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6. Time Rewrite Error

This section explains the time rewrite error during time rewrite (with time count continued).

Time Rewrite Error
Below shows the situation when 0.5-second pulse of the 0.5-second generation counter is detected for twice
while the value of the SCST bit remains as 1 during time rewrite (time count continued).

B When only second counter and minute counter are rewritten.

Count value of counter

0.5-second
generation
counter

N (0 [ 0 i

pulse

Time

1-second
generation counter X X X X

Y When the value of the SCST
S flag is "1", 1-second generation
counter is stopped.

1-second

pulse detection |_| —
) i \
1
Time rewrite error flag \
Tz \
1

SCST bit —

[ \ 1
CWRITE bit \ 130
|
Second buffer [ XXXS I Bs \\ ]
Minute buffer [ XXX | bm 1 ]
During a suspension of 1-second pulse
Write desired value to the the detection (WTCR:SCST=1), if a 1-second pulse
second buffer and minute buffer occurs, the value of the second register cannot
040 be guaranteed.
Second counter [ 3s BsTxx T XX ]
Minute counter [ Zm Tom XX ]

After the 1-second interrupt is detected, clear the 1-second interrupt flag. Write 1 to the SCST bit and write
the counter value.

Set the value of the CWRITE bit to 1 and write the counter value.

When 0.5-second pulse is detected for twice while the value of the SCST flag remains as 1, the value of time
rewrite error flag becomes 1.

The value of the second counter, minute counter, hour counter, week counter, month counter and year
counter cannot be guaranteed.

Notes:
— If 0.5-second pulse is detected less than once while the value of the SCST bit remains as 1, the
value of time rewrite error flag will not become 1.
- When 0.5-second pulse is detected twice while the value of the SCST bit remains as 1, the value of
second counter cannot be guaranteed. Therefore, revise the time rewrite value again.
—  Rewrite the time in 1 second after the 1-second interrupt is detected.
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7. Registers in RTC Control Block

This section shows the list of registers in the RTC control block.

List of Registers in the RTC Control Block

Table 7-1 List of Registers in RTC Control Block

Abbreviation Register name Interface circuit type Reference
WTCR10 Control Register 10 Bit0 ST:2, Bit2 RUN:4 7.1
WTCR11 Control Register 11 2 7.2
WTCR12 Control Register 12 - 7.3
WTCR13 Control Register 13 - 7.4
WTCR20 Control Register 20 1 7.5
WTCR21 Control Register 21 2 7.6

WTSR Second Register 2 7.7
WTMIR Minute Register 2 7.8
WTHR Hour Register 2 7.9
WTDR Day Register 2 7.10
WTDW Day Of the Week Register 2 7.11
WTMOR Month Register 2 7.12
WTYR Year Register 2 7.13
ALMIR Alarm Minute Register 2 7.14
ALHR Alarm Hour Register 2 7.15
ALDR Alarm Day Register 2 7.16
ALMOR Alarm Month Register 2 7.17
ALYR Alarm Year Register 2 7.18
WTTRO Timer Setting Register 0 - 7.19
WTTR1 Timer Setting Register 1 - 7.20
WTTR2 Timer Setting Register 2 - 7.21

The registers shown in Table 7-1 correspond to Circuit Type 1 or 2 or 4 in the chapter VBAT Domain. For the
Circuit Type 2, a system reset and RTC reset do not initialize the registers in the VBAT domain. They do,
however, initialize the buffers in the Always ON domain. After a reset, therefore, the save operation must be
performed after the value is set again or the recall operation is performed. The registers shown circuit type
as “-“ doesn’t influence VBAT domain.

For the details of interface circuit type, refer to Interfacing with Always-on Domain in Chapter 7: VBAT
Domain in FM4 Family Peripheral Manual.

Note:
- After 1 is written to the CWRITE bit, the value of the TRANS bit becomes 0 and the RTC control
block buffer value is reflected on the registers in RTC count block (VBAT Domain).
Writing to the buffers in the RTC control block is prohibited while the value of the TRANS bit is 1.
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7.1 Control Register 10 (WTCR 10)

This register controls the operations of the RTC control block.

bit 7 6 5 4 3 2 1 0
Field TRANS BUSY SCRST SCST SRST RUN Reserved ST
Attribute R R R/W R/W w R R R/W
Initial value 0 0 0 0 0 0 0 0

[bit7] TRANS: Transfer flag bit
The TRANS bit indicates if the value is transferring.
When the value of this bit is 1, writing to RTC count block registers is prohibited.

bit Description
0 Indicates that transfer of value has completed.
1 Indicates that value is transferring.

[bit6] BUSY: Busy bit
The BUSY bit indicates if time rewrite is operating.

bit Description

0 Indicates that time rewrite is not operating.

Indicates that any of the following conditions is happening:

- When 1 is written to the SCST bit in WTCR10 Register

- When 1 is written to the SCRST bit in the WTCR Register

- The value of the WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW are transferring to

the year counter, month counter, day counter, hour counter, minute counter, second counter and day

of the week counter respectively

[bit5] SCRST: Sub-second generation/ 1-second generation counter reset bit
The SCRST bit controls the reset of the sub-second generation/ 1-second generation counter (for date and

time)
bit Description
0 Cancel the sub-second generation/ 1-second generation counter (for date and time) reset.
1 Reset the sub-second generation/ 1-second generation counter (for date and time).

If the value of this bit and that of the SCST bit are both set to 0 during the RTC operation (RUN=1), the
WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW cannot be updated. Setting the value of
SCST bit and that of the SCRST bit to 1 simultaneously is prohibited. When RTC operation has stopped
(RUN=0), setting the value of this bit to 1 is prohibited.
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[bit4] SCST: 1-second pulse detection stop bit
The SCST bit controls the detection of 1-second pulse of 1-second generation counter.

bit Description
0 Enable detection of 1-second pulse.
1 Stop Detection of 1-second pulse.

If this bit and SCRST bit are both set to 0 during the RTC operation (RUN=1), the WTYR, WTMOR, WTDR,
WTHR, WTMIR, WTSR and WTDW cannot be updated. Setting the value of SCST bit and SCRST bitto 1
simultaneously is prohibited. When RTC is stopped (RUN=0), setting the value of this bit to 1 is prohibited.

[bit3] SRST: RTC reset bit

The SRST bit is the RTC reset bit.

See Table 4-3 in chapter RTC Control Block Reset Operation for the registers or bits that are initiated by
RTC reset.

This bit always reads 0.

bit Description
read Always read as 0

0 is written No effect on operation.

1 is written When 1 is written, the hardware issues the RTC reset.

[bit2] RUN: RTC count block operation bit

The RUN bit indicates the operation state of the RTC count block.

During RTC count block operation (WTCR10:ST=1), set the ST bit to O will stop the RTC count block
operation and the value of the RUN bit will becomeO.

bit Description
0 RTC count block is stopped.
1 RTC count block is operating.

[bitl] Reserved: Reserved bit
Always read as 0.
Set the value of this bit to O when writing.

[bit0] ST: Start bit
The ST bit controls the startup of the RTC count block.

1 cannot be written, when the sub-oscillation is stopped.

bit Description
0 Stops the RTC count block.
Transfers the setting of the WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW to
1 the year counter, month counter, day counter, hour counter, minute counter, second counter
and day of the week counter respectively, and the RTC count block operation starts.

May 27, 2015, FM4_MN709-00002-4v0-E 177



CHAPTER 4-3: RTC Count Block(B)
7. Registers in RTC Control Block

PERIPHERAL MANUAL

7.2 Control Register 11 (WTCR 11)

This register controls the interrupt enable of the RTC control block.

bit 7 6 5 4 3 2 1 0
Field Reserved YEN MOEN DEN HEN MIEN
Attribute R R/W R/W R/W R/W R/W

Initial value 000 0 0 0 0 0

[bit7:5] Reserved: Reserved bits
Always read as 0.
Set the value of this bit to 0 when writing.

[bit4] YEN: Alarm year register enable bit
The YEN bit enables the comparison between the ALYR and the year counter. When the value of this bit is
set to 1, this bit becomes the detection target of the alarm coincidence flag (INTALI).

bit Description
0 Prohibit comparison of the ALYR and the year counter.
1 Enable the comparison between the ALYR and the year counter.

[bit3] MOEN: Alarm month register enable bit
The MOEN bit enables the comparison between the ALMOR and the month counter. When the value of this
bit is set to 1, this bit becomes the detection target of the alarm coincidence flag (INTALI).

bit Description
0 Prohibit comparison between the ALMOR and the month counter.
1 Enable the comparison between the ALMOR and the month counter.

[bit2] DEN: Alarm day register enable bit
The DEN bit enables the comparison between the ALDR and the day counter. When the value of this bit is
set to 1, this bit becomes the detection target of the alarm coincidence flag (INTALI).

bit Description
0 Prohibit comparison between the ALDR and the day counter.
1 Enable comparison between the ALDR and the day counter.

[bitl] HEN: Alarm hour register enable bit
The HEN bit enables the comparison between the ALHR and the hour counter. When the value of this bit is
set to 1, this bit becomes the detection target of the alarm coincidence flag (INTALI).

bit Description
0 Prohibit comparison between the ALHR and the hour counter.
1 Enable comparison between the ALHR and the hour counter.
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[bit0] MIEN: Alarm minute register enable bit
The MIEN bit enables the comparison between the ALMIR and the minute counter. When the value of this bit
is set to 1, this bit becomes the detection target of the alarm coincidence flag (INTALI).

bit Description
0 Prohibit comparison between the ALMIR and the minute counter.
1 Enable comparison between the ALMIR and the minute counter.
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7.3 Control Register 12 (WTCR 12)

This is the RTC control block interrupt flag register.

bit 7 6 5 4 3 2 1 0
Field INTCRI INTERI INTALI INTTMI INTHI INTMI INTSI INTSSI
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

[bit7] INTCRI: Year/ month/ day/ hour/ minute/ second/ day of the week counter value read
completion flag bit

According to the CREAD bit, the INTCRI bit indicates the transfer state of the value of the year counter,
month counter, day counter, hour counter, minute counter, second counter and the day of the week counter
to the WTYR, WTMOR, WTDR, WTHR, WTMIR, WTSR and WTDW when the date and time is read.
During read access of read modify right access, 1 is always read.

bit Description

When 0i d Reading of the value of the year counter, month counter, day counter, hour counter, minute
en 0 is rea
counter, second counter and the day of the week counter has not completed.

Reading of the value of the year counter, month counter, day counter, hour counter, minute

When 1 is read
counter, second counter and the day of the week counter has completed.

When 0 is .
) Clear this flag.
written
When 1 is )
. No effect on operation.
written

[bit6] INTERI: Time rewrite error flag bit
During time rewrite (SCST=1), the INTERI indicates that the second counter does not count up.
During read access of read modify right access, 1 is always read.

bit Description

When Ois read | Time rewrite error is not occurring.

When 1 is read Time rewrite error occurred.

When 0 is .
) Clear this flag.
written
When 1 is )
. No effect on operation.
written

[bit5] INTALI: Alarm coincidence flag bit
The INTALI bit indicates if the value of the ALYR, ALMOR, ALDR, ALHR or ALMIR coincides with the value

of the year counter, month counter, day counter, hour counter or minute counter.
During read access of read modify right access, 1 is always read.

bit Description

When Oisread | Alarm coincidence is not occurring.

When 1 is read Alarm coincidence occurred.

When 0 is . .
. This flag is cleared.
written
When 1 is .
. No effect on operation.
written
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[bit4] INTTMI: Timer underflow detection flag bit
When timer counter underflows, the value of the INTTMI bit becomes 1.
During read access of read modify right access, 1 is always read.

bit Description

When Ois read | Timer underflow is not occurring.

When 1 is read Timer underflow occurred.

When 0 is . .
. This flag is cleared.
written
When 1 is )
] No effect on operation.
written

[bit3] INTHI: Every hour flag bit
When hour counter counts up, the value of the INTHI bit becomes 1.
During read access of read modify right access, 1 is always read.

bit Description

When O is read | Hour counter count up is not occurring.

When lisread | Hour counter count up occurred.

When 0 is .
) Clear this flag.
written
When 1 is )
. No effect on operation.
written

[bit2] INTMI: Every minute flag bit
When minute counter counts up, the value of the INTMI bit becomes 1.
During read access of read modify right access, 1 is always read.

bit Description

When Ois read | Minute counter count up is not occurring.

When lisread | Minute counter count up occurred.
When 0 is

) Clear this flag.
written
When 1 is )
] No effect on operation.
written

[bitl] INTSI: Every second flag bit
When second counter counts up, the value of the INTSI bit becomes 1.
During read access of read modify right access, 1 is always read.

bit Description

When Oisread | Second counter count up is not occurring.

When lisread | Second counter count up occurred.

When 0 is .
. Clear this flag.
written
When 1is .
. No effect on operation.
written
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[bitO] INTSSI: Every 0.5-second flag bit
When 0.5-second pulse occurs, the value of the INTSSI bit becomes 1.
During read access of read modify right access, 1 is always read.

Bit Description

When Oisread | 0.5-second pulse is not occurring.

When lisread | 0.5-second pulse occurred.

When 0 is .
. Clear this flag.
written
When 1 is )
. No effect on operation.
written
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7.4 Control Register 13 (WTCR 13)

This is the RTC control block interrupt enable register.

bit 7 6 5 4 3 2 1 0
Field INTCRIE INTERIE INTALIE INTTMIE INTHIE INTMIE INTSIE INTSSIE
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

[bit7] INTCRIE: Year/ month/ day/ hour/ minute/ second/ day of the week counter value read
completion interrupt enable bit
The INTCRIE bit enables the year/ month/ day/ hour/ minute/ second/ day of the week counter value read
completion interrupt.

bit

Description

0

Interrupt prohibited.

1

Interrupt enabled.

[bit6] INTERIE: Time rewrite error interrupt enable bit
The INTERIE bit enables the time rewrite error interrupt.

bit

Description

0

Interrupt prohibited.

1

Interrupt enabled.

[bit5] INTALIE: Alarm coincidence interrupt enable bit
The INTALIE bit enables the alarm coincidence interrupt.

bit

Description

0

Interrupt prohibited.

1

Interrupt enabled.

[bit4] INTTMIE: Timer underflow interrupt enable bit
The INTTMIE bit enables the timer underflow interrupt.

bit Description
0 Interrupt prohibited.
1 Interrupt enabled.

[bit3] INTHIE: Every hour interrupt enable bit

The INTHIE bit enables the every hour interrupt.
bit Description
0 Interrupt prohibited.
1 Interrupt enabled.
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[bit2] INTMIE: Every minute interrupt enable bit
The INTMIE bit enables the every minute interrupt.

bit Description
0 Interrupt prohibited.
1 Interrupt enabled.

[bitl] INTSIE: Every second interrupt enable bit
The INTSIE bit enables the every second interrupt.

bit Description
0 Interrupt prohibited.
1 Interrupt enabled.

[bit0] INTSSIE: Every 0.5-second interrupt enable bit
The INTSSIE bit enables the every 0.5-second interrupt.

bit Description
0 Interrupt prohibited.
1 Interrupt enabled.

184 FM4_MN709-00002-4v0-E, May 27, 2015



CHAPTER 4-3: RTC Count Block(B)
7. Registers in RTC Control Block

PERIPHERAL MANUAL

7.5 Control Register 20 (WTCR 20)

This register controls the save operation and recall operation.

bit 7 6 5 4 3 2 1 0
Field Reserved PWRITE PREAD BWRITE BREAD CWRITE CREAD

Attribute R w w w w w w

Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits
Always read as 0.
Set the value of this bit to 0 when writing.

[bit5] PWRITE: VBAT PORT save control bit
When the value of the PWRITE bit is set to 1, the buffer value set in the Always ON Domain will start saving
to the VBAT Domain.

bit Description
read Always read as 0
0 is written No effect on operation.
1 is written Start to save buffer value from the Always ON Domain to the VBAT Domain.

[bit4] PREAD: VBAT PORT recall control bit
When the value of the PREAD bit is set to 1, the buffer value set in the VBAT Domain will start recalling to
the Always ON Domain.

bit Description
read Always read as 0
0 is written No effect on operation.
1 is written Start to recall register value from the VBAT Domain to the Always ON Domain.

[bit3] BWRITE: Back up register save control bit
When the value of the PWRITE bit is set to 1, the buffer value set in the Always ON Domain will start saving
to the VBAT Domain.

bit Description
read Always read as 0
0 is written No effect on operation.
1 is written Start to save buffer value from the Always ON Domain to the VBAT Domain.

[bit2] BREAD: Back up register recall control bit
When the value of the BREAD bit is set to 1, the register value set in the VBAT Domain will start recalling to
the Always ON Domain.

bit Description
read Always read as 0
0 is written No effect on operation.
1 is written Start to recall register value from the VBAT Domain to the Always ON Domain.
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[bitl] CWRITE: RTC setting save control bit
When the value of the PWRITE bit is set to 1, the buffer value set in the Always ON Domain will start saving

to the VBAT Domain. 1 cannot be written, when the sub-oscillation is stopped.

bit Description
read Always read as 0
0 is written No effect on operation.
1 is written Start to save buffer from the Always ON Domain to the VBAT Domain.

[bit0] CREAD: RTC setting recall control bit
When the value of the BREAD bit is set to 1, the register value set in the VBAT Domain will start recalling to

the Always ON Domain. 1 cannot be written, when the sub-oscillation is stopped.

bit Description
read Always read as 0
0 is written No effect on operation.
1 is written Start to recall register value from the Always ON Domain to the VBAT Domain.

Note:
—  There are restrictions on combination of simultaneous transfer. See Circuit connected to interface
circuit in chapter VBAT Domain in the Peripheral Manual for restrictions on combination of
simultaneous transfer details and transfer target registers.
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7.6 Control Register 21 (WTCR 21)

This register control timer operation of the RTC count block.

bit 7 6 5 4 3 2 1 0
Field Reserved TMRUN TMEN TMST
Attribute R R R/W R/W
Initial value 00000 0 0 0

[bit7:3] Reserved: Reserved bits
Always read as 0.
Set the value of this bit to 0 when writing.

[bit2] TMRUN: Timer counter operation bit

The TMRUN bit indicates the operation of timer counter.

If the timer counter control bit (TMEN) is 0, timer counter counts up and this bit will be cleared by the
hardware. If the value of the TMEN bit is 1, remain the value of the TMRUN bit as 1 until O is written to the
TMST bit.

During a timer operation (TMST=1), setting 0 to the TMST bit will stop the timer operation and the value of
this bit will become 0.

bit Description
0 Timer counter is stopped.
1 Timer counter is operating.

[bitl] TMEN: Time counter control bit
The TMEN bit controls whether the time counter operates after a specific time (hour, minute, second) or at a
specific interval (hour, minute, second).

1 cannot be written, when the sub-oscillation is stopped.

bit Description
0 Time counter operates after a specific time (hour, minute, second)
1 Time counter operates at a specific interval (hour, minute, second)

[bit0] TMST: Time counter start bit

The TMST bit starts the time counter.

If the value of the TMEN bit is 0, the value of the TMST bit will be cleared to 0 by the hardware once the
count has completed.

See time counter operation bit (TMRUN) for the time counter operation state. To rewrite the time setting
register, do so after stopping this bit by writing 0 to it. Then rewrite the time setting register and write 1 to this
bit to resume the operation.

1 cannot be written, when the sub-oscillation is stopped.

bit Description
0 Timer counter is stopped.
1 Timer counter starts operating.
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7.7 Second Register (WTSR)

This register indicates the second information in the RTC count block. The register value is shown in
Binary-Coded Decimal.

bit 7 6 5 4 3 2 1 0
Field Reserved TS2 TS1 TSO S3 S2 S1 SO
Attribute R R/W R/IW R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

[bit7] Reserved: Reserved bit
Always read as 0.

Set the value of this bit to 0 when writing.

[bit6:4] TS2-TSO: Second register
The TS2 to TS0 bits show the 2nd digit of the second information in the RTC count block.

0to5: Valid
6, 7: Setting is prohibited

[bit3:0] S3-S0: Second register
The S3 to SO bits show the 1st digit of the second information in the RTC count block.

Oto9: Valid
Ato F: Setting is prohibited
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7.8 Minute Register (WRMIR)

This register indicates the minute information in the RTC count block. The register value is shown in BCD.

bit 7 6 5 4 3 2 1 0
Field Reserved T™MI2 T™MI1 T™MIO MI3 Mi2 Mi1 MIO
Attribute R R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

[bit7] Reserved: Reserved bit
Always read as 0.

Set the value of this bit to 0 when writing.

[bit6:4] TMI2-TMIO: Minute register
The TMI2 to TMIO bits show the 2nd digit of the minute information in the RTC count block.

0to5: Valid
6, 7: Setting is prohibited

[bit3:0] MI3-MIO: Minute register
The MI3 to MIO bits show the 1st digit of the minute information in the RTC count block.

Oto9: Valid
Ato F: Setting is prohibited
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7.9 Hour Register (WTHR)
This register indicates the hour information in the RTC count block. The register value is shown in BCD.

bit 7 6 5 4 3 2 1 0
Field Reserved TH1 THO H3 H2 H1 HO
Attribute R R/W R/W R/W R/W R/W R/W
Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits
Always read as 0.
Set the value of this bit to 0 when writing.

[bit5:4] TH1, THO: Hour register
The TH1 bit and THO bit show the 2nd digit of the hour information in the RTC count block.
Oto2: Valid

3: Setting is prohibited

[bit3:0] H3-HO: Hour register
The H3 to HO bits show the 1st digit of the hour information in the RTC count block.

0to9: Valid

Ato F: Setting is prohibited
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7.10 Day Register (WTDR)
This register indicates the day information in the RTC count block. The register value is shown in BCD.

bit 7 6 5 4 3 2 1 0
Field Reserved TD1 TDO D3 D2 D1 DO
Attribute R R/W R/W R/W R/W R/W R/W
Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits

Always read as 0.
Set the value of this bit to 0 when writing.

[bit5:4] TD1, TDO: Day register
The TD1 bit and TDO bit show the 2nd digit of the day information in the RTC count block.

[bit3:0] D3-DO: Day register
The D3 to DO bits show the 1st digit of the day information in the RTC count block.

Valid

Oto9:
Setting is prohibited

Ato F:
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7.11 Day of the Week Register (WTDW)

This register indicates the day of the week information in the RTC count block. The register value is shown in

BCD.
bit 7 6 5 4 3 2 1 0
Field Reserved Dw2 Dw1 DwWO
Attribute R R/W R/W R/W
Initial value 00000 0 0 0

[bit7:3] Reserved: Reserved bits
Always read as 0.

Set the value of this bit to 0 when writing.

[bit2:0] DW2-DWO: Day of the week register
The DW2 to DWO bits show the day of the week information in the RTC count block.

0: Sun
1: Mon
Tues
Wed
Thurs
Fri
Sat

N o g R~ w DD

Setting is prohibited.

192 FM4_MN709-00002-4v0-E, May 27, 2015



—_—
=
o

# CYPRESS

F
FORM

4

CHAPTER 4-3: RTC Count Block(B)
7. Registers in RTC Control Block

PERIPHERAL MANUAL

7.12 Month Register (WTMOR)
This register indicates the month information in the RTC count block. The register value is shown in BCD.
bit 7 6 5 4 3 2 1 0
Field Reserved TMOO0 MO3 MO2 MO1 MO0
Attribute R R/W R/W R/W R/W R/W
Initial value 000 0 0 0 0 0

[bit7:5] Reserved: Reserved bits

Always read as 0.
Set the value of this bit to 0 when writing.

[bit4] TMOO: Month register
The TMOO bit shows the 2nd digit of the month information in the RTC count block.

[bit3:0] MO3-MOO: Month register
The MO3 to MOO bits show the 1st digit of the month information in the RTC count block.

Valid

0to 9:
Setting is prohibited

Ato F:
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7.13 Year Register (WTYR)
This register indicates the year information in the RTC count block. The register value is shown in BCD.

bit 7 6 5 4 3 2 1 0
Field TY3 TY2 TY1 TYO Y3 Y2 Y1 YO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

[bit7:4] TY3-TYO: Year register
The TY3 to TYO bits show the 2nd digit of the year information in the RTC count block.

0to9: Valid

Ato F: Setting is prohibited

[bit3:0] Y3-YO: Year register
The Y3 to YO bits show the 1st digit of the year information in the RTC count block.

0to9: Valid

Ato F: Setting is prohibited
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7.14 Alarm Minute Register (ALMIR)

This register indicates the minute information in alarm setting.

bit 7 6 5 4 3 2 1 0
Field Reserved TAMI2 TAMI1 TAMIO AMI3 AMI2 AMI1 AMIO
Attribute R R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

[bit7] Reserved: Reserved bit
Always read as 0.

Set the value of this bit to 0 when writing.

[bit6:4] TAMI2-TAMIO: Alarm minute register
The TAMI2 to TAMIO bits show the 2nd digit of the minute information in the alarm setting.

0to5: Valid
6, 7: Setting is prohibited

[bit3:0] AMI3-AMIO: Alarm minute register
The AMI3 to AMIO bits show the 1st digit of the minute information in the alarm setting.

Oto9: Valid
Ato F: Setting is prohibited
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7.15 Alarm Hour Register (ALHR)

This register indicates the hour information in alarm setting.

bit 7 6 5 4 3 2 1 0
Field Reserved TAH1 TAHO AH3 AH2 AH1 AHO
Attribute R R/W R/W R/W R/W R/W R/W

Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits
Always read as 0.
Set the value of this bit to 0 when writing.

[bit5:4] TAH1, TAHO: Alarm hour register
The TAH1 bit and TAHO bit show the 2nd digit of the hour information in the alarm setting.

Oto 2: Valid
3: Setting is prohibited

[bit3:0] AH3-AHO: Alarm hour register
The AH3 to AHO bits show the 1st digit of the hour information in the alarm setting.

Oto9: Valid
Ato F: Setting is prohibited
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7.16 Alarm Day Register (ALDR)
This register indicates the day information in alarm setting.
bit 7 6 5 4 3 2 1 0
Field Reserved TAD1 TADO AD3 AD2 AD1 ADO
Attribute R R/W R/W R/W R/W R/W R/W
Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits

Always read as 0.
Set the value of this bit to 0 when writing.

[bit5:4] TAD1, TADO: Alarm day register
The TAD1 bit and TADO bit show the 2nd digit of the day information in the alarm setting.

[bit3:0] AD3-ADO: Alarm day register

The AD3 to ADO bits show the 1st digit of the day information in the alarm setting.

Valid

Oto9:
Setting is prohibited

Ato F:
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7.17 Alarm Month Register (ALMOR)
This register indicates the month information in alarm setting.
bit 7 6 5 4 3 2 1 0
Field Reserved TAMOO AMO3 AMO2 AMO1 AMOO
Attribute R R/W R/W R/W R/W R/W
Initial value 000 0 0 0 0 0

[bit7:5] Reserved: Reserved bits

Always read as 0.
Set the value of this bit to 0 when writing.

[bit4] TAMOO: Alarm month register
The TAMOO bit shows the 2nd digit of the month information in the alarm setting.

[bit3:0] AMO3-AMOO: Alarm month register
The AMO3 to AMOO bits show the 1st digit of the month information in the alarm setting.

Valid

Oto9:
Setting is prohibited

Ato F:
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7.18 Alarm Year Register (ALYR)

This register indicates the year information in alarm setting.

bit 7 6 5 4 3 2 1 0
Field TAY3 TAY2 TAY1 TAYO AY3 AY2 AY1 AYO0
Attribute R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

[bit7:4] TAY3-TAYO: Alarm year register
The TAY3 to TAYO bits show the 2nd digit of the year information in the alarm setting.

0to 9: Valid
Ato F: Setting is prohibited

[bit3:0] AY3-AYO: Alarm year register
The AY3 to AYO bits show the 1st digit of the year information in the alarm setting.

0to 9: Valid
Ato F: Setting is prohibited
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7.19 Time Setting Register 0 (WTTRO)

This register sets a future time (in hours, minutes and seconds) or an interval (in hours, minutes and
seconds) for the timer.
The value can be set from 1 second up to 1 day.

bit 7 6 5 4 3 2 1 0
Field ™7 TM6 TM5 T™M4 T™3 T™M2 ™1 TMO
Attribute R/W R/W R/W RW RW R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

[bit7:0] TM7-TMO: Timer setting register
The TM7 to TMO bits are timer setting information bits.

WTTRO sets the 7 bit to 0 bit of time setting register. Use the WTTRO Register/ WTTR1 Register/ WTTR2
Register to set the timer.

Set the timer to a future time (in hours, minutes and seconds) or to an interval (in hours, minutes and
seconds) within a day.

It is possible to set the time from 1 second up to 1 day at 0.5-second interval.
Check the setting to timer setting registers by the following formula.

TM [17:0] = (Time set[s] x 2) -1

110172799 Valid
0, 172800 to 262143: Setting is prohibited
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7.20 Time Setting Register 1 (WTTR1)

This register sets a future time (in hours, minutes and seconds) or an interval (in hours, minutes and
seconds) for the timer.
The value can be set from 1 second up to 1 day.

bit 7 6 5 4 3 2 1 0
Field TM15 T™M14 T™M13 T™M12 T™M11 TM10 T™M9 T™M8
Attribute R/W R/W R/W RW RW R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

[bit7:0] TM15-TM8: Timer setting register
These are the timer setting information bit.

WTTRL1 sets the 15 bit to 8 bit of time setting register. Use the WTTRO Register/ WTTR1 Register/ WTTR2
Register to set the timer.

See 7.19 Time Setting Register 0 (WTTRO) for the setting to time setting register.
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7.21 Time Setting Register 2 (WTTR2)
This register sets a future time (in hours, minutes and seconds) or an interval (in hours, minutes and
seconds) for the timer. The value can be set from 1 second up to 1 day.

bit 7 6 5 4 3 2 1 0

Field | Reserved ™17 T™16

Attribute R R/W R/W
Initial value 000000 0 0

[bit1:0] TM17-TM16: Timer setting register
These are the timer setting information bit.

WTTRL1 sets the 17bit, 16bit of time setting register. Use the WTTRO Register/ WTTR1 Register/ WTTR2
Register to set the timer.

See 7.19 Time Setting Register 0 (WTTRO) for the setting to time setting register.
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8. Usage Precautions

Note the following when using the RTC count block.

B During time rewrite, always perform CWRITE after performing CREAD operation.

B To change the setting of the alarm registers, do so when the value of the alarm interrupt data control bits
(WTCR11: YEN, WTCR11: MOEN, WTCR11: DEN, WTCR11: HEN, WTCR11: MIEN) are 0.

B If the value of any of the alarm interrupt data control bits (WTCR11: YEN, WTCR11: MOEN, WTCR11:DEN,

WTCR11:HEN, WTCR11:MIEN) is set to 1, interrupt occurs immediately. Therefore, read and check the

value of date and time after the interrupt.

When the value of the TRANS bit is 1, writing to the RTC control block registers is prohibited.

Do not stop the sub clock during transfer.

Complete transfer of time continue rewrite in 1 second after 1-second interrupt.

When the Always ON Domain is reset with SCST assert (WTCR10:SCST=1), time lag may occur.

Therefore, rewrite the time with the SCST bit again. After reset is canceled, if the value of the BUSY bit

remains as 1, there is a need to reset.

B To use the RTC count block, use it after writing 0 to the Power-on bit (VDET:PON) (See 6.7 VDET Register
in chapter VBAT Domain in the Peripheral Manual)
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CHAPTER 4-4. RTC Count Block(C)

This chapter explains the functions and operations of the RTC count block(C).

. Overview of RTC Count Block

. Block Diagram of RTC Count Block

. Operations of RTC Count Block and Setting Procedures Examples
. RTC Count Block Reset Operation

. Leap Year Compliance of RTC Count Block

. Time Rewrite Error

. Registers in RTC Control Block
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. Usage Precautions
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1. Overview of RTC Count Block

The RTC count block counts years, months, dates, hours, minutes, seconds, and days of the week from 00
to 99 years. Alarm and timer settings are possible as well. An alarm can be set to a specific year, month,
date, hour, and minute. It can also be set to a specific year, month, date, hours, or minutes independently. A
timer can be set to a period up to one day. It can be set to a desired period (with the hours, minutes, and
seconds specified) or in desired intervals (with hours, minutes, and seconds specified). An overview of the
RTC count block is shown below.

Overview of Functions of RTC Count Block

B Date and time (year/month/date/hour/minute/second/day of the week) settings

B Counts dates and time (years, months, days, hours, minutes, seconds, and days of the week)

B | eap year compliant (00 year is operated as leap year)

B Alarm settings with a specific date and time (year/month/date/hour/minute)

B A specific year, month, date, hour, or minute can be set individually as well

B Atimer can be set to a period of up to one day. It can be set to a desired period (with the hours, minutes,
and seconds specified) or in desired intervals (with hours, minutes, and seconds specified)

B [t is possible to rewrite the time by resetting the watch count of the RTC count block to make
time-signal-based settings

B |t is possible to rewrite the time while the watch count of the RTC count block continues for time zone
changes. In that case, the clock is guaranteed to continue time counting if the value is rewritten within a
second

B The following interrupts can be output:
— Alarm (with an interrupt generated at a set date and time)
— Every hour
— Every minute
— Every second
— Every 0.5second
- Timer
— Time rewrite error
— Time counter read completion
— Pulse output in 0.5-second intervals
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2.

Block Diagram of RTC Count Block

Figure 2-1 shows the block diagram of the RTC count block.

Figure 2-1 Block Diagram of RTC Count Block
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Counter Cycle Setting Register (WTBR)
This register stores a value to be loaded to a sub-second generation counter (for date, time, and timer use).
Set this register to a 0.5-second count value. The value in this register will be loaded to the sub-second
generation counter when the RTC starts operating or the sub-second generation counter is set to 0.

MCLK Divider and Sub-second Generation Counter (for Timer Use)
The MCLK divider (for timer use) generates a clock from the MCLK divided by 2. The sub-second generation
counter (for timer use) operates at the generated clock in the MCLK divider (for timer use) to count a
sub-second (0.5-second) cycle.

MCLK Divider and Sub-second Generation Counter (for Date and Time Use)
The MCLK divider (for date and time use) generates a clock from the MCLK divided by 2. The sub-second

generation counter (for date and time use) operates at the generated clock in the MCLK divider (for date and
time use) to count a sub-second (0.5-second) cycle.

Timer Setting Register (WTTR)
This register stores a timer set value that will be up with an elapse of the set value (hours, minutes, and
seconds) or in intervals of the set value (hours, minutes, and seconds).

Timer Counter (Down Counter)
The timer counter is loaded with a value set in the timer setting register, and counts down in a cycle of
0.5-second clock cycles output from the sub-second generation counter (for timer use).

1-second Generatio

n Counter

This counter counts 0.5-second clock cycles output from the sub-second generation counter (for date and
time use) and generates 1-second clock pulses.
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Second Counter, Minute Counter, Hour Counter, Day Counter, Month Counter, Year
Counter, and Day of the Week Counter

The second counter, minute counter, hour counter, date counter, month counter, year counter, and day of the
week counter count seconds, minutes, hours, dates, months, years, and days of the week.

Second Register (WTSR), Minute Register (WTMIR), Hour Register (WTHR), Day Register
(WTDR), Month Register (WTMOR) and Year Register (WTYR)
This register indicates the second, minute, hour, date, month, and year information in the RTC count block.

Time Counter Read Report Control Circuit
This circuit reports the completion of the reading of the time counter.

Alarm Minute Register (ALMIR), Alarm Hour Register (ALHR), Alarm Day Register (ALDR),
Alarm Month Register (ALMOR) and Alarm Year Register (ALYR)

This register stores minute, hour, date, month, and year alarm set values. When an alarm is ON, the
comparison circuit will compare the stored value in the register and the minute/hour/date/month/year counter
value, and when the values coincides, an alarm interrupt will be generated.
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Operations of RTC Count Block and Setting Procedures Examples

This section explains the operation of the RTC count block and a setting procedures example.

Example of Initial Time Setting Procedures

Figure 3-1 Initial Time Setting Procedures

RTC count block CPU
Read the RUN bit
- 1)
RUN bit value
*1(2)

Write data to the year/month/date/hour/minute/
second/day of the week registers and counter cycle

The count will start after
the data is loaded to the
year/month/date/hour/
minute/second/day of
the week counters and
the sub-second
generation counter (for

(5)

setting register

Write "1" to the ST

®)

4

use)

date, hour, and timer

1)
@)

®)

(4)
®)

Read the RUN bit.

The following initial time settings are possible in the following flow while the RTC count block is not in
operation under the following condition: RUN = 0.

See the examples of the time rewrite setting procedures (with time count continued) and time rewrite
setting procedures (with time count reset) under the following condition: RUN = 1.

Write the desired time to the year/month/date/hour/minute/second/day of the week registers (WTYR,
WTMOR, WTDR, WTHR, WTMIR, WTSR, and WTDW). Write a desired 0.5-second count value to
the counter cycle setting register (WTBR).

Write the following value: ST = 1.
When ST=1 is set, the following operations are executed to start counting:

The year/month/date/hour/minute/second/day of the week register values are loaded to the
year/month/date/hour/minute/second/day of the week counters.

The value in the counter cycle setting register (WTBR) are loaded to the sub-second generation
counters (for date, time, and timer use), and start counting.

May 27, 2015, FM4_MN709-00002-4v0-E 209



CHAPTER 4-4: RTC Count Block(C)
3. Operations of RTC Count Block and Setting Procedures Examples

PERIPHERAL MANUAL

Example of Time Read Setting Procedures

Figure 3-2 Time Read Setting Procedures

RTC count block CPU

Read the CREAD bit
- (1)

CREAD bit value

> (2)

The year / month / date / hour /
miniute / second / day of the Write “1” to the CREAD bit
week counter values are 4) - (3)
transferred to the year / month
date / hodr / miniute / second /

day of the week registers Interrupt >

Clear interrupt flag
©) - (6)

CREAD will be setto 0
on completion of the
reading , and a counter
value read completion
interrupt will occur

(1) Read the CREAD bhit.
(2) When the CREAD is 1, wait until that the CREAD value becomes 0.
(3) Write the following value: CREAD = 1.

(4) The year/month/date/hour/minute/second/day of the week counter values will be transferred to the year,
month, date, hour, minute, second, and day of the week registers (WTYR, WTMOR, WTDR, WTHR,
WTMIR, WTSR, WTDW).

(5) When the above operation is completed, the following condition will be set :CREAD=0 and a
year/month/date/hour/minute/second/day of the week counter value read completion interrupt will
occur.

(6) Clear the year/month/date/hour/minute/second/day of the week counter value read completion interrupt
flag bit.

Notes:
- When CREAD=1, do not write 1 to SCST and SRST.
- While CREAD=1, do not set to Stop mode.
—  After 1is written to CREAD, do not stop the RTC count block (with O written to ST) until the
year/month/date/hour/minute/second/day of the week counter read completion interrupt is
generated.
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Example of Time Rewrite Setting Procedures (with Time Count Continued)

Figure 3-3 Time Rewrite Setting Procedures (with Time Count Continued)

RTC count block CPU

Read the BUSY bit and the SCST bit 1)

BUSY bit value and SCST bit value

)]

BUSY =“1"

The 1-second clock
output of the 1-second 4 Write “1” to the SCST
generation counter will (3)
stop with the following
condition established :

Write data to the year / month / date /
hour / minute / second /
day of the week registers

(5)
Write “0” to the SCST
- (6)

Q)

The year / month / date /
hour / minute / second /

day of the week counters|
are refreshed and

BUSY is “0” cleraed.

(4
L

@)
)

®)
(4)

(®)

(6)
(@)

Notes:

Read the BUSY bit and the SCST bit.

If BUSY=1, wait until the following condition is established: BUSY = 0 and SCST=0.
In other cases, go to step(3).

Write the following value: SCST = 1.

BUSY will be setto 1.
The 1-second clock output of the 1-second generation counter will come to a stop.

Write the desired year, month, date, hour, minute, second, day of the week value to the
year/month/date/hour/minute/second/day of the week registers (WTYR, WTMOR, WTDR, WTHR,
WTMIR, WTSR, WTDW) while the following condition is maintained: SCST = 1.

Write the following value: SCST = 0.

Only the refreshed set values in the year/month/date/hour/minute/second/day of the week registers
will be transferred to the year/month/date/hour/minute/second/day of the week counters and BUSY
will be cleared to 0.

Writing 1 to the SCST is not allowed under the following condition: BUSY = 1 and SCST=0.

Writing 1 to SCST is not allowed under the following condition: RUN=0.

Continuous time counting cannot be guaranteed if the period specified in (3) to (6) exceeds 1
second. In that case, a time rewrite error interrupt will occur. If the time lag occurs, the time rewrite
error flag becomes 1. Set SCST=0 to clear the Time rewrite error flag and set the time again
according to the above procedure.

Writing data to the year/month/date/hour/minute/second/day of the week registers is not allowed
while data is in transit from the year/month/date/hour/minute/second/day of the week registers to the
year/month/date/hour/minute/second/day of the week counters under the following conditions:
SCST =0 and BUSY =1.
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—  Keep in mind that the year/month/date/hour/minute/second/day of the week register values will be
overwritten with the year/month/date/hour/minute/second/day of the week counter values if 1 is
written to the CREAD before the year/month/date/hour/minute/second/day of the week counters are
refreshed after the following condition is set: SCST = 1.

—  The data transfer from the year/month/date/hour/minute/second/day of the week registers to the
year/month/date/hour/minute/second/day of the week counters will not be performed correctly, and
no year/month/date/hour/minute/second/day of the week counter values will be guaranteed if the
STOP mode is set while the following condition is maintained: BUSY = 1.

—  Wiriting O to ST is not allowed during BUSY = 1.
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Example of Time Rewrite Setting Procedures (Time Count Reset)

Figure 3-4 Time Rewrite Setting Procedures (Time Count Reset)

RTC count block CPU

Read the BUSY bit and the SCRST bit

1)

BUSY bit value and SCRST bit value

> (2)

The sub-second
generetion counter
and 1-second generation -
counter are reset with
the following condition
established :

BUSY =*“1”

(4) Write “1” to the SCRST

(3)

Write data to the year / month / date /
hour / minute / second /day of
the week registers.

(5)
Write “0” to the SCRST
- (6)

)

The year / month / date /
hour / minute / second /

day of the week counters
are refreshed and = T
BUSY is “0” cleared.

@)
)

®)
(4)

(®)

(6)
(@)

Read the BUSY bit and the SCRST bit.

If BUSY = 1, wait until the following condition is established: BUSY = 0 and SCRST=0.
In other cases, go to step (3).

Write the following value: SCRST = 1.

BUSY will be setto 1.
The sub-second generation counter and 1-second generation counter will be reset.

Write the desired new year, month, date, hour, minute, second, day of the week value to the
year/month/date/hour/minute/second/day of the week registers (WTYR, WTMOR, WTDR, WTHR,
WTMIR, WTSR, WTDW) while the following condition is maintained: SCRST = 1.

Write the following value: SCRST = 0.

Only the refreshed year/month/date/hour/minute/second/day of the week register values will be
transferred to the year/month/date/hour/minute/second/day of the week counters and BUSY will be
cleared to 0.

Notes:

Writing 1 to the SCRST is disabled under the following condition: BUSY =1 and SCRST=0.

Writing 0 to SCRST is not allowed under the following condition: RUN=0.

Writing data to the year/month/date/hour/minute/second/day of the week registers are disabled
while data is in transit from the year/month/date/hour/minute/second/day of the week registers to
the year/month/date/hour/minute/second/day of the week counters under the following conditions:
SCRST =0 and BUSY = 1.

Keep in mind that the year/month/date/hour/minute/second/day of the week register values will be
overwritten with the year/month/date/hour/minute/second/day of the week counter values if CREAD
is executed before the year/month/date/hour/minute/second/day of the week counters are refreshed
after the following condition is set: SCRST = 1.
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—  The data transfer from the year/month/date/hour/minute/second/day of the week registers to the
year/month/date/hour/minute/second/day of the week counters will not be performed correctly, and
no year/month/date/hour/minute/second/day of the week counter values will be guaranteed if the

STOP mode is set while the following condition is maintained: BUSY = 1.

I!
@]

Writing O to ST is not allowed during BUSY=L1.
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Example of Setting Procedures of Every 0.5-second/ 1-second/ 1-minute/ 1-hour Interrupt

Figure 3-5 Setting Procedures of Every 0.5-second/ 1-second/ 1-minute/ 1-hour Interrupt

RTC count block CPU

1) The interrupt will Clear the interrupt flag and

occur if the sub- ite "1" to the int t ble bit
second generation - wrie 0 The [errupt enave o (1)

counter becomes "0".
2)1-second interrupt
will occur after the F &
second count-up of
the 0.5 seconds (2) Interrupt

counter. »
3) As the Second
counter counts 59, 1-
minite interrupt will 4 L
occur at the next
count-up.

4) As the Minute -
counter counts 59, 1-
hour interrupt will
occur at the next
count-up.

Clear the interrupt flag (3)

(1) Write INTSSI/ INTSI/ INTMI/ INTHI=O0 to clear the interrupt flag bit.
Write 1 to the interrupt enable bit of INSSIE, INTSIE, INTMIE, or INHIE to be used to enable the interrupt.

(2) If either of 0.5 seconds/ 1-second/1-minute/1-hour interrupt occurs, an interrupt will be generated.
(3) Write INSSIE/ INTSIE/ INTMIE /INHIE =0 to clear the interrupt flag bit.
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Example of Alarm Interrupt Setting Procedures
Figure 3-6 Alarm Interrupt Setting Procedures
RTC count block CPU
Clear the interrupt flag and
_ write "1" to the interrupt enable bit (1)
Write data to the alarm (year/month/date/hour/
_ minute) registers (2)
Write "1" to the alarm (year/month/date/hour/
_ minute) register enable bit (3)

The interrupt will

occur if the alarm Interrupt _

(year/month/date/ (4) ]

hour/minute) Check that the year/month/date/hour/minute

registers coincide in counters coincide in value with the alarm (year/

value with year/ _ month/date/hour/minute) registers (5)

month/date/hour/ J

minute counters

_ Clear the interrupt flag (6)

(1) Clear the alarm interrupt flag bit with the following condition written: INTALI = 0.

The alarm interrupt is enabled with the following condition written: INTALIE = 1.

(2) Write the desired time value to the alarm (year/month/date/hour/minute) registers so that the alarm
interrupt will occur at the desired time.

(3) Write 1 to the alarm (year/month/date/hour/minute) register enable bit.

(4) The RTC count block interrupt request will be generated when the alarm
(year/month/date/hour/minute) register values coincide with the year/month/date/hour/minute counter
values.

(5) Read the time by following the example of the time read setting procedures, and check that the
year/month/date/hour/minute counter values coincides with the alarm (year/month/date/hour/minute)
register values.

(6) Clear the alarm interrupt flag bit with the following condition written: INTALI = 0.

Note:

—  The interrupt may occur immediately after 1 is written to either of the Alarm register enable bit. Read
the time after the interrupt to check the value of Year/Month/Date/Hour/Minute counter is the same
as that of the Alarm (Year/Month/Date/Hour/Minute) register.
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Example of Timer Interrupt Setting Procedures (with (Hours, Minutes, and Seconds)
Elapsed)

Figure 3-7 Timer Interrupt Setting Procedures (with (Hours, Minutes, and Seconds) Elapsed)

RTC count block CPU

Write "1" to the interrupt enable
bit and clear the interrupt flag

- @
_ Read the TMRUN bit
&)
TMRUN bit value -~
_Write data to the timer setting register (WTTR) (3)
_ Write "0" to the TMEN 4
The timer setting (4)
register value is (6)
loaded to the timer Set TMST to "1"
counter and the - (5)

down count will
start with  the
following condition
established:
TMRUN="1"

Timer interrupt

(@) -

The timer interrupt will
occur and the TMST will
be cleared to "0" if the
count underflows and the
TMRUN will be cleared
to "0"

(1) Clear the timer interrupt flag bit with the following condition written: INTTMI = 0.
The timer interrupt is enabled with the following condition written: INTTMIE = 1.

(2) Read the timer counter operation bit (TMRUN) and check whether the value is 0 (not in operation).
(3) Write the desired timer set value to the timer setting register WTTR).

(4) Write 0 to the timer counter control bit (TMEN).

(5) Write 1 to the timer counter start bit (TMST).

(6) The set value in the timer setting register value will be transferred to the timer counter, and the down
count will start.

(7) If the down count underflows, an interrupt request will be generated, and TMST will be cleared to 0. Then
the TMRUN will be cleared to 0 after the timer counter is stopped.

Notes:
—  Writing 1 to the TMST is disabled before the TMRUN value becomes 0 after 0 is written to the TMST
while the timer counter is in operation (TMRUN = 1).
—  TMEN settings can be changed only when the timer counter is not in operation (TMRUN = 0).
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Example of Timer Interrupt Setting Procedures (in Intervals of (Hours, Minutes, and
Seconds) Elapsed)

Figure 3-8 Timer Interrupt Setting Procedures (in Intervals of (Hours, Minutes, and Seconds) Elapsed)

RTC count block CPU

Clear the interrupt flag and
_ write "1" to the interrupt enable bit (1)

Read the TMRUN bit

)
TMRUN bit value -~
Write data to timer setting register (WTTR)
“ 3)
. . Write "1" to the TMEN
The value in the timer - (4)
setting register will be
loaded to the timer (6)
counter and the down Write "1" to the TMST
count will start with - (5)
the following
condition
established: TMRUN
="1"

Timer interrupt

(@)

The timer interrupt

will occur if the count
underflows, and the Clear the interrupt flag 8)
values in the timer (
setting registers will

pe reloaded to the To stop the timer interrupt, write "0" to the TMST
timer counter -

9)

(1) Clear the timer interrupt flag bit with the following condition written: INTTMI = O.
The timer interrupt is enabled with the following condition written: INTTMIE = 1.

(2) Read the timer counter operation bit (TMRUN) and check whether the value is 0 (not in operation).
(3) Write the desired timer set value to the timer setting register (WTTR).

(4) Write 1 to the timer counter control bit (TMEN).

(5) Write 1 to the timer counter start bit (TMST).

(6) The set value in the timer setting register value will be transferred to the timer counter, and the down
count will start.

(7) The RTC count block interrupt request will be generated on completion of the count, and the timer setting
register value will be reloaded to the timer counter to continue operation.

(8) Clear the timer interrupt flag bit with the following condition written: INTTMI = 0.
(9) To stop the timer interrupt, write 0 to the TMST.
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Notes:
—  Writing 1 to the TMST is disabled before the TMRUN value becomes 0 after 0 is written to the TMST
while the timer counter is in operation (TMRUN = 1).
—  TMEN settings can be changed only when the timer counter is not in operation (TMRUN = 0).
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Output Operation of CO External Pin
The RTC count block incorporates an CO external pin for a 0.5-second-clock output.

The CO external pin will output in 0.5-second clock (CO) cycles.
Figure 3-9 shows the waveform of CO external pin output.

Figure 3-9 Waveform of the CO External Pin Output

MCLK N S I I I S I I
co

H

0.5 seconds- >

‘ ‘ ‘
-
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This section explains each reset action.

RTC Count Block Reset Operation

Low-voltage Detection Reset/ Power-on Reset Operation
The shaded parts in Table 4-1are bits that are subject to low-voltage detection resetting/power-on resetting.
The sub-second generation counter, 1-second generation counter, timer counter, and year/month/date/hour/
minute/second/day of the week counter are subject to low-voltage detection resetting/power-on resetting as
well, though these items are not shown in Table 4-1.

Table 4-1 Low-voltage Detection Reset/ Power-on Reset Target Bits

F

e
F

"CYPRESS

FORM

bit31 | bit30 | bit29 | bit28 | bit27 | bit26 | bit25 | bit24 | bit23 | bit22 | bit21 | bit20 | bitl19 | bitl18 | bitl7 | bitl6
bitl5 | bitl4 | bit13 | bitl2 | bit1ll | bit10 | bit9 | bit8 | bit7 | bit6é | bit5 | bit4 | bit3 | bit2 | bitl | bitO
INTCRIE | INTERIE | INTALIE | INTTMIE | INTHIE | INTMIE | INTSIE | INTSSIE | INTCRI | INTERI | INTALI | INTTMI | INTHI | INTMI | INTSI [ INTSSI
WTCR1
YEN | MOEN | DEN | HEN | MEN BUSY | SCRST | SCST | SRST | RUN oE ST
WTCR2
TMRUN | TMEN | TMST CREAD
BR23 | BR22 | BR21 | BR20 | BR19 | BR18 | BR17 | BRi6
WTBR
BRI5S | BR14 | BRI13 | BR12 | BRIl | BRIO | BR9 BRS BR7 BR6 BR5 BR4 BR3 BR2 BRL BRO
WTDRWTHR/ TD1 DO D3 D2 D1 DO THL THO H3 H2 HL Ho
WTMIRWTSR ™2 | TMIL | TMIO MI3 MI2 MIL MIO TS2 TS1 TS0 s3 s2 s1 S0
WTYRWTMO T3 T2 Y1 0 Y3 Y2 Y1 Yo
R/WTDW ™Moo | Mo3 | Moz | Moi | Moo pwz | bwi | Dwo
ALDR/ALHR/ TADL | TADO | AD3 AD2 AD1 ADO TAHL | TAHO | AH3 AH2 AHL AHO
ALMIR TAMIZ | TAMIZ | TAMIO | AMIZ | AMI2 | AmMIZ | AMIO
TAY3 | TAv2 | TAvz | Tavo | Av3 AY2 AY1 AY0
ALYR/ALMOR
TAMOO | AMO3 | AMO2 | AMO1 | AMOO
™17 | TM16
WTTR
T™M15 | T4 | TM23 | Tmi2 | T | TM10 | TM9 | T™M8 | TM7 | TMe ™5 | TM4 | T™M3 | T™2 T™L | TMO
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System Reset Operation
The shaded parts in Table 4-2 are bits that are subject to system resetting.

The 1-second generation counter and timer counter are subject to system resetting as well, though these
items are not shown in Table 4-2.

The sub-second generation counter (for date, time, and timer use) and the year/month/date/hour/minute/second/day
of the week counters are not subject to resetting.

Table 4-2 System Reset Target Bits

bit31 | bit30 | bit29 | bit28 | bit27 | bit26 | bit25 | bit24 | bit23 | bit22 | bit21 | bit20 | bit19 | bit18 | bit17 | bit16
bitl5 | bitl4 | bit13 | bit12 | bit1ll | bit10 | bit9 | bit8 | bit7 | bit6é | bit5 | bit4 | bit3 | bit2 | bitl | bitO
INTCRIE | INTERIE | INTALIE | INTTMIE | INTHIE | INTMIE | INTSIE | INTSSIE [ INTCRI | INTERI | INTALI | INTTMI | INTHI | INTMI | INTSI | INTSSI
WTCR1
YEN | MOEN | DEN HEN | MIEN - BUSY | SCRST | SCST | SRST | RUN OE ST
WTCR2
TMRUN | TMEN | TMST - - - - - - - CREAD
BR23 | BR22 | BR21 | BR20 | BR19 | BRI18 | BR17 | BRI6
WTBR
BR15 | BR14 | BRI3 | BRI2 | BRIl | BR10 | BR9 BR8 BR7 BR6 BRS BR4 BR3 BR2 BR1 BRO
WTDRWTHR/| - - D1 TDO D3 D2 D1 DO - - TH1 THO H3 H2 HL HO
WTMIRWTSR| . ™2 | T™MIL | TMIO MI3 MI2 ML MIo - TS2 Ts1 TS0 s3 s2 s1 S0
WTYRWTMO - - - - - - - - Y3 TY2 Y1 Y0 Y3 Y2 Y1 Yo
R/WTDW - - - ™00 | MO3 | MO2 Mol | Moo - - - - - DW2 | Dwi | Dwo
ALDR/ALHR/ - - TADL | TADO | AD3 AD2 ADL ADO - - TAHL | TAHO | AH3 AH2 AHL AHO
ALMIR - TAMI2 | TAMIZ | TAMIO | AMI3Z | AMI2 | AMIZ | AMIO
TAY3 | TAY2 | TAY1 [ TAYO AY3 AY2 AY1 AY0
ALYR/ALMOR
TAMOO | AMO3 | AMO2 | AMOL | AMOO
™17 | TM16
WTTR
T™MI5 | TM14 | TM13 | TM12 | TM11 | TM10 | TM9 ™8 ™? T™6 ™S5 ™4 ™3 ™2 ™1 T™O
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RTC Reset Operation
The shaded parts in Table 4-3 are bits that are subject to RTC resetting.

The 1-second generation counter and timer counter are subject to RTC resetting as well, though these items
are not shown in Table 4-3.

The sub-second generation counter (for date, time, and timer use) and the year/month/date/hour/minute/second/day
of the week counters are not subject to resetting.

Table 4-3 RTC Reset Target Bits

bit31 | bit30 | bit29 | bit28 | bit27 | bit26 | bit25 | bit24 | bit23 | bit22 | bit21 | bit20 | bit19 | bit18 | bit17 | bit16
bitl5 | bitl4 | bit13 | bit12 | bit1ll | bit10 | bit9 | bit8 | bit7 | bit6é | bit5 | bit4 | bit3 | bit2 | bitl | bitO
INTCRIE | INTERIE | INTALIE | INTTMIE | INTHIE | INTMIE | INTSIE | INTSSIE [ INTCRI | INTERI | INTALI | INTTMI | INTHI | INTMI | INTSI | INTSSI
WTCR1
YEN | MOEN | DEN HEN | MIEN - BUSY | SCRST | SCST | SRST | RUN OE ST
WTCR2
TMRUN | TMEN | TMST - - - - - - - CREAD
BR23 | BR22 | BR21 | BR20 | BR19 | BRI18 | BR17 | BRI6
WTBR
BR15 | BR14 | BRI3 | BRI2 | BRIl | BR10 | BR9 BR8 BR7 BR6 BRS BR4 BR3 BR2 BR1 BRO
WTDRMWTHR/ - - D1 TDO D3 D2 D1 DO - - TH1 THO H3 H2 HL HO
WTMIRWTSR - ™2 | T™MIL | TMIO MI3 MI2 ML MIo - TS2 Ts1 TS0 s3 s2 s1 S0
WTYRWTMOR/ | - - - - - - - - Y3 TY2 Y1 Y0 Y3 Y2 Y1 Yo
WTDW - - - ™00 | MO3 | MO2 Mol | Moo - - - - - DW2 | Dwi | Dwo
ALDR/ALHR/ - - TADL | TADO | AD3 AD2 ADL ADO - - TAHL | TAHO | AH3 AH2 AHL AHO
ALMIR - TAMI2 | TAMIZ | TAMIO | AMI3Z | AMI2 | AMIZ | AMIO
TAY3 | TAY2 | TAY1 [ TAYO AY3 AY2 AY1 AY0
ALYR/ALMOR
oo [ A [ A | Aol | Ao
™7 ™6
WTTR
™S5 ™S4 ™3 ™2 ™I ™D ™ ™8 ™ ™ ™ ™ ™ e ™ ™
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5. Leap Year Compliance of RTC Count Block

This section explains the leap year compliance of the RTC count block.

Leap Year Compliance
Table 5-1 shows the days of each month.

Table 5-1 List of Leap Years

Leap Month
Year

year 1 2 3 4 5 6 7 8 9 10 11 12

00 o 31 29 31 30 31 30 31 31 30 31 30 31
01 to 03 x 31 28 31 30 31 30 31 31 30 31 30 31
04 o 31 29 31 30 31 30 31 31 30 31 30 31
05 to 07 x 31 28 31 30 31 30 31 31 30 31 30 31
08 o 31 29 31 30 31 30 31 31 30 31 30 31
09to 11 x 31 28 31 30 31 30 31 31 30 31 30 31
12 o 31 29 31 30 31 30 31 31 30 31 30 31
13to0 15 x 31 28 31 30 31 30 31 31 30 31 30 31
16 o 31 29 31 30 31 30 31 31 30 31 30 31
17 to0 19 x 31 28 31 30 31 30 31 31 30 31 30 31
20 o 31 29 31 30 31 30 31 31 30 31 30 31
21t0 23 x 31 28 31 30 31 30 31 31 30 31 30 31
24 o 31 29 31 30 31 30 31 31 30 31 30 31
25t0 27 x 31 28 31 30 31 30 31 31 30 31 30 31
28 o 31 29 31 30 31 30 31 31 30 31 30 31
29 to 31 x 31 28 31 30 31 30 31 31 30 31 30 31
32 o 31 29 31 30 31 30 31 31 30 31 30 31
33t035 x 31 28 31 30 31 30 31 31 30 31 30 31
36 o 31 29 31 30 31 30 31 31 30 31 30 31
37t0 39 x 31 28 31 30 31 30 31 31 30 31 30 31
40 o 31 29 31 30 31 30 31 31 30 31 30 31
41t043 x 31 28 31 30 31 30 31 31 30 31 30 31
44 o 31 29 31 30 31 30 31 31 30 31 30 31
45 to 47 x 31 28 31 30 31 30 31 31 30 31 30 31
48 o 31 29 31 30 31 30 31 31 30 31 30 31
49to 51 x 31 28 31 30 31 30 31 31 30 31 30 31
52 o 31 29 31 30 31 30 31 31 30 31 30 31
53 to 55 x 31 28 31 30 31 30 31 31 30 31 30 31
56 o 31 29 31 30 31 30 31 31 30 31 30 31
57 to 59 x 31 28 31 30 31 30 31 31 30 31 30 31
60 o 31 29 31 30 31 30 31 31 30 31 30 31
61 to 63 x 31 28 31 30 31 30 31 31 30 31 30 31
64 o 31 29 31 30 31 30 31 31 30 31 30 31
65 to 67 x 31 28 31 30 31 30 31 31 30 31 30 31
68 o 31 29 31 30 31 30 31 31 30 31 30 31
69 to 71 x 31 28 31 30 31 30 31 31 30 31 30 31
72 o 31 29 31 30 31 30 31 31 30 31 30 31
73t0 75 x 31 28 31 30 31 30 31 31 30 31 30 31
76 o 31 29 31 30 31 30 31 31 30 31 30 31
771079 x 31 28 31 30 31 30 31 31 30 31 30 31
80 o 31 29 31 30 31 30 31 31 30 31 30 31
811083 x 31 28 31 30 31 30 31 31 30 31 30 31
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Leap Month
Year
year 1 2 3 4 5 6 7 8 9 10 11 12
84 o 31 29 31 30 31 30 31 31 30 31 30 31
85 to 87 x 31 28 31 30 31 30 31 31 30 31 30 31
88 o 31 29 31 30 31 30 31 31 30 31 30 31
89 to 91 x 31 28 31 30 31 30 31 31 30 31 30 31
92 o 31 29 31 30 31 30 31 31 30 31 30 31
93 to 95 x 31 28 31 30 31 30 31 31 30 31 30 31
96 o 31 29 31 30 31 30 31 31 30 31 30 31
97 to 99 x 31 28 31 30 31 30 31 31 30 31 30 31
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6. Time Rewrite Error

This section explains the time rewrite error during time rewrite (with time count continued).

Time Rewrite Error 1
The following provides an example that the carry number of the 0.5 seconds generation counter is two while
the SCST flag is set to "1" during time rewriting (with time count continued).

B Rewriting second counter and minute counter only

Count value of counter
0.5 seconds
generation counter
Time

Carry of the
0.5 second l_l l_l l_l l_l l_l
1 second
generation counter X X X — X X

In case of SCST writing, the

carry number detection of the

1 second is aborted during
Carry of the P

the SCST flag is "1".
1 second g |_|
Time rewrite
error flag
SCST flag [ 1

@ @)
Second register [ XXXS I Bs ]
Minute register [ XXXM T bm ]
T The value of second register is written
- ) based on whether or not the carry of
Writing the value of second/minute the 1 second occurs while the carry
on the second/minute register. number detection of the 1 second is
;.1\5 aborted during the SCST flag is "1".

Second counter [ 3S BsT7s T 8s ]
Minute counter [ Zm I bm ]

(1) Set the SCST flag to 1, and write 6 seconds on the second register and 5 minutes on the minute register.

(2) When the carry number of the 0.5 seconds is two while the SCST flag is set to 1 and then the SCST flag is
set to 0. 6 seconds will be written on the second counter, then 1 is added and consequently the counter will
be 7 seconds.

Notes:

—  If the carry number of the 0.5 seconds is two or less while the SCST flag is set to 1, the time rewrite
error flag does not become 1.

—  Because the carry number detection of the 1 second is aborted while the SCST flag is set to 1, the
second counter does not count. When the carry number detection of the 1 second is aborted, the
carry number of the 1 second is saved. Then, the value of second register is written on the second
counter when the SCST flag is set to 0, and then 1 is added. If there is no carry of the 1 second
while the SCST flag is set to 1, the value of second register is written on the second counter,
however, 1 is not added.
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Time Rewrite Error 2
The following provides an example that the carry number of the 0.5 seconds generation counter is three
while the SCST flag is set to "1" during time rewriting (with time count continued).

B Rewriting second counter and minute counter only

Count value of counter

0.5 seconds
generation counter

Time

Carry of the |_| |_| |_| |_| |_|

0.5 second

1 second
generation counter

Carry of the
1 second (case 1)

Carry of the
1 second (case 2)

An error flag is set when the carry
number of the 0.5 seconds counter
is three (two or more) while the

|—| SCST flag is set to "1".

Time rewrite error flag

SCST flag [ |
(1) @)

Second register [ XXXS I 6s ]
Minute register [ XXX T om |

+1s

/]
Second counter [ 3s I6sl7s ]
Minute counter [ Zm [ om |

Case 1: The carry number of the 1 second is two while the carry number detection of the 1 second is aborted
(the SCST flag is set to "1").

Case 2: The carry number of the 1 second is one while the carry number detection of the 1 second is aborted
(the SCST flag is set to "1").

(1) Set the SCST flag to 1, and write 6 seconds on the second register and 5 minutes on the minute register.

(2) When the carry number of the 0.5 seconds is three while the SCST flag is set to 1 and then the SCST flag is
set to 0, the time rewrite error flag will be set to 1. 6 seconds will be written on the second counter, then 1 is
added and consequently the counter will be 7 seconds.

Note:
—  When the time rewrite error flag is set to 1, 1 second shift will occur for case 1 because the carry
number of the 1 second is two while the carry number detection of the 1 second is aborted (the
SCST flag is set to 1). 1 second shift will not occur for case 2 because the carry number of the 1
second is one while the carry number detection of the 1 second is aborted (the SCST flag is set to 1).
However, if the time rewrite error occurred, perform time rewriting again because you cannot
determine which case happened.
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7. Registers in RTC Control Block

The Registers of the RTC count block are listed below.

List of Registers in the RTC Count Block

Table 7-1 List of Registers in RTC Count Block

Abbreviation Register name Reference
WTCR1 Control register 1 7.1
WTCR2 Control register 2 7.2

WTBR Counter cycle setting register 7.3
WTDR Date register 7.4
WTHR Hour register 7.5
WTMIR Minute register 7.6
WTSR Second register 7.7
WTYR Year register 7.8
WTMOR Month register 7.9
WTDW Day of the week register 7.10
ALDR Alarm date register 7.11
ALHR Alarm hour register 7.12
ALMIR Alarm minute register 7.13
ALYR Alarm year register 7.14
ALMOR Alarm month register 7.15
WTTR Timer setting register 7.16
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7.1 Control Register 1 (WTCR 1)

This register is used to control the operation of the RTC count block.

bit
Field
Attribute
Initial value

bit
Field
Attribute
Initial value

bit
Field
Attribute
Initial value

bit
Field
Attribute
Initial value

31 30 29 28 27 26 25 24
INTCRE INTERIE INTALIE INTTME INTHE INTMIE INTSIE INTSSE
R/W R/W R/W R/IW R/IW R/IW R/W R/W
0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
INTCRI INTERI INTALI INTTMI INTHI INTMI INTSI INTSSI
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Reserved YEN MOEN DEN HEN MEEN
R R/W R/W R/W R/W R/W
000 0 0 0 0 0
7 6 5 4 3 2 1 0
Reserved BUSY SCRST SCST SRST RUN Reserved ST
R R R/W R/W R/W R R R/W
0 0 0 0 0 0 0 0

[bit31] INTCRIE: Year/ month/ day/ hour/ minute/ second/ day of the week counter value
read completion interrupt enable bit

This is the year/month/date/hour/minute/second/day of the week counter value read completion interrupt

enable bit.

bit

Description

0

Interrupt disabled

1

Interrupt enabled.

[bit30] INTERIE: Time rewrite error interrupt enable bit
This is the time rewrite error interrupt enable bit.

bit Description
0 Interrupt disabled.
1 Interrupt enabled.

[bit29] INTALIE: Alarm interrupt enable bit

This is the alarm interrupt enable bit.
bit Description
0 Interrupt disabled
1 Interrupt enabled.
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[bit28] INTTMIE: Timer underflow interrupt enable bit
This is the timer interrupt enable bit.

bit Description
0 Interrupt disabled
1 Interrupt enabled.

[bit27] INTHIE: 1-hour interrupt enable bit

This is the 1-hour interrupt enable bit.
bit Description
0 Interrupt disabled
1 Interrupt enabled.

[bit26] INTMIE: 1-minute interrupt enable bit

This is the 1-minute interrupt enable bit.
bit Description
0 Interrupt disabled
1 Interrupt enabled.

[bit25] INTSIE: 1-second interrupt enable bit

This is the 1-second interrupt enable bit.
bit Description
0 Interrupt disabled.
1 Interrupt enabled.

[bit24] INTSSIE: 0.5-second interrupt enable bit
This is the 0.5-second interrupt enable bit.

bit

Description

0

Interrupt disabled

1

Interrupt enabled.

[bit23] INTCRI: Year/month/date/hour/minute/second/day of the week counter value read
completion interrupt flag bit

This bit indicates the completion of the transfer of the year/month/date/hour/minute/second/day of the week
counter values to the year/month/date/hour/minute/second/day of the week registers at the time of the date
and time reading with the CREAD bit.

Always 1 will be read at the time of the read access in the read modify write access mode.

bit

Description

Read

The year/month/date/hour/minute/second/day of the week counter value read has not
been completed

The year/month/date/hour/minute/second/day of the week counter value read has been
completed

Write

This flag is cleared

No effect on operation
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[bit22] INTERI: Time rewrite error flag bit
This bit shows that the second counter has not been counting normally during time rewriting (SCST = 1).
Always 1 will be read at the time of the read access in the read modify write access mode.

bit Description
Read 0 No time rewriting error has been generated
eal
1 A time rewriting error has been generated
. 0 This flag is cleared
Write -
1 No effect on operation.

[bit21] INTALI: Alarm coinciding flag bit

This bit shows that the year/month/date/hour/minute register value coincides with the
year/month/date/hour/minute counter value.

Always 1 will be read at the time of the read access in the read modify write access mode.

bit Description
Read 0 No alarm coinciding has been generated
eal
1 An alarm coinciding has been generated
. 0 This flag is cleared.
Write -
1 No effect on operation.

[bit20] INTTMI: Timer underflow flag bit
This flag will be set to 1 if the timer counter underflows.
Always 1 will be read at the time of the read access in the read modify write access mode.

bit Description
Read 0 No timer underflow has been generated
ea
1 A timer underflow has been generated
. 0 This flag is cleared.
Write -
1 No effect on operation.

[bit19] INTHI: 1-hour flag bit
This flag will be set to 1 if the 1-hour counter is up.
Always 1 will be read at the time of the read access in the read modify write access mode.

bit Description
Read 0 No 1-hour count-up has been generated
eal
1 A 1-hour count-up has been generated
) 0 This flag is cleared
Write -
1 No effect on operation.

[bit18] INTMI: 1-minute flag bit
This flag will be set to 1 if the 1-minute counter is up.
Always 1 will be read at the time of the read access in the read modify write access mode.

bit Description
Read 0 No 1-minute count-up has been generated
eal
1 A 1-minute count-up has been generated
) 0 This flag is cleared
Write -
1 No effect on operation.
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[bitl7] INTSI: 1-second flag bit
This flag will be set to 1 if the 1-second counter is up.
Always 1 will be read at the time of the read access in the read modify write access mode.

bit Description
Read 0 No 1-second count-up has been generated
eal
1 A 1-second count-up has been generated
. 0 This flag is cleared
Write -
1 No effect on operation.

[bit16] INTSSI: 0.5-second flag bit
This flag will be set to 1 if the 0.5-second counter is up.
Always 1 will be read at the time of the read access in the read modify write access mode.

bit Description
Read 0 No 0.5-second count-up has been generated
eal
1 A 0.5-second count-up has been generated
) 0 This flag is cleared
Write -
1 No effect on operation.

[bit15:13] Reserved: Reserved bits
Always 0 is read.
Set 0 when writing data.

[bit12] YEN: Alarm year register enable bit
This bit enables the comparison of the alarm year register and the year counter in the alarm interrupt.
When this bit is set to 1, this can be detected by the alarm interrupt flag (INTALI).

bit Description
0 The alarm year register is disabled
1 The alarm year register is enabled

[bit11] MOEN: Alarm month register enable bit
This bit enables the comparison of the alarm month register and the month counter.
When this bit is set to 1, this can be detected by the alarm coinciding flag (INTALI).

bit Description
0 The alarm month register is disabled.
1 The alarm month register is enabled.

[bit10] DEN: Alarm day register enable bit
This bit enables the comparison of the alarm date register and the date counter.
When this bit is set to 1, this can be detected by the alarm coinciding flag (INTALI).

bit Description
0 The alarm date register is disabled.
1 The alarm date register is enabled.
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[bit9] HEN: Alarm hour register enable bit
This bit enables the comparison of the alarm hour register and the hour counter.
When this bit is set to 1, this can be detected by the alarm coinciding flag (INTALI).

bit Description
0 The alarm hour register is disabled.
1 The alarm hour register is enabled.

[bit8] MIEN: Alarm minute register enable bit
This bit enables the comparison of the alarm minute register and the minute counter.
When this bit is set to 1, this can be detected by the alarm coinciding flag (INTALI).

bit Description
0 The alarm minute register is disabled.
1 The alarm minute register is enabled.

[bit7] Reserved: Reserved bit
Always 0 is read.
Set 0 when writing data.

[bit6] BUSY: Busy bit
This bit indicates that time rewriting is in process.

bit Description

0 Time rewriting is not in process

One of the following conditions:

- SCST=1

1 - SCRST=1

- The set values in the year/month/date/hour/minute/second/day of the week registers are being

transferred to the year/month/date/hour/minute/second/day of the week counters

[bit5] SCRST: Sub-second generation/ 1-second generation counter reset bit
This bit performs the reset control of the sub-second generation/1-second generation counter (for date and

time use).
bit Description
0 This bit releases the reset state of the sub-second generation/1-second generation counter
(for date and time use)
1 This bit resets the sub-second generation/1-second generation counter (for date and time
use)

When this bit is 0 and SCST bit is 0 while RTC is operating (RUN=1), the values in the
year/month/date/hour/minute/second/day of the week registers cannot be refreshed. SCST bit and SCRST
bit must not be simultaneously set to 1. This bit must not be set to 1 while RTC is stopped (RUN=0).
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[bit4] SCST: 1-second clock output stop bit
This bit controls the 1-second clock output of the 1-second generation counter.

bit Description
0 Output is enabled
1 Output is disabled

When this bit is 0 and SCRST bit is 0 while RTC is operating (RUN=1), the values in the
year/month/date/hour/minute/second/day of the week registers cannot be refreshed. SCST bit and SCRST
bit must not be simultaneously set to 1. This bit must not be set to 1 while RTC is stopped (RUN=0).

[bit3] SRST: RTC reset bit

See Table 4-3 in chapter "RTC Count Block Reset Operation" for the register bits initialized by the RTC reset
function.

Always 0 will be read at the time of read access in the read modify write access mode.

bit Description
0 When RTC reset is completed
1 The hardware will issue an RTC reset when 1 is written

[bit2] RUN: RTC count block operation bit

This bit indicates the operating state of the RTC count block.

If the ST is set to 0 while the RTC count block is in operation with ST=1, the RTC count block will come to a
stop and the following condition will be established: RUN = 0.

bit Description
0 The RTC count block is not in operation
1 The RTC count block is in operation

[bitl] Reserved: Reserved bit
Always 0 is read.
Set 0 when writing data.

[bitQ] ST: Start bit
This bit controls the operation start of the RTC count block.

bit Description

0 The RTC count block comes to a stop.

The set values in the year/month/date/hour/minute/second/day of the week registers are
1 transferred to the year/month/date/hour/minute/second/day of the week counters, and the
RTC count block will start operating.

234

FM4_MN709-00002-4v0-E, May 27, 2015



CHAPTER 4-4: RTC Count Block(C)
7. Registers in RTC Control Block

PERIPHERAL MANUAL

7.2 Control Register 2 (WTCR 2)

This register controls the operations of the RTC count block.

bit
Field
Attribute
Initial value

bit
Field
Attribute
Initial value

bit
Field
Attribute
Initial value

bit
Field
Attribute
Initial value

31 24
Reserved
R
0x00
23 16
Reserved
R
0x00
15 14 13 12 11 10 9 8
Reserved TMRUN TMEN TMST
R R R/W R/W
00000 0 0 0
7 6 5 4 3 2 1 0
Reserved CREAD
R R/W
0000000 0

[bit31:11] Reserved: Reserved bits
Always 0 is read.
Set 0 when writing data.

[bit10] TMRUN: Timer counter operation bit
This bit indicates the operation of the timer counter.
While the time counter control bit is 0, this bit will be cleared by the hardware if the count underflows. While
the timer counter control bit(TMEN) is 1, this bit will be remain 1 until the timer counter start bit (TMST)
becomes 0.
If TMST bit is set to O while the timer is in operation with the TMST bit set to 1, the timer will stop operating
and the following condition will be established: TMRUN = 0.

bit Description
0 The timer counter is not in operation
1 The timer counter is in operation

[bit9] TMEN: Timer counter control bit
This bit selects the control of the timer counter operating with an elapse of the desired time (with the hours,
minutes, and seconds specified) or the timer counter in the desired intervals (with the hours, minutes, and

seconds specified).

bit Description

0 The timer counter will operate with an elapse of the desired time (with the hours, minutes, and
seconds specified).

1 The timer counter will operate in intervals of the desired time (with the hours, minutes, and

seconds specified).
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[bit8] TMST: Time counter start bit

This bit starts the operation of the timer counter.

When the time counter control bit is 0, this bit will be O cleared by the hardware when the count completes.
See the timer counter operation bit (TMRUN) for the operation state of the timer counter. In the case of
rewriting the timer setting register, stop this bit once with 0 and rewrite the timer setting register, and reset
the timer setting register to 1 to start the operation of the timer setting register.

bit Description
0 The timer counter stops operating.
1 The timer counter starts operating.

[bit7:1] Reserved: Reserved bits
Always 0 is read.
Set 0 when writing data.

[bit0] CREAD: Year/month/date/hour/minute/second/day of the week counter value read
control bit

The values in the year/month/date/hour/minute/second/day of the week counters will be transferred to the
year/month/date/hour/minute/second/day of the week registers if this bit is set to 1 and the bit will be 0
cleared on completion of the transfer.

Always 0 will be read at the time of the read access in the read modify write access mode.

bit Description
0 Data transfer from the year/month/date/hour/minute/second/day of the week counters to the
Read year/month/date/hour/minute/second/day of the week registers has been completed.
1 Data transfer from the year/month/date/hour/minute/second/day of the week counters to the

year/month/date/hour/minute/second/day of the week registers is in process.

0 No effect on operation.
Write Data copy from the year/month/date/hour/minute/second/day of the week counters to the
year/month/date/hour/minute/second/day of the week registers starts.
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7.3 Counter Cycle Setting Register (WTBR)

This register stores values to be reloaded to the sub-second generation counter (for date, time, and timer

use).

bit
Field
Attribute
Initial value

bit
Field
Attribute
Initial value

bit
Field
Attribute
Initial value

bit
Field
Attribute
Initial value

31 24
| Reserved
R
0x00

23 22 21 20 19 18 17 16
BR23 BR22 BR21 BR20 BR19 BR18 BR17 BR16
RW RW RW RW RW RW RW RW

0 0 0 0 0 0 0 0

15 14 13 12 11 10 9 8
BR15 BR14 BR13 BR12 BR1L BR10 BRI BR8
RW RW RW RW RW RW RW RW

0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO
RW RW RW RW RW RW RW RW

0 0 0 0 0 0 0 0

[bit31:24] Reserved: Reserved bits
Always 0 is read.
Set 0 when writing data.

[bit23:0] BR23 to BRO: Counter cycle setting bits
These bits set values to be reloaded to the sub-second generation counter (for date, time, and timer use).

Set this

register to a 0.5-second count value for the sub-second generation counter. The value will be

reloaded when the sub-second generation counter value becomes 0.
Obtain the Counter Cycle Setting Register (WTBR) set value from the following formula:

WTBR = (0.5 [s]/ (2 x MCLK cycles [s])) - 1

Notes:

In the case of setting the WTBR register, make sure that the ST value is 0 (RTC count block is not in
operation) and the TMST value is O (timer counter is not in operation).

Set the counter cycle setting register to value of 7 or larger. If a value of 6 or less is set, the right
value will not be read by the year/month/date/hour/minute/second/day of the week counter value
read executed.
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7.4 Day Register (WTDR)
This register indicates the day information in the RTC count block. The register value is displayed in BCD.
bit 7 6 5 4 3 2 1 0
Field Reserved TD1 TDO D3 D2 D1 DO
Attribute R R/W R/W R/W R/W R/W R/W
Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits

Always 0 is read.
Set 0 when writing data.

[bit5:4] TD1, TDO: Day register
This register stores the second digit of the date information in the RTC count block.

[bit3:0] D3-DO0: Day register
This register stores the first digit of the date information in the RTC count block.

Enabled

Oto9:
Setting disabled

Ato F:
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7.5 Hour Register (WTHR)

This register indicates the hour information in the RTC count block. The register value is displayed in BCD.

bit 7 6 5 4 3 2 1 0
Field Reserved TH1 THO H3 H2 H1 HO
Attribute R R/W R/W R/W R/W R/W R/W
Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits
Always 0 is read.
Set 0 when writing data.

[bit5:4] TH1, THO: Hour register
This register stores the second digit of the hour information in the RTC count block.

Oto 2: Valid
3: Setting is prohibited

[bit3:0] H3-HO: Hour register
This register stores the first digit of the hour information in the RTC count block.

0to9: Enabled
Ato F: Setting disabled
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7.6 Minute Register (WTMIR)

This register indicates the minute information in the RTC count block. The register value is displayed in

BCD.
bit 7 6 5 4 3 2 1 0
Field Reserved TMI2 T™MI1 TMIO MI3 MI2 Mi1l MIO
Attribute R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

[bit7] Reserved: Reserved bit
Always 0 is read.
Set 0 when writing data.

[bit6:4] TMI2-TMIO: Minute register
This register stores the second digit of the minute information in the RTC count block.

0to5: Enabled
6, 7: Setting disabled

[bit3:0] MI3-MI0: Minute register
This register stores the first digit of the minute information in the RTC count block.

0to9: Enabled
Ato F: Setting disabled
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7.7 Second Register (WTSR)

This register indicates the second information in the RTC count block. The register value is displayed in

BCD.
bit 7 6 5 4 3 2 1 0
Field Reserved TS2 TS1 TSO S3 S2 S1 SO
Attribute R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

[bit7] Reserved: Reserved bit
Always 0 is read.
Set 0 when writing data.

[bit6:4] TS2-TSO: Second register
This register stores the second digit of the second information in the RTC count block.

0to5: Enabled
6, 7: Setting disabled

[bit3:0] S3-S0: Second register
This register stores the first digit of the second information in the RTC count block.

Oto9: Enabled
Ato F: Setting disabled
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7.8 Year Register (WTYR)

This register indicates the year information in the RTC count block. The register value is displayed in

BCD.
bit 7 6 5 4 3 2 1 0
Field TY3 TY2 TY1 TYO Y3 Y2 Y1 YO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

[bit7:4] TY3-TYO: Year register
This register stores the second digit of the year information in the RTC count block.

0to9: Enabled
Ato F: Setting disabled

[bit3:0] Y3-YO: Year register
This register stores the first digit of the year information in the RTC count block.

0to9: Enabled
Ato F: Setting disabled
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7.9 Month Register (WTMOR)

This register indicates the month information in the RTC count block. The register value is displayed in

BCD.
bit 7 6 5 4 3 2 1 0
Field Reserved TMOO0 MO3 MO2 MO1 MO0
Attribute R R/W R/W R/W R/W R/W
Initial value 000 0 0 0 0 0

[bit7:5] Reserved: Reserved bits
Always 0 is read.
Set 0 when writing data.

[bit4] TMOO: Month register
This register stores the second digit in the month information in the RTC count block.

[bit3:0] MO3-MOO0: Month register
This register stores the first digit of the month information in the RTC count block.

0to9: Enabled
Ato F: Setting disabled
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7.10 Day of the Week Register (WTDW)

This register indicates the day of the week information in the RTC count block. he register value is
displayed in BCD.

bit 7 6 5 4 3 2 1 0
Field | Reserved DW2 DW1 DWO
Attribute R R/W R/W R/W

Initial value 00000 0 0 0

[bit7:3] Reserved: Reserved bits
Always 0 is read.
Set 0 when writing data.

[bit2:0] DW2-DWO: Day of the week register
This register stores the day information in the RTC count block.

0: Sunday

: Monday

: Tuesday

: Wednesday
: Thursday

: Friday

: Saturday

~N o oA W N P

: Setting disabled
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7.11 Alarm Day Register (ALDR)
This register indicates the alarm-set date information.
bit 7 6 5 4 3 2 1 0
Field | Reserved | TAap1 | TADO AD3 AD2 AD1 ADO
Attribute R RIW RIW RIW R/W R/W R/W
Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits

Always 0 is read.
Set 0 when writing data.

[bit5:4] TAD1, TADO: Alarm day register
This register stores the second digit of the alarm-set date information.

[bit3:0] AD3-ADO: Alarm day register
This register stores the first digit of the alarm-set date information.
Enabled

Oto9:
Setting disabled

Ato F:
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7.12 Alarm Hour Register (ALHR)

This register indicates the alarm-set hour information.

bit 7 6 5 4 3 2 1 0
Field | Reserved TAH1 TAHO AH3 AH2 AH1 AHO
Attribute R R/W R/W R/W R/W R/W R/W

Initial value 00 0 0 0 0 0 0

[bit7:6] Reserved: Reserved bits
Always 0 is read.
Set 0 when writing data.

[bit5:4] TAH1, TAHO: Alarm hour register

This register stores the second digit of the alarm-set hour information.

0to2: Enabled
3: Setting disabled

[bit3:0] AH3-AHO: Alarm hour register
This register stores the first digit of the alarm-set hour information.

0to9: Enabled
Ato F: Setting disabled
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7.13 Alarm Minute Register (ALMIR)

This register indicates the alarm-set minute information.

bit 7 6 5 4 3 2 1 0
Field | Reserved | TAMI2 TAMI1 TAMIO AMI3 AMI2 AMI1 AMIO
Attribute R R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

[bit7] Reserved: Reserved bit
Always 0 is read.

[bit6:4] TAMI2-TAMIO: Alarm minute register
This register stores the second digit of the alarm-set minute information.

0to5: Enabled
6, 7: Setting disabled

[bit3:0] AMI3-AMIO: Alarm minute register
This register stores the first digit of the alarm-set minute information.

0to9: Enabled
Ato F: Setting disabled
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7.14 Alarm Year Register (ALYR)

This register indicates the alarm-set year information.

bit 7 6 5 4 3 2 1 0

Field | Ttav3 | Tav2 | TAY1 | TAYO AY3 AY2 AY1 AYO

Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial value 0 0 0 0 0 0 0 0

[bit7:4] TAY3-TAYO: Alarm year register
This register stores the second digit of the alarm-set year information.
0to9: Enabled

Ato F: Setting disabled

[bit3:0] AY3-AYO: Alarm year register
This register stores the first digit of the alarm-set year information.

0to9: Enabled

Ato F: Setting disabled
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7.15 Alarm Month Register (ALMOR)
This register indicates the alarm-set month information.
bit 7 6 5 4 3 2 1 0
Field | Reserved TAMOO AMO3 AMO2 AMO1 AMOO
Attribute R R/W R/W R/W R/W R/W
Initial value 000 0 0 0 0 0

[bit7:5] Reserved: Reserved bits

Always 0 is read.
Set 0 when writing data.

[bit4] TAMOO: Alarm month register
This register stores the second digit of the alarm-set month information

[bit3:0] AMO3-AMOO: Alarm month register
This register stores the first digit of the alarm-set month information.
Enabled

Oto9:
Setting disabled

Ato F:
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7.16 Time Setting Register (WTTR)
This register is used to set a timer set value that will be up with an elapse of the set value (hours,
minutes, and seconds) or in intervals of the set value (hours, minutes, and seconds).

A value ranging from 1 second up to 1 day can be set.

bit 31 30 29 28 27 26 25 24
Field Reserved
Attribute R
Initial value 0x00
bit 23 22 21 20 19 18 17 16
Field Reserved T™M17 TM16
Attribute R RW RW
Initial value 000000 0 0
bit 15 14 13 12 11 10 9 8
Field T™15 ™14 T™M13 T™I2 ™I T™10 ™9 ™8
Attribute RW RW RW RW RW RW RW RW
Initial value 0 0 0 0 0 0 0 0
bit 7 6 5 4 3 2 1 0
Field ™7 ™6 ™5 ™ ™3 ™2 ™1 ™0
Attribute RW RW RW RW RW RW RW RW
Initial value 0 0 0 0 0 0 0 0

[bit31:18] Reserved: Reserved bits
Always 0 is read.
Set 0 when writing data.

[bit17:0] TM17 to TMO: Timer setting register

This register is a timer setting information bit.

This register is set to store a 1-day timer set value that will be up with an elapse of the set value (hours,
minutes, and seconds) or in intervals of the set value (hours, minutes, and seconds).

The available timer value is from 1 second to 1 day at 0.5 seconds intervals.

Obtain the set value for the timer setting register from the following formula:

TM [17:0] = (Time set[s] x 2) -1

1t0172799: Enabled
0, 172800 to 262143: Setting disabled
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8. Usage Precautions

Note the following when using the RTC count block.

B Use under the following frequency condition: PCLK =2 RTCCLK / 2

B Change settings for each alarm register when any of the alarm interrupt data control bits (WTCR1:YEN,
WTCR1:MOEN, WTCR1:DEN, WTCR1:HEN, WTCR1:MIEN) is O

B An interrupt may occur immediately after any of the alarm interrupt data control bits (WTCR1:YEN,
WTCR1:MOEN, WTCR1:DEN, WTCR1:HEN, and WTCR1:MIEN) is set to 1. After the interrupt, confirm
that the value of Year/Month/Date/Hour/Minute counter by reading them.
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CHAPTER 4-5: RTC Clock Control Block

~~

This chapter explains the functions and operations of the RTC clock control block(A).

1. Overview of RTC Clock Control Block

2. Configuration of RTC Clock Control Block

3. Operations of RTC Clock Control Block

4. Setting Procedures of RTC Clock Control Block
5. Registers of RTC Clock Control Block

CODE: 9RTCCLKC_B_FM4-E01.0
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1. Overview of RTC Clock Control Block

This chapter shows the overview of the functions of the RTC clock control block.

RTC Clock Control Block
The RTC clock control block has the following functions:
B Generation of the RTC clock (RTCMCLK) to be used in the RTC count block.
B Generation of the division clock to be output to the SUBOUT external pin.
B Generation of 0.5-second pulse or 1-second pulse to be output to the RTCCO external pin.
B Correction of fluctuation in input clock (sub clock) frequency due to temperature (frequency correction

function).
(The frequency correction function supposes that a temperature sensor is connected to the RTC clock

control block externally.)
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2. Configuration of RTC Clock Control Block

This section shows the block diagram of the RTC clock control block.

Block Diagram of RTC Clock Control Block

Figure 2-1 Block Diagram of RTC Clock Control Block

SUBOUT output block

Division ratio Divider output
setting register  enable register

=I WTDIV |WTDIVEN |

SUBOUT to SUBOUT

Frequency correction block
6-bit

downcounter |

Sub clock $ P~ RTC clock
P

- 10-bit geg'fggt('on H— RTCMCLK to

downcounter RTC count block

u i

WTCAL
buffer

A

T — ——ﬂ WTCALEN \ WTCAL ‘WTCALPRD

Frequency  Frequency Frequency

correction correction correction
enable value setting period setting
register register register

>20]q [013U0d D1y

RTC CO output block
RTC CO output selection

CO from RTC . >
count block > RTC CO to
1/2 - RTC CO pin

dividers 4

< ‘7 WTCOSEL

RTC CO output selection register

B Frequency correction block
The frequency correction block masks the sub clock and outputs the RTCMCLK whose frequency
has been corrected.
The frequency correction block masks the sub clock for the number of clocks set in the WTCAL
buffer every cycle set in the WTCALPRD Register.

B SUBOUT output block
The SUBOUT output block generates the division clock to be output to the SUBOUT external pin. In
deep standby RTC mode, no division clock can be output from the SUBOUT external pin.

B RTCCO output block
The RTCCO output block generates the signal to be output to the RTCCO external pin. The signal to
be output to the RTCCO external pin can be selected between the CO signal from the RTC count
block and a signal generated by dividing the CO signal by 2. In deep standby RTC mode, the signal
cannot be output from the RTCCO external pin.
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3. Operations of RTC Clock Control Block

This section explains the operations of the RTC clock control block.

Frequency Correction Block

The frequency correction block corrects the frequency lag in the sub clock.

The frequency correction block masks the sub clock for a certain period and outputs the RTCMCLK whose
frequency has been corrected.

The period can be set in the Frequency Correction Period Setting Register (WTCALPRD).

The number of clocks to be masked can be set in the Frequency Correction Value Setting Register
(WTCAL).

Figure 3-1 Examples of Operations of Frequency Correction Block (WTCALPRD=19)

@®Sub clock=32768Hz, WTCALPRD=19, WTCAL=0

RTC
MCLK

f;ﬁg”foﬁ?]‘t";‘l‘;[:k 0 | 1| 2| cornneens 17 | 18 | 19 | 20 | 21 | 22 | weveunnnn 37 | 38 | 39

Real-time 0 1 A 17 | 18 | 19 | 20 | 21 | 22 | =eeeesnns 37 138 |39

@ Sub clock=32772Hz, WTCALPRD=19, WTCAL=0

el 111111 e
RTC

veik T === === T T e

Second counter

(RTC count block) 0 1 2 | ereeeeens 17 | 18 | 19 | 20 | 21 | 22 | «eexeures 37| 38 | 39
Real-time 0 1 2 | eeeeeeens 17 | 18 | 19 | 20 | 21 | 22 | «ereerens 37 | 38 | 39

@ Sub clock=32772Hz, WTCALPRD=19, WTCAL=80

swsees ([N -~ IO - NI
RTC
merk T === ==== (U T e
7 7
Masking 80 clocks Masking 80 clocks
every 20 seconds every 20 seconds
Period counter 19 18 17 | seeennnas 2 1 0 19 18 17 | seeennnas 2 1 0
Second counter
(RTC count block) 0 1 2 | ereeeeees 17 18 | 19 | 20 | 21 | 22 | reeerres 37138 | 39
Real-time 0 1 2 | e 17 |18 |19 |20 | 21 | 22 | ......... 37 | 38 | 39
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Figure 3-2 Examples of Operations of Frequency Correction Block (WTCALPRD=2)

@ Sub clock=32772Hz, WTCALPRD=2, WTCAL=12

(AR

Masking 12 clocks Masking 12 clocks Masking 12 clocks Masking 12 clocks Masking 12 clocks
every 3 seconds every 3 seconds every 3seconds every 3 seconds every 3 seconds

Period counter 2 1 0 2 1 0 2 1 0 2 1 0 2 1 0 2

Second counter
(RTC count block) 0 1 2 3 4 5 6 7 8 9 10| 11 | 12| 13| 14 |15

Real-time 0|1 2 3| 4 5 6 | 7 8 9 10| 11 |12 |13 | 14 |15

RTCCO External Pin Output Clock Selection Block

The RTCCO external pin output clock selection block selects, according to the setting of the RTCCO Output
Selection Register (WTCOSEL) either the CO signal (0.5- second) or the signal (1-second) generated by
dividing the CO signal by 2, and outputs the selected signal to the RTCCO external pin.

Figure 3-3 Examples of Operations of Frequency Correction Block

o5 socens | | | | | 1.

signal selected)

WTCOSEL=1
(1-second

signal ‘ ‘ ‘
selected)

Note:
—  When the clock set by the correction value setting register (WTCAL) is masked, the CO output cycle
is extended for the masked amount.
For the CO signal (0.5 sec) from the RTC count block, see the chapter RTC Count Block.
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B Frequency correction range
Table 3-1 and Table 3-2 show the examples of the frequency correction range. The frequency correction
block corrects a frequency according to a combination of settings of the WTCAL Register and WTCALPRD
Register.

Table 3-1 Example of Frequency Correction Range with WTCALPRD=19 (Target Frequency is 32768 Hz )

Sub clock
frequency )
WTCAL Correction rate [ppm]
before
correction[Hz]
32768.00 0 0.0
32768.05 1 -1.53
32769.95 39 -59.51
32770.00 40 -61.0
32770.05 41 -62.6
32771.90 78 -119.0
32771.95 79 -120.5
32772.00 80 -122.1

Table 3-2 Example of Frequency Correction Range with WTCALPRD=59 (Target Frequency is 32768 Hz )

Sub clock
frequency .
WTCAL Correction rate [ppm]
before
correction[Hz]
32768.00 0 0.0
32768.02 1 -0.51
32771.98 239 -121.6
32772.00 240 -122.1
32772.02 241 -122.6
32779.97 718 -365.1
32779.98 719 -365.6
32780.00 720 -366.1
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4.  Setting Procedures of RTC Clock Control Block

1.

This section explains the setting procedures of the RTC clock control block.

Setting Procedures of Frequency Correction

Write the correction period to the Frequency Correction Period Setting Buffer (WTCALPRD) and the
correction value to the Frequency Correction Value Setting Buffer (WTCAL).

Find out the setting of WTCAL with the following formula.

WTCAL = {(Frequency before correction — ideal Frequency) / ideal Frequency} x32768x(WTCALPRD + 1)
Write 1 to the Frequency Correction Enable Buffer (WTCALEN) to enable frequency correction.

Set the VB_CLKDIV Register to a value that makes the frequency of the transfer clock become 1 MHz or
below. For details of the VB_CLKDIV Register, see VB_CLKDIV Register in chapter VBAT Domain in
Peripheral Manual.

Write 1 to the PWRITE bit in the WTCR20 Register.

Check that the value of the TRANS bit in the WTCR10 Register or that of the PWRITE bit in the WTCR20
Register has become “0”.

Procedure for Changing Settings during the Operation of the Frequency Correction
Function

Check to make sure that the transfer flag bit (TRANS) of control register 10 (WTCR10) is 0.

Write a correction cycle to the frequency correction cycle setting buffer WTCALPRD), and a correction
value to the frequency correction value setting buffer (WTCAL).

Set the transfer clock division setting register (VB_CLKDIV) (for details, see VB_CLKDIV Register in
chapter VBAT Domain of the Peripheral Manual) so that the transfer clock is set to 1 MHz or less.

Set a 0.5-sec interrupt. For details, see Every-0.5-sec, Every-second, Every-minute and Every-hour
Interrupt Setting Operation Flow in chapter RTC Count Block of the Peripheral Manual.

Set the VBAT PORT save operation control bit (PWRITE) of control register 20 (WTCR20) to 1 during the
period from the occurrence of an every-0.5-sec interrupt to the occurrence of the next every-0.5-sec
interrupt.

Check to make sure that the transfer flag bit (TRANS) of control register 10 (WTCR10) is set to “0”.

The timing of reflecting the setting value varies depending on the number of transfers, and whether the
frequency correction cycle buffer WTCALPRD) is changed and the frequency correction is enabled in a
single transfer or two separate transfers.

Figure 4-1 shows the timing chart for the case in which the frequency correction is set in a single transfer.
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Figure 4-1 Examples of Operations of Frequency Correction Block

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Tl T12
Transfer Control  —
register
Transfer Flag bit @ ’ \
Transfer Data XX X XwrcaleRX -+ SXwrcaceroX XX
Load signal /—\ ©) /—\
%) \ 4
WTCALPRD register value OXFF \ X 0x55 \
Down conter value OXFF X OXFE X OxFD X OXFC X X 0x00 X 0x55 X 0x54 X

(1) Write 1 to the frequency correction register (WTCALEN), set a correction cycle in the frequency
correction cycle setting register (WTCALPRD), and then write 1 to the VBAT PORT control bit
(PWRITE) of control register 20 (WTCR20).

(2) The down counter starts to operate when the value is reflected in the frequency correction register
(WTCALEN) of the VBAT domain. The count starts from the down counter value that was present
before its reflection in the frequency correction cycle setting register WTCALPRD).

(3) The value of the frequency correction cycle setting register (WTCALPRD) is reflected in the VBAT
domain.

(4) The down counter value underflows, the setting value of the frequency correction cycle setting register
(WTCALPRD) is reflected in the down counter, and the down count starts.

Figure 4-2 shows the timing chart for the case in which the frequency correction is set in two
separate transfers.

Figure 4-2 Timing Chart for Case in which Frequency Correction is Set in Two Separate Transfers

Clock l I I l I I l I l [ l I [
Transfer Control —
register ﬁ
Transfer Flagbit @) [ ©3) \
Transfer Data XX X - XwrcateNX -+ XvtcateRY <o+ X xx X e XwrcAte -- OwTcAlPRX e+ X XX
Load signal l \
@)
\ \(4)
WTCALPRD registervalue OxFF X 0x55
N
Down Countervalue OxFF X 0x55 X 0x54 X

(1) Write 0 to the frequency correction register (WTCALEN), set a correction cycle in the frequency
correction cycle setting register (WTCALPRD), and then write 1 to the VBAT PORT control bit
(PWRITE) of control register 20 (WTCR20).

(2) The value of the frequency correction cycle setting register (WTCALPRD) is reflected in the VBAT
domain.

(3) Write 1 to the frequency correction register (WTCALEN), and then write 1 to the VBAT PORT control bit
(PWRITE) of control register 20 (WTCR20).

(4) The down counter starts to operate when the value is reflected in the frequency correction register
(WTCALEN) of the VBAT domain.
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Note:

—  When the clock set by the correction value setting register (WTCAL) is masked, the CO output cycle
is extended for the masked amount.

Setting procedures of SUBOUT output block
1.

Write O to the divider output enable bit (WTDIVEN). The divider stops and the SUBOUT external output
outputs the L level.

Read the divider state bit (WTDIVRDY) and wait for the value of that bit to become 0.

Write the division ratio to the division ratio setting bit (WTDIV).

See 5.4. Division Ratio Setting Register (WTDIV) for the division ratio setting.

Write 1 to the divider output enable bit WTDIVEN) to enable the operation of the divider.

Set the VB_CLKDIV Register to a value that makes the frequency of the transfer clock become 1 MHz or
below. For details of the VB_CLKDIV Register, see 6.1. VB_CLKDIV Register in chapter VBAT Domain in
Peripheral Manual.

Write 1 to the PWRITE bit in the WTCR20 Register.

Check that the value of the TRANS bit in the WTCR10 Register has become 0.
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5. Registers of RTC Clock Control Block

This section shows the list of registers of the RTC clock control block.

Registers of RTC Clock Control Block

Table 5-1 List of Registers of RTC Clock Control Block

Abbreviation Register name Reference
WTCALO Frequency Correction Value Setting Register O 0
WTCAL1 Frequency Correction Value Setting Register 1 5.2
WTCALEN Frequency Correction Enable Register 5.3
WTDIV Division Ratio Setting Register 5.4
WTDIVEN Divider Output Enable Register 55
WTCALPRD Frequency Correction Period Setting Register 5.6
WTCOSEL RTCCO Output Selection Register 5.7

The registers shown in Table 5-1 correspond to Circuit Type 3 in chapter VBAT Domain. For that reason, a
system reset and RTC reset do not initialize the registers in the VBAT domain. They do, however, initialize
the buffers in the Always ON domain. After a reset, therefore, the save operation must be performed after
the value is set again or the recall operation is performed.
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5.1 Frequency Correction Value Setting Register 0 (WTCALO)
The Frequency Correction Value Setting Register 0 (WTCALO) sets the frequency correction value of the
RTC clock (RTCMCLK) to be output to the RTC count block.

Bit 7 0
Field | WTCALO
Attribute R/W
Initial value 00000000

[bit7:0] WTCALDO: Frequency correction value setting bits 0
These bits set the number of clocks to be masked for the period set in the WTCALPRD Register.

If the WTCALPRD Register is set to 19, the WTCAL to 8, the input clock (sub clock) is masked for 8 clocks
every 20 seconds and the RTCMCLK is output to the RTC count block.

For values set in WTCAL, see Setting procedure of frequency correction in Setting Procedures of RTC Clock
Control Block.
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5.2 Frequency Correction Value Setting Register 1 (WTCAL1)

The Frequency Correction Value Setting Register 1 (WTCAL1) the frequency correction value of the RTC
clock to be output to the RTC count block.

Bit 7 2 1 0
Field Reserved WTCAL1
Attribute R R/W
Initial value 000000 00

[bit7:2] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit1:0] WTCALL: Frequency correction value setting bits 1
These bits set the number of clocks to be masked for the period set in the WTCALPRD Register.

If the WTCALPRD Register is set to 19, the WTCAL to 8, the input clock (sub clock) is masked for 8 clocks
every 20 seconds and the RTCMCLK is output to the RTC count block.
For values set in WTCAL, see Setting procedure of frequency correction in Setting Procedures of RTC Clock

Control Block.
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5.3 Frequency Correction Enable Register (WTCALEN)

The Frequency Correction Enable Register (WTCALEN) enables correcting the frequency of the RTC clock
(RTCMCLK) to be input to the RTC count block.

Bit 7 0
Field | Reserved WTCALEN
Attribute R/W
Initial value 0000000 0

[bit7:1] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit0] WTCALEN: Frequency correction value setting bit
This bit enables frequency correction.

Bit

Description

0

Disables the frequency correction

1

Enables frequency correction.

May 27, 2015, FM4_MN709-00002-4v0-E

265



CHAPTER 4-5: RTC Clock Control Block(A)
5. Registers of RTC Clock Control Block

PERIPHERAL MANUAL

5.4 Division Ratio Setting Register (WTDIV)

The Division Ratio Setting Register (WTDIV) sets the division ratio of the divider.

Bit 7 4 3 0
Field Reserved WTDIV
Attribute R R/W
Initial value 0000 0000

[bit7:4] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit3:0] WTDIV: Division ration setting bits
These bits set the division ratio for the input clock and for the division clock (SUBOUT) that the divider

outputs.
Bit3:0 Description
0000 No division
0001 Division ratio: 1/2
0010 Division ratio: 1/4
0011 Division ratio: 1/8
0100 Division ratio: 1/16
0101 Division ratio: 1/32
0110 Division ratio: 1/64
0111 Division ratio: 1/128
1000 Division ratio: 1/256
1001 Division ratio: 1/512
1010 Division ratio: 1/1024
1011 Division ratio: 1/2048
1100 Division ratio: 1/4096
1101 Division ratio: 1/8192
1110 Division ratio: 1/16384
1111 Division ratio: 1/32768

Note:

—  Before writing a value to the WTDIV bits, ensure that the divider enable bit (WTDIVEN) in the
Divider Output Enable Register (WTDIVEN) is 0.
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5.5 Divider Output Enable Register (WTDIVEN)
The Divider Output Enable Register (WTDIVEN) enables the output of divider.

Bit 7 2 1 0
Field Reserved WTDIVRDY WTDIVEN
Attribute R R R/W
Initial value 000000 0 0

[bit7:2] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bitl] WTDIVRDY: Divider state bit
This bit shows the state of the divider.

Bit Description
0 The divider has stopped operating. The SUBOUT external pin output is fixed at “Low”.
1 The divider is operating.

[bit0] WTDIVEN: Divider enable bit
This bit enables the operation of the divider.

Bit Description
0 Stops the operation of the divider.
1 Enables the operation of the divider.
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5.6 Frequency Correction Period Setting Register (WTCALPRD)

The Frequency Correction Period Setting Register (WTCALPRD) sets the period for frequency correction.

Bit 7 6 5 0
Field Reserved WTCALPRD
Attribute R R/W
Initial value 00 010011

[bit7:6] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit5:0] WTCALPRD: Frequency correction value setting bits

Set these bits to a value that is the remainder of subtracting 1 from the period (in seconds) of masking the
clock for frequency correction.

For instance, if these bits are set to 0, the period becomes 1 second long; if these bits are set to 19, the
period becomes 20 seconds long.
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5.7 RTCCO Output Selection Register (WTCOSEL)
The RTCCO Output Selection Register (WTCOSEL) selects the RTCCO output.

Bit 7 1 0
Field Reserved WTCOSEL
Attribute R R/W
Initial value 0000000 0

[bit7:1] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit0] WTCOSEL: RTCCO output selection bit
This bit selects the RTCCO output.

Bit Description
The RTCCO output block outputs the CO signal of the RTC count block to the RTCCO
external pin.

0

The RTC count block outputs a signal generated by dividing the CO signal by 2 to the RTCCO
external pin.
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CHAPTER 4-6: RTC Clock Control Block(B)

This chapter explains the functions and operations of the RTC clock control block(B)

1. Overview of RTC Clock Control Block

2. Configuration of RTC Clock Control Block

3. Operations of RTC Clock Control Block

4. Setting Procedures of RTC Clock Control Block

5. Registers of RTC Clock Control Block
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1. Overview of RTC Clock Control Block

This chapter shows the overview of the functions of the RTC clock control block.

RTC Clock Control Block
The RTC clock control block has the following functions:

B Generation of the RTC clock (RTCMCLK) to be used in the RTC count block.

B Generation of the division clock to be output to the SUBOUT external pin.

B Generation of 0.5-second pulse or 1-second pulse to be output to the RTCCO external pin.

B Correction of fluctuation in input clock (sub clock) frequency due to temperature (frequency correction
function).
(The frequency correction function supposes that a temperature sensor is connected to the RTC clock
control block externally.)
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2. Configuration of RTC Clock Control Block

This section shows the block diagram of the RTC clock control block.

Block Diagram of RTC Clock Control Block

Figure 2-1 Block Diagram of RTC Clock Control Block

SUBOUT output block

Division ratio Divider output
setting register  enable register

=I WTDIV |WTDIVEN |

SUBOUT to SUBOUT

Frequency correction block
6-bit

downcounter |

Sub clock $ P~ RTC clock
P

- 10-bit geg'fggt('on H— RTCMCLK to

downcounter RTC count block

u i

WTCAL
buffer

A

T — ——ﬂ WTCALEN \ WTCAL ‘WTCALPRD

Frequency  Frequency Frequency

correction correction correction
enable value setting period setting
register register register

>20]q [013U0d D1y

RTC CO output block
RTC CO output selection

CO from RTC . >
count block > RTC CO to
1/2 - RTC CO pin

dividers 4

< ‘7 WTCOSEL

RTC CO output selection register

B Frequency correction block
The frequency correction block masks the sub clock and outputs the RTCMCLK whose frequency
has been corrected.
The frequency correction block masks the sub clock for the number of clocks set in the WTCAL
buffer every cycle set in the WTCALPRD Register.

B SUBOUT output block
The SUBOUT output block generates the division clock to be output to the SUBOUT external pin. In
deep standby RTC mode, no division clock can be output from the SUBOUT external pin.

B RTCCO output block
The RTCCO output block generates the signal to be output to the RTCCO external pin. The signal to
be output to the RTCCO external pin can be selected between the CO signal from the RTC count
block and a signal generated by dividing the CO signal by 2. In deep standby RTC mode, the signal
cannot be output from the RTCCO external pin.
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3. Operations of RTC Clock Control Block
This section explains the operations of the RTC clock control block.
Frequency Correction Block
The frequency correction block corrects the frequency lag in the sub clock.
The frequency correction block masks the sub clock for a certain period and outputs the RTCMCLK whose
frequency has been corrected.
The period can be set in the Frequency Correction Period Setting Register (WTCALPRD).
The number of clocks to be masked can be set in the Frequency Correction Value Setting Register
(WTCAL).
Figure 3-1 Examples of Operations of Frequency Correction Block (WTCALPRD=19)
@ Sub clock=32768Hz, WTCALPRD=19, WTCAL=0
sws (NI -~~~ NN -~ DM
RTC
veik M == e
Second counter
(RTC count block 0 | 1 | 2 | sevvenens 17 | 18 | 19 | 20 | 21 | 22 | weeeersns 37 | 38| 39
Real-time 0 | 1 | 2 | sevennnns 17 | 18 | 19 | 20 | 21 | 22 | «+=seusns 37 138 39
@ Sub clock=32772Hz, WTCALPRD=19, WTCAL=0
swsset (NI -~ TN -~ AN
RTC
verk I === A e ee
Second counter
(RTC count block) 0 | 1 | 2 | seeeeenns 17118 | 19 | 20 | 21 | 22 | «xxesnees 37|38 | 39
Real-time 0 | 1 | 2 | sevvenees 17 | 18 | 19 | 20 | 21 | 22 | sreeeurns 37 138 39
@®Sub clock=32772Hz, WTCALPRD=19, WTCAL=80
e ([N -~ NN - NONORNAI
RTC
verik T == T T e
T T
Masking 80 clocks Masking 80 clocks
every 20 seconds every 20 seconds
Period counter 19 | 18 | 17 | «ereerens 2 1 0 19 | 18 | 17 | «eveveens 2 1 0
Second counter
(RTC count block) 0O | 1 | 2 | weveeeens 17118 | 19 | 20 | 21 | 22 | «rreenees 37|38 | 39
Real-time 0 1 2 | e 17 |18 |19 |20 | 21 | 22 | ......... 37 | 38 | 39
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Figure 3-2 Examples of Operations of Frequency Correction Block (WTCALPRD=2)

@ Sub clock=32772Hz, WTCALPRD=2, WTCAL=12

(AR

Masking 12 clocks Masking 12 clocks Masking 12 clocks Masking 12 clocks Masking 12 clocks
every 3 seconds every 3 seconds every 3seconds every 3 seconds every 3 seconds

Period counter 2 1 0 2 1 0 2 1 0 2 1 0 2 1 0 2

Second counter
(RTC count block) 0 1 2 3 4 5 6 7 8 9 10| 11 | 12| 13| 14 |15

Real-time 0|1 2 3| 4 5 6 | 7 8 9 10| 11 |12 |13 | 14 |15

RTCCO External Pin Output Clock Selection Block

The RTCCO external pin output clock selection block selects, according to the setting of the RTCCO Output
Selection Register (WTCOSEL) either the CO signal (0.5- second) or the signal (1-second) generated by
dividing the CO signal by 2, and outputs the selected signal to the RTCCO external pin.

Figure 3-3 Examples of Operations of Frequency Correction Block

o5 socens | | | | | 1.

signal selected)

WTCOSEL=1
(1-second

signal ‘ ‘ ‘
selected)

Note:
—  When the clock set by the correction value setting register (WTCAL) is masked, the CO output cycle
is extended for the masked amount.
For the CO signal (0.5 sec) from the RTC count block, see the chapter RTC Count Block.
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B Frequency correction range
Table 3-1 and Table 3-2 show the examples of the frequency correction range. The frequency correction
block corrects a frequency according to a combination of settings of the WTCAL Register and WTCALPRD
Register.

Table 3-1 Example of Frequency Correction Range with WTCALPRD=19 (Target Frequency is 32768 Hz )

Sub clock
frequency )
WTCAL Correction rate [ppm]
before
correction[Hz]
32768.00 0 0.0
32768.05 1 -1.53
32769.95 39 -59.51
32770.00 40 -61.0
32770.05 41 -62.6
32771.90 78 -119.0
32771.95 79 -120.5
32772.00 80 -122.1

Table 3-2 Example of Frequency Correction Range with WTCALPRD=59 (Target Frequency is 32768 Hz )

Sub clock
frequency .
WTCAL Correction rate [ppm]
before
correction[Hz]
32768.00 0 0.0
32768.02 1 -0.51
32771.98 239 -121.6
32772.00 240 -122.1
32772.02 241 -122.6
32779.97 718 -365.1
32779.98 719 -365.6
32780.00 720 -366.1
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4.  Setting Procedures of RTC Clock Control Block

1.

This section explains the setting procedures of the RTC clock control block.

Setting Procedures of Frequency Correction

Write the correction period to the Frequency Correction Period Setting Buffer (WTCALPRD) and the
correction value to the Frequency Correction Value Setting Buffer (WTCAL).

Find out the setting of WTCAL with the following formula.

WTCAL = {(Frequency before correction — ideal Frequency) / ideal Frequency} x32768x(WTCALPRD + 1)
Write 1 to the Frequency Correction Enable Buffer (WTCALEN) to enable frequency correction.

Set the VB_CLKDIV Register to a value that makes the frequency of the transfer clock become 1 MHz or
below. For details of the VB_CLKDIV Register, see VB_CLKDIV Register in chapter VBAT Domain in
Peripheral Manual.

Write 1 to the PWRITE bit in the WTCR20 Register.

Check that the value of the TRANS bit in the WTCR10 Register or that of the PWRITE bit in the WTCR20
Register has become 0.

Procedure for Changing Settings during the Operation of the Frequency Correction
Function

Check to make sure that the transfer flag bit (TRANS) of control register 10 (WTCR10) is O.

Write a correction cycle to the frequency correction cycle setting buffer WTCALPRD), and a correction
value to the frequency correction value setting buffer (WTCAL).

Set the transfer clock division setting register (VB_CLKDIV) (for details, see VB_CLKDIV Register in
chapter VBAT Domain of the Peripheral Manual) so that the transfer clock is set to 1 MHz or less.

Set a 0.5-sec interrupt. For details, see Every-0.5-sec, Every-second, Every-minute and Every-hour
Interrupt Setting Operation Flow in chapter RTC Count Block of the Peripheral Manual.

Set the VBAT PORT save operation control bit (PWRITE) of control register 20 (WTCR20) to 1 during the
period from the occurrence of an every-0.5-sec interrupt to the occurrence of the next every-0.5-sec
interrupt.

Check to make sure that the transfer flag bit (TRANS) of control register 10 (WTCR10) is set to 0.

Setting Procedures of SUBOUT Output Block
1.

Write O to the divider output enable bit (WTDIVEN). The divider stops and the SUBOUT external output
outputs the L level.

Read the divider state bit (WTDIVRDY) and wait for the value of that bit to become 0.

Write the division ratio to the division ratio setting bit (WTDIV).

See 5.4. Division Ratio Setting Register (WTDIV) for the division ratio setting.

Write 1 to the divider output enable bit WWTDIVEN) to enable the operation of the divider.
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5. Registers of RTC Clock Control Block

This section shows the list of registers of the RTC clock control block.

Registers of RTC Clock Control Block

Table 5-1 List of Registers of RTC Clock Control Block

Abbreviation Register name Reference
WTCALO Frequency Correction Value Setting Register O 0
WTCAL1 Frequency Correction Value Setting Register 1 5.2
WTCALEN Frequency Correction Enable Register 5.3
WTDIV Division Ratio Setting Register 5.4
WTDIVEN Divider Output Enable Register 5.5
WTCALPRD Frequency Correction Period Setting Register 5.6
WTCOSEL RTCCO Output Selection Register 5.7

The registers except WTDIV and WTDIVEN shown in Table 5-1 correspond to Circuit Type 3 in chapter
VBAT Domain. For that reason, a system reset and RTC reset do not initialize the registers in the VBAT
domain. They do, however, initialize the buffers in the Always ON domain. After a reset, therefore, the save
operation must be performed after the value is set again or the recall operation is performed.
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5.1 Frequency Correction Value Setting Register 0 (WTCALO)
The Frequency Correction Value Setting Register 0 (WTCALDO) sets the frequency correction value of the
RTC clock (RTCMCLK) to be output to the RTC count block.

Bit 7 0
Field | WTCALO
Attribute R/W
Initial value 00000000

[bit7:0] WTCALDO: Frequency correction value setting bits 0
These bits set the number of clocks to be masked for the period set in the WTCALPRD Register.

If the WTCALPRD Register is set to 19, the WTCAL to 8, the input clock (sub clock) is masked for 8 clocks
every 20 seconds and the RTCMCLK is output to the RTC count block.

For values set in WTCAL, see Setting procedure of frequency correction in Setting Procedures of RTC Clock
Control Block.
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5.2 Frequency Correction Value Setting Register 1 (WTCAL1)
The Frequency Correction Value Setting Register 1 (WTCAL1) the frequency correction value of the RTC
clock to be output to the RTC count block.

Bit 7 2 1 0
Field Reserved WTCAL1
Attribute R R/W
Initial value 000000 00

[bit7:2] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit1:0] WTCALL: Frequency correction value setting bits 1
These bits set the number of clocks to be masked for the period set in the WTCALPRD Register.

If the WTCALPRD Register is set to 19, the WTCAL to 8, the input clock (sub clock) is masked for 8 clocks
every 20 seconds and the RTCMCLK is output to the RTC count block.

For values set in WTCAL, see Setting procedure of frequency correction in Setting Procedures of RTC Clock
Control Block.
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5.3 Frequency Correction Enable Register (WTCALEN)

The Frequency Correction Enable Register (WTCALEN) enables correcting the frequency of the RTC clock
(RTCMCLK) to be input to the RTC count block.

Bit 7 0
Field | Reserved WTCALEN
Attribute R/W
Initial value 0000000 0

[bit7:1] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit0] WTCALEN: Frequency correction value setting bit
This bit enables frequency correction.

Bit

Description

0

Disables the frequency correction

1

Enables frequency correction.
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Division Ratio Setting Register (WTDIV)

The Division Ratio Setting Register (WTDIV) sets the division ratio of the divider.

Bit 7 4 3 0
Field Reserved WTDIV
Attribute R R/W
Initial value 0000 0000

[bit7:4] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit3:0] WTDIV: Division ration setting bits
These bits set the division ratio for the input clock and for the division clock (SUBOUT) that the divider
outputs.

Bit3:0 Description
0000 No division

0001 Division ratio: 1/2
0010 Division ratio: 1/4
0011 Division ratio: 1/8
0100 Division ratio: 1/16
0101 Division ratio: 1/32
0110 Division ratio: 1/64
0111 Division ratio: 1/128
1000 Division ratio: 1/256
1001 Division ratio: 1/512
1010 Division ratio: 1/1024
1011 Division ratio: 1/2048
1100 Division ratio: 1/4096
1101 Division ratio: 1/8192
1110 Division ratio: 1/16384
1111 Division ratio: 1/32768

Note:
—  Before writing a value to the WTDIV bits, ensure that the divider enable bit (WTDIVEN) in the
Divider Output Enable Register (WTDIVEN) is 0.
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5.5 Divider Output Enable Register (WTDIVEN)
The Divider Output Enable Register (WTDIVEN) enables the output of divider.

Bit 7 2 1 0
Field Reserved WTDIVRDY WTDIVEN
Attribute R R R/W
Initial value 000000 0 0

[bit7:2] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bitl] WTDIVRDY: Divider state bit
This bit shows the state of the divider.

Bit Description
0 The divider has stopped operating. The SUBOUT external pin output is fixed at Low.
1 The divider is operating.

[bit0] WTDIVEN: Divider enable bit
This bit enables the operation of the divider.

Bit Description
0 Stops the operation of the divider.
1 Enables the operation of the divider.
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5.6 Frequency Correction Period Setting Register (WTCALPRD)

The Frequency Correction Period Setting Register (WTCALPRD) sets the period for frequency correction.

Bit 7 6 5 0
Field Reserved WTCALPRD
Attribute R R/W
Initial value 00 010011

[bit7:6] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit5:0] WTCALPRD: Frequency correction value setting bits
Set these bits to a value that is the remainder of subtracting 1 from the period (in seconds) of masking the

clock for frequency correction.
For instance, if these bits are set to 0, the period becomes 1 second long; if these bits are set to 19, the

period becomes 20 seconds long.
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5.7 RTCCO Output Selection Register (WTCOSEL)
The RTCCO Output Selection Register (WTCOSEL) selects the RTCCO output.

Bit 7 1 0
Field Reserved WTCOSEL
Attribute R R/W
Initial value 0000000 0

[bit7:1] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit0] WTCOSEL: RTCCO output selection bit
This bit selects the RTCCO output.

Bit Description
The RTCCO output block outputs the CO signal of the RTC count block to the RTCCO
external pin.

0

The RTC count block outputs a signal generated by dividing the CO signal by 2 to the RTCCO
external pin.
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CHAPTER 4-7: RTC Clock Control Block

~

This chapter explains the functions and operations of the RTC clock control block(C).

1. Overview of RTC Clock Control Block

2. Configuration of RTC Clock Control Block

3. Operations of RTC Clock Control Block

4. Setting Procedures of RTC Clock Control Block
5. Registers of RTC Clock Control Block
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1. Overview of RTC Clock Control Block

This chapter shows the overview of the functions of the RTC clock control block.

RTC Clock Control Block
The RTC clock control block has the following functions:

B Generation of the RTC clock (RTCMCLK) to be used in the RTC count block.

B Selection of a main clock and sub clock as an input clock (RIN_CLK).

B Generation of the division clock to be output to the SUBOUT external pin.

B Generation of 0.5-second pulse or 1-second pulse to be output to the RTCCO external pin.

B Correction of fluctuation in input clock (sub clock) frequency due to temperature (frequency correction
function).
(The frequency correction function supposes that a temperature sensor is connected to the RTC clock
control block externally.)
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2. Configuration of RTC Clock Control Block

This section shows the block diagram of the RTC clock control block.

Block Diagram of RTC Clock Control Block

Figure 2-1 Block Diagram of RTC Clock Control Block

SUBOUT output block
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To SUBOUT pin
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_ = + » RTC clock
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Frequency correction
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RTCCO output block
RTCCO output selection
CcO . >
From RTC count block

» RTCCO
1/2 To RTCCO pin
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RTCCO output
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B Input clock selection block
Select the input clock (RIN_CLK) as the main clock and sub clock by setting the clock selection

register (WTCALS).

B Frequency correction block
The frequency correction block masks RIN_CLK and outputs frequency-corrected MCLK.

The frequency correction block masks RIN_CLK according the number of the value set in the
WTCAL buffer at the cycles set as WTCALPRD register.

B SUBOUT output block
The SUBOUT output block generates the division clock to be output to the SUBOUT external pin.

In deep standby RTC mode, no division clock can be output from the SUBOUT external pin.

B RTCCO output block
The RTCCO output block generates a signal as a RTCCO external pin output.
The RTCCO external pin output select possible CO signal from a RTC count block or 2 divisions of
CO signal.
In deep standby RTC mode, no output from RTCCO is possible.
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Operations of RTC Clock Control Block

This section explains the operations of the RTC clock control block.

Frequency Correction Block

A gap of the frequency of RIN_CLK is corrected.

The mask of RIN_CLK is carried out a fixed cycle, and MCLK which performed frequency correction is
outputted.

A cycle is set as frequency correction cycle setting register (WTCALPRD).

The number of clocks which carry out a mask to frequency correction value setting register (WTCAL) is set.

Figure 3-1 Example of a Frequency Correction Block of Operation (WTBR=8190 and WTCALPRD=19)

o When RIN_CLK=32764Hz, WTCALPRD=19, and WTCAL=0

RIN_CLK

oMM~ NN -~ AN

Second counter
(RTC conuter block) 0112 17 |18 |19 )20 | 21| 22 37 | 38| 39
Real time 0 1 2 | 17 | 18 | 19 | 20 | 21 | 22 | ==vevrnes 37 | 38 | 39

o When RIN_CLK=32772Hz, WTCALPRD=19, and WTCAL=0

RIN_CLK

v~ IR - AN

Second counter | 4 | g | 5 | ..., 1718 |19 | 20 | 21 | 22 | «veerenn 37|38 39
(RTC conuter block)

Real time 0 1 2 | 17 118 | 19 | 20 | 21 | 22 | =errreeee 37 | 38 | 39

o When RIN_CLK=32772Hz, WTCALPRD=19, and WTCAL=160

e (NN~ I -
e {MONINN -~ A ONURNRN - AN
1 1
The mask of the 160 x clock is carried out every 20 seconds.
Cycle counter | 19 | 18 | 17 | »=-=veee- 21| 0 {1918 |17 | -ceerenns 21| 0
Second counter
(RTC conuter block) 0 1 2 17118 | 19 { 20 | 21 | 22 37|38 | 39
Real time 0 1 2 e 17 | 18 | 19§20 | 21 | 22 | ==rrrvers 37 | 38 | 39
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Figure 3-2 Example of a Frequency Correction Block of Operation (WTBR=8190 and WTCALPRD=3)

® When RIN_CLK=32772Hz, WTCALPRD=3, and WTCAL=24

(A T

The mask of the 24 x clock is carried out every 3 seconds.

Cycle counter 2 1 0 2 1 0 2 1 0 2 1 0 2 1 0 2

Second counter
(RTC conuter block)

Real time 0 1 2 3 4 5 6 7 8 9 10 | 11 § 12 | 13 | 14 | 15

RTCCO External Pin Output Clock Selection Block
By setup of RTCCO clock selection register (WTCOSEL), CO signal (0.5 second) from a RTC count block or
the 2 divisions (1 second) of CO signal is selected, and it outputs to a RTCCO external pin.

Figure 3-3 Examples of Operations of Frequency Correction Block

(o059 | | | I

WTCOSEL=1 ‘ ‘ ‘
(Select 1 s)

See the chapter of RTC Count Block for CO signal (0.5 second) from a RTC count block.
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Operation of the WTCAL Buffer
The frequency correction value setting register (WTCAL) sets the number of clock cycles masked by the
frequency correction function.

The frequency correction block incorporates a WTCAL buffer because this block in operation makes the
frequency correction value setting register (WTCAL) rewritable.

Figure 3-4 Operation Diagram of the WTCAL Buffer

Peripheral clock (PCLK) == -
Input clock (RIN_CLK) ~ L - g
CO signal of RTC counter ﬂl—\ I ]
COJ/2 signal I - -
WTCAL[9:0] 0x000 0x003 -- 0x003 .- 0x003
WTCAL buffer[9:0] 0x000 -- 0x000 0x003 .. 0x003
6-bit down counter[5:0] 19 X 18 - 0 - 0 19
10-bit down counter[9:0] 0 - 0 0o Y3 2 Y1 )Xo
RTC input clock (MCLK) ST -
~—~— —
(1) 2 (3 4)

(1) The WTCAL buffer writes the number of clocks to be masked in the frequency correction value setting
register (WTCAL).

(2) 6-bit down counter =0 it is set to zero and the value of WTCAL is transmitted after 3 clocks of APB2 bus
clock (PCLK2) at a WTCAL buffer.

(3) The value of a WTCAL register is loaded to a 10-bit down counter just before the underflow of 6-bit
down counter, and carry out the mask of the clock of the set-up value.

(4) 6-bit down counter loads the value of a WTCAL buffer at the time of underflow.

Note:

—  The CO signal of a RTC count block is High at the mask of the clock set up by the WTCAL register is
carried out.
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Frequency Correction Range

Table 3-1 and Table 3-2 show the examples of the frequency correction range. The frequency correction
block corrects a frequency according to a combination of settings of the WTBR register of a RTC count block,
a WTCAL register, and a WTCALPRD register.

Table 3-1 Example of Frequency Correction Range (WTCALPRD=19) (Ideal Value)

WTBR=8190 WTBR=8189

WTCAL Correction rate Sub clock Correction rate Sub clock
[ppm] Frequency [Hz] [ppm] Frequency [Hz]

122.1 32764.00 244.1 32760.00

120.5 32764.05 242.6 32760.05

119.0 32764.10 241.1 32760.10

79 15 32767.95 123.6 32763.95

80 0.0 32768.00 122.1 32764.00

81 -1.5 32768.05 120.5 32764.05

159 -120.5 32771.95 15 32767.95

160 -122.1 32772.00 0.0 32768.00

161 -123.6 32772.05 -1.5 32768.05

318 -363.2 32779.90 -241.1 32775.90

319 -364.7 32779.95 -242.6 32775.95

320 -366.2 32780.00 -244.1 32776.00

Table 3-2 Example of Frequency Correction Range (WTCALPRD=59) (Ideal Value)

WTBR=8190 WTBR=8189 WTBR=8190 WTBR=8189

WTCAL Correction rate Sub clock Correction rate Sub clock

[ppm] Frequency [Hz] [ppm] Frequency [Hz]
122.1 32764.00 244.1 32760.00
121.6 32764.02 243.6 32760.02
121.1 32764.03 243.1 32760.03
239 0.5 32767.98 122.6 32763.98
240 0.0 32768.00 122.1 32764.00
241 -0.5 32768.02 121.6 32764.02
479 -121.6 32771.98 0.5 32767.98
480 -122.1 32772.00 0.0 32768.00
481 -122.6 32772.02 -0.5 32768.02
958 -365.2 32779.97 -243.1 32775.97
959 -365.7 32779.98 -243.6 32775.98
960 -366.2 32780.00 -244.1 32776.00
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4.  Setting Procedures of RTC Clock Control Block

This section explains the setting procedures of the RTC clock control block.

Setting Procedures of Frequency Correction (with Sub Clock Selected)
(1) Write O to the input clock selection bit (WTCLKS) to select the sub clock.

(2) Read the clock selection status bit (WTCLKM) and wait until the sub clock 10 is selected.

(3) Write the correction cycle to frequency correction cycle setting register (WTCALPRD) and the correction
value to the frequency correction value setting register (WTCAL).
Obtain the set value for the WTCAL from the following formula:
WTCAL = {(Frequency before correction - (WTBR+1) x 4) / (WTCALPRD + 1)} x 2%°

(4) The frequency correction will be enabled with 1 written to the frequency correction enable bit
(WTCALEN).

Procedure for Changing Settings during the Operation of the Frequency Correction
Function
(1) Write 0 to the divider output enable bit (WTDIVEN).

The divider will stop operating and the SUBOUT external output will output a low level.

(2) Read the divider status bit (WTDIVRDY) and wait until the value becomes 0 (the divider is not in
operation).

(3) Write the divider ratio to the divider ratio setting bit (WTDIV). For divider ratio settings, see 5.6 Divider
Output Enable Register (WTDIVEN).

(4) The divider is set to operation enabled by writing 1 to the divider output enable bit (WTDIVEN).
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5. Registers of RTC Clock Control Block

This section shows the list of registers of the RTC clock control block.

Registers of RTC Clock Control Block

Table 5-1 List of Registers of RTC Clock Control Block

Abbreviation Register name Reference
WTCLKS Clock selection register 5.1
WTCLKM Selection clock status register 5.2
WTCAL Frequency correction value setting register 5.3
WTCALEN Frequency correction enable register 5.4
WTDIV Divider ratio setting register 55
WTDIVEN Divider output enable register 5.6
WTCALPRD Frequency correction cycle setting register 5.7
WTCOSEL RTCCO output selection register 5.8
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[bit7:1] Reserved: Reserved bits

The read value is always 0.
Write O to a reserved bit in a write access to it.

ESS
Clock Selection Register (WTCLKS)
This register is used for the input clock (RIN_CLK) selection.
bit 7 0
Field Reserved WTCLKS
Attribute R R/W
Initial value 0000000 0

[bit0] WTCLKS: Input clock selection bit
This bit is used for the following input clock (RIN_CLK) selection.
bit Description
0 Selects the sub clock.
1 Selects the main clock.

FM4_MN709-00002-4v0-E, May 27, 2015
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5.2 Selection Clock Status Register (WTCLKM)

This register shows the status of the input clock (RIN_CLK) selection.

bit 7 1 0
Field Reserved WTCLKM
Attribute R R
Initial value 000000 00

[bit7:2] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit1:0] WTCLKM: Clock selection status bits
This bit shows the status of the input clock (RIN_CLK) selection.

bit1:0 LG
0x The RIN_CLK is not in operation
10 The sub clock is selected.
11 The main clock is selected.

Note:

- A software reset, RTC reset, or APB2 bus reset does not initialize this register.
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5.3 Frequency Correction Value Setting Register (WTCAL)
The Frequency Correction Value Setting Register 1 (WTCAL1) the frequency correction value of the RTC
clock to be output to the RTC count block.

bit 15 10 9 8

Field Reserved WTCAL

Attribute R R/W
Initial value 000000 00

bit 7 0

Field WTCAL

Attribute R/W
Initial value 00000000

[bit15:10] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit9:0] WTCAL: Frequency correction value setting bits

The number of cycles to be masked is set cycle as the WTCALPRD register.

Eight clocks will be masked from the input clock (RIN_CLK) for each 20 s and the MCLK output will be
generated to the RTC count block if the WTCALPRD is set as 19 and the WTCAL is set to 8.

For the WTCAL set value, see Setting procedures of frequency correction (with sub clock selected)

in 4. Setting Procedures of RTC Clock Control Block.

Note:
—  Asoftware reset or APB2 bus reset does not initialize this register.

298 FM4_MN709-00002-4v0-E, May 27, 2015



J

~
o

54 CYPRESS

{

CHAPTER 4-7: RTC Clock Control Block(C)
5. Registers of RTC Clock Control Block
PERIPHERAL MANUAL

5.4 Frequency Correction Enable Register (WTCALEN)

This register enables frequency corrections to the clock (MCLK) input into the RTC count block.

bit 7 1 0
Field Reserved WTCALEN
Attribute R R/W
Initial value 0000000 0

[bit7:1] Reserved: Reserved bits

The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit0] WTCALEN: Frequency correction value setting bit
This bit enables frequency correction.
bit Description
0 Disables the frequency correction
1 Enables frequency correction.
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5.5 Division Ratio Setting Register (WTDIV)

This register sets the division ratio of the divider.

bit 7 4 3 0
Field Reserved WTDIV
Attribute R R/W
Initial value 0000 0000

[bit7:4] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit3:0] WTDIV: Division ration setting bits
These bits set the division ratio for the input clock and for the division clock (SUBOUT) that the divider

outputs.
bit3:0 Description
0000 No division
0001 Division ratio: 1/2
0010 Division ratio: 1/4
0011 Division ratio: 1/8
0100 Division ratio: 1/16
0101 Division ratio: 1/32
0110 Division ratio: 1/64
0111 Division ratio: 1/128
1000 Division ratio: 1/256
1001 Division ratio: 1/512
1010 Division ratio: 1/1024
1011 Division ratio: 1/2048
1100 Division ratio: 1/4096
1101 Division ratio: 1/8192
1110 Division ratio: 1/16384
1111 Division ratio: 1/32768

Notes:

—  Before writing a value to the WTDIV bits, ensure that the divider enable bit (WTDIVEN) in the
Divider Output Enable Register (WTDIVEN) is 0.
—  Asoftware reset or APB2 bus reset does not initialize this register.
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5.6 Divider Output Enable Register (WTDIVEN)

This register enables the output of divider.

bit 7 2 1 0
Field Reserved WTDIVRDY WTDIVEN
Attribute R R R/W
Initial value 000000 0 0

[bit7:2] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bitl] WTDIVRDY: Divider state bit
This bit shows the state of the divider.

bit Description
0 The divider has stopped operating. The SUBOUT external pin output is fixed at Low.
1 The divider is operating.

[bit0] WTDIVEN: Divider enable bit
This bit enables the operation of the divider.

bit Description
0 Stops the operation of the divider.
1 Enables the operation of the divider.

Note:
— A software reset or APB2 bus reset does not initialize this register.
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5.7 Frequency Correction Period Setting Register (WTCALPRD)

This register sets the period for frequency correction.

bit 7 6 5 0
Field Reserved WTCALPRD
Attribute R R/W
Initial value 00 010011

[bit7:6] Reserved: Reserved bits
The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit5:0] WTCALPRD: Frequency correction value setting bits

Set these bits to a value that is the remainder of subtracting 1 from the period (in seconds) of masking the
clock for frequency correction.

For instance, if these bits are set to 0, the period becomes 1 second long; if these bits are set to 19, the
period becomes 20 seconds long.

Note:
—  Asoftware reset or APB2 bus reset does not initialize this register.
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5.8 RTCCO Output Selection Register (WTCOSEL)
This register selects the RTCCO output.
bit 7 1 0
Field Reserved WTCOSEL
Attribute R R/W
Initial value 0000000 0

[bit7:1] Reserved: Reserved bits

The read value is always 0.
Write O to a reserved bit in a write access to it.

[bit0] WTCOSEL: RTCCO output selection bit
This bit selects the RTCCO output.
Description

The CO signal of the RTC count block is output

bit
0
The 2 divisions of CO signal is output.

1
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This chapter explains about the base timer I/O select function.

1. Overview
2. Configuration
3. 1/0 Mode
4. Registers

CODE: 9BFBTSELA-E02.0_FW14-E00.4
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1. Overview

The base timer I/O select function sets the I/O mode, and thereby determines the method to input and output
signals (external clock, external start trigger, and waveform) to/from the base timer.

By switching timer function, each channel of the base timer can be also used as one of the following timers:

— 16-bit PWM timer

— 16-bit PPG timer

— 16-/32-bit reload timer
- 16-/32-bit PWC timer

Overview
One of the following 9 types of I/O modes can be selected for each 2 channels.

Software-based simultaneous startup function is provided for multiple channels, enabling up to 16 channels
to be started up via software.

B |/O mode 0: Standard 16-bit timer mode
This mode operates each channel of the base timer individually.

I/0 mode 1: Timer full mode
This mode assigns each even channel signal of the base timer with an external pin individually to
operate the channel.

B /O mode 2: Shared external trigger mode
This mode can input an external startup trigger to two channels of the base timer simultaneously.
Using this mode, the base timer of two channels can be started up simultaneously.

B |/O mode 3: Shared channel signal trigger mode
This mode uses an external signal from another channel as an external startup trigger. This mode
cannot be selected for channel 0 or 1.

B |/O mode 4: Timer start/stop mode
This mode controls the start/stop of the odd channel using the even channel. The odd channel starts
on the rising edge of output signal from the even channel, and stops on the falling edge.

B |/O mode 5: Software-based simultaneous startup mode
This mode starts up multiple channels simultaneously via software.

B 1/O mode 6: Software-based startup and timer start/stop mode
This mode controls the start/stop of the odd channel using the even channel. An even channel is
started up via software. The odd channel starts on the rising edge of output signal from the even
channel, and stops on the falling edge.

B |/O mode 7: Timer start mode
This mode controls the start of the odd channel using the even channel. The odd channel starts on
the rising edge of output signal from the even channel.

B |/O mode 8: Shared channel signal trigger and timer start/stop mode
This mode uses an external signal from another channel as an external startup trigger. This mode
cannot be selected for channel 0 or 1.

B |/O mode 9: Event counter mode (External clock mode)
This mode is equipped for TYPE5-M4 and TYPEG6-M4 products.
This mode is the input clock (count clock) of the odd channel uses the external clock.
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2. Configuration

The base timer 1/O select function consists of the following blocks.

Block Diagram
Figure 2-1 shows the block diagram of the base timer I/O select function.

Figure 2-1 Block Diagram of Base Timer /O Select Function

A circuit that selects the 1/0O mode of the base timer for each channel.
B Base timer (Channels 0 to 15)

Base timer channels 0 to 15 (up to 16 channels).
B Registers

Registers of base timer 1/O select function.

G——D Registers D E—
Base timer < > <—— TIOB15
——————D
ch.15 <¢———> TIOA15
[ ]
®
®
. &—— TIOB3
0 |e N Base timer ¢ !
3 ch.3 <—— TIOA3
o I/0 select
=
Q
= . <——— TIOB2
«—— > Base timer —F—>
ch.2 > TIOA2
- <—T— TIOB1
< > Bascitimer ¢ >
' <—T—> TI0AL
——— Base timer ————> ¢ TIOBO
ch.0 > TIOAO
Base timer
I/O Select function
W |/O select
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3. /O Mode
This section explains pins used by the base timer 1/O select function to set the I/O mode, and also explains

each 1/0 mode.

3.1. Pins
3.2.1/0 Mode
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3.1 Pins

This section explains pins used by the base timer I/O select function to set the 1/0O mode.

Each channel of the base timer has 2 types of external pins and 5 types of internal signals. Also the base
timer 1/O select function has 2 types of internal signals. By connecting an internal signal with an external pin,
the signal corresponding to the connected (external clock (ECK signal)/external startup trigger (TGIN
signal)/waveform (TIN signal)) is input or output to/from the base timer. The external pin and internal signal
can be connected by setting the I/O mode of the base timer. The pin used and the signal input or output
differ depending on the I/O mode.

External Pins
B TIOA pin
This pin is used to output the base timer waveform (TOUT signal), or input an external startup trigger
(TGIN signal).

H TIOB pin
This pin is used to input external startup trigger (TGIN signal)/external clock (ECK signal)/another
channel waveform (TIN signal).

Internal Signals
A signal is input or output to/from the base timer by being connected with an above external pin, or by
inputting an output signal from another channel.

B TOUT signal
This signal is the output waveform of the base timer. (Not used by the 16/32-bit PWC timer.)

B ECK signal
This signal is an external clock of the base timer. (Not used by the 16/32-bit PWC timer.)
It is input when the external clock is selected as a counting clock.

B TGIN signal
This signal is the external startup trigger of the base timer. (Not used by the 16/32-bit PWC timer.)
When the valid edge of external startup trigger is selected, the base timer detects the edge of this
signal to start up.

B TIN signal
This signal is the input waveform of the base timer. This signal is the waveform to be measured.
(Used only by the 16/32-bit PWC timer.)

B DTRG signal
This signal is the trigger input to the base timer. The base timer stops operating on the falling edge of
this signal.

B COUT signal
This signal is the trigger output of the base timer I/O select function. This signal is output signal to
another channel of the base timer.

B CIN signal
This signal is the trigger input to the base timer 1/O select function. This signal is input signal from
another channel of the base timer.
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Connecting the External Pin to the Internal Signal
The external pin and internal signal can be connected by setting the I/O mode of the base timer.

Table 3-1 shows the correspondence between 1/0O modes and pin connections.

Table 3-1 Correspondence between 1/0 Modes and Pin Connections

/o TIOAN TIOBN TIOANn+1 TIOBn+1
d (Even channel) (Even channel) (Odd channel) (Odd channel)
mode
Connected to 110 Connected to I/0 Connected to 110 Connected to 110
Ch.n+1
Ch.n ECK/TGIN/
0 Ch.n TOUT Output TIN Input Ch.n+1 TOUT Output ECK/TGIN/ Input
TIN
1 Ch.n TOUT Output Ch.n ECK Input Ch.n TGIN Input Ch.n TIN Input
Ch.n/Ch.n+1
2 Ch.n TOUT Output ECK/TGIN/ Input
TIN *1
3 Ch.n TOUT Output Not used
Ch.n ECK/TGIN/
4 Ch.n TOUT Output Input
TIN Not used
Ch.n TOUT Output Ch.n+1 TOUT Output
Not used
Ch.n TOUT Output
Ch.n ECK/TGIN/
7 Ch.n TOUT Output Input
TIN
8 Ch.n TOUT Output Not used
Ch.n ECK/TGIN/
9 Ch.n TOUT Output TIN Input Ch.n+1 ECK Input
n: Even (n=0, 2, 4, 6, 8, 10, 12, 14) However, n depends on the number of channels mounted.
Ch.n: Even channel
Ch.n+1: Odd channel
*1: Synchronized by the peripheral clock (PCLK)
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3.2 1/0 Mode
1/0 mode selected by the I/O Select Register (BTSEL) determines the functions of external pins and the
start/stop timing of the base timer.

I/O Mode 0 (Standard 16-bit Timer Mode)
This mode uses each channel of the base timer individually.

Table 3-2 shows the external pins used when this mode is selected.
Table 3-2 External Pins Used When I/O Mode 0 Is Selected.

Even channel Odd channel

Number of input pins

Number of output pins

Table 3-3 shows the internal signals to which the external pins connect, and signals input or output.
Table 3-3 External Pin Connections and Input/output Signals When 1/0 Mode 0 Is Selected.

) Connected to . )
External pin 110 . . Signal input/output
(internal signal)
TIOA Output | TOUT Outputs the base timer waveform

Uses the input signal as one of the following signals:

TIOB Inout ECK/TGINTIN® - External clock (ECK signal)
P - External startup trigger (TGIN signal)

- Waveform to be measured (TIN signal)

*: The usage of input signals (ECK/TGIN/TIN) differs depending on the Timer Control Register (TMCR)
setting of the base timer.

Figure 3-1 provides the block diagram of /0O mode 0 (Standard 16-bit timer mode).
Figure 3-1 /0O Mode 0 (Standard 16-bit Timer Mode) Block Diagram

ECK L TIOBn+1
Base timer Ch.n+1 TGIN |
TIN g
TOUT 1 > TIOAN+1
ECK ,
Base timer Ch.n TGIN$, TIOBN
TIN [«
TOUT | > TIOAN
n: Even

Table 3-4 shows signal connections in 1/0O mode 0.
Table 3-4 1/0 Mode 0 Signal Connections

Connected from (Signal) Connected to
Ch.n TOUT signal Output from the TIOAn pin
Input signal from the TIOBnN pin Input to Ch.n as ECK/TGIN/TIN signals
Ch.n+1 TOUT signal Output from the TIOAn+1 pin
Input signal from the TIOBn+1 pin Input to Ch.n+1 as ECK/TGIN/TIN signals

n: Even
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I/O Mode 1 (Timer Full Mode)
This mode assigns every even channel signal with an external pin individually.

Table 3-5 shows the external pins used when this mode is selected.
Table 3-5 External Pins Used When I/O Mode 1 Is Selected.

Even channel

Number of input pins

Number of output pins

Table 3-6 shows the internal signals to which the external pins connect, and signals input or output.
Table 3-6 External Pin Connections and Input/output Signals When 1/0 Mode 1 Is Selected.

) Connected to . )
External pin 110 . . Signal input/output
(internal signal)

TIOAN Output Even channel TOUT Outputs the even channel waveform
TIOBnN Input Even channel ECK Inputs an external clock (ECK signal) to the even channel.
Inputs an external startup trigger (TGIN signal) to the even
TIOAN+1 Input Even channel TGIN
channel.
Inputs the waveform to be measured (TIN signal) to the even
TIOBn+1 Input Even channel TIN
channel.
n: Even

Figure 3-2 shows the block diagram of 1/0O mode 1 (timer full mode).
Figure 3-2 1/0 Mode 1 (timer full mode) Block Diagram

A

Base timer Ch.n+1 TIOBn+1
A ¢( b de) N TIOAN+1
in 32-bit mode Ll: <
ECK -
Base timer Ch.n TGIN E E TIOBn
TIN |
TOUT > | > > > TIOAN
n: Even

Table 3-7 shows signal connections in /0O mode 1.
Table 3-7 /0O Mode 1 Signal Connections

Connected from (Signal) Connected to
Ch.n TOUT signal Output from the TIOAN pin
Input signal from the TIOBnN pin Input to Ch.n as a ECK signal
TIOAN+1 pin Input to Ch.n as a TGIN signal
TIOBN+1 pin Input to Ch.n as an TIN signal
n: Even
Note:

—  When this mode is selected, the TIOA pins (TIOA1, TIOAS, etc.) corresponding to the odd channel
must be set to port input mode with the Port Function Register (PFR) of GPIO.
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I/O Mode 2 (Shared External Trigger Mode)
This mode shares the input signals (ECK/TGIN/TIN) of the base timer between two channels.

Table 3-8 shows the external pins used when this mode is selected.
Table 3-8 External Pins Used When I/O Mode 2 Is Selected.

Even channel I Odd channel

Number of input pins 1 (shared by two channels)

Number of output pins 1 I 1

Table 3-9 shows the internal signals to which the external pins connect, and signals input or output.
Table 3-9 External Pin Connections and Input/output Signals When I/O Mode 2 Is Selected.

. Connected to . .
External pin 110 . . Signal input/output
(internal signal)

TIOAN Output Even channel TOUT Outputs the even channel waveform

TIOAN+1 Output Odd channel TOUT Outputs the odd channel waveform

Input to both the even and odd channels (synchronized by
the peripheral clock (PCLK)) and used as one of the
ECK/TGIN/TIN of even following signals:

TIOBN Input )
and odd channels * - External clock (ECK signal)
- External startup trigger (TGIN signal)
- Waveform to be measured (TIN signal)
TIOBNn+1 - - Not used
n: Even

*: The usage of input signals (ECK/TGIN/TIN) differs depending on the Timer Control Register (TMCR)
setting of the base timer.

Figure 3-3 shows the block diagram of I/O mode 2 (Shared external trigger mode).
Figure 3-3 1/0 Mode 2 (Shared External Trigger Mode) Block Diagram

A
ECK cour TIOBN+1
Base timer Ch.n+1 TGIN
TIN
TOUT > > TIOAN+1
ECK Qq TIOB
Base timer Ch.n TGIN % ©Bn
TIN :
TOUT | > > TIOAnN
n: Even

Table 3-10 shows signal connections in /0O mode 2.
Table 3-10 I/0O Mode 2 Signal Connections

Connected from (Signal) Connected to Remarks
Ch.n TOUT signal Output from the TIOAN pin
) . - Input to Ch.n and Ch.n+1 as ECK/TGIN/TIN signals Synchronized by the
Input signal from the TIOBnN pin ) .
- Output to another channel as a COUT signal peripheral clock (PCLK)
Ch.n+1 TOUT signal Output from the TIOAn+1 pin

n: Even
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Notes:

—  If the upper two channels of the channels set to this mode (n+2, n+3) are set to /0O mode 3 (Shared
channel signal trigger mode), the input signals (ECK/TGIN/TIN) can be input to the 4 channels
simultaneously.

- (Example: If channels 0 and 1 are set to this mode, and channels 2 and 3 are set to /0 mode 3,
input signals (ECK/TGIN/TIN) can be input to four channels of 0 to 3 simultaneously.)

314 FM4_MN709-00002-4v0-E, May 27, 2015



CHAPTER 5-1: Base Timer I/O Select Function

3. 1/0 Mode

PERIPHERAL MAN

UAL

I/O Mode 3 (Shared Channel Signal Trigger Mode)
This mode inputs the COUT signal from channels of the lower two channels as a CIN signal, and uses it as

ECK/TGIN/TIN signals.

Table 3-11 shows the external pins used when this mode is selected.
Table 3-11 External Pins Used When I/0 Mode 3 Is Selected.

Even channel I Odd channel

Number of input pins

Not used

Number of output pins

1 |1

Table 3-12 shows the internal signals to which the external pins connect, and signals input or output.
Table 3-12 External Pin Connections and Input/output Signals When I/O Mode 3 Is Selected.

. Connected to . .
External pin 110 . . Signal input/output
(internal signal)
TIOAN Output Even channel TOUT Outputs the even channel waveform
TIOAN+1 Output Odd channel TOUT Outputs the odd channel waveform
TIOBN
- - Not used

TIOBn+1
n: Even

Figure 3-4 shows the block diagram of I/0O mode 3 (Shared channel signal trigger mode).
Figure 3-4 I/O Mode 3 (Shared Channel Signal Trigger Mode) Block Diagram

A
ECK TIOBNn+1
Base timer Ch.n+1 TGIN e
TIN
TOUT] > TIOAN+1
ECK (<
Base timer Ch.n TGIN l¢ TIOBn
TIN
Tout > TIOAN
n: Even

Table 3-13 shows signal connections in /0O mode 3.
Table 3-13 I/0 Mode 3 Signal Connections

Connected from (Signal)

Connected to

Ch.n TOUT signal

Output from the TIOAN pin

CIN signal *

- Input to Ch.n and Ch.n+1 as ECK/TGIN/TIN signals

- Output to another channel as a COUT signal

Ch.n+1 TOUT signal

Output from the TIOANn+1 pin

n: Even

*: The COUT signal from another channel is input as a CIN signal.
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The following shows Ch.n-2/n-1 signals that can be input to ECK/TGIN/TIN of Ch.n/n+1.

B Signal that the peripheral clock generates by synchronizing TIOBn-2 input in I/O mode 2.
B Trigger signal input from Ch.n-4/n-3 in 1/0 mode 3.

B TIOAN-2 output in /O mode 4.

B TIOAN-2 output in /O mode 6.

B TIOAN-2 output in I/O mode 7.

B Trigger signal input from Ch.n-4/n-3 in 1/0 mode 8.

Notes:
—  Select the rising edge as a trigger input edge using the EGS1 and EGSO bits in the Timer Control
Register (TMCR) of the base timer. (Set EGS1 and EGSO0 to 0b01.)
—  The channels set to this mode use the COUT signal from lower two channels (n-2 and n-1) as a CIN
signal. (Example: If channels 2 and 3 are set to this mode, they use the COUT signal from
channels 0 and 1.) Therefore, channels 0 and 1 cannot be set to this mode.
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I/O Mode 4 (Timer Start/stop Mode)
This mode can control the start/stop of the odd channel using the even channel.

The odd channel starts on the rising edge of output waveform (TOUT signal) of the even channel, and stops
on the falling edge.

Table 3-14 shows the external pins used when this mode is selected.
Table 3-14 External Pins Used When I/O Mode 4 Is Selected.

Even channel

Odd channel

Number of input pins

Not used

Number of output pins

1

Table 3-15 shows the internal signals to which the external pins connect, and signals input or output.

Table 3-15 External Pin Connections and Input/output Signals When 1/O Mode 4 Is Selected.

) Connected to ) )
External pin 110 . . Signal input/output
(internal signal)
TIOAN Output Even channel TOUT Outputs the even channel waveform
TIOANn+1 Output Odd channel TOUT Outputs the odd channel waveform
Input to the even channel and used as one of the
following signals:
ECK/TGIN/TIN of even )
TIOBN Input - External clock (ECK signal)
channel *
- External startup trigger (TGIN signal)
- Waveform to be measured (TIN signal)
TIOBNn+1 - - Not used
n: Even

*: The usage of input signals (ECK/TGIN/TIN) differs depending on the Timer Control Register (TMCR)
setting of the base timer.

Figure 3-5 shows the block diagram of I/O mode 4 (Timer start/stop mode).
Figure 3-5 1/0 Mode 4 (Timer Start/stop Mode) Block Diagram

CouT

Base timer

Ch.n+1

DTRG
ECK
TGIN
TIN
TOUT

\ 4

TIOBn+1

TIOAN+1

\ 4

Base timer

Ch.n

U Y

ECK
TGIN

TIN
TOUT

AAA

AikAA

A\ 4

TIOBN

TIOAN

n: Even
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Table 3-16 shows signal connections in /0O mode 4.
Table 3-16 I/O Mode 4 Signal Connections
Connected from (Signal) Connected to
- Output from the TIOAR pin
Ch.n TOUT signal - Input to Ch.n+1 as ECK/TGIN/TIN and DTRG signals
- Output to another channel as a COUT signal
Input signal from the TIOBn pin Input to Ch.n as ECK/TGIN/TIN signals
Ch.n+1 TOUT signal Output from the TIOAn+1 pin
n: Even
Notes:

—  Select the rising edge as a trigger input edge of the odd channel using the EGS1 and EGSO bits in
the Timer Control Register (TMCR) of the base timer. (Set EGS1 and EGSO0 to 0b01.)
—  The odd channel stops operating when a falling edge is detected in the DTRG signal.

Figure 3-6 shows example operation when I/O mode 4 (Timer start/stop mode) is selected, and when
channels 0 and 1 are used as PWM timer.

. Set ) Set
Base timer Ch.0 Base timer Ch.1
value value
Cycle Setup Register (PCSR) 0x0010 | Cycle Setup Register (PCSR) 0x0002
Duty Setup Register (PDUT) 0x0009 | Duty Setup Register (PDUT) 0x0001
Timer Control Register (TMCR) 0x0013 | Timer Control Register (TMCR) 0x0112

Figure 3-6 1/0O Mode 4 (Timer Start/stop Mode) Operation Example

Peripheral clock

(PCLK)
TIOAO . | :
11 _2 3 4 5 6 7 _8!
TIOAL . | ﬂ Ch.1 retains the timer
T s~ Vvalue when it stops
?\ Ch.1 is operating /f
Ch.1 starts Ch.1 stops
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I/O Mode 5 (Software-based Simultaneous Startup Mode)
This mode starts up multiple channels simultaneously using the Software-based Simultaneous Startup
Register (BTSSSR).

All the channels corresponding to the Software-based Simultaneous Startup Register (BTSSSR) bits that
have been set to 1 start up simultaneously.

Table 3-17 shows the external pins used when this mode is selected.
Table 3-17 External Pins Used When I/O Mode 5 Is Selected.

Even channel | Odd channel

Number of input pins Not used

Number of output pins 1 | 1

Table 3-18 shows the internal signals to which the external pins connect, and signals input or output.
Table 3-18 External Pin Connections and Input/output Signals When 1/O Mode 5 Is Selected.

) Connected to . .
External pin 110 . . Signal input/output
(internal signal)
TIOAN Output Even channel TOUT Outputs the even channel waveform
TIOANn+1 Output Odd channel TOUT Outputs the odd channel waveform
TIOBN
- - Not used
TIOBn+1
n: Even

Figure 3-7 shows the block diagram of I/0 mode 5 (Software-based simultaneous startup mode).
Figure 3-7 I/0 Mode 5 (Software-based Simultaneous Startup Mode) Block Diagram

Software startup signal -
(SSSRn + 1 bit)
ECK TIOBn+1
Base timer Ch.n+1 TGIN
TIN
TOouT > o R TIOAN+1
Software startup signal >
(SSSRn bit) >
) ECK | <— TIOBN
Base timer Ch.n TGIN | <
TIN | —
TOUT 1 ol o q TIOAN

n: Even

Table 3-19 shows signal connections in /0O mode 5.
Table 3-19 I/0O Mode 5 Signal Connections

Connected from (Signal) Connected to

Ch.n TOUT signal Output from the TIOAN pin
Software startup signal
(Write 1 to the SSSRn bit in the BTSSSR)
Ch.n+1 TOUT signal Output from the TIOAn+1 pin
Software startup signal
(Write 1 to the SSSRn+1 bit in the BTSSSR)

n: Even

BTSSSR: Software-based Simultaneous Startup Register

Input to Ch.n as ECK/TGIN/TIN signals

Input to Ch.n+1 as ECK/TGIN/TIN signals
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When 1 is written to a Software-based Simultaneous Startup Register (BTSSSR), a rising edge is input

II!
@]

(ECK/TGIN/TIN signals) to the channel corresponding to the bit.
Select the rising edge as a trigger input edge using the EGS1 and EGSO bits in the Timer Control

Note:
Register (TMCR) of the base timer. (Set EGS1 and EGSO0 to 0b01.)
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I/O Mode 6 (Software-based Startup and Timer Start/stop Mode)
This mode can control the start/stop of the odd channel using the even channel.

The even channel can be started by writing 1 to the Software-based Simultaneous Startup Register

(BTSSSR).

The odd channel starts when the rising edge is detected in output waveform (TOUT signal) of the even
channel, and stops when the falling edge is detected.

Table 3-20 shows the external pins used when this mode is selected.

Table 3-20 External Pins Used When I/O Mode 6 Is Selected.

Even channel

I Odd channel

Number of input pins

Not used

Number of output pins

1

|1

Table 3-21 shows the internal signals to which the external pins connect, and signals input or output.

Table 3-21 External Pin Connections and Input/output Signals When I/O Mode 6 Is Selected.

. Connected to . .
External pin 110 . . Signal input/output
(internal signal)
TIOAN Output Even channel TOUT Outputs the even channel waveform
TIOAN+1 Output Odd channel TOUT Outputs the odd channel waveform
TIOBN
- - Not used
TIOBn+1
n: Even

Figure 3-8 shows the block diagram of I/0O mode 6 (Software-based startup and timer start/stop mode).

Figure 3-8 /0 Mode 6 (Software-based Startup and Timer Start/stop Mode) Block Diagram

A

Software startup signal

DTRG
ECK
TGIN
TIN

Base timer Ch.n+1

CouT

TOUT

TIOBn+1

TIOAN+1

(SSSRn bit)

ECK

Base timer Ch.n

TGIN

TIN

A AA
AAA

TOUT

TIOBN

q TIOAN

n: Even
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Table 3-22 shows signal connections in I/0O mode 6.
Table 3-22 1/0 Mode 6 Signal Connections
Connected from (Signal) Connected to
- Output from the TIOAR pin
Ch.n TOUT signal - Input to Ch.n+1 as ECK/TGIN/TIN/DTRG signals

- Output to another channel as a COUT signal

Software startup signal
(Write 1 to the SSSRn bit in the BTSSSR)
Ch.n+1 TOUT signal Output from the TIOAn+1 pin
n: Even
BTSSSR: Software-based Simultaneous Startup Register

Input to Ch.n as ECK/TGIN/TIN signals

When 1 is written to the Software-based Simultaneous Startup Register (BTSSSR) bit corresponding to the
even channel you want to start up, a rising edge is input (ECK/TGIN/TIN signals) to the channel.

The start/stop timing of Ch.n is the same as that for I/O mode 4.

Notes:

—  Select the rising edge as a trigger input edge using the EGS1 and EGSO bits in the Timer Control
Register (TMCR) of the base timer. (Set EGS1 and EGSO0 to 0b01.)

—  The odd channel stops operating when a falling edge is detected in the DTRG signal.
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I/O Mode 7 (Timer Start Mode)

This mode uses the output waveform (TOUT signal) from the even channel as input signals (ECK/TGIN/TIN
signals) of the odd channel.

Table 3-23 shows the external pins used when this mode is selected.

Table 3-23 External Pins Used When I/O Mode 7 Is Selected.

Even channel Odd channel
Not used
1

Number of input pins

Number of output pins

Table 3-24 shows the internal signals to which the external pins connect, and signals input or output.
Table 3-24 External Pin Connections and Input/output Signals When I/O Mode 7 Is Selected.

. Connected to . .
External pin 110 . . Signal input/output
(internal signal)
TIOAN Output Even channel TOUT Outputs the even channel waveform
TIOAN+1 Output Odd channel TOUT Outputs the odd channel waveform
Input to the even channel and used as one of the
following signals:
Even channel ECK/
TIOBN Input - External clock (ECK signal)
TGIN/TIN *
- External startup trigger (TGIN signal)
- Waveform to be measured (TIN signal)
TIOBn+1 - - Not used
n: Even

*: The usage of input waveforms (ECK/TGIN/TIN signals) differs depending on the Timer Control Register
(TMCR) setting.

Figure 3-9 shows the block diagram of I/0 mode 7 (Timer start mode).

Figure 3-9 1/0 Mode 7 (Timer Start Mode) Block Diagram

A
COuUT
_ ECK TIOBn+1
Base timer Ch.n+1 TGIN
TIN
TIOAN+1
TOUT 1 P; N
N
<
. ECK e TIOBN
Base timer Ch.n TGIN
TIN
TOUT
> TIOAN
n: Even
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Table 3-25 shows signal connections in /0O mode 7.

Connected from (Signal)
Ch.n TOUT signal

CHAPTER 5-1: Base Timer I/O Select Function
MANUAL

Table 3-25 I/O Mode 7 Signal Connections
n: Even

3. 1/0 Mode
Input signal from the TIOBn pin
Ch.n+1 TOUT signal

Output from the TIOAR pin

Connected to

Input to Ch.n+1 as ECK/TGIN/TIN signals
Output to another channel as a COUT signal
The start timing of Ch.n is the same as that for /O mode 4.

Input to Ch.n as ECK/TGIN/TIN signals
Output from the TIOAn+1 pin
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I/O Mode 8 (Shared Channel Signal Trigger and Timer Start/stop Mode)
This mode inputs the COUT signal from channels of the lower two channels as a CIN signal, and uses it as
an external startup trigger (TGIN signal).

Table 3-26 shows the external pins used when this mode is selected.
Table 3-26 External Pins Used When I/O Mode 8 Is Selected.

Even channel I Odd channel

Number of input pins

Not used

Number of output pins

1 |1

Table 3-27 shows the internal signals to which the external pins connect, and signals input or output.

Table 3-27 External Pin Connections and Input/output Signals When I/O Mode 8 Is Selected.

. Connected to . .
External pin 110 . . Signal input/output
(internal signal)
TIOAN Output Even channel TOUT Outputs the even channel waveform
TIOAN+1 Output Odd channel TOUT Outputs the odd channel waveform
TIOBN
- - Not used
TIOBn+1
n: Even

Figure 3-10 shows the block diagram of I/O mode 8 (Shared channel signal trigger and timer start/stop

mode).
Figure 3-10 I/O Mode 8 (Shared Channel Signal Trigger and Timer Start/stop Mode) Block Diagram
A
COouT
DTRG
Base timer Ch.n+1 ECK
TGIN TIOBn+1
TIN
TOUT TIOAN+1
DTRG
. ECK TIOBn
Base timer Ch.n TGIN
TIN N
TOUT T TIOAN
CIN
n: Even

Table 3-28 shows signal connections in /0O mode 8.
Table 3-28 1/0 Mode 8 Signal Connections

Connected from (Signal)

Connected to

Ch.n TOUT signal

Output from the TIOAN pin

Ch.n+1 TOUT signal

Output from the TIOAn+1 pin

CIN signal *

- Input to Ch.n and Ch.n+1 as ECK/TGIN/TIN and DTRG signals

- Output to another channel as a COUT signal

n: Even

*. The COUT signal from another channel is input as a CIN signal.
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The following shows Ch.n-2/n-1 signals that can be input to ECK/TGIN/TIN of Ch.n/n+1.

B Signal that the peripheral clock generates by synchronizing TIOBn-2 input in I/O mode 2.
B Trigger signal input from Ch.n-4/n-3 in 1/0 mode 3.

B TIOAN-2 output in /O mode 4.

B TIOAN-2 output in /O mode 6.

B TIOAN-2 output in I/O mode 7.

B Trigger signal input from Ch.n-4/n-3 in 1/0 mode 8.

Notes:

—  The channels set to this mode use the COUT signal from lower 2 channels (n-2 and n-1) as a CIN
signal. (Example: If channels 2 and 3 are set to this mode, they use the COUT signal from
channels 0 and 1.) Therefore, channels 0 and 1 cannot be set to this mode.

—  Select the rising edge as a trigger input edge, for the channel set in this mode, using the EGS1 and
EGSO bits in the Timer Control Register (TMCR) of the base timer. (Set EGS1 and EGSO to 0b01.)
However, do not enable this setting if the timer function is set to the 16/32-bit PWC timer using
FMD2 to FMDO bits in the Timer Control Register (TMCR) of the base timer (FMD2 to FMDO are set
to 0b100).

—  Base timer stops operating when a falling edge is detected in the DTRG signal.
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I/O Mode 9 (Event Counter Mode (External Clock Mode))
This mode is equipped for TYP5-M4 and TYPE6-M4 products.

This mode is the input clock(ECK signal) of the odd channel uses the external clock.
The even channel generates any pulse by PWM timer function.
The odd channel uses gate function of Reload timer and calculates “H” pulse width of the even channel

output wave (TOUT signal).

It is possible to calculate the frequency of the external clock by this setting.

Table 3-29 shows the external pins used when this mode is selected.

Table 3-29 External Pins Use When I/O Mode 9 Is Selected.

Even channel

Odd channel

Number of input pins

Not used

1

Number of output pins

1

Not used

Table 3-30 shows the internal signals to which the external pins connect, and signals input or output.

Table 3-30 External Pin Connections and Input/output Signals When 1/O Mode 9 Is Selected.

. Connected to . .
External pin 110 . . Signal input/output
(internal signal)
TIOAN Output Even channel TOUT Outputs the even channel waveform
TIOANn+1 Output Odd channel TOUT Outputs the odd channel waveform
Input to the even channel and used as one of the
following signals:
Even channel ECK/
TIOBN Input - External clock (ECK signal)
TGIN/TIN *
- External startup trigger (TGIN signal)
- Waveform to be measured (TIN signal)
Inputs an external clock (ECK signal) to the even
TIOBn+1 Input Even channel ECK
channel.
n: Even

*: The usage of input waveforms (ECK/TGIN/TIN signals) differs depending on the Timer Control Register

(TMCR) setti

ng.

Figure 3-11 shows the block diagram of I/O mode 9 (Event counter mode)
Figure 3-11 /0 Mode 9 (Event Counter Mode) Block Diagram

9
ECK <« )COU ¢ TIOBn+1
Base timer Ch.n+1 TGIN [
TIN [«
TOUT—> 1, R TIOAN+1
ECK [« le—
Base timer Ch.n TGIN le E TIOBN
TIN (€
TOUT > L, S TI0AN
. Even
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Table 3-31 shows signal connections in /0O mode 8.
Table 3-31 1/0O Mode 9 Signal Connections

Connected from (Signal) Connected to
Input signal from the TIOBnN pin Input to Ch.n as a ECK/TGIN/TIN signal
Ch.n TOUT signal Output from the TIOAN pin
Input signal from the TIOBn+1 pin Input to Ch.n+1 as a ECK signal
Ch.n+1 TOUT signal Output from the TIOAn+1 pin

n: Even

The calculation of the external clock frequency is below.

TMR (Measurement of reload timer) of the odd channel
"H" pulse width of PWM signal

The external clock frequency=

PDUT setting values of the odd channel

(H pulse width of PWM signal)=

Count clock frequency of the even channel
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4. Registers

This section provides the register list of the base timer 1/0 select function.

Base Timer I/O Select Function Registers

Table 4-1 Register List of Base Timer I/O Select Function

Abbreviation Register name Reference
BTSEL0123 I/O Select Register 4.1
BTSEL4567 I/0 Select Register 4.2
BTSEL89AB I/0 Select Register 4.3
BTSELCDEF I/O Select Register 4.4
BTSSSR Software-based Simultaneous Startup Register 4.5

May 27, 2015, FM4_MN709-00002-4v0-E

329



CHAPTER 5-1: Base Timer I/O Select Function

4. Registers
=
E,CHYPRESS PERIPHERAL MANUAL
4.1 1/O Select Register (BTSEL0123)
This register selects the 1/O mode for channels 0 to 3 of the base timer.
Register configuration
bit 15 14 13 12 11 10 9 8
Field | SEL23 3 | SEL23 2 | SEL23 1 | SEL23_0 | SELO1_3 | SELO1 2 | SELO1_1 | SELO1 O
Attribute R/IW R/IW R/W RIW RIW R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Register functions
bit15:12] SEL23 3to SEL23 0: I/O select bits for Ch.2/Ch.3
bitl5 bit14 bit13 bit12 I/O select bits
I/0 mode 0
0 0 0 0 o
(Standard 16-bit timer mode)
1/0 mode 1
0 0 0 1 ]
(Timer full mode)
I/O mode 2
0 0 1 0 .
(Shared external trigger mode)
I/O mode 3
0 0 1 1 . .
(Shared channel signal trigger mode)
1/0 mode 4
0 1 0 0 ]
(Timer start/stop mode)
I/O mode 5
0 1 0 1 .
(Software-based simultaneous startup mode)
I/0 mode 6
0 1 1 0 )
(Software-based startup and timer start/stop mode)
I/O mode 7
0 1 1 1 ]
(Timer start mode)
1/0 mode 8
1 0 0 0 . . .
(Shared channel signal trigger and timer start/stop mode)
I/0 mode 9
1 0 0 1
(Event counter mode)
Others Setting is prohibited.

330 FM4_MN709-00002-4v0-E, May 27, 2015



CHAPTER 5-1: Base Timer I/O Select Function

4. Registers

PERIPHERAL

MANUAL

[bit11:8] SELOL 3 to SELO1 O: I/O select bits for Ch.0/Ch.1

bit1l bit10 bit9 bit8 I/O select bits

1/0 mode 0

0 0 0 0 o
(Standard 16-bit timer mode)
I/0 mode 1

0 0 0 1 .
(Timer full mode)
1/0 mode 2

0 0 1 0 )
(Shared external trigger mode)
1/0 mode 3

0 0 1 1 . )
(Shared channel signal trigger mode)
I/O mode 4

0 1 0 0 ]
(Timer start/stop mode)
I/0O mode 5

0 1 0 1 .
(Software-based simultaneous startup mode)
I/0 mode 6

0 1 1 0 .
(Software-based startup and timer start/stop mode)
I/0 mode 7

0 1 1 1 i
(Timer start mode)
I/0 mode 8

1 0 0 0 . . .
(Shared channel signal trigger and timer start/stop mode)
1/0 mode 9

1 0 0 1
(Event counter mode)

Others Setting is prohibited.
Notes:

— Channels 0 and 1 are the lowest channels of the base timer, and cannot use the modes that use
signal from lower channels. Therefore, the following modes cannot be selected for the channels:

—  1/O mode 3 (Shared channel signal trigger mode)

— 1/O mode 8 (Shared channel signal trigger and timer start/stop mode)

—  Before rewriting this register, set the base timer to reset mode using the FMD[2:0] bits in the Timer
Control Register (TMCR) of the base timer. (Set FMD[2:0] to 0b000.)

— 1/O mode 9 is equipped for TYP5-M4 and TYP6-M4 products.

TYPE1-M4, TYPE2-M4, TYPE3-M4, TYP4-M4 cannot be selected for I/O mode 9.
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4.2 1/0 Select Register (BTSEL4567)
This register selects the 1/O mode for channels 4 to 7 of the base timer.
Register configuration
bit 15 14 13 12 11 10 9 8
Field | SEL67_3 | SEL67_2 | SEL67_1 | SEL67_0 | SEL45 3 | SEL45 2 | SEL45_1 | SEL45 0
Attribute R/IW R/IW R/W RIW RIW R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Register functions
bit15:12] SEL67 3to SEL67 0: I/O select bits for Ch.6/Ch.7
bitl5 bit14 bit13 bit12 I/O select bits
I/0 mode 0
0 0 0 0 o
(Standard 16-bit timer mode)
1/0 mode 1
0 0 0 1 ]
(Timer full mode)
I/O mode 2
0 0 1 0 .
(Shared external trigger mode)
I/O mode 3
0 0 1 1 . .
(Shared channel signal trigger mode)
1/0 mode 4
0 1 0 0 ]
(Timer start/stop mode)
I/O mode 5
0 1 0 1 .
(Software-based simultaneous startup mode)
I/0 mode 6
0 1 1 0 )
(Software-based startup and timer start/stop mode)
I/O mode 7
0 1 1 1 ]
(Timer start mode)
1/0 mode 8
1 0 0 0 . . .
(Shared channel signal trigger and timer start/stop mode)
I/0 mode 9
1 0 0 1
(Event counter mode)
Others Setting is prohibited.
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[bit11:8] SEL45 3 to SEL45_0: I/O select bits for Ch.4/Ch.5

bit1l bit10 bit9 bit8 I/O select bits

1/0 mode 0

0 0 0 0 o
(Standard 16-bit timer mode)
I/0 mode 1

0 0 0 1 .
(Timer full mode)
1/0 mode 2

0 0 1 0 )
(Shared external trigger mode)
1/0 mode 3

0 0 1 1 . )
(Shared channel signal trigger mode)
I/O mode 4

0 1 0 0 ]
(Timer start/stop mode)
I/0O mode 5

0 1 0 1 .
(Software-based simultaneous startup mode)
I/0 mode 6

0 1 1 0 .
(Software-based startup and timer start/stop mode)
I/0 mode 7

0 1 1 1 i
(Timer start mode)
I/0 mode 8

1 0 0 0 . . .
(Shared channel signal trigger and timer start/stop mode)
1/0 mode 9

1 0 0 1
(Event counter mode)

Others Setting is prohibited.
Notes:

—  Before rewriting this register, set the base timer to reset mode using the FMD[2:0] bits in the Timer
Control Register (TMCR) of the base timer. (Set FMD[2:0] to 0b000.)

— 1/O mode 9 is equipped for TYP5-M4 and TYP6-M4 products.
TYPE1-M4, TYPE2-M4, TYPE3-M4, TYP4-M4 cannot be selected for I/O mode 9.
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4.3 1/0 Select Register (BTSEL89AB)
This register selects the 1/0O mode for channels 8 to 11 of the base timer.
Register configuration
bit 15 14 13 12 11 10 9 8
Field | SELAB_3 | SELAB_2 | SELAB_1 | SELAB_O | SEL89 3 | SEL89_2 | SEL89 1 | SEL89_0
Attribute R/IW R/IW R/W RIW RIW R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Register functions
bit15:12] SELAB 3to SELAB 0: I/O select bits for Ch.10/Ch.11
bitl5 bit14 bit13 bit12 I/O select bits
I/0 mode 0
0 0 0 0 o
(Standard 16-bit timer mode)
1/0 mode 1
0 0 0 1 ]
(Timer full mode)
I/O mode 2
0 0 1 0 .
(Shared external trigger mode)
I/O mode 3
0 0 1 1 . .
(Shared channel signal trigger mode)
1/0 mode 4
0 1 0 0 ]
(Timer start/stop mode)
I/O mode 5
0 1 0 1 .
(Software-based simultaneous startup mode)
I/0 mode 6
0 1 1 0 )
(Software-based startup and timer start/stop mode)
I/O mode 7
0 1 1 1 ]
(Timer start mode)
1/0 mode 8
1 0 0 0 . . .
(Shared channel signal trigger and timer start/stop mode)
I/0 mode 9
1 0 0 1
(Event counter mode)
Others Setting is prohibited.
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[bit11:8] SEL89 3 to SEL89 O: I/O select bits for Ch.8/Ch.9

bit1l bit10 bit9 bit8 I/O select bits

1/0 mode 0

0 0 0 0 o
(Standard 16-bit timer mode)
I/0 mode 1

0 0 0 1 .
(Timer full mode)
1/0 mode 2

0 0 1 0 )
(Shared external trigger mode)
1/0 mode 3

0 0 1 1 . )
(Shared channel signal trigger mode)
I/O mode 4

0 1 0 0 ]
(Timer start/stop mode)
I/0O mode 5

0 1 0 1 .
(Software-based simultaneous startup mode)
I/0 mode 6

0 1 1 0 .
(Software-based startup and timer start/stop mode)
I/O mode 7

0 1 1 1 i
(Timer start mode)
I/0 mode 8

1 0 0 0 . . .
(Shared channel signal trigger and timer start/stop mode)
1/0 mode 9

1 0 0 1
(Event counter mode)

Others Setting is prohibited.
Notes:

—  Before rewriting this register, set the base timer to reset mode using the FMD[2:0] bits in the Timer
Control Register (TMCR) of the base timer. (Set FMD[2:0] to 0b000.)

— 1/O mode 9 is equipped for TYP5-M4 and TYP6-M4 products.
TYPE1-M4, TYPE2-M4, TYPE3-M4, TYP4-M4 cannot be selected for I/O mode 9.
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4.4 1/0 Select Register (BTSELCDEF)
This register selects the 1/O mode for channels 12 to 15 of the base timer.
Register configuration
bit 15 14 13 12 11 10 9 8
Field | SELEF_3 | SELEF_2 | SELEF_1 | SELEF 0 | SELCD_3 | SELCD_2 | SELCD_1 | SELCD_O
Attribute R/IW R/IW R/W RIW RIW R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Register functions
bit15:12] SELEF 3to SELEF _O: I/O select bits for Ch.14/Ch.15
bitl5 bit14 bit13 bit12 I/O select bits
I/0 mode 0
0 0 0 0 o
(Standard 16-bit timer mode)
1/0 mode 1
0 0 0 1 ]
(Timer full mode)
I/O mode 2
0 0 1 0 .
(Shared external trigger mode)
I/O mode 3
0 0 1 1 . .
(Shared channel signal trigger mode)
1/0 mode 4
0 1 0 0 ]
(Timer start/stop mode)
I/O mode 5
0 1 0 1 .
(Software-based simultaneous startup mode)
I/0 mode 6
0 1 1 0 )
(Software-based startup and timer start/stop mode)
I/O mode 7
0 1 1 1 ]
(Timer start mode)
1/0 mode 8
1 0 0 0 . . .
(Shared channel signal trigger and timer start/stop mode)
I/0 mode 9
1 0 0 1
(Event counter mode)
Others Setting is prohibited.
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[bit11:8] SELCD 3 to SELCD_0: I/O select bits for Ch.12/Ch.13

bit1l bit10 bit9 bit8 I/O select bits

1/0 mode 0

0 0 0 0 o
(Standard 16-bit timer mode)
I/0 mode 1

0 0 0 1 .
(Timer full mode)
1/0 mode 2

0 0 1 0 ]
(Shared external trigger mode)
1/0 mode 3

0 0 1 1 . )
(Shared channel signal trigger mode)
I/O mode 4

0 1 0 0 ]
(Timer start/stop mode)
I/0O mode 5

0 1 0 1 .
(Software-based simultaneous startup mode)
I/0 mode 6

0 1 1 0 .
(Software-based startup and timer start/stop mode)
I/0 mode 7

0 1 1 1 i
(Timer start mode)
I/0 mode 8

1 0 0 0 . . .
(Shared channel signal trigger and timer start/stop mode)
1/0 mode 9

1 0 0 1
(Event counter mode)

Others Setting is prohibited.
Notes:

—  Before rewriting this register, set the base timer to reset mode using the FMD[2:0] bits in the Timer
Control Register (TMCR) of the base timer. (Set FMD[2:0] to 0b000.)

— 1/O mode 9 is equipped for TYP5-M4 and TYP6-M4 products.
TYPE1-M4, TYPE2-M4, TYPE3-M4, TYP4-M4 cannot be selected for I/O mode 9.
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4.5 Software-based Simultaneous Startup Register (BTSSSR)

This register starts up the base timer using software simultaneously.

Up to 16 channels can be started simultaneously if the bits corresponding to the channel are set to "1".

Register configuration

bit 15 0
Field | SSSR15 to SSSRO
Attribute w
Initial value OXXXXX

Register functions

bit15:0] SSSR15 to SSSRO: Software-based simultaneous startup bits

bit Software-based simultaneous startup bits
0 Writing "0" to these bits is invalid
1 Starts Ch.x of the base timer

Xx:15t0 0

— Do not write to this register unless set to either of the following modes:

— 1/O mode 5 (Software-based simultaneous startup mode)

— 1/O mode 6 (Software-based startup and timer start/stop mode)(Even channels only)

—  For the channel started up by using this register, select the rising edge as a trigger input edge using
the EGS1 and EGSO bits in the Timer Control Register (TMCR) of the base timer. (Set EGS1 and
EGSO0 to 0b01.)
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1. Overview of Base Timer

The function of the base timer can be set to either of the reset mode, 16-bit PWM timer, 16-bit PPG timer,
16/32-bit reload timer, or 16-/32-bit PWC timer using the FMD[2:0] bits in the Timer Control Register (TMCR).
The following provides an overview of each selectable timer function.

Relationship between mode settings and timer functions

Settings of FMD[2:0] bits of .
Timer Control Register (TMCR) Function
000 Reset mode
001 16-bit PWM timer
010 16-bit PPG timer
011 16/32-bit reload timer
100 16/32-bit PWC timer
Reset Mode

The reset mode is a status where the base timer macros are reset (with each register set to the initial value).
Be sure to set this mode before switching to a different timer function or T32 bit setting. However, it is not
necessary to set this mode before setting the timer function or T32 bit immediately after the macros are
reset.

16-bit PWM Timer
This timer consists of a 16-bit down counter, a 16-bit data register with a cycle set buffer, a 16-bit compare
register with a duty set buffer, and a pin controller.

The cycle and duty data is stored in a buffered register and thus can be rewritten while the timer is in
operation.

The counter clock of the 16-bit down counter can be selected from eight internal clocks (1, 4, 16, 128, 256,
512, 1024, and 2048 frequency divisions of the machine clock) and three external events (detection of a
rising edge, a falling edge, or both).

The one-shot mode where the counting stops at an underflow or the continuous mode where the counting is
repeated after reloading can be selected.

The start event of the 16-bit PWM timer can be selected from a software trigger and three external events
(detection of a rising edge, a falling edge, or both).

16-bit PPG Timer
This timer consists of a 16-bit down counter, a 16-bit data register for setting the HIGH width, a 16-bit data
register for setting the LOW width, and a pin controller.

The count clock of the 16-bit down counter can be selected from eight internal clocks (1, 4, 16, 128, 256, 512,
1024, and 2048 frequency divisions of the machine clock) and three external events (detection of a rising
edge, a falling edge, or both).

The one-shot mode where the counting stops at an underflow or the continuous mode where the counting is
repeated after reloading can be selected.

The start event of the 16-bit PPG timer can be selected from a software trigger and three external events
(detection of a rising edge, a falling edge, or both).
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16-/32-bit Reload Timer
This timer consists of a 16-bit down counter, a 16-bit reload register, and a pin controller.

The count clock of the 16-bit down counter can be selected from eight internal clocks (1, 4, 16, 128, 256, 512,
1024, and 2048 frequency divisions of the machine clock) and three external events (detection of a rising
edge, a falling edge, or both).

The one-shot mode where the counting stops at an underflow or the continuous mode where the counting is
repeated after reloading can be selected.

The start event of the 16/32-bit reload timer can be selected from a software trigger and three external
events (detection of a rising edge, a falling edge, or both).

The gate function is provided which execute the down count only at the effective level input from external.
The effective level can be selected from two levels(High level or Low level).

16-/32-bit PWC Timer
This timer consists of a 16-bit up counter, a measurement input pin, and a control register.
This timer measures the time between any events using an external pulse input.

The reference count clock can be selected from eight internal clocks (1, 4, 16, 128, 256, 512, 1024, and
2048 frequency divisions).

Measurement modes HIGH pulse width (1 to |) / LOW pulse width (| to 1)
Rising cycle (1 to 1) / Falling cycle (| to |)
Edge interval measurement (1 or | to | or 1)

An interrupt request can be generated when the measurement is completed.

One-time or continuous measurement can be selected.
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2. Block Diagram of Base Timer

Figure 2-1 to Figure 2-4 show block diagrams of the base timer in each mode.
Figure 2-1 Block Diagram of 16-bit PWM Timer
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Figure 2-2 Block Diagram of 16-bit PPG Timer
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Figure 2-3 Block Diagram of 16-/32-bit Reload Timer (ch.1 and ch.0)
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Figure 2-4 Block Diagram of 16-/32-bit PWC Timer (ch.1 and ch.0)
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3. Operations of the Base Timer

This section explains operations of the base timer.

Operations of the Base Timer
B Reset mode
The reset mode is a status where the base timer macros are reset (with each register set to the initial value).
Be sure to set this mode before switching to a different timer function or T32 bit setting. However, it is not
necessary to set this mode before setting the timer function or T32 bit immediately after the macros are reset.
In a 32-bit mode, setting this mode for the even channel also resets the odd channel. It is not necessary to
set the reset mode for the odd channel.

B 16-bit PWM timer
When triggered, the 16-bit PWM timer starts decrementing from the cycle set value. First, it outputs a LOW
level pulse. When the 16-bit down counter matches the value set in the PWM Duty Set Register, the output
inverts to the HIGH level. Then, the output inverts again to the LOW level when a counter underflow occurs.
This can generate waveforms with any cycle and duty.

B 16-bit PPG timer
When triggered, the 16-bit PPG timer starts decrementing from the value set in the LOW Width Reload
Register. First, it outputs a LOW level pulse. The output inverts to the HIGH level upon an underflow. Then, it
starts decrementing from the value set in the HIGH Width Reload Register. The output inverts to the LOW
level when an underflow occurs. This can generate waveforms having any LOW and HIGH widths.

B 16-bit reload timer
When triggered, the 16-bit reload timer starts decrementing from the cycle set value. When an underflow
occurs on the 16-bit down counter, an interrupt flag is set. The output is either the toggle output where the
level inverts according to the MDSE bit setting as an underflow occurs or the pulse output where the level is
HIGH at the start of counting and LOW at the occurrence of an underflow.

B 32-bit reload timer
This timer has the same basic operations as the 16-bit reload timer. However, it uses two channels, even
and odd, to operate as a 32-bit reload timer. The even channel operates as a lower 16-bit timer and the odd
channel as an upper 16-bit timer. The interrupt control and output waveform control are defined by the
settings for the even channel only. When setting the cycle, first write it in the upper register (odd channel)
and then in the lower register (even channel).

When reading the timer value, read it from the lower register (even channel) and then from the upper
channel (odd channel).

B 16-bit PWC timer
The PWC timer starts the 16-bit up counter with input of the specified measurement start edge and stops the

counter with detection of a measurement end edge. The value counted in between is stored as a pulse width
in the data buffer register.

B 32-bit PWC timer
This timer has the same basic operations as the 16-bit PWC timer. However, it uses two channels, even and
odd, to operate as a 32-bit PWC timer. The even channel operates as a lower 16-bit counter and the odd
channel as an upper 16-bit counter. The interrupt control is defined by the settings for the even channel only.
When reading the measured or count value, read it from the lower register (even channel) and then from the
upper channel (odd channel).
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4.  32-bit Mode Operations

Using two channels, the reload timer and PWC provide 32-bit mode operations. This section explains the
basic functions and operations of the 32-bit mode functions.

32-bit Mode Functions

This function enables the operations of a 32-bit data reload timer or 32-bit data PWC timer by combining two
channels of base timers. Since the upper 16-bit timer counter value in the odd channel is read together with
the lower 16-bit timer counter value in the even channel, the timer counter value can be read during
operation.

32-bit Mode Settings

First, set "Ob000" to set the reset mode to reset the status of the FMD[2:0] bits in the TMCR register of the
even channel. Then, as carried out for in 16-bit mode, select the reload or PWC timer and set the operation.
By writing 1 also to the T32 bit in the TMCR register, the 32-bit operation mode is set. Do not change 0 for
the T32 bit in the odd channel. It is also not necessary to set it to reset mode. For the reload timer, set the
reload value of the upper 16 of 32 bits in the PWM Cycle Set Register of the odd channel. Then, set the
reload value of the lower 16 bits in the PWM Cycle Set Register of the even channel.

Because transition to 32-bit operation mode is reflected immediately after the T32 bit is written, stop the
counting before changing the settings in each channel.

To change from 32-bit mode to 16-bit mode, set it to reset mode by setting "0b000" for the FMD[2:0] bits in
the TMCR register of the even channel. This resets the status of both even and odd channels, enabling
settings in 16-bit mode in each channel.
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32-bit Mode Operations

After transition to 32-bit mode, if the reload or PWC timer is started by control of the even channel, the
timer/counter in the even channel operates with the lower 16 bits. Also, the time/counter in the odd channel
operates with the upper 16 bits.

The operations in 32-bit mode are defined by the settings for the even channel. For this reason, the settings
for the odd channel (except the Cycle Set Register for the reload timer) are ignored. For the timer start,
waveform output, and interrupt signal functions, settings for the even channel are also applied (the odd
channel is masked and fixed to LOW).

Figure 4-1 shows the configuration of ch.0 and ch.1.

Figure 4-1 Configuration of 32-bit Operations (for ch.0 and ch.1)
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5. Base Timer Interrupt

This section provides a list of interrupt request flags, interrupt enable bits, and interrupt factors for each
function of the base timer.

Interrupt Control Bits and Interrupt Factors for Each Function
Table 5-1 shows the interrupt control bits and interrupt factors for each function.

Table 5-1 Interrupt Control Bits and Interrupt Factors in Each Mode

Status Control Register (STC)
Interrupt
Interrupt Interrupt request
. . Interrupt factors factor output
request flag bit enable bit .
signal
UDIR: hit0 UDIE: bit4 Detection of an underflow IRQO
PWM timer function DTIR: bitl DTIE: bit5 Detection of a match in duty
(16-bit PWM timer) ) ) Detection of a timer start
TGIR: bit2 TGIE: bit6 . IRQ1
trigger
) ) UDIR: bit0 UDIE: bit4 Detection of an underflow IRQO
PPG timer function - -
. ) ) ) Detection of a timer start
(16-bit PPG timer) TGIR: bit2 TGIE: bit6 . IRQ1
trigger
) . UDIR: bit0 UDIE: bit4 Detection of an underflow IRQO
Reload timer function - -
. . . ) Detection of a timer start
(16-/32-bit Reload timer) TGIR: bit2 TGIE: bit6 . IRQ1
trigger
) ) OVIR: bit0 OVIE: bit4 Detection of an overflow IRQO
PWC timer function - -
. . . ) Detection of the completion
(16-/32-bit PWC timer) EDIR: bit2 EDIE: bité IRQ1
of measurement

348 FM4_MN709-00002-4v0-E, May 27, 2015



CHAPTER 5-2: Base Timer
7. Registers of Base Timer

==7 CYPRESS

PERIPHERAL MANUAL

Starting the DMA Controller (DMAC)

The DMAC can be started using the generation of an interrupt factors by the base timer.

DMA Transfer Operation Using Interrupt Factors of the Base Timer
The DMAC can be started using the generation of an interrupt factor by the base timer. Figure 6-1 gives an

overview of starting the DMAC using the base timer.
Figure 6-1 Overview of Starting the DMAC Using the Base Timer

When the DMAC is used, it clears interrupt factor and
eliminates the need for the CPU to clear them.
CPU

.."'..O

(1) Generation of an
interrupt signal

Base timer

Use of the DMAC
DMAC

Clears the interrupt
factor by a DMA transfer

request

Before starting the DMAC using the base timer, configure the DMAC. For settings details on the DMAC, see

Chapters DMAC and Interrupt in Peripheral Manual.
Figure 6-2 gives an example of a DMA transfer operation using an interrupt request by the base timer.

Figure 6-2 Example of DMA transfer operation

(2) Clears by receiving the DMA

(1) Generation of an
interrupt request / transfer request
Interrupt request
from the base timer ‘—

(3) DMA transfer

DMA transfer
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7. Registers of Base Timer

This section provides register lists of the base timer in each mode.

List of Registers Used When the 16-bit PWM Timer Is Selected
Table 7-1 List of Registers Used When the 16-bit PWM Timer Is Selected

Abbreviation Register name Reference
TMCR Timer Control Register 9.1.6
TMCR2 Timer Control Register 2 9.1.6
STC Status Control Register 9.1.6
PCSR PWM Cycle Set Register 9.1.7
PDUT PWM Duty Set Register 9.1.8
TMR Timer Register 9.1.9

List of Registers Used When the 16-bit PPG Timer Is Selected

Table 7-2 List of Registers Used When the 16-bit PPG Timer Is Selected

Abbreviation Register name Reference
TMCR Timer Control Register 9.2.6
TMCR2 Timer Control Register 2 9.2.6
STC Status Control Register 9.2.6
PRLL LOW Width Reload Register 9.2.7
PRLH HIGH Width Reload Register 9.2.8
TMR Timer Register 9.2.9

List of Registers Used When the Reload Timer is Selected
Table 7-3 List of Registers Used When the Reload Timer Is Selected

Abbreviation Register name Reference
TMCR Timer Control Register 9.3.3
TMCR2 Timer Control Register 2 9.3.3
STC Status Control Register 9.3.3
PCSR PWM Cycle Set Register 9.34
TMR Timer Register 9.3.5

List of Registers Used When the PWC Timer Is Selected
Table 7-4 List of Registers Used When the PWC Timer Is Selected

Abbreviation Register name Reference
TMCR Timer Control Register 9.4.2
TMCR2 Timer Control Register 2 9.4.2
STC Status Control Register 9.4.2
DTBF Data Buffer Register 9.4.3
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8. Notes on using the Base Timer

This section provides notes on using the base timer.

Notes on Setting the Program Common to Each Timer
B |t is prohibited to rewrite the following bits in the TMCR2 and TMCR registers during operation. Rewriting
of the bits must be performed before starting or after stopping the operation.
[TMCR2 bit8], [TMCR bit14:12] CKS3 to CKSO : Clock selection bits

[bit10:8] EGS2, EGS1, EGSO0 : Measurement edge selection bits
[bit7] T32 : 32-bit timer selection bit
(When the reload timer PWC function is selected)
[bit6:4] FMDJ[2:0] : Timer function selection bits
[bit2] MDSE : Measurement mode (one-shot/continuous) selection bit

B When the FMD[2:0] bits in the TMCR register are set to reset mode with "0b000", all registers of the base
timer are initialized. Therefore, all registers must be set again.

B When the FMDJ[2:0] bits in the TMCR register are set to reset mode with "0b000", settings for the bits other
than the FMD[2:0] bits in the TMCR register are ignored and initialized.

Notes on Using the 16-bit PWM/PPG/Reload Timer

B [f the interrupt request flag set timing coincides the clear timing, the flag set operation takes precedence
and the clear operation is not performed.

B [f the load timing and count timing of the down counter coincide, the load operation takes precedence.

B Set the timer function with the FMD[2:0] bits in the TMCR register, and then set the cycle, duty, HIGH width,
and LOW width.

B In one-shot mode, if a restart is detected at the end of counting, the count value is reloaded and the restart
operation is started.

Notes on Using the PWC Timer

B If the count start enable bit (CTEN) is set to 1, the counter is cleared. As the result, the data existed in the
counter before the start is enabled becomes invalid.

B If the setting for PWC mode (FMD[2:0] = 100) and the setting for starting measurement (CTEN = 1) are
performed simultaneously in system reset/reset mode, the resultant operation may depend on the status of
the last measurement signal.

B In continuous measurement mode, if a measurement start edge is detected at the same time a restart is
set, the counting is started immediately from "0x0001".

B If a restart is performed after the count operation has been started, the following operations may occur
depending on the timing.

B If it coincides with a measurement end edge in pulse width one-shot measurement mode:

The timer is restarted and waits for detection of a measurement start edge. However, a
measurement end flag (EDIR) is set.

B If it coincides with a measurement end edge in pulse width continuous measurement mode:
The timer is restarted and waits for detection of a measurement start edge. However, a
measurement end flag (EDIR) is set and the measurement result at the time is transferred to the
DTBF.

When restarting the timer during operation, pay attention to flag operations as described above and use the
interrupt control.
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This section explains each function of the base timer.

Base Timer Functions

9.1. PWM Timer Function
9.2. PPG Timer Function
9.3. Reload Timer Function
9.4. PWC Timer Function
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9.1 PWM Timer Function
The function of the base timer can be set to either the 16-bit PWM timer, 16-bit PPG timer, 16-/32-bit reload
timer, or 16-/32-bit PWC timer using the FMD[2:0] bits in the Timer Control Register. This section explains
the timer functions available when PWM is set.

9.1.1. 16-bit PWM Timer Operations
9.1.2. One-shot Operation

9.1.3. Interrupt Factors and Timing Chart
9.1.4. Output Waveforms

9.1.5. PWM Timer Operation Flowchart

9.1.6. Timer Control Registers (TMCR and TMCR2) and Status Control Register (STC) used when the PWM
Timer is selected

9.1.7. PWM Cycle Set Register (PCSR)
9.1.8. PWM Duty Set Register (PDUT)
9.1.9. Timer Register (TMR)
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9.1.1 16-bit PWM Timer Operations
In PWM timer operations, waveforms in the specified cycle from the detection of a trigger can be output in
one-shot or continuously. The cycle of the output pulse can be controlled by changing the PCSR value. The
duty ratio can be controlled by changing the PDUT value. After writing data to the PCSR, be sure to write it to

the PDUT.

Continuous Operation
B \When a restart is disabled (RTGEN = 0)
Figure 9-1 PWM Operation Timing Chart (When a Restart Is Disabled)

Rising edge detection The trigger is ignored.
e~ &~
Trigger —| I—I
m
n
0
PWM ouput 1
waveform @
< 2 >
1) =T(n+L)ms T :Count clock cycle
(2) =T(m+1)ms m : PCSR value
n :PCSR value

B When a restart is enabled (RTGEN = 1)
Figure 9-2 PWM Operation Timing Chart (When a Restart Is Enabled)

Rising edge detection Restarted by the trigger

Trigger L\—LI

m

0

PWM output — (1) —>]
waveform

e

(1) =T(n+1)ms T : Count clock cycle

() =T(m+1)ms m : PCSR value
n : PDUT value
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9.1.2 One-shot Operation

In one-shot operation, a single pulse of any width can be output using a trigger. When a restart is enabled,

the counter is reloaded when an edge is detected during operation.

One-shot Operation

B When a restart is disabled (RTGEN = 0)

Figure 9-3 One-shot Operation Timing Chart (Trigger Restart Is Disabled)

Rising edge detection

Trigger

m — —4

0 ——4

PWM output
waveform

The trigger is ignored.

1) =T(n+1)ms
(2) =T(Mm+1)ms

S5 34

: Count clock cycle
: PCSR value
: PDUT value

B When a restart is enabled (RTGEN = 1)

Figure 9-4 One-shot Operation Timing Chart (Trigger Restart Is Enabled)

| Rising edge detection
]

Trigger

Q——H

PWM output

Restarted by the trigger

waveform

(1) =T(n+1)ms T
(2) =T(m+1)ms m

2

: Count clock cycle
: PCSR value
: PDUT value
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9.1.3 Interrupt Factors and Timing Chart

This section explains interrupt factors and a timing chart.

Interrupt Factors and Timing Chart (PWM Output: Normal Polarity)

As a time from trigger input to loading of the counter value, T is required for software triggering or 2T to 3T
(T: machine cycle) for external triggering.

Figure 9-5 shows the interrupt factors and a timing chart where the cycle set value = 3 and duty value = 1.

Figure 9-5 Interrupt Factors and Timing Chart of the PWM Timer

Trigger

< L=t 2T to 3T (External trigger)
Load
Count clock H I_ H H
Count value OXXXXX 0x0003 X 0x0002 0x0001 X 0x0000 0x0003 X 0x0002
PWM output
waveform
Interrupt 1‘ V ?
Start edge Match in duty Underflow
TGIR DTIR UDIR
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9.14 Output Wavefo

This section explains the

How to make an all-LOW

rms
PWM output.

or all-HIGH PWM output

Figure 9-6 shows how to make all-LOW PWM output and Figure 9-7 shows how to make all-HIGH output.
Figure 9-6 Example of Outputting All-LOW Level Waveforms as PWM Output

Underflow interrupt

e ~

—

to "1". The output changes to all-LOW
level waveforms from the cycle where
the setting is made.

Duty value 0x0002 0x0001 0x0000 OXXXXX
PWM output
waveform

The duty value is

reduced gradually. An underflow interrupt sets the PMSK

Figure 9-7 Example of Outputting All-HIGH Level Waveforms as PWM Output

Duty match interrupt

PWM output / / |

waveform |

The duty value is
increased gradually.

- |
N S

For the duty match interrupt, when the duty value is made to be

level waveforms in the next cycle.

—_— equal to the cycle set value, the output changes to all-HIGH
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9.15 PWM Timer Operation Flowchart

This section provides an operation flowchart of the PWM timer.

PWM Timer Operation Flowchart

PWM mode selection
Count clock selection
Operation mode selection
Interrupt flag clear
Interrupt enable

v

Start by the CTEN bit

v

Trigger detection
— TGIR flag setting

Settings

<
/4
Start of decrement

A /4

Match in duty
, DTIR flaq settin e S
J 9 1 Continuous operation !
|

% bocmmmmmegpeeeneee!

Occurrence of an underflow,
— UDIR flag setting

Yes

MDSE=0 ?

o e o e o o LR

Stop of count operation

v

Stop of operation
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9.1.6 Timer Control Registers (TMCR and TMCR2) and Status Control
Register (STC) used when the PWM Timer is selected

The Timer Control Register (TMCR) controls the PWM timer. Note that some bits cannot be rewritten while
the PWM timer is in operation.

Timer Control Register (Upper bytes of TMCR)

bit 15 14 13 12 1 10 9 8

Field Reserved | CKS2 | cKksl | cKso | RTGEN PMSK EGS1 EGSO

Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial value 0 0 0 0 0 0 0 0

[bitl5] Reserved: Reserved bit
The read value is 0.
Set 0 to this bit.

[bitl4:12, TMCR2:bit8] CKS3 to CKSO0: Count clock selection bits
B Select the count clock for the 16-bit down counter.
B Changes to the count clock setting are applied immediately. For this reason, changes to CKS3 through
CKSO0 must be made when the counting is stopped (CTEN = 0). However, it is possible to make changes at
the same time you set 1 to the Count Operation enable bit (CTEN).

CKS3 CKS2 CKS1 CKSO0 Description
0 0 0 0 )
0 0 0 1 ¢ /4
0 0 1 0 $ /16
0 0 1 1 ¢ /128
0 1 0 0 ¢ /1256
0 1 0 1 External clock (rising edge event)
0 1 1 0 External clock (falling edge event)
0 1 1 1 External clock (both edge event)
1 0 0 0 ¢ /512
1 0 0 1 $ /1024
1 0 1 0 ¢ /2048
Values other than the above Setting is prohibited.
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[bit1l] RTGEN: Restart enable bit
This bit enables restart by a software trigger or trigger input.

bit Description
0 Restart disabled
1 Restart enabled

[bit10] PMSK: Pulse output mask bit
B This bit controls the output level of PWM output waveforms.
B When this bit is set to 0, PWM waveforms are output as they are.
B \When this bit is set to 1, the PWM output is masked with LOW output regardless of the cycle and duty set

values.
bit Description
0 Normal output
1 Fixed to LOW output
Note:

= When Output polarity specification bit (OSEL) of Timer Control Register (Lower bytes of TMCR) is
set to inverted output, setting PMSK bit to 1 masks the output with HIGH.

[bit9:8] EGS1, EGSO: Trigger input edge selection bits

B These bits select a valid edge for input waveforms as an external start cause and set the trigger condition.

B When the initial value or Ob0O is set, the timer is not started by external waveforms because the setting
means that no valid edge is selected for input waveforms.

B Changes to EGS1 or EGSO must be made when the counting is stopped (CTEN = "0"). However, it is
possible to make changes at the same time you set 1 to the CTEN bit.

bit9 bit8 Description
0 0 Trigger input disabled
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

Note:
- Ifthe STRG bit is set to 1, software triggering is enabled regardless of the EGS1 and EGSO settings.
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Timer Control Register (Lower bytes of TMCR)

bit 7 6 5 4 3 2 1 0
Field Reserved | FMD2 | FMDL | FMDO | OSEL MDSE CTEN STRG
Attribute RIW RIW RIW RIW RIW RIW RIW RIW

Initial value 0 0 0 0 0 0 0 0

[bit7] Reserved: Reserved bit
The read value is 0.
Set 0 to this bit.

[bit6:4] FMD2 to FMDO: Timer function selection bits

B These bits select the timer function.

B When the FMDJ[2:0] bits are set to 0b001, the PWM function is selected.
B Changes must be made while the timer is stopped (CTEN = 0). However, it is possible to make changes at

the same time you set 1 to the CTEN bit.

bit6 bit5 bit4 Description
0 0 0 Reset mode
0 0 1 16-bit PWM timer
0 1 0 16-bit PPG timer
0 1 1 16/32-bit reload timer
1 0 0 16/32-bit PWC timer
1 0 1
1 1 0 Setting is prohibited.
1 1 1

[bit3] OSEL: Output polarity specification bit
B This bit sets the polarity of the PWM output.

Polarity After reset Match in duty Underflow

Normal LOW output

Inverted HIGH output %

R
_+

bit Description
0 Normal polarity
1 Inverted polarity
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