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Introduction: Notes on the description of SFR (Special Function Register) under this specifica-
tion

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

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

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

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

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

Base Address = 0x0000_0000

Register name Address(Base+)

Control register SAMCR 0x0004

0x000C

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

Note: The register shown above is an example for explanation purpose and not for demonstration purpose.
This register does not exist in this microcontroller.

b. SFR(register)
Each register basically consists of a 32-bit register (some exceptions).

+ The description of each register provides bits, bit symbols, types, initial values after reset and func-
tions.
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1.2.2 SAMCR(Control register)

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

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

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

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

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

Note: The Type is divided into three as shown below.

R/ W READ WRITE
R READ
w WRITE

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

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

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

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

Example: SAMCR[9:7]="000"
It indicates bit 9 to bit 7 of the register SAMCR (32 bit width).
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General precautions on the use of Toshiba MCUs

This Page explains general precautions on the use of Toshiba MCUs.
Note that if there is a difference between the general precautions and the description in the body of the
document, the description in the body of document has higher priority.
1. The MCUs’ operation at power-on

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

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

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

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

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

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

3. Clock oscillation stability

A reset state must be released after the clock oscillation becomes stable. If the clock is changed to
another clock while the program is in progress, wait until the clock is stable.
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TMPMO061FWFG

CMOS 32-Bit Microcontroller

TMPMO61FWFG

The TMPMO61FWFG is a 32-bit RISC microprocessor series with an Arm®Cortex®-MO0 microprocessor core.

Features of the TMPMO61FWFG are as follows:

1.1 Features

1. Arm Cortex-M0 microprocessor core
a. Improved code efficiency has been realized through the use of Thumb® —2 instruction.

b. Both high performance and low power consumption have been achieved.
[High performance]
* A 32-bit multiplication (32%32=32 bit) can be executed with one clock.
[Low power consumption]
*+ Optimized design using a low power consumption library

+ Standby function that stops the operation of the micro controller core

c. High-speed interrupt response suitable for real-time control
* An interruptible long instruction.

+ Stack push automatically handled by hardware.
2. Endian: Little endian

3. On Chip program memory and data memory
- On chip Flash ROM: 128 Kbyte
- On chip RAM: 8 Kbyte

4. Power calculation engine (PCE) : DSP function for power calculation

5. 16-bit timer (TMRB): 2 channels
16-bit interval timer mode
16-bit event counter mode
16-bit PPG output
Input capture function
Synchronous mode

6. 16-bit timer (TMR16A): 7 channels

7. General-purpose serial interface (SIO/UART): 4 channels
Either UART mode or synchronous mode can be selected
* Port selection is possible (1 channel)

* IR carrier pulse output is possible (3 channels)

8. Serial bus interface (I2C/SIO): 1channels

Either I12C bus mode or synchronous mode can be selected.
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1.1 Features TMPMO061FWFG

9. 10-bit AD converter (ADC): 1 unit
Fixed channel/scan mode
Single/repeat mode
AD monitoring 2ch
Conversion speed

16.2pusec (AVDD = 2.7 to 3.6V)
32.4psec (AVDD = 1.8 to 3.6V)

10. 24-bit AXAD converter (ADC): 3 units
Sampling frequency: 3 KHz, 6 KHz
Input voltage range: -0.375 to +0.375 V
Programmable gain amp: x1, x2, x4, X8 or x16 can be selected.
Conversion mode: Single or repeat
Adjustment of conversion start

Synchronous start of multiple units
11. Temperature sensor (TEMP)

12. Real time clock (RTC): 1 channel
Clock (hour, minute and second)
Calendar (month, week, date and leap year)
Clock adjustment (by software)

13. LCD driver/controller (LCDD)
LCD direct drive is possible (40 seg x 4 com)
1/4, 1/3, 1/2 duties or static drive are selectable

Bleeder resistance incorporated (external bleeder resistance is also usable)
14. Voltage detection circuit (LVD)

15. Watchdog timer (WDT): 1 channel
Watchdog timer (WDT) generates a reset or a non-maskable interrupt (NMI).

16. Interrupt source: The order of priority can be set to 4 levels.
Internal: 28 factors
External: 4 factors

17. Input/output ports (PORT): 64 pins
Three 5V-Tolerant inputs are prepared

18. Standby mode
Standby modes: IDLE, SLOW, SLEEP, STOP

19. Clock generator (CG)
Clock gear function: The high-speed clock can be divided into 1/1, 1/2, 1/4, 1/8 or 1/16.

20. Maximum operating frequency: 16 MHz

21. Operating voltage range: 1.8 to 3.6 V
2.9 to 3.6 V: Use of 24-bit AXAD converter is possible
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TMPMO061FWFG

2.2 to 3.6 V: Use of LCD driver/controller is possible
2.7 to 3.6 V: Write/erase of Flash ROM is possible

22. Temperature range
-40 to 85 degrees (except during Flash writing/erasing)
0 to 70 degrees (during Flash writing/erasing)

23. Package
LQFP100 (14mm X 14mm, 0.5mm pitch)
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1.2 Block Diagram TMPMO061FWFG

1.2 Block Diagram
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Figure 1-1 Block Diagram
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TMPM061FWFG
1.3 Pin Layout (Top view)
Figure 1-2 shows the pin layout of TMPMO061FWFG.
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Figure 1-2 Pin Layout
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1.4 Pin names and Functions

TMPMO061FWFG

1.4 Pin names and Functions

The input/output pin names and functions of the TMPMO61FWFG are as follows:

Table 1-1 Pin Names and Functions Sorted by Pin (1/6)

Pin Input/
Type Pin Name Out- Function
No.
put
PS 1 VREFH - Supplying the 10bit AD converter with a reference power supply. (note 1)
PS 2 AVDD3 - Supplying the 10bit AD converter with a power supply. (note 1) (note 3)
MODE pin
Control 3 MODE | .
(note) MODE pin must be connected to GND.
Clock 4 XT1 | Connected to a low-speed oscillator.
Clock 5 XT2 o Connected to a low-speed oscillator.
[ Reset input pin
Control 6 RESET | . o
(note) With a pull-up and a noise filter
Connected to a high-speed oscillator.
Clock 7 X1 | . ) )
High-speed clock input pin.
PS 8 DVSS - GND pin
Clock 9 X2 O Connected to a high-speed oscillator.
PS 10 DVDD3 - Power supply pin (note 3)
PGO 110 1/0 port
Function 11 TBOOUT (0] Timer B output
INT2 | External interrupt pin
PHO 110 1/0 port
Function 12 TXDO o Sending serial data
IROUTO o Sending serial data with carrier pulse
. PH1 110 1/0 port
Function 13
RXDO | Receiving serial data
PH2 110 1/0 port
. SCLKO 110 Serial clock input/ output
Function 14 P . .
CTSO | Handshake input pin
T16A00UT o Timer 16A output
PH3 110 1/0 port
TXD1 O Sending serial data
Function 15 IROUT1 o Sending serial data with carrier pulse
DBGEN | Debug enable
(note) This pin is fixed to debug function by sampling "Low" at the rise of RESET signal.
. PH4 110 1/0 port
Function 16
RXD1 110 Receiving serial data
PH5 110 1/0 port
. SCLK1 110 Serial clock input/ output
Function 17 N ) .
CTS1 | Handshake input pin
T16A10UT (0] Timer 16A output
2018/10/26 Page 6
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Table 1-1 Pin Names and Functions Sorted by Pin (2/6)

Pin Input/
Type Pin Name Out- Function
No.
put
1/0 port
PIO 110
. Sending serial data
Function 18 TXD2 O
Sending serial data with carrier pulse
IROUT2 6} e . )
(note) While RESET pin is "Low", keep PIO pin from being set to "Low".
. PI1 110 1/0 port
Function 19
RXD2 | Receiving serial data
PI2 110 1/0 port
. SCLK2 110 Serial clock input/ output
Function 20 R
CTS2 | Handshake input pin
T16A20UT (0] Timer 16A output
. PI3 110 1/0 port
Function 21
TBOIN | Inputting the timer B capture trigger
Regulator output pin
PS 22 | cout - 9 putpin
Connect a 1pF capacitor to between COUT and RVSS.
PS 23 RVSS - GND pin
PS 24 RVDD3 - Power supply pin (note 3)
. Pl4 110 1/0 port
Function 25 i .
TXD30 O Sending serial data
. PI5 110 1/0 port (5V tolerant input) (note 7)
Function 26
RXD30 | Receiving serial data
PI6 110 1/0 port (5V tolerant input) (note 7)
. SCLK30 110 Serial clock input/ output
Function 27 _
CTS30 | Handshake input pin
T16A50UT (0] Timer 16A output
PJO 110 1/0 port
SDAO 1/0 12C mode: data pin
Function 28 SO0 110 SIO mode: data pin
BOOT | Setting a single boot mode:
(note) TMPMO061FWFG goes into single boot mode by sampling "Low" at the rise of a RESET signal.
PJ1 110 1/0 port
Function 29 SCLO 110 12C mode: clock pin
SI0 110 SIO mode: data pin
PJ2 110 1/0 port (5V tolerant input) (note 7)
Function 30 SCKO 110 Inputting and outputting a clock if the serial bus interface operates in the SIO mode.
INT1 | External interrupt pin
. PJ3 110 1/0 port
Function 31
RTCOUT (0] RTC output
PJ4 110 1/0 port
Function 32 T16A30UT (0] Timer 16A output
SCouT o System clock output
PJ5 | Input port
Function 33 TB1IN | Inputting the timer B capture trigger
XTCLKIN | Low-speed clock input pin
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TMPMO061FWFG

Table 1-1 Pin Names and Functions Sorted by Pin (3/6)

Pin Input/
Type Pin Name Out- Function
No.
put
. PE7 110 1/0 port
Function /
34 SEG39 o LCD segment output pin
Debug .
SWDIO 110 Debug pin
. PE6 110 1/0 port
Function / .
35 SEG38 (0] LCD segment output pin
Debug .
SWCLK | Debug pin
PE5 110 1/0 port
Function 36 SEG37 O LCD segment output pin
TXD31 o Sending serial data
PE4 110 1/0 port
Function 37 SEG36 O LCD segment output pin
RXD31 | Receiving serial data
PE3 110 1/0 port
. SEG35 O LCD segment output pin
Function 38 . .
SCLK31 110 Handshake input pin
CTS31 | Serial clock input/ output
PE2 110 1/0 port
Function 39 SEG34 O LCD segment output pin
T16A60UT o Timer 16A output
. PE1 110 1/0 port
Function 40 X
SEG33 (0] LCD segment output pin
. PEO 110 1/0 port
Function 41 .
SEG32 (0] LCD segment output pin
. PD7 110 1/0 port
Function 42
SEG31 (0] LCD segment output pin
. PD6 110 1/0 port
Function 43
SEG30 O LCD segment output pin
. PD5 110 1/0 port
Function 44 X
SEG29 O LCD segment output pin
. PD4 110 1/0 port
Function 45 .
SEG28 (0] LCD segment output pin
. PD3 110 1/0 port
Function 46
SEG27 (0] LCD segment output pin
. PD2 110 1/0 port
Function 47 .
SEG26 O LCD segment output pin
. PD1 110 1/0 port
Function 48 X
SEG25 o LCD segment output pin
. PDO 1/0 1/0 port
Function 49 .
SEG24 o LCD segment output pin
. PC7 110 1/0 port
Function 50 .
SEG23 o LCD segment output pin
) PC6 110 1/0 port
Function 51 X
SEG22 O LCD segment output pin

2018/10/26
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Table 1-1 Pin Names and Functions Sorted by Pin (4/6)

Pin Input/
Type Pin Name Out- Function
No.
put
. PC5 110 1/0 port
Function 52
SEG21 o LCD segment output pin
. PC4 110 1/0 port
Function 53 X
SEG20 O LCD segment output pin
. PC3 110 1/0 port
Function 54 X
SEG19 o LCD segment output pin
. PC2 110 1/0 port
Function 55
SEG18 (0] LCD segment output pin
. PC1 110 1/0 port
Function 56 .
SEG17 o LCD segment output pin
) PCO 110 1/0 port
Function 57 X
SEG16 O LCD segment output pin
. PB7 110 1/0 port
Function 58 .
SEG15 o LCD segment output pin
. PB6 110 1/0 port
Function 59
SEG14 (0] LCD segment output pin
. PB5 110 1/0 port
Function 60 .
SEG13 O LCD segment output pin
. PB4 110 1/0 port
Function 61 X
SEG12 (6] LCD segment output pin
. PB3 110 1/0 port
Function 62
SEG11 o LCD segment output pin
. PB2 110 1/0 port
Function 63
SEG10 o LCD segment output pin
. PB1 110 1/0 port
Function 64 X
SEG9 O LCD segment output pin
. PBO 110 1/0 port
Function 65 X
SEG8 (6] LCD segment output pin
. PA7 110 1/0 port
Function 66
SEG7 (0] LCD segment output pin
. PA6 110 1/0 port
Function 67
SEG6 o LCD segment output pin
. PA5 110 1/0 port
Function 68 X
SEG5 O LCD segment output pin
. PA4 110 1/0 port
Function 69 .
SEG4 o LCD segment output pin
. PA3 110 1/0 port
Function 70
SEG3 (0] LCD segment output pin
. PA2 110 1/0 port
Function 71
SEG2 O LCD segment output pin
. PA1 110 1/0 port
Function 72 X
SEG1 (0] LCD segment output pin
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TMPMO061FWFG

Table 1-1 Pin Names and Functions Sorted by Pin (5/6)

Pin Input/
Type Pin Name Out- Function
No.
put
. PAO 110 1/0 port
Function 73
SEGO o LCD segment output pin
PS 74 DVDD3 - Power supply pin (note 3)
PS 75 DVSS - GND pin
Function 76 COMO O LCD common output pin
Function 77 COM1 (0] LCD common output pin
Function 78 COM2 (0] LCD common output pin
Function 79 COM3 o LCD common output pin
PKO 110 1/0 port
Function 80 INT3 | External interrupt pin
LV1 - Connected to a bleeder resistance.
PK1 | 1/0 port
Function 81 TB1OUT O Timer B output
Lv2 - Connected to a bleeder resistance.
PS 82 VLC - LCD power supply pin (note 3)
PS 83 AGNDREFO - 24bit AZAD converter: GND pin (note 4) (note 5)
Function 84 DAINO+ | 24bit AZAD converter analog input
Function 85 DAINO- | 24bit AZAD converter analog input
PS 86 VREFINO - Supplying the 24bit AXAD converter with a power supply. (note 4) (note 5)
PS 87 AGNDREF1 - 24bit AXAD converter: GND pin (note 4) (note 5)
Function 88 DAIN1+ | 24bit AZAD converter analog input
Function 89 DAIN1- | 24bit AZAD converter analog input
PS 90 VREFIN1 - Supplying the 24bit AXAD converter with a power supply. (note 4) (note 5)
PS 91 AGNDREF2 - 24bit AZAD converter: GND pin (note 4) (note 5)
Function 92 DAIN2+ | 24bit AZAD converter analog input
Function 93 DAIN2- | 24bit AZAD converter analog input
PS 94 VREFIN2 - Supplying the 24bit AXAD converter with a power supply. (note 4) (note 5)
PS 95 DSRVSS - Voltage reference circuit: GND pin (note 6)
PS 96 DSRVDD3 - Supplying the amplifier circuit for AXAD converter with a power supply. (note 6)

2018/10/26
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Table 1-1 Pin Names and Functions Sorted by Pin (6/6)

1.5

Pin . Input/ .
Type No. Pin Name Out- Function
put
PS 97 SRVDD - Supplying the voltage reference circuit with a power supply. (note 6)
Function 98 PFO 110 110 Pon .
AINO | 10bit AD converter analog input
PF1 1/0 1/0 port
Function 99 AIN1 | 10bit AD converter analog input
INTO | External interrupt pin
PS 100 AVSS - 10bit AD converter: GND pin (note 2)
Note 1: AVDD3 and VREH must be connected to power supply even if 10bit AD converter is not used.
Note 2: AVSS must be connected to GND even if the 10bit AD converter is not used.
Note 3: The same voltage must be supplied to DVDD3, AVDD3, RvDD3, DSRVDD3, SRVDD, VLC.
Note 4: When 24bit AXAD converter is used, provide pin treatments as follows:
- Do not connect VREFINXx to a reference voltage.
- Connect AGNDREFx to DVSS level.
- Connect a 1uF capacitor to between VREFINx and AGNDREFx.
Note 5: When 24bit AXAD converter is not used, below settings are required.
- Connect AGNDREFx to DVSS level.
Note 6: When a temperature sensor is also not used, a reference voltage circuit requires below settings.
- Connect DSRVDD3 and SRVDD to DVDD3.
- Connect DSRVSS to DVSS.
Note 7: Only when input is enabled, these pins tolerate 5V inputs.

Note that these pins cannot be pulled up over the power supply voltage when using as open-drain output.

Pin Numbers and Power Supply Pins

Table 1-2 Pin Numbers and Power Supplies

Power supply Voltage range Pin No. Pin name
AVDD3 2 1 to 2 pin, 98 to 100 pin
DVDD3 1.8 to 3.6V 8, 74 3 to 82 pin
SRVDD 97 95 to 97 pin
VREFINO 86 83 to 86 pin
VREFIN1 - 90 87 to 90 pin
VREFIN2 94 91 to 94 pin
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2. Product Information

This chapter describes the product-specific information about peripherals. Use this chapter in conjunction with
Chapter of Peripherals.

2.1 16-bit Timer/Event Counter (TMRB)

TMPMO61FWEFG contains 2 channels of TMRB. The following are the product-specific functions:

1. Timer flip-flop output used as a capture trigger

An output of 16-bit timer A(TMR16A) can be used as a capture trigger for TMRB.
T16A30UT — TMRBO
T16A60UT — TMRBI1

2. Start trigger in the timer synchronous mode

A synchronous start of multiple channels is possible.
TMRBO0O — Start TMRBO and TMRBI1 simultaneously.

Table 2-1 describes the difference of TMRB.

Table 2-1 Difference of TMRB according to channels (n: channel number)

Pin
. Trigger function between timers
(Port/pin number)
Channel External clock/ Timer flip-flop
capture trigger output pin X Synchronous start
. ) Capture trigger )
input pin trigger channel
TBnIN TBnOUT
TMRBO PI3 (21) PGO (11) T16A30UT -
TMRB1 PJ5 (33) PK1 (81) T16A60UT TMRBO

2.2 16-bit Timer A (TMR16A)

TMPMO61FWEFG contains 7 channels of TMR16A. Channel 4 does not provide a match interrupt signal and out-

put signal to the rectangular wave pin.

Table 2-2 shows a list of rectangular wave output pins of TMR16A.
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Table 2-2 Used pins of TMR16A (n: channel number)

Channel T16AnOUT pin
TMR16A0 PH2 (14)
TMR16A1 PH5 (17)
TMR16A2 P12 (20)
TMR16A3 PJ4 (32)
TMR16A4
TMR16A5 P16 (27)
TMR16A6 PE2 (39)

2.3 Serial Channel (SIO/UART)

TMPMO61FWFG contains 4 channels of SIO. The following are the product-specific functions:

1. Timer output used as a transfer clock

In the UART mode, a timer output can be used as a transfer clock.
T16A00UT — SIO0, SIO1
T16A10UT — SIO2, SIO3

2. Timer output used as carrier pulses

A timer flip-flop output can be used for transmission using carrier pulses. However, SIO3 does not
have this function.

T16A40UT— SIOO, SIO1, SIO2

Table 2-3 describes the difference of SIO.

SIO3 can choose a port to use. Either port must be valid. SIO3 does not have a function of IROUTn (carrier
pulse transmission with data).

Table 2-3 Difference of SIO according to channels (n: channel number)

Pin
f Timer output
(Port/pin number)
Channel
TXDn SCLKn .
RXDn Used as clock Used as carrier
IROUTn CTSn pulse
SI00 PHO (12) PH1 (13) PH2 (14)
T16A00UT
Siot PHS (15) PH4 (16) PHS (17)
T16A40UT
SIo2 PIO (18) PI1 (19) PI2 (20)
P14 (25) PI5 (26) PI6 (27) T16A10UT
SIO3
PE5 (36) PE4 (37) PE3 (38)
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2.4 Analog/Digital Converter (ADC)

2.4.1 Non-Usable Functions

In the TMPMO61FWFG, the following ADC functions cannot be used. Do not set the related registers.

Function Register
Highest priority conversion ADMOD2, ADREGSP
AD monitoring function ADMOD3, ADMOD5, ADCMP0, ADCMP1
AD start-up by hardware ADMOD4 <ADHTG> <ADHS> <HADHTG> <HADHS>

2.4.2 Conversion Channel

In the TMPMO61FWFG, 4 channels from 0 to 3 are used as input channels of the AD converter. Analog sig-
nals input to each channel are as follows.

Table 2-4 ADC input

Channel Input
Channel 0 AINO pin (PF0/98pin)
Channel 1 AIN1 pin (PF1/99pin)
Channel 2 Temperature sensor output
Channel 3 AXADC reference voltage circuit(BGR) output

Conversion channels are specified with ADMODO<SCAN>, ADMODI<ADSCN> and <ADCH>. Table
2-5 describes available settings.

Table 2-5 Channel selection on normal conversion

ADMOD1<ADCH][3:0]>
0000 0001 0010 0011 0100 to 1111
ADMODO :
Fixed channel AINO AIN1 AIN2 AIN3
<SCAN>=0
ADMOD1<ADSCN>=00
AINO AINO~AIN1 AINO~AIN2 [ AINO~AIN3
4-channel scan
Not available
ADMODO ADMOD1<ADSCN>=01
AINO AINO~AIN1 AINO~AIN2 | AINO~AIN3
<SCAN>=1 8-channel scan
ADMOD1<ADSCN>=10
AINO AINO~AIN1 AINO~AIN2 [ AINO~AIN3
12-channel scan
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2.5 A% Analog/Digital Converter (DSADC)
TMPMO61FWFG contains 3 units of DSADC.

In the synchronous start function of DSADC, the following table is an assignment of a master unit and slave unit.

Table 2-6 Master/slave assignment

Master Slave
. Unit 1

Unit 0
Unit 2
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3. Processor Core

The TMPMO61FWFG series has a high-performance 32-bit processor core (the Arm Cortex-MO0 processor
core). For information on the operations of this processor core, please refer to the "Cortex-M0 Technical Refer-
ence Manual" issued by Arm Limited. This chapter describes the functions unique to the TMPMO61FWFG ser-
ies that are not explained in that document.

3.1 Information on the processor core

The following table shows the revision of the processor core in the TMPMO061FWFG.

Refer to the detailed information about the CPU core and architecture, refer to the Arm manual "Cortex-M ser-
ies processors" in the following URL:

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

Product Name Core Revision

TMPMO61FWFG rOp0-03

3.2 Configurable Options

The Cortex-MO core has optional blocks. The following tables shows the configurable options in the

TMPMO61FWFG.
Configurable Options Implementation
Interrpts 32
Data endiannes Little-endian
SysTick timer Present
Number of watchpoint comparators 2
Number of breakpoint comparators 4
Halting debug support Present
Multiplier Fast

Note: The fast multiplier provides a 32-bit x 32-bit multiply that yields the least-significant 32-bits.
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3.3 Exceptions/ Interruptions TMPMO061FWFG

3.3 Exceptions/ Interruptions

Exceptions and interruptions are described in the following section.

3.3.1  Number of Interrupt Inputs

The number of interrupt inputs can optionally be defined in the Cortex-MO core.

TMPMO61FWFG has 32 interrupt inputs.

3.3.2 SysTick

TMPMO61FWEFG has a SysTick timer which can generate SysTick exception.

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

3.3.3 SYSRESETREQ

The Cortex-MO core outputs SYSRESETREQ signal when <SYSRESETREQ> bit of Application Inter-
rupt and Reset Control Register are set.

TMPMO61FWFG provides the same operation when SYSRESETREQ signal are output.

Note: The reset operation by <SYSRESETREQ> can not used while in SLOW mode.

3.34 LOCKUP

When irreparable exception generates, the Cortex-MO core outputs LOCKUP signal to show a serious er-
ror included in software.

TMPMO61FWEFG does not use this signal. To return from LOCKUP status, it is necessary to use non-mask-
able interruput (NMI) or reset.

3.4 Events

The Cortex-MO core has event output signals and event input signals. An event output signal is output by SEV in-

struction execution. If an event is input, the core returns from low-power consumption mode caused by WFE instruc-
tion.

TMPMO61FWFG does not use event output signals and event input signals. Please do not use SEV instruction
and WFE instruction.

3.5 Power Management

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

These signals are output in the following circumstances:
-Wait-For-Interrupt (WFI) instruction execution

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

TMPMO61FWFG does not use SLEEPDEEP signal so that <SLEEPDEEP> bit must not be set. And also event
signal is not used so that please do not use WFE instruction.

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

4.1 Memory map
The memory maps for theTMPMO61FWFG are based on the Arm Cortex-MO processor core memory map.

The internal ROM is mapped to the code of the Cortex-MO0 core memory, the internal RAM is mapped to the
SRAM region and the special function register (SFR) is mapped to the peripheral region respectively.

The special function register (SFR) indicates I/O ports and control registers for the peripheral function.
TMPMO61FWFG has bit-band feature equivalent to Cortex-M3 and the SRAM and SFR regions of
TMPMO61FWFG are all included in the bit-band region.

The CPU register region is the processor core's internal register region.
For more information on each region, see the "Cortex-M0 Technical Reference Manual".

Note that access to regions indicated as "Fault" causes a hard fault. Do not access the vendor-specific region
and the reserved region.

Figure 4-1 shows the memory map of the TMPMO61FWFG.
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4.1

Memory map

TMPMO061FWFG

OXFFFF_FFFF

0xE010_0000
OxEOOF_FFFF

0xE000_0000
OXDFFF_FFFF

0x440B_FFFF
0x4404_0000

0x437F_FFFF
0x4280_0000

Ox41FF_FFFF
Ox41FF_F000

0x400B_FFFF
0x4004_0000

0x3F81_FFFF
0x3F80_0000

0x2203_FFFF
0x2200_0000

0x2000_3FFF
0x2000_2000
0x2000_1FFF
0x2000_0000

0x0001_FFFF
0x0000_0000

Vender-Specific

CPU Register Region

Fault

SFR1

Fault

Bit band alias

Fault

SFRO

Fault

SFRO

Fault

Built-in ROM (128K)
<Mirror>

Fault

Bit band alias

Fault

Reserved

Built-in RAM (8K)

Fault

Built-in ROM (128K)

Bit band alias

Bit band region

Bit band alias

Bit band region

Figure 4-1 Memory Map

OX43FF_FFFF

0x4200_0000

0x400F _FFFF
0x4000_0000

Ox23FF_FFFF

0x2200_0000

0x200F_FFFF
0x2000_0000
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4.2 Bus Structure

TMPMO61FWFG contains the Cortex-MO core and PCE acting as a bus master.

Slaves are the built-in ROM, built-in RAMO/1, built-in BOOT ROM, bridge0/1 from AHB-Lite bus to APB
bus and bridge 0/1 from AHB-Lite bus to IO bus. Bridges numbered 0 are allocated to SFRO area and bridges num-
bered 1 are allocated to SFR1 area. Peripheral functions are connected either the APB bus or 10 bus via bridges.

An access to slaves from the core or PCE is executed simultaneously as long as the access is not to the same

slave.

Note:PCE cannot access to the built-in BOOT ROM.

Figure 4-2 shows a bus structure.

Master

AHB to APB |:

TMR16A LCDD Temperature
Power Bridge 0 1[(ch0,1,2,3,4 Sensor
Calculation !
Engine (PCE) | : ,
[ | AHB to APB [:| asapc |[ TMR16A
. Bridge 1 [i| (unit0,1,2) (ch5,6)
AHB 1010 |i[ pogt
Bridge 1 | (G)
i| TMRB SIO/UART 12C/SIO WDT PORT
AHB to |10 (ch0,1) (ch0,1,2,3) (Ato FH,1J.K)
Bridge 0 ADC LVD RTC CcG

Figure 4-2 Bus structure
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4.3 Address lists of peripheral functions TMPMO061FWFG

4.3 Address lists of peripheral functions

Base addresses of the peripheral functions are shown below. Be careful of which area of SFRO or SFR1 the periph-
eral function is allocated.

Do not access to addresses in the SFR area except control registers. For details of control registers, refer to Chap-
ter of each peripheral functions.

Peripheral Function Base Address Area

Clock/Mode control (CG) 0x400F_3000 SFRO
PORTA 0x400C_0000 SFRO

PORTB 0x400C_0100 SFRO

PORTC 0x400C_0200 SFRO

PORTD 0x400C_0300 SFRO

PORTE 0x400C_0400 SFRO

Input/Output Ports PORTF 0x400C_0500 SFRO
PORTG 0x440C_0600 SFR1

PORTH 0x400C_0700 SFRO

PORTI 0x400C_0800 SFRO

PORTJ 0x400C_0900 SFRO

PORTK 0x400C_0A00 SFRO

16-bit Timer/Event Counters cho 0x400C_4000 SFRO
(TMRB) ch1 0x440C_4100 SFR1
ch0 0x4008_D000 SFRO

ch1 0x4008_E000 SFRO

ch2 0x4008_F000 SFRO

16-bit Timer A (TMR16A) ch3 0x4009_0000 SFRO
ch4 0x4009_1000 SFRO

ch5 0x4409_2000 SFR1

ch6é 0x4409_3000 SFR1

ch0 0x400E_1000 SFRO

Serial Channel (SI0/SIO) il Ox400F 1190 SFRO
ch2 0x400E_1200 SFRO

ch3 0x400E_1300 SFRO

Serial Bus Interface (12C/SIO) 0x400E_0000 SFRO
Analog/Digital Converter (ADC) 0x400F_C000 SFRO
unit0 0x4406_7000 SFR1

(Agg‘:g'g;mg"a' Converter unit1 0x4406_8000 SFR1
unit2 0x4406_9000 SFR1

Temperature sensor (TEMP) 0x4005_D000 SFRO
Real Time Clock (RTC) 0x400C_C000 SFRO
LCD Driver (LCD) 0x4006_E000 SFRO
Voltage Detector (LVD) 0x400F_4000 SFRO
Watch Dog Timer (WDT) 0x400F_2000 SFRO
Flash / Debug (FC) 0x41FF_F000 SFRO
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5. Reset Operation

The following are sources of reset operation.

RESET pin (RESET)
Watch-dog timer (WDT)
Application interrupt by CPU and a signal from the reset register bit <SYSRESETREQ>

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

A reset by WDT is refer to the chapter on the "Watch-dog timer".
A reset by <SYSRESETREQ> is referred to "Cortex-MO0 Technical Reference Manual".

Note 1: Once reset operation is done, internal RAM data is not assured.
Note 2: In the SLOW mode, do not use a reset by <SYSRESETREQ>.

5.1 Cold Reset

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

When turning-on power, it is necessary to take a stable time of built-in regulator into consideration. In the
TMPMO61FWFG, the internal regulator requires at least approximately 1ms to be stable. At cold reset, RESET
pin must be kept "Low" for a duration of time sufficiently long enough for the internal regulator to be stable. Approx-
imately 1.6ms after RESET pin becomes "High", internal reset will be released.

Power voltage 1
recommendation range

ov

< >

approximately 1ms /
TR ———
approximately 1.6ms
Internal reset signal /o

RESET

Internal high-speed
oscillator

CPU fetch starts

Figure 5-1 Cold Reset Operation Sequence

Note: The above sequence is applied as well when restoring power.

5.2 Warm Reset

To do reset TMPMO61FWEFG, the following conditions are required; power supply voltage is in the operational
range ; RESET pin is kept "Low" at least for 12 internal high-speed clocks. Approximately 1.6ms after RESET
pin becomes "High", internal reset will be released.

In case of WDT reset or <SYSRESETREQ> reset, internal reset will be released approximately 30 internal high-
speed clocks after reset.
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5.3 After reset TMPMO061FWFG

5.3 After reset

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

When reset is released, TMPMO61FWFG starts operation by a clock of internal high-speed oscillator. External
clock should be set if necessary.
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6. Clock/Mode control

6.1 Features
The clock/mode control block enables to select clock gear, prescaler clock and warm-up of the oscillator.
There is also the low power consumption mode which can reduce power consumption by mode transitions.

This chapter describes how to control clock operating modes and mode transitions.

The clock/mode control block has the following functions:

Controls the system clock
Controls the prescaler clock
Controls the warm-up timer

In addition to NORMAL mode, the TMPMO61FWFG can operate in variety of low power modes to reduce pow-
er consumption according to its usage conditions.
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6.2 Registers TMPMO061FWFG

6.2 Registers

6.2.1 Register List

The table below shows control registers and their addresses.

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

Register name Address(Base+)
System control register CGSYSCR 0x0000
Oscillation control register CGOSCCR 0x0004
Standby control register CGSTBYCR 0x0008
External high-speed clock select register CGEHCLKSEL 0x000C
System clock selection register CGCKSEL 0x0010

6.2.2 CGSYSCR (System control register)

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

23 22 21 20 19 18 17 16
bit symbol - - - FCSTOP - - SCOSEL
After reset 0 0 0 0 0 0 0 1

15 14 13 12 11 10 9 8
bit symbol - - FPSEL1 FPSELO - PRCK
After reset 0 0 0 0 0 0 0 0

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

Bit Bit Symbol Type Function
31-21 - R Read as 0.
23 - R/W Write "0".
22-21 - R Read as 0.
20 FCSTOP R/IW ADC clock
0: Active
1: Stop
This bit enables to stop providing clock to the AD converter and XAAD converter.
ADC clock is provided after reset.
Confirming that AD conversion has stopped or has been completed before setting "1" (stop) to the register.
19-18 - R Read as 0.
17-16 SCOSEL[1:0] R/IW SCOUT out
00: fs
01: fsys/2
10: fsys
11: ¢TO
Specifies the clock to output from SCOUT pin.
15-14 - R Read as 0.
13 FPSEL1 R/W fperiph 1
0: @TO
1: fsys
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Bit Bit Symbol Type Function
12 FPSELO R/W fperiph 0
0: fgear
1: fc
Selecting fc fixes fperiph regardless of the clock gear mode.
1 - R Read as 0.
10-8 PRCK[2:0] R/W Prescaler clock
000: fperiph 100: fperiph/16
001: fperiph/2 101: fperiph/32
010: fperiph/4 110: Reserved
011: fperiph/8 111: Reserved
Specifies the prescaler clock to peripheral 1/O.
7-3 - R Read as 0.
2-0 GEAR[2:0] R/W High-speed clock gear (fc) gear (Note)
000: fc 100: fc/2
001: Reserved  101: fc/4
010: Reserved  110: fc/8
011: Reserved  111: fc/16
Note:You cannot select fc/16 when the SysTick timer is being used.
6.2.3 CGOSCCR (Oscillation control register)
31 | 30 | 29 | 28 | 27 26 25 24
bit symbol WUPT
After reset 1 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol WUPT WUPSEL2 HOSCON OSCSEL XEN2
After reset 0 0 0 0 0 0 0 1
15 14 13 12 11 10 9 8
bit symbol WUPTL - - EHCLKEN LOSCSEL XTEN XEN1
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - - - - WUPSEL1 - WUEF WUEON
After reset 0 0 1 1 0 0 0 0
Bit Bit Symbol Type Function

31-20 WUPT[11:0] R/W Warm-up counter setup value. (Note 1)

Setup the 16-bit timer for warm-up timer of upper 12-bits counter value.
19 HWUPSEL2 R/W Warm-up clock. (Note 2)

0: internal (fIHOSC)

1: external (feqosc)
Selects warm-up counter by high-speed oscillator.

When using STOP/SLEEP mode, please select clock-source that is same as <OSCSEL> to <WUPSEL2> be-
fore entering to STOP/SLLEP mode.

18 HOSCEN R/W External high-speed oscillator

0: Not using X1/X2(feqosc)

1: Using X1/X2(feqosc)

Set "1" to use the external high-speed oscillator (X1/X2).
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Bit Bit Symbol Type Function

17 OSCSEL R/W High-speed oscillator
0: internal (finosc)
1: external (feqosc)

The high-speed oscillator is changed between internal and external. Stopping the internal oscillator after
switching to the external oscillator can reduce the power consumption.

16 XEN2 R/W Internal high-speed oscillator operation (Note 3)

0: Stop

1: Oscillation

15-14 WUPTL[1:0] R/W Warm-up counter setup value (Note 1)

If high-speed oscillator is selected, <WUODR[1:0]> is set "00".

13-12 - R/W Write "0".

11 EHCLKEN R/W External high-speed clock input enable
0: Disable
1: Enable

10 LOSCSEL R/W Low-speed clock

0: Low-speed oscillator (fg osc)

1: Low-speed clock (fgLcLkIN)

9 XTEN R/W External low-speed oscillator mode
0: Stop
1: Oscillation

8 XEN1 R/W External high-speed oscillator mode
0: Stop
1: Oscillation

7-4 - R/W Write "0011"

3 WUPSEL1 R/W Warm-up clock

0: High-speed clock
1: Low-speed clock

Select source clock for warm-up timer. High-speed clock is followed by <WUPSEL2>. Low-speed clock is se-
lected by CGOSCCR<LOSCSEL>.

2 - R/IW Write "0".

1 WUEF R Operation of warm-up timer (WUP) for oscillator

0: WUP finish

1: WUP active

Enables to monitor the status of the warm-up timer.
0 WUEON W Operation of warm-up timer (WUP) for oscillator

0: don’t care

1: WUP start

Enables to start the warm-up timer.

Read as 0.

Note 1: Refer to Section "6.3.4 Warm-up function" about the Warm-up setup.
Note 2: the external high-speed clock input (feqcLkin) cannot be used as warm-up clock.

Note 3: When using internal high-speed oscillator (IHOSC), do not use it as system clock which high accuracy assur-
ance is required.
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6.2.4 CGSTBYCR (Standby control register)

31

30 29 28 27 26 25 24

bit symbol

After reset

bit symbol

After reset

bit symbol

After reset

bit symbol

After reset

Bit Bit Symbol

Type

Function

31-20 -

Read as 0.

19-17 -

R/IW

Write "0" after reset.

16 DRVE

R/W

Pin status in STOP mode.
0: Inactive in STOP mode
1: Active in STOP mode

15-10 -

Read as 0.

9 RXTEN

R/IW

Low-speed oscillator after releasing STOP mode.
0: Stop
1: Oscillation

This bit specifies the low-speed oscillator operation after releasing the STOP mode when the low-speed os-
cillator is not used as system clock.

8 RXEN

R/W

High-speed oscillator after releasing STOP mode.
0: Stop
1: Oscillation

This bit specifies the operation of the high-speed oscillator at the release of the STOP in case the high-
speed oscillator is not used as the system clock. Setting OSCCR<OSCSEL> enables internal oscillation or
external oscillation.

7-3 -

Read as 0.

20 STBY[2:0]

R/W

Low power consumption mode

000:
001:
010:
011:
100:
101:
110:
111:

Reserved
STOP
SLEEP
IDLE
Reserved
Reserved
Reserved
Reserved
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6.2.5 CGEHCLKSEL (External high-speed clock select register)

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

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

15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 1 1 1 0 0 1 0

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

Bit Bit Symbol Type Function
31-16 - R Read as 0.
15-12 - R/W Write as "0111".
11 - R Read as 0.
10-1 - R/W Write as "0100001111".
0 EHCLKSEL R/W External high-speed clock
0: Use the clock selected by CGOSCCR<OSCSEL>
1: Use the external high-speed clock input
6.2.6 CGCKSEL (System clock selection register)

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

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

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

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

Bit Bit Symbol Type Function

31-2 - R Read as 0.

1 SYSCK R/W System clock
0: High-speed
1: Low-speed

0 SYSCKFLG R/W System clock status
0: High-speed
1: Low-speed
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6.3 Clock control

6.3.1 Clock Type

Each clock is defined as follows:

fenosc
fEHCLKIN
fiHosc
fs
fELCLKIN
fosc

fc

fgear
fsys
fperiph
@TO0

: External high-speed oscillator clock input from oscillator connected to X1, X2
: External high-speed clock input from X1

: Internal high-speed oscillator clock input from internal oscillator

: External low-speed oscillator clock input from oscillator connected to XT1, XT2
: External low-speed clock input from PJ5 (33pin)

: High-speed clock specified by CGOSCCR<OSCSEL>

: Clock specified by CGEHCLKSEL<EHCLKSEL> (high-speed clock)

: Clock specified by CGSYSCR<GEAR[2:0]>

: Clock specified by CGCKSEL<SYSCK> (system clock)

: Clock specified by CGSYSCR<FPSELO>

: Clock specified by CGSYSCR<PRCK|2:0]> (prescaler clock)

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

High-speed clock

Prescaler clock

: fc, fc/2, fc/4, fc/8, fc/16
: fperiph, fperiph/2, fperiph/4, fperiph/8, fperiph/16, fperiph/32

6.3.2 Initial Values after Reset

Reset operation initializes the clock configuration as follows.

internal high-speed oscillator : oscillating

external high-speed oscillator : stop

PLL (phase locked loop circuit) : stop

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

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

fc = finosc

fsys = fc (=finosc)

fperiph = fc (=finosc)

@TO = fperiph (=fiHosc)
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6.3.3 Clock system Diagram
Figure 6-1 shows the clock system diagram.

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

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

Warming-up timer

I%l(— CGOSCCR<WUPSEL[2:1]>
yy AD/AZAD

FCSTOP > conversion clock
<ADCLK>
CGSYSCR<FCSTOP>
Operations after reset
fperiph

Y

(to Peripheral 1/0)

i CGOSCCR CGEHCLKSEL
Internal High-Speed
nternal High-Spee > <OSCSEL> <EHCLKSEL> ;ﬂ CGSYSCR<FPSELO>

fiosc
fgear
CGOSCCR<XEN2> fosc J g
Starts oscillation after reset > fc *
CGOSCCR<XENT1> —| 12 | 1/4| 1/8 |1/16 éﬁi;[sz(_?(i

Stops oscillation after reset

oscillaor 1(IHOSC)

Y

X20O— Extﬁ:’nal I-(hEg:oSSpCe)ed feHosc fsys
X1 O_T_ oscillaor
fEHCLKIN
CGCKSEL<SYSCK>
CGOSCCR<XTEN>

Stops oscillation after reset

XT2O— External Low-Speed fELOSC‘il
XT1()—] oscillaor (ELOSC) 'A > |RTC. LCD
l_ fs
PSSO feLoLkin *
CGOSCCR
<LOSCSEL> 1/32 | [Systick timer input]
= CPU (STCLK)

Y

@TO
ﬂ | [Peripheral 1/0 prescaler input]

/] > TvRB, si0
fperiph ———{ 1/2 | 174 | 118 [1/16]1/32| cosvscr
<PRCK[2:0]> CGSYSCR

<FPSEL1> [AHB-Bus 1/0]
CPU, PCE, ROM,
RAM, BOOT ROM,

Y

fsys

[APB-Bus 1/0]
AYADC, Temperature sensor,
E’Z' TMR16A, LCDD

[10-Bus I/0]
WDT, CG, ADC, LVD, RTC,
12C/SI0, SIO/UART, TMRB,
PORT

CGSYSCR
<SCOSEL[1:0]>

v
E—&—b SCOuUT
fs

Figure 6-1 Clock Block Diagram

Y
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6.3.4 Warm-up function

The warm-up function secures the stability time for the oscillator with the warm-up timer. When using sta-
ble external clock, warm-up function is not necessary.

The warm-up function is also used when returning from STOP/SLEEP mode. In this case, an interrupt for re-
turning from the low power consumption mode triggers the automatic timer count. After the specified time is
reached, the system clock is output and the CPU starts operation.

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

How to configure the warm-up function.

1. Specify the count up clock

Specify the count up clock for the warm-up counter in the CGOSCCR <WUPSEL2> <WU-
PSEL1> bit.

Note: the external high-speed clock input (feqcLkin) cannot be used as a warm-up clock. To use the fepcLkin @s @ sys-
tem clock, specify the fiosc(internal high-speed oscillation) as a warm-up clock. In this case, you cannot stop the
fiosc-

2. Specify the warm-up counter value

CGOSCCR<WUPT[11:0]><WUPTLJ[1:0]> uses <WUPT> and <WUPTL> for counting with a
low-speed clock and <WUPT> for a high-speed clock. Set "00" to <WUPTL> for using a high-
speed clock.

Setting values can be calculated using the formula shown below and round off the lower four bits.

Note: Setting warm-up count value to CGOSCCR<WUPT><WUPTL>, wait until this value is reflected, then transit to stand-
by mode by executing a command "WFI".

warm-up time to set

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

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

<example 1> When using high-speed oscillator 8MHz, and set warm-up time Sms.

warm-up time to set 5ms

, = = 40,000 cycle = 0x9C40
input frequency cycle (s) 1/8MHz

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

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

The example of warm-up function setup.

Table 6-1 <example> from STOP mode to NORMAL mode transition (internal high-speed oscillator

is selected)
CGOSCCR<WUPT> = "0x9C4" : Specify the warm-up time
: Confirm warm-up time reflecting
CGOSCCR<WUPT> read . .
Repeat until the read data is "0x9C4".
CGOSCCR<XEN2> = "1" : high-speed oscillator (fosc) enable
CGOSCCR<WUEON> = "1" : Start the warm-up timer
CGOSCCR<WUEF> read : Wait until the state becomes "0" (warm-up is finished)

6.3.5 System clock

One of the following clocks can be used as a source clock of the system clock: internal high-speed oscilla-
tion clock, external high-speed oscillation clock (connected to an oscillator or a clock input) and external low-
speed clock (connected to an oscillator or a clock input).

Internal high-speed oscillation should not be used if high accuracy assurance is required.

Source clock Frequency

Internal high-speed oscillation (fiyosc) 10MHz

External Oscillator (feqosc)
high-speed 8 to 16MHz
oscillation Input clock (fercLin)

External Oscillator (fg 0sc)
low-speed | ock (f 30 to 34kHz
oscillation nput clock (feLcirin)

The system clock can be divided by CGSYSCR<GEAR> when using a high-speed oscillator. Although
the settings can be changed while operating, the actual switching takes place after a slight delay.

Operating frequency examples configured by clock gear settings are shown in Table 6-2.

Table 6-2 System clock frequency

fosc Clock gear (CG)
frequency
(MHz) 7 172 1/4 1/8 | 1/16
8 8 4 2 1 -
10 10 5 25 | 1.25 -
16 16 8 4 2 1

1 Initial value after reset

Note:Do not use 1/16 when using SysTick.
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6.3.5.1  System clock switching

The Figure 6-2 shows how to switch the system clock.

...........................................................................................................................
\\\\\\\\
o

External
low-speed
oscillation clock

feLosc

External
high-speed
oscillation clock
fEHOSC

Internal
high-speed
oscillation clock
fiHosc

External
low-speed
clock

fELCLKIN

External
high-speed

. . Selection of
e on Of NG 8p00d CIOCK e o low-speed clock s
NORMAL SLOW

Figure 6-2 System clock switching

The internal high-speed oscillation clock is set as the system clock after releasing the reset signal. A
high-speed clock can be selected from the internal high-speed oscillation clock, the external high-speed os-
cillation clock and external high-speed clock. A low-speed clock can be selected from the external low-
speed oscillation clock and the external low-speed clock. A clock cannot be switched between the exter-
nal high-speed oscillation clock and external high-speed clock, and also between the external low-speed os-
cillation clock and external low-speed clock.

6.3.5.2  Precautions for transiting to SLOW, STOP and SLEEP mode

To transit to SLOW mode, STOP mode or SLEEP mode, switch the system clock to the internal high-
speed oscillation clock by setting CGOSCCR<OSCSEL> first. While using the external high-speed oscilla-
tion clock or the external high-speed clock, mode cannot be switched to STOP or SLEEP.

6.3.5.3 Clock setting
The system clock can be selected by setting the CGOSCCR and CGEHCLKSEL. After selecting the
clock, set the clock gear by setting the CGSYSCR if required.
The clock setup sequence is shown as below.

If a low-speed clock is set as the system clock, set the low-speed clock in NORMAL mode first and
then shift to the SLOW mode.
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1. High-speed clock setup sequence (Initial setting)

[Initial state after reset]

CGOSCCR<XEN2> = "1"

(Starts internal high-speed oscillator)
CGOSCCR<OSCSEL> ="0"

(Selects internal high-speed oscillator)
CGSYSCR<GEAR> = "000" (not used gear)

n

Vv

U

Case of using Internal high-speed oscillator
It is possible to use it as it is.

[Case of using External high-speed oscillator]
CGOSCCR<XEN1> ="1"

(Starts external high-speed oscillator)
CGOSCCR<HOSCEN> = "1"

(Uses external high-speed oscillator)

%

< Warm-up operations >

2%

CGOSCCR<OSCSEL> = "1"

(Selects external high-speed oscillator)
CGOSCCR<XEN2> = "0"

(Stops Internal high-speed oscillator)
note)

Read <OSCSEL> to check if <OSCSEL> is
"1" before the internal high-speed oscillator
stops.

[Case of using External high-speed clock input]
CGOSCCR<EHCLKEN> = "1"
(Selects an external clock input)

2%

CGEHCLKSEL<EHCLKSEL> = "1"

(Selects an external high-speed clock input)
CGOSCCR<XEN2> = "0"

note)

When the external high-speed clock is used,
the internal high-speed oscillator cannot be
stopped.

n

v

Clock gear setting
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2.High-speed clock setting sequence (Switch from external to internal high-speed clock)

[Case of using external high-speed oscillation clock]
CGOSCCR<XEN2>="1"
(internal high-speed oscillation)

%

<Warming-up operation (approximately 3us) >

%

CGOSCCR<OSCSEL>="0"

(Internal high-speed oscillator selection)
CGOSCCR<XEN1>="0"

(External high-speed oscillator stops)
note)

Read <OSCSEL> to check if <OSCSEL> is "0" be-
fore the external high-speed oscillator stops.

[Case of using external high-speed clock]

When the external high-speed clock is used, the inter-
nal high-speed oscillator cannot stop oscillating, so
warming-up is not required.

CGOSCCR<OSCSEL>="0"

(Internal high-speed oscillator selection)
CGEHCLKSEL<EHCLKSEL>="0"

(the clock selected by <OSCSEL> is used.)
CGOSCCR<EHCLKEN>="0"

(Exgernal high-speed clock input disable)
note)

Read <EHCLKSEL> to check if <EHCLKSEL> is "0"
before the external high-speed clock input is inhibi-
ted.

n

U

| Clock gear setting |
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3. Low-speed clock setup sequence

[Initial state after reset]
CGOSCCR<XTEN> = "0"

(Stops external low-speed oscillator)
CGOSCCR<LOSCSEL> = "0"
(Selects external low-speed oscillator)

-
s U

[Case of using External low-speed oscillator] [Case of using External low-speed clock input]
CGOSCCR<XTEN> = "1" PJFR2<PJ5F2>="1", PJIE<PJIE5>="1"
(Starts external low-speed oscillator) (Setting PJ5 as low-speed clock input)
CGOSCCR<LOSCSEL> = "1" CGOSCCR<LOSCSEL> = "1"

(Selects external low-speed oscillator) (Selects external low-speed clock)

V4

< Warm-up operations >

[ i
v

[Transition to SLOW mode]
Set CGCKSEL<SYSCK>="1",

After CGKSEL<SYSCKFLG>="1" is checked,
set CGOSCCR<XEN2>="0".

(Internal high-speed oscillator stops.)

6.3.6 Prescaler Clock Control

Peripheral IO (TMRB,SIO) has a prescaler for dividing a clock. As the clock ¢TO to be input to each prescal-
er, the "fperiph" clock specified in the CGSYSCR<FPSELO0> can be divided according to the setting in the
CGSYSCR<PRCK]2:0]>. After the controller is reset, fperiph/1 is selected as ¢TO.

When the clock fs is being used for the system clock fsys, fs can be used for the prescaler clock by setting
"1" to CGSYSCR<FPSEL1>.

Note: To use the clock gear, ensure that you make the time setting such that prescaler output ¢Tn from

each peripheral function is slower than fsys (¢Tn < fsys). Do not switch the clock gear while the tim-
er counter or other peripheral function is operating.

6.3.7 System Clock Pin Output Function

The TMPMO61FWFG enables to output the system clock from a pin. The SCOUT pin can output the sys-
tem clock fsys and fsys/2, and the prescaler input clock for peripheral 1/0O ¢TO.

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

By setting the port J registers, the PICR<PD4C> and PJFR2<PJ4F2> to "1", the PJ4 pin becomes the
SCOUT output pin. The output clock is selected by setting the CGSYSCR<SCOSEL[1:0]>.

Table 6-3 shows the pin status in each mode when the SCOUT pin is set to the SCOUT output.
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Table 6-3 SCOUT Output Status in Each Mode
Mode Low power consumption mode
SCOUT selection NORMAL
IDLE SLEEP STOP
CGSYSCR

<SCOSEL[1:0]> = "00" Output the fs clock

<SCOSEL[1:0]> = "01" Output the fsys/2 clock

Fixed to "0" or "1".

<SCOSEL[1:0]> = "10" | Output the fsys clock

<SCOSEL[1:0]> = "11" Output the @TO clock

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

Note 2: If fsys is selected for SCOUT, output waveforms may undergo distortion when the clock gear is switched.
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6.4 Modes and Mode Transitions

6.4.1 Mode Transitions

The NORMAL mode and the SLOW mode use the high-speed and low-speed clocks for the system clock re-
spectively.

The IDLE, SLEEP and STOP modes can be used as the low power consumption mode that enables to re-
duce power consumption by halting processor core operation.

When the low-speed clock is not used, the SLOW and SLEEP modes cannot be used.

Figure 6-3 shows a mode transition diagram.

For a detail of sleep-on-exit, refer to "Cortex-M0 Technical Reference Manual."

Reset release

Interrupt N
L
IDLE mode Instruction NORMAL mode
sleep on exit
A
Instruction Instruction
sleep on exit sleep on exit
Interrupt Instruction Interrupt
A
SLEEP mode Interrupt SLOW mode | 'Memupt STOP mode
i
™ Instruction
sleep on exit

>
Instruction
sleep on exit

Figure 6-3 Mode Transition Diagram

Note: Operation mode cannot be shifted to STOP or SLEEP mode when using the external high-speed oscil-

lation clock (feqosc) and the external high-speed clock (feqcLkin)- Switch the clock to the internal high-
speed oscillation clock (fijyosc) first.
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6.5 Operation mode

Two operation modes, NORMAL and SLOW, are available. The features of each mode are described below.

6.5.1 NORMAL mode

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

It is shifted to the NORMAL mode after reset. The low-speed clock can also be used.

6.5.2 SLOW mode

This mode is to operate the CPU core and the peripheral hardware by using the low-speed clock with high-
speed clock stopped. The SLOW mode reduces power consumption compared to the NORMAL mode.

Operable peripheral functions are limited in SLOW mode. The following peripheral functions are opera-
ble: I/O port (PORT), Power Calculation Engine (PCE), Timer (TMRB and TMR16A), watchdog timer
(WDT), real-time clock (RTC), LCD driver, Low Voltage Detect (LVD) and temperature sensor (TEMP).

Note 1: In SLOW mode, stop all functions other than operable peripheral functions before shifting to SLOW mode.

Note 2: In the slow mode, be sure not to perform reset using the Application Interrupt and Reset Control Regis-
ter<SYSRESETREG> of the Cortex-MO NVIC register.

6.6 Low Power Consumption Modes

The TMPMO61FWEFG has three low power consumption modes: IDLE, SLEEP and STOP. To shift to the low
power consumption mode, specify the mode in the system control register CGSTBYCR<STBY[2:0]> and execute
the WFI (Wait For Interrupt) instruction. In this case, execute reset or generate the interrupt to release the mode. Re-
leasing by the interrupt requires settings in advance. See the chapter "Exceptions" for details.

Note 1: The TMPMO061FWFG does not offer any event for releasing the low power consumption mode. Transition to
the low power consumption mode by executing the WFE (Wait For Event) instruction is prohibited.

Note 2: The TMPM061FWFG does not support the low power consumption mode configured with the SLEEPDEEP bit
in the Cortex-MO core. Setting the <SLEEPDEEP> bit of the system control register is prohibited.

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

Note 4: The operation mode cannot be shifted to STOP mode or SLEEP mode when using the external high-speed os-
cillation clock (feqosc) and the external high-speed clock (feqcLkin)- Switch the clock to the internal high-

speed oscillation clock (fiHosc) first.
Note 5: To use the LCD driver in SLEEP mode, operation mode needs to be shifted from SLOW mode to SLEEP mode.

The features of IDLE, SLEEP, STOP mode are described as follows.
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6.6.1 IDLE mode

This is a mode that the clock of the processor core stops. Each peripheral function has one bit in its con-
trol register for enabling or disabling operation in the IDLE mode. When the IDLE mode is entered, peripher-
al functions for which operation in the IDLE mode is disabled stop operation and hold the state at that time.

The following peripheral functions can be enabled or disabled in the IDLE mode. For setting details, see
the chapter on each peripheral function.

16-bit timer/event counter (TMRB)
16-bit timer A (TMR16A)

Serial channel (SIO/UART)

Serial bus interface (I12C/SIO)
Analog Digital converter (ADC)
Watch dog timer (WDT)

6.6.2 SLEEP mode

This is a mode that a high-speed clock stops. A real time clock (RTC) counter that operates with low-
speed clock signals keep operation.

By releasing the SLEEP mode, the device returns to the preceding mode of the SLEEP mode and starts op-
eration.

6.6.3 STOP mode

All the clocks including an internal oscillator stop in STOP mode.

By releasing the STOP mode, the device returns to the preceding mode of the STOP mode and starts opera-
tion. Set 200us or more as the warming up time after releasing the STOP mode.

The STOP mode enables to select the pin status by setting the CGSTBYCR<DRVE>. Table 6-4 shows the
pin status in the STOP mode.
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Table 6-4 Pin States in the STOP mode

Usage Function Port Configuration /0 <DRVE> =0 <DRVE> =1

PEFR2<PE6F2>=1 , PEIE<PEG6IE>=1
SWCLK PE6 or Input [¢)
DBGEN="0" at the rising edge of RESET

PEF21<PE7F2>=1, PECR<PE7C>=1, Input [¢)
PEIE<PE7IE>=1

SWDIO PE7 Enable when data is valid
or Output

DBGEN="0" at the rising edge of RESET Disable when data is invalid

Port
INTO PF1
INT1 PJ2 PxFRn<PxmFn>=1
Input o
INT2 PGO PxIE<PxmIE>=1
INT3 PKO
Function except upper de- PxIE<PxmIE>=1 Input x o
scription or general purpose
input/output port PxCR<PxmC>=1 Output x o
RESET, MODE Input only o
Except | COM0,COM1,COM2,COM3 Output only o
port [ X1 XT1 Input only x
X2,XT2 Output only "High" level output

o : Valid input or output.
x : Invalid input or output.

Note:x: port number / m: corresponding bit

6.6.4 Low power Consumption Mode Setting

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

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

Table 6-5 Low power consumption mode setting

CGSTBYCR
Mode
<STBY[2:0]>
STOP 001
SLEEP 010
IDLE 011

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

Page 45 2018/10/26



6. Clock/Mode control

6.6 Low Power Consumption Modes TMPMO61FWFG
6.6.5 Operational Status in Each Mode
Table 6-6 show the operational status in each mode.
Table 6-6 Operational Status in Each Mode
NORMAL IDLE SLOW SLEEP
Intgrnal Extlernal Ext_ernal Intgrnal Extlernal Ext_ernal External External External External
high- high- high- high- high- high-
low-speed | low-speed | low-speed | low-speed
speed os- | speed os- speed speed os- | speed os- speed oscillator clock oscillator clock STOP
Block cillator cillator clock cillator cillator clock
use use use use
use use use use use use
f f f, f
(finosc) | (ferosc) | (fercikin) | (finose) | (feHosc) | (femcikin) (feosc) | (fercikm) | (ferosc) | (feLcikin)
igh- [o) o A
Internal hlgh ° A ° A _ _
speed oscillator (Note 1) (Note 1) (Note 2)
— A
External h[gh A o A A o A _ _
speed oscillator (Note 2)
External low- A A A A A A o A o A -
speed oscillator
CG o o o o -
Processor core o - o (Note 6) - -
Power Calcula-
) ) o o o - -
tion Engine
10 port o o o o o(Note 3)
SIO/UART o A #(Note 5) - -
12C/SIO o A #(Note 5) - -
TMRB o A o - -
TMR16A o A o - -
WDT o A(Note 7) o - -
ADC o A #(Note 5) - -
AXADC o o #(Note 5) - -
RTC o o o o -
LCD driver o o [¢) o(Note 4) -
Temperature
o o o o -
sensor
LVD o o [o) [o] [¢]

o : Operation is available when in the target mode.

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

# : To Stop the function is required when transiting to the target mode.

A : Enables to select disabling module operation by software when in the target mode.

Note 1:
Note 2:

Note 3:
Note 4:
Note 5:
Note 6:
Note 7:

When an external high-speed clock is used, an internal high-speed clock cannot be stopped.

The high-speed oscillator (EHOSC and IHOSC) does not automatically stop when the operation mode shifted from NOR-
MAL mode to SLOW mode. Set the CGOSCCR<XEN1> or <XEN2> to stop the oscillation. Before the transition from
SLOW mode to NORMAL mode is made, set CGOSCCR<XEN1> or <XEN2> to start oscillation, since the high-
speed oscillators (EHOSC, IHOSC) do not automatically start oscillation.

This setting is depending on the CGSTBYCR<DRVE> setting.

To use the LCD driver in SLEEP mode, the operation mode needs to be shifted from SLOW mode to SLEEP mode.
Stop ADC, AXADC, SIO/UART and 12C/SIO in SLOW mode.

SysTick timer cannot be used in the SLOW mode.

In IDLE mode, the watchdog timer cannot be cleared by the processor core.
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6.6.6

Releasing the Low Power Consumption Mode

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

Details are shown in Table 6-7.

Note 1:

Note 2:

Table 6-7 Release Source in Each Mode

Low power consumption mode
Releasesource
IDLE SLEEP STOP

INTO to 3 (Note1), INTLVD o o o

Interrupt | INTRTC o o x
Other interrupts o x x

SysTick interrupt o x x
Non-Maskable Interrupt (INTWDT) o x x
RESET (RESET pin) o o o

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

When releasing from low power consumption mode by interrupting level mode, hold the level until the inter-
rupt handling starts. If the level is changed before that, the correct interrupt handling cannnot be started.

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

Release by interrupt request

To release the low power consumption mode by an interrupt, the CPU must be set in advance to de-
tect the interrupt. In addition to the setting in the CPU, the clock generator must be set to detect
the interrupt to be used to release the STOP mode.

Release by SysTick interrupt

SysTick interrupt can only be used in the IDLE mode.

Release by Non-Maskable Interrupt (NMI)
INTWDT can only be used in the IDLE mode.

Release by reset

Any low power consumption mode can be released by reset from the RESET pin. After that, the
mode switches to the NORMAL mode and all the registers are initialized as is the case with nor-
mal reset.

Refer to "Interrupts" for details.
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6.6.7 Warm-up

Warm-up may be required for stable oscillation of internal oscillator in the mode transition.

In the mode transition from STOP to the NORMAL/SLOW or from SLEEP to NORMAL, the warm-up coun-
ter is activated automatically. And then the system clock output is started after the elapse of warm-up time.
It is necessary to set a warm-up time in the CGOSCCR<WUPSEL2><WUPSEL1> and to set the warm-up
time in the CGOSCCR<WUPT><WUPTL> before executing the instruction to enter the STOP/SLEEP mode.

Note: The external high-speed clock input (feqcLkin) cannot be used as a warm-up clock.

In the transition from NORMAL to SLOW/SLEEP, the warm-up is required so that the internal oscillator
to stabilize if the low-speed oscillator is disabled. Enable the low-speed oscillator and then activate the warm-
up by software.

In the transition from SLOW to NORMAL when the high-speed oscillator is disabled, enable the high-
speed oscillator and then activate the warm-up.

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

Table 6-8 Warm-up setting in mode transition

Mode transition Warm-up setting
NORMAL — IDLE Not required
NORMAL — SLEEP (Note1)
NORMAL — SLOW (Note1)
NORMAL — STOP Not required
IDLE — NORMAL Not required

Automatic warm-up with a clock selec-

SLEEP — NORMAL ted by CGOSCCR<WUPSEL2>

SLEEP — SLOW Not required
SLOW — NORMAL (Note2)

SLOW — SLEEP Not required
SLOW — STOP Not required

Automatic warm-up with a clock selec-

STOP — NORMAL (Note 3) | "0 4 by CGOSCCR<WUPSEL2>.

Automatic warm-up with a clock selec-

STOP — SLOW (Note 3) ted by CGOSCCR<LOSCSEL>.

Note 1: If the low-speed oscillator is disabled, enable the low-speed oscillator and then activate the warm-up by software.
Note 2: If the high-speed oscillator is disabled, enable the high-speed oscillator and then activate the warm-up by software.
Note 3: Set 200us or more as the warming up time after releasing the STOP mode.
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6.6.8 Clock Operations in Mode Transition

6.6.8.1

Mode

fosc

Warm-up

fsys

(System clock) | | | | | |

The clock operations in mode transition are described as follows.

Transition of operation modes: NORMAL — STOP — NORMAL

When returning to the NORMAL mode from the STOP mode, the warm-up is activated automatically.
It is necessary to set the warm-up time to CGOSCCR<WUPT> and select clock-source that is same as
CGOSCCR<OSCSEL> to <WUPSEL2><WUPSEL 1> before entering the STOP mode.

Note: The operation mode cannot be shifted to STOP mode or SLEEP mode when using the external high-
speed oscillation clock (feqosc) and the external high-speed clock (feqcLkin)- Switch the clock to

the internal high-speed oscillation clock (fijHosc) first.

Returning to the NORMAL mode by reset does not induce the automatic warm-up. Keep the reset sig-
nal asserted until the oscillator operation becomes stable.

WEFI instruction/
sleep on exit Release event occurs.

NORMAL X 4

' )

B T I PR I B W B B B

. f g {

((

STOP X NORMAL

(C : (¢
! )) ! )) '

System clock stops. Internal high-speed clock starts oscillating. Warm-up completes.
Warm-up starts. System clock starts.

6.6.8.2  Transition of operation modes: NORMAL — SLEEP — NORMAL

When returning to the NORMAL mode from the SLEEP mode, the warm-up is activated automatical-
ly. It is necessary to set the warm-up time to CGOSCCR<WUPT> and select clock-source that is same as
CGOSCCR<OSCSEL> to <WUPSEL2><WUPSEL1> before entering the SLEEP mode.

Note: The operation mode cannot be shifted to STOP mode or SLEEP mode when using the external high-
speed oscillation clock (feqosc) and the external high-speed clock (feqcLkin)- Switch the clock to

the internal high-speed oscillation clock (fijHosc) first.

Returning to the NORMAL mode by reset does not induce the automatic warm-up. Keep the reset sig-
nal asserted until the oscillator operation becomes stable.
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WEFI instruction/
sleep on exit Release event occurs.
! (( ' (C !
h )] : )} A
Mode NORMAL X « | SLEEP « X NORMAL
fosc | | | | | | « | | | |_| |_| |_| |—| |—| |—
5 5 g '
Warm-up ! (« T
T )7 \
fsys ' .
(System clock) | | | | | | ( :

(Low speed \\ Oscjllation continues \\
clock) " ' "
System clock stops. Internal high-speed clock starts oscillating. Warm-up completes.
Warm-up starts. System clock starts.
6.6.8.3  Transition of operation modes: SLOW — STOP — SLOW
The warm-up is activated automatically. It is necessary to set the warm-up time before entering the
STOP mode.
WFI instruction/
sleep on exit Release event occurs.
H (( H (( H
Mode sLow X ” STOP ” X sLow

(( : ((
)} T

o L

E

' (( '

« i) ; Y

Warm-up '

fsys
(System clock=fs) | | | | | |

System clock stops

(¢
)) '

(C
))

Internal high-speed clock starts oscillating. Warm-up completes.
Warm-up starts. System clock starts.
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6.6.8.4 Transition of operation modes: SLOW — SLEEP — SLOW

The low-speed clock continues oscillation in the SLEEP mode. There is no need to make a warm-up set-

ting.
WEFI instruction/
sleep on exit Release event occurs.
. (C H
A )) 1
Mode sLow X SLEEP X SLOW

fsys
(System clock=fs) | | | | | | (0 |_\_,_\_,_\_

' ) '

System clock stops. System clock starts.
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7.

71

Exceptions

This chapter describes features, types and handling of exceptions.

Exceptions have close relation to the CPU core. Refer to "Cortex-MO0 Technical Reference Manual" if needed.

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

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

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

7.1.1  Exception Types

The following types of exceptions exist in the Cortex-MO.

For detailed descriptions on each exception, refer to "Cortex-M0 Technical Reference Manual".

Reset

Non-Maskable Interrupt (NMI)
Hard Fault

SVCall (Supervisor Call)
PendSV

SysTick

External Interrupt
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7.1.2 Handling Flowchart

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

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

Each step is described later in this chapter.

Processing Description See

|| Detection by ||

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

Section 7.1.2.2

-

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

-

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

-

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

7.1.2.1 Exception Request and Detection

(1)  Exception occurrence

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

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

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

An interrupt request is generated from an external interrupt pin or peripheral function.For inter-
rupts that are used for releasing a standby mode, relevant settings must be made in the clock genera-
tor.For details, refer to "7.5 Interrupts".
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(2) Exception detection
If multiple exceptions occur simultaneously, the CPU takes the exception with the highest priority.

Table 7-1 shows the priority of exceptions. "Configurable" means that you can assign a priority lev-
el to that exception.

Table 7-1 Exception Types and Priority

No. Exception type Priority Description
1 Reset -3 (highest) Reset pin, WDT or SYSRETREQ
2 Non-Maskable Interrupt | -2 NMI pin or WDT

Fault that cannot activate because a higher-priority fault is being han-

3 Hard Fault - dled or it is disabled

4~10 | Reserved -

11 SVCall Configurable System service call with SVC instruction

12~13 | Reserved -

14 PendSV Configurable Pendable system service request
15 SysTick Configurable Notification from system timer
16~ External Interrupt Configurable External interrupt pin or peripheral function (Note 2)

Note: External interrupts have different sources and numbers in each product. For details,
see "7.5.1.5 List of Interrupt Sources".

(3) Priority setting

The external interrupt priority is set to the interrupt priority register and other exceptions are set
to <PRI_n> bit in the system handler priority register.

The configuration of <PRI n> is two bit, so the priority can be configured in the range from 0 to
3. The highest priority is "0". If multiple elements with the same priority exist, the smaller the num-
ber, the higher the priority becomes.

7.1.2.2  Exception Handling and Branch to the Interrupt Service Routine (Pre-emption)

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

(1) Stacking

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

+  Program Counter (PC)
+  Program Status Register (xPSR)
« 10-13

rl2

Link Register (LR)

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

Page 55 2018/10/26



7
71

Exceptions
Overview TMPMO061FWFG
Old SP — <previous>
XPSR
PC
LR
r12
r3
r2
r1
SP — r0
(2) Fetching an ISR
The CPU enables instruction to fetch the interrupt processing with data store to the register.
Prepare a vector table containing the top addresses of ISRs for each exception.
The vector table should also contain the initial value of the main stack.
(3) Late-arriving
If the CPU detects a higher priority exception before executing the ISR for a previous exception,
the CPU handles the higher priority exception first. This is called "late-arriving".
A late-arriving exception causes the CPU to fetch a new vector address for branching to the corre-
sponding ISR, but the CPU does not newly push the register contents to the stack.
(4) Vector table
The vector table is configured as shown below.
You must always set the first four words (stack top address, reset ISR address, NMI ISR address,
and Hard Fault ISR address).Set ISR addresses for other exceptions if necessary.
Offset Exception Contents Setting
0x00 Reset Initial value of the main stack Required
0x04 Reset ISR address Required
0x08 Non-Maskable Interrupt | ISR address Required
0x0C Hard Fault ISR address Required
0x10 to 0x28 Reserved
0x2C SVCall ISR address Optional
0x30 to 0x34 Reserved
0x38 PendSV ISR address Optional
0x3C SysTick ISR address Optional
0x40 External Interrupt ISR address Optional
7.1.2.3 Executing an ISR

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

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

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

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

7.1.2.4 Exception exit

(1)  Execution after returning from an ISR

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

Tail-chaining

If a pending exception exists and there are no stacked exceptions or the pending excep-
tion has higher priority than all stacked exceptions, the CPU returns to the ISR of the pend-
ing exception.

In this case, the CPU skips the pop of eight registers and push of eight registers when ex-
iting one ISR and entering another. This is called "tail-chaining".

Returning to the last stacked ISR

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

Returning to the previous program

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

(2) Exception exit sequence

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

Pop eight registers

Pops the eight registers (PC, xPSR, r0 to 13, r12 and LR) from the stack and adjust the
SP.
Load current active interrupt number

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

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

Page 57 2018/10/26



7. Exceptions

7.2 Reset Exceptions TMPMO061FWFG

7.2 Reset Exceptions
Reset exceptions are generated from the following three sources.

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

External reset pin
A reset exception occurs when an external reset pin changes from "Low" to "High".
Reset exception by WDT
The watchdog timer (WDT) has a reset generating feature. For details, see the chapter on the WDT.

Reset exception by SYSRESETREQ

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

7.3 Non-Maskable Interrupts (NMI)

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

7.4 SysTick

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

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

Note:In this product, the systick timer counts based on fosc which is selected by the bits <OSCSEL> of the regis-
ter CGOSCCR.
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7.5 Interrupts
This chapter describes routes, sources and required settings of interrupts.
The CPU is notified of interrupt requests by the interrupt signal from each interrupt source.
It sets priority on interrupts and handles an interrupt request with the highest priority.

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

7.5.1 Interrupt Sources

7.5.1.1 Interrupt Route

Figure 7-1 shows an interrupt request route.

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

The peripheral function interrupts used to release standby (route 2) and interrupts from the external inter-
rupt pin (route 3) are input to the clock generator and are input to the CPU through the logic for releas-
ing standby (route 4 and 5).

If interrupts from the external interrupt pins are not used to release standby, they are directly input to
the CPU, not through the logic for standby release (route 6).

Peripheral
function
Interrupt request (D‘
® | cCPU
<INTXEN> @
® ¥
External ©) '@
interrupt [ —{ Port > Exiting [>L
pin standby
> mode
@
Clock generator
Peripheral
function

Figure 7-1 Interrupt Route
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7.5.1.2 Generation

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

From external pin

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

Set the peripheral function to make it possible to output interrupt requests.
See the chapter of each peripheral function for details.
+ By setting Interrupt Set-Pending Register (forced pending)

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

7.5.1.3 Transmission

An interrupt signal from an external pin or peripheral function is directly sent to the CPU unless it is
used to exit a standby mode.

Interrupt requests from interrupt sources that can be used for clearing a standby mode are transmitted
to the CPU via the clock generator. For these interrupt sources, appropriate settings must be made in the
clock generator in advance. External interrupt sources not used for exiting a standby mode can be used with-
out setting the clock generator.

7.5.1.4  Precautions when using external interrupt pins
If you use external interrupts, be aware the followings not to generate unexpected interrupts.

If input disabled (PXxIE<PxmIE>="(0"), inputs from external interrupt pins are "High". Also, if external in-
terrupts are not used as a trigger to release standby (route 6 of "Figure 7-1 Interrupt Route"), input sig-
nals from the external interrupt pins are directly sent to the CPU. Since the CPU recognizes "High" input

as an interrupt, interrupts occur if corresponding interrupts are enabled by the CPU as inputs are being dis-
abled.

To use the external interrupt without setting it as a standby trigger, set the interrupt pin input as "Low"
and enable it. Then, enable interrupts on the CPU.
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7.5.1.5 List of Interrupt Sources
Table 7-2 shows the list of interrupt sources.
Table 7-2 List of Interrupt Sources
No. Interrupt Source act.ive level CG interrupt.mode
(Clearing standby) control register
0 |INTPCE PCE
1 INTDSADO AXA/D conversion complete interrupt (unit0)
2 | INTDSAD1 AXA/D conversion complete interrupt (unit1)
3 | INTDSAD2 AYA/D conversion complete interrupt (unit2)
4 INTLVD LVD Interrupt High edge
5 INTO Interrupt pin 0
6 |INT1 Interrupt pin 1 High/Low COIMCGA
Edge/Level
7 INT2 Interrupt pin 2 Selectable
8 INT3 Interrupt pin 3 CGIMCGB
9 | INTRXO0 Serial reception (channel.0)
10 [ INTTXO Serial transmission (channel.0)
11 | INTRX1 Serial reception (channel.1)
12 [ INTTX1 Serial transmission (channel.1)
13 | INTRX2 Serial reception (channel.2)
14 | INTTX2 Serial transmission (channel.2)
15 | INTRX3 Serial reception (channel.3)
16 | INTTX3 Serial transmission (channel.3)
17 | INTSBI Serial bus interface
18 | INTTBO 16-bit TMRB match detection 0
19 | INTTB1 16-bit TMRB match detection 1
20 | INTCAPOO 16-bit TMRB input capture 0 (channel.0)
21 | INTCAPO1 16-bit TMRB input capture 1 (channel.0)
22 [ INTCAP10 16-bit TMRB input capture 0 (channel.1)
23 | INTCAP11 16-bit TMRB input capture 1 (channel.1)
24 [ INTT16A0 16-bit TMR16A match detection (channel.0)
25 |[INTT16A1 16-bit TMR16A match detection (channel.1)
26 | INTT16A2 16-bit TMR16A match detection (channel.2)
27 |INTT16A3 16-bit TMR16A match detection (channel.3)
28 | INTT16A5 16-bit TMR16A match detection (channel.5)
29 |[INTT16A6 16-bit TMR16A match detection (channel.6)
30 |INTRTC Real time clock Low edge CGIMCGB
31 | INTAD A/D conversion completion interrupt

7.5.1.6 Active level

The active level indicates which change in signal of an interrupt source triggers an interrupt. The CPU rec-
ognizes interrupt signals in "High" level as interrupt. Interrupt signals directly sent from peripheral func-
tions to the CPU are configured to output "High" to indicate an interrupt request.

Active level is set to the clock generator for interrupts which can be a trigger to release standby. Inter-
rupt requests from peripheral functions are set as rising-edge or falling-edge triggered. Interrupt requests
from interrupt pins can be set as level-sensitive ("High" or "Low") or edge-triggered (rising or falling).
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If an interrupt source is used for clearing a standby mode, setting the relevant clock generator register
is also required. Enable the CGIMCGx<INTXEN> bit and specify the active level in the
CGIMCGx<EMCGx> bits. You must set the active level for interrupt requests from each peripheral func-
tion as shown in Table 7-2.

An interrupt request detected by the clock generator is notified to the CPU with a signal in "High" level.
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7.5.2 Interrupt Handling

7.5.21 Flowchart

The following shows how an interrupt is handled.

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

handling.

Processing

Settings for detection

Settings for sending interrupt
signal

{

Interrupt generation

Not clearing
standby mode Clearing
standby mode
1

CG detects interrupt
(clearing standby mode)

—

CPU detects interrupt

{1

CPU handles interrupt

{

Details

Set the relevant NVIC registers for detecting interrupts.

Set the clock generator as well if each interrupt source is used to clear a stand-

by mode.

oCommon setting

NVIC registers

oSetting to clear standby mode
Clock generator

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

terrupt type.

oSetting for interrupt from external pin

Port

oSetting for interrupt from peripheral function

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

An interrupt request is generated.

Interrupt lines used for clearing a standby mode are connected to the CPU
via the clock generator.

The CPU detects the interrupt.

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

The CPU handles the interrupt.

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

See

"7.5.2.2 Preparation”

"7.5.2.3 Detection by
Clock Generator"

"7.5.2.4 Detection by
CPU"

"7.5.2.5 CPU pro-
cessing"
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Processing

ISR execution

L

| Return to preceding program |

Program for the ISR.

Details

Clear the interrupt source if needed.

Configure to return to the preceding program of the ISR.

See

"7.5.2.6 Interrupt
Service Routine
(ISR)"
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7.5.2.2 Preparation

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

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

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

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

1. Disabling interrupt by CPU

2. CPU registers setting

3. Preconfiguration (1) (Interrupt from external pin)

4. Preconfiguration (2) (Interrupt from peripheral function)
5. Preconfiguration (3) (Interrupt Set-Pending Register)

6. Configuring the clock generator

7. Enabling interrupt by CPU

(1) Disabling interrupt by CPU

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

Use "MSR" instruction to set this register.

Interrupt mask register

PRIMASK | — | "1" (interrupt disabled)

(2) CPU registers setting

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

Each interrupt source is provided with two bits for assigning a priority level from 0 to 3. Priority lev-
el 0 is the highest priority level. If multiple sources have the same priority, the smallest-numbered in-
terrupt source has the highest priority.
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NVIC register
<PRI_n> | — | "priority"

Note:"n" indicates the corresponding exceptions/interrupts.

(3) Preconfiguration (1) (Interrupt from external pin)

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

Port register

PxFRn<PxmFn> — | ""

PxIE<PxmIE> — | "

Note: x: port number / m: corresponding bit / n: function register number

In modes other than STOP mode, setting PxIE to enable input enables the corresponding inter-
rupt input regardless of the PxFR setting. Be careful not to enable interrupts that are not
used. Also, be aware of the description of "7.5.1.4 Precautions when using external interrupt
pins".

(4) Preconfiguration (2) (Interrupt from peripheral function)

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

(5) Preconfiguration (3) (Interrupt Set-Pending Register)

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

NVIC register

Interrupt Set-Pending [m] | — | "

Note:m: corresponding bit

(6) Configuring the clock generator

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

Before enabling an interrupt, clear the corresponding interrupt request already held. This can
avoid unexpected interrupt.To clear corresponding interrupt request, write a value corresponding to
the interrupt to be used to the CGICRCG register.See "7.6.3.3 CGICRCG(CG Interrupt Request
Clear Register)" for each value.

Interrupt requests from external pins can be used without setting the clock generator if they are
not used for exiting a standby mode. However, an "High" pulse or "High"-level signal must be in-
put so that the CPU can detect it as an interrupt request. Also, be aware of the description
of"7.5.1.4 Precautions when using external interrupt pins".
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Clock generator register

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

Note: n: register number / m: number assigned to interrupt source

(7) Enabling interrupt by CPU
Enable the interrupt by the CPU as shown below.

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

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

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

At the end, PRIMASK register is zero cleared.

NVIC register

Interrupt Clear-Pending [m] — [

Interrupt Set-Enable [m] — "

Interrupt mask register
PRIMASK | — | "0"

Note:m : corresponding bit

7.5.2.3 Detection by Clock Generator

If an interrupt source is used for exiting a standby mode, an interrupt request is detected according to
the active level specified in the clock generator, and is notified to the CPU.

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

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

7.5.2.4 Detection by CPU

The CPU detects an interrupt request with the highest priority.
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7.5.25 CPU processing

On detecting an interrupt, the CPU pushes the contents of PC, PSR, r0-r3, r12 and LR to the stack then
enter the ISR.

7.5.2.6 Interrupt Service Routine (ISR)

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

(1)  Pushing during ISR

An ISR normally pushes register contents to the stack and handles an interrupt as required. The
Cor-tex-MO core automatically pushes the contents of PC, PSR, r0-r3, r12 and LR to the stack. No
extra programming is required for them. Push the contents of other registers if needed.

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

(2) Clearing an interrupt source

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

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

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

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

7.6.1

Register List

NVIC registers

Base Address = 0xEO00_EO00

Register name Address
SysTick Control and Status Register 0x0010
SysTick Reload Value Register 0x0014
SysTick Current Value Register 0x0018
SysTick Calibration Value Register 0x001C
Interrupt Set-Enable Register 0x0100
Interrupt Clear-Enable Register 0x0180
Interrupt Set-Pending Register 0x0200
Interrupt Clear-Pending Register 0x0280
Interrupt Priority Register 0x0400 ~ 0x0430
Application Interrupt and Reset Control Register 0x0D0C

System Handler Priority Register

0x0D1C, 0x0D20

System Handler Control and State Register

0x0D24

Clock generator registers

Base Address = 0x400F_3000

Register name Address
CG Interrupt Mode Control Register A CGIMCGA 0x0020
CG Interrupt Mode Control Register B CGIMCGB 0x0024
CG Interrupt Request Clear Register CGICRCG 0x0014
Reset Flag Register CGRSTFLG 0x001C
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7.6.2 NVIC Registers

7.6.2.1  SysTick Control and Status Register

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

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

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

7 6 ) 4 3 2 1 0
bit symbol - - - - - CLKSOURCE TICKINT ENABLE
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-17 - R Read as 0.
16 COUNTFLAG R/W 0: Timer not counted to 0
1: Timer counted to 0
Returns "1" if timer counted to "0" since last time this was read.
Clears on read of any part of the SysTick Control and Status Register.
15-3 - R Read as 0.
2 CLKSOURCE R/W 0: External reference clock (fosc/32) (Note)
1: CPU clock (fsys)
1 TICKINT R/W 0: Do not pend SysTick
1: Pend SysTick
0 ENABLE R/W 0: Disable
1: Enable
If "1" is set, it reloads with the value of the Reload Value Register and starts operation.

Note:In this product, the fosc (which is selected by the bits <OSCSEL> of the register CGOSCCR) is used as the
external reference clock.
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7.6.2.2 SysTick Reload Value Register
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol RELOAD
After reset Undefined
5 | 1 | a3 | 2 | a1 ] w0 | e | s
bit symbol RELOAD
After reset Undefined
7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
bit symbol RELOAD
After reset Undefined
Bit Bit Symbol Type Function
31-24 - R Read as 0.
23-0 RELOAD RIW Reload value
Set the value to load into the SysTick Current Value Register when the timer reaches "0".

7.6.2.3 SysTick Current Value Register

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

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

s | 1 | s | 2 | a1 | w0 | e | s
bit symbol CURRENT
After reset Undefined

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

Bit Bit Symbol Type Function
31-24 - R Read as 0.
23-0 CURRENT R/W [Read] Current SysTick timer value
[Write] Clear
Writing to this register with any value clears it to 0.
Clearing this register also clears the <COUNTFLAG> bit of the SysTick Control and Status Register.
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7.6.2.4 SysTick Calibration Value Register
31 30 29 28 27 26 25 24
bit symbol NOREF SKEW - - - - - -
After reset 0 1 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol TENMS
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol TENMS
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol TENMS
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31 NOREF R 0: Reference clock provided
1: No reference clock
30 SKEW R 0: Calibration value is 10 ms.
1: Calibration value is not 10 ms.
29-24 - Read as 0.
23-0 TENMS Calibration value (Note)

Note: TMPMO061FWFG does not prepare the calibration value.
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7.6.2.5 Interrupt Set-Enable Register
31 30 29 28 27 26 25 24
bit bol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
it symbo
y (Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit bol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
it symbo
y (Interrupt 23 (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) | (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit bol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
it symbo
y (Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset 0 0 0 0 0 0 0 0
7 6 ) 4 3 2 1 0
bit bol SETENA SETENA SETENA SETENA SETENA SETENA SETENA SETENA
it symbo
y (Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-0 SETENA R/W Interrupt number [31:0]
[Write]
1: Enable
[Read]
0: Disabled
1: Enabled
Each bit corresponds to the specified number of interrupts.
Writing "1" to a bit in this register enables the corresponding interrupt. Writing "0" has no effect.
Reading the bits can see the enable/disable condition of the corresponding interrupts.

Note: For descriptions of interrupts and interrupt numbers, see Section "7.5.1.5 List of Interrupt Sources".
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7.6.2.6 Interrupt Clear-Enable Register
31 30 29 28 27 26 25 24
bit bol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
it symbo
y (Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit bol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
it symbo
y (Interrupt 23) | (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) | (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit bol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
it symbo
y (Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset 0 0 0 0 0 0 0 0
7 6 ) 4 3 2 1 0
bit bol CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA CLRENA
it symbo
y (Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-0 CLRENA R/W Interrupt number [31:0]
[Write]
1: Disabled
[Read]
0: Disabled
1: Enable
Each bit corresponds to the specified number of interrupts. It can be performed to enable interrupts and to
check if interrupts are disabled.
Writing "1" to a bit in this register disables the corresponding interrupt. Writing "0" has no effect.
Reading the bits can see the enable/disable condition of the corresponding interrupts.

Note: For descriptions of interrupts and interrupt numbers, see Section "7.5.1.5 List of Interrupt Sources".
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7.6.2.7 Interrupt Set-Pending Register
31 30 29 28 27 26 25 24
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 23) | (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) | (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 ) 4 3 2 1 0
bit bol SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND SETPEND
it symbo
y (Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit Symbol Type Function
31-0 SETPEND R/W Interrupt number [31:0]
[Write]
1: Pend
[Read]
0: Not pending
1: Pending
Each bit corresponds to the specified number can force interrupts into the pending state and determines
which interrupts are currently pending.
Writing "1" to a bit in this register pends the corresponding interrupt. However, writing "1" has no effect on
an interrupt that is already pending or is disabled. Writing "0" has no effect.
Reading the bit returns the current state of the corresponding interrupts.
Writing "1" to a corresponding bit in the Interrupt Clear-Pending Register clears the bit in this register.

Note:For descriptions of interrupts and interrupt numbers, see Section "7.5.1.5 List of Interrupt Sources".
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7.6.2.8 Interrupt Clear-Pending Register

31 30 29 28 27 26 25 24
bit bol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
it symbo
y (Interrupt 31) | (Interrupt 30) | (Interrupt 29) | (Interrupt 28) | (Interrupt 27) | (Interrupt 26) | (Interrupt 25) | (Interrupt 24)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
23 22 21 20 19 18 17 16
bit bol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
it symbo
y (Interrupt 23) | (Interrupt 22) | (Interrupt 21) | (Interrupt 20) | (Interrupt 19) | (Interrupt 18) | (Interrupt 17) | (Interrupt 16)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
15 14 13 12 11 10 9 8
bit bol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
it symbo
y (Interrupt 15) | (Interrupt 14) | (Interrupt 13) | (Interrupt 12) | (Interrupt 11) | (Interrupt 10) (Interrupt 9) (Interrupt 8)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit bol CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND CLRPEND
it symbo
y (Interrupt 7) (Interrupt 6) (Interrupt 5) (Interrupt 4) (Interrupt 3) (Interrupt 2) (Interrupt 1) (Interrupt 0)
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit Symbol Type Function
31-0 CLRPEND R/W Interrupt number [31:0]
[Write]
1: Clear pending interrupt
[Read]
0: Not pending
1: Pending
Each bit corresponds to the specified number can force interrupts into the pending state and determines
which interrupts are currently pending.
Writing "1" to a bit in this register clears the corresponding pending interrupt. However, writing "1" has no ef-
fect on an interrupt that is already being serviced. Writing "0" has no effect.
Reading the bit returns the current state of the corresponding interrupts.

Note: For descriptions of interrupts and interrupt numbers, see Section "7.5.1.5 List of Interrupt Sources".

7.6.2.9 Interrupt Priority Register

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

31 24 23 16 15 8 7 0
0xE000_E400 PRI_3 PRI_2 PRI_1 PRI_O
0xE000_E404 PRI_7 PRI_6 PRI_5 PRI_4
0xE000_E408 PRI_11 PRI_10 PRI_9 PRI_8
0xE000_E40C PRI_15 PRI_14 PRI_13 PRI_12
0xE000_E410 PRI_19 PRI_18 PRI_17 PRI_16
OxE000_E414 PRI_23 PRI_22 PRI_21 PRI_20
0xE000_E418 PRI_27 PRI_26 PRI_25 PRI_24
0xE000_E41C PRI_31 PRI_30 PRI_29 PRI_28

Cortex-MO core uses two bits for assigning a priority.

The following shows the fields of the Interrupt Priority Registers for interrupt numbers 0 to 3. The Inter-
rupt Priority Registers for all other interrupt numbers have the identical fields. Unused bits return "0"
when read, and writing to unused bits has no effect.
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31 30 29 28 27 26 25 24
bit symbol PRI_3 - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol PRI_2 - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol PRI_1 - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol PRI_O - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-30 PRI_3 R/W Priority of interrupt number 3
29-24 - R Read as 0.
23-22 PRI_2 R/W Priority of interrupt number 2
21-16 - R Read as 0.
15-14 PRI_1 R/W Priority of interrupt number 1
13-8 - R Read as 0.
7-6 PRI_O R/W Priority of interrupt number 0
5-0 - R Read as 0.
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7.6.2.10 Application Interrupt and Reset Control Register
31 | 30 | 29 | 28 | 27 26 25 24
bit symbol VECTKEY/VECTKEYSTAT
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol VECTKEY/VECTKEYSTAT
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol | ENDIANESS - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
) SYSRESET VECTCLR
bit symbol - - - - - -
REQ ACTIVE
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 VECTKEY R/W Register key
(Write)/ [Write] Writing to this register requires 0x5FA in the <VECTKEY> field.
VECTKEY- [Read] Read as 0xFAO05.
STAT(Read)
15 ENDIANESS R/W Endianness bit:(Note1)
1: big endian
0: little endian
14-3 - R Read as 0.
2 SYSRESET R/W System Reset Request.
REQ 1=CPU outputs a SYSRESETREQ signal. (note2)
1 VECTCLR R/W Clear active vector bit
ACTIVE 1: clear all state information for active NMI, fault, and interrupts
0: do not clear.
This bit self-clears.
It is the responsibility of the application to reinitialize the stack.
0 - R Read as 0.

Note 1: This product can be used as the little-endian memory format only.
Note 2: When SYSRESETREQ is output, reset is performed on this product. <SYSRESETREQ> is cleared by reset.

7.6.2.11

System Handler Priority Register

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

31 24 23 16 15 8 7 0
PRI_11 PRI_10 PRI_9 PRI_8
0xE000_ED1C
- (Svcall)
PRI_15 PRI_14 PRI_13
0xE000_ED20 . PRI_12
- (SysTick) (PendSV) -

Cortex-MO core uses two bits for assigning a priority.

The following shows the fields of the System Handler Priority Registers for Memory Management,
Bus Fault and Usage Fault. Unused bits return "0" when read, and writing to unused bits has no effect.
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31 30 29 28 27 26 25 24
bit symbol PRI_15 - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol PRI_14 - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol PRI_13 - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol PRI_12 - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-30 PRI_15 R/W Priority of SysTick
29-24 - R Read as 0.
23-22 PRI_14 R/W Priority of PendSV
21-16 - R Read as 0.
15-14 PRI_13 R/W Reserved
13-8 - R Read as 0.
7-6 PRI_12 R/W Reserved
5-0 - R Read as 0.
7.6.2.12 System Handler Control and State Register
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol SVCALL - - - - - - -
PENDED
After reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 - R Read as 0.
15 SVCALL R/W SVCall
PENDED 0: Not pended
1: Pended
14-0 - R Read as 0.

Note: You must clear or set the active bits with extreme caution because clearing and setting these bits does not re-
pair stack contents.
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7.6.3 Clock generator registers
7.6.3.1  CGIMCGA(CG Interrupt Mode Control Register A)

31 30 | 29 | 28 27 26 25 24
bit symbol - EMCG3 EMST3 - INT3EN
After reset 0 0 1 0 0 0 Undefined 0

23 22 21 20 19 18 17 16
bit symbol - EMCG2 EMST2 - INT2EN
After reset 0 0 1 0 0 0 Undefined 0

15 14 13 12 11 10 9 8
bit symbol - EMCG1 EMST1 - INT1EN
After reset 0 0 1 0 0 0 Undefined 0

7 6 5 4 3 2 1 0
bit symbol - EMCGO EMSTO - INTOEN
After reset 0 0 1 0 0 0 Undefined 0

Bit Bit Symbol Type Function
31 - R Read as 0.
30-28 EMCG3[2:0] R/W active level setting of INT2 standby clear request. (101~111: setting prohibited)
000: "Low" level
001: "High" level
010: Falling edge
011: Rising edge
100: Both edges
27-26 EMST3[1:0] R active level of INT2 standby clear request
00: -
01: Rising edge
10: Falling edge
11: Both edges
25 - R Reads as undefined.
24 INT3EN R/IW INT2 clear input
0:Disable
1: Enable
23 - R Read as 0.
22-20 EMCG2[2:0] R/W active level setting of INT1 standby clear request. (101~111: setting prohibited)
000: "Low" level
001: "High" level
010: Falling edge
011: Rising edge
100: Both edges
19-18 EMST2[1:0] R active level of INT1 standby clear request
00: -
01: Rising edge
10: Falling edge
11: Both edges
17 - R Reads as undefined.
16 INT2EN R/W INT1 clear input
0:Disable
1: Enable
15 - R Read as 0.
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Bit Bit Symbol Type
14-12 EMCG1[2:0] R/W

Function

active level setting of INTO standby clear request. (101~111: setting prohibited)
000: "Low" level

001: "High" level

010: Falling edge

011: Rising edge

100: Both edges

11-10 EMST1[1:0] R active level of INTO standby clear request
00: -

01: Rising edge

10: Falling edge

11: Both edges

9 - R Reads as undefined.
8 INT1EN R/IW INTO clear input
0:Disable
1: Enable
7 - R Read as 0.
6-4 EMCGO0[2:0] R/W active level setting of INTLVD standby clear request.
(Note) Set it as shown below.
011: Rising edge
3-2 EMSTO[1:0] R active level of INTLVD standby clear request
00: -
01: Rising edge
10: Falling edge
11: Both edges
1 - R Reads as undefined.
0 INTOEN R/W INTLVD clear input
0:Disable
1: Enable

Note 1: <EMSTx> is effective only when <EMCGx[2:0]> is set to "100" for both rising and falling edge. The active level
used for the reset of standby can be checked by referring <EMSTx>. If interrupts are cleared with the
CGICRCG register, <EMSTx> is also cleared.

Note 2: Please specify the bit for the edge first and then specify the bit for the <INTXEN>. Setting them simultaneously is pro-
hibited.

7.6.3.2 CGIMCGB(CG Interrupt Mode Control Register B)

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

23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 1 0 0 0 0 0

15 14 13 12 11 10 9 8
bit symbol - EMCG5 EMST5 - INTS5EN
After reset 0 0 1 0 0 0 Undefined 0

7 6 5 4 3 2 1 0
bit symbol - EMCG4 EMST4 - INT4EN
After reset 0 0 1 0 0 0 Undefined 0

Bit Bit Symbol Type Function
31 - R Read as 0.
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Bit Bit Symbol Type Function
30-28 - R/W Write any value.
27-25 - R Read as 0.
24 - R/W Write as 0.
23 - R Read as 0.
22-20 - R/W Write any value.
19-17 - R Read as 0.
16 - R/IW Write as 0.
15 - R Read as 0.

14-12 EMCG5[2:0] R/W active level setting of INTRTC standby clear request.
(Note) Set it as shown below.
010: Falling edge

11-10 EMST5[1:0] R active level of INTRTC standby clear request
00: -

01: Rising edge

10: Falling edge

11: Both edges

9 - R Reads as undefined.
8 INT5EN R/W INTRTC clear input
0:Disable
1: Enable
7 - R Read as 0.
6-4 EMCGA4[2:0] R/W active level setting of INT3 standby clear request. (101~111: setting prohibited)
000: "Low" level
001: "High" level

010: Falling edge

011: Rising edge

100: Both edges

3-2 EMSTA4[1:0] R active level of INT3 standby clear request
00: -

01: Rising edge

10: Falling edge
11: Both edges

1 - R Reads as undefined.
0 INT4EN R/W INT3 clear input
0:Disable
1: Enable

Note 1: <EMSTx> is effective only when <EMCGXx[2:0]> is set to "100" for both rising and falling edge. The active level
used for the reset of standby can be checked by referring <EMSTx>. If interrupts are cleared with the
CGICRCG register, <EMSTx> is also cleared.

Note 2: Please specify the bit for the edge first and then specify the bit for the <INTXEN>. Setting them simultaneously is pro-
hibited.
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7.6.3.3 CGICRCG(CG Interrupt Request Clear Register)

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

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

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

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

Bit Bit Symbol Type Function
31-5 - R Read as 0.
4-0 ICRCGJ4:0] W Clear interrupt requests.
0_0000: INTLVD
0_0001: INTO
0_0010: INT1
0_0011: INT2
0_0100: INT3
0_0101: INTRTC
0_0110 to 1_1111: setting prohibited.
Read as 0.
7.6.3.4 CGRSTFLG (Reset Flag Register)
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After pin reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After pin reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After pin reset 0 0 0 0 0 0 0 0
7 6 5) 4 3 2 1 0
bit symbol - - - DBGRSTF - WDTRSTF - PINRSTF
After pin reset 0 0 0 0 0 0 0 1
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Bit Bit Symbol Type Function
31-6 - R Read as 0.
5 - R Write as 0.
4 DBGRSTF R/W Debug reset flag (Note1)

0: "0" is written
1: Reset from SYSRESETREQ
3 - R Write as 0.

2 WDTRSTF R/W WDT reset flag

0: "0" is written

1: Reset from WDT

1 - R Write as 0.

0 PINRSTF R/W RESET pin flag

0: "0" is written

1: Reset from RESET pin.

Note 1: This flag indicates a reset generated by the SYSRESETREQ bit of the Application Interrupt and Reset Control Regis-
ter of the CPU's NVIC.

Note 2: This register is not cleared automatically. Write "0" to clear the register.
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8. Input / Output port

8.1 Port Function

8.1.1 Function List

The ports are also used as input / output pins for built-in peripheral functions.

Table 8-1 show list of port function.

Table 8-1 List of Port Function (Port A to Port K)

Port Pin name Input / Out- Schmitt Noise filter Function pin
put Input

Port A
PAO 110 o - SEGO
PA1 110 o - SEG1
PA2 110 o - SEG2
PA3 110 o - SEG3
PA4 110 o - SEG4
PA5 110 o - SEG5
PA6 110 o - SEG6
PA7 110 o - SEG7

Port B
PBO 110 o - SEG8
PB1 110 o - SEG9
PB2 110 o - SEG10
PB3 110 o - SEG11
PB4 110 o - SEG12
PB5 110 o - SEG13
PB6 110 o - SEG14
PB7 110 o - SEG15

Port C
PCO 110 o - SEG16
PC1 110 o - SEG17
PC2 110 o - SEG18
PC3 110 o - SEG19
PC4 110 o - SEG20
PC5 110 o - SEG21
PC6 110 o - SEG22
PC7 110 o - SEG23

Port D
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Table 8-1 List of Port Function (Port A to Port K)

Port Pin name Input / Out- Schmitt Noise filter Function pin
put Input
PDO 110 o - SEG24
PD1 110 o - SEG25
PD2 110 o - SEG26
PD3 110 o - SEG27
PD4 110 o - SEG28
PD5 110 o - SEG29
PD6 110 o - SEG30
PD7 110 o - SEG31
Port E
PEO 110 o - SEG32
PE1 110 o - SEG33
PE2 110 o - SEG34/T16A60UT
PE3 110 o - SEG35/SCLK31/CTS31
PE4 110 o - SEG36/RXD31
PE5 110 o - SEG37/TXD31
PE6 110 o - SEG38/SWCLK
PE7 110 o - SEG39/SWDIO
Port F
PFO 110 o - AINO
PF1 110 o o AIN1/INTO
Port G
PGO 110 o o TBOOUT/INT2
Port H
PHO 110 o - TXDO/IROUTO
PH1 110 o - RXDO
PH2 110 o - SCLKO/CTSO0/T16A00UT
PH3 110 o - TXD1/IROUT1
PH4 110 o - RXD1
PH5 110 o - SCLK1/CTS1/T16A10UT
Port |
PIO 110 o - TXD2/IROUT2
PI1 110 o - RXD2
PI2 110 o - SCLK2/CTS2/T16A20UT
PI3 110 o - TBOIN
Pl4 110 o - TXD30
PI5 110 o - RXD30
PI6 110 o - SCLK30/CTS30/T16A50UT
Port J
PJO 110 o - SDA0/SO0
PJ1 110 o - SCLO/SI0
PJ2 110 o o SCKO/INT1
PJ3 110 o - RTCOUT
PJ4 110 o - T16A30UT/SCOUT
PJ5 | o - TB1IN/XTCLKIN
Port K
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Table 8-1 List of Port Function (Port A to Port K)

- | Schmitt
Port Pin name Input / Out Noise filter Function pin
put Input
PKO 110 o o INT3
PK1 110 o - TB1OUT

Note: The noise elimination width of the noise filter is approximately 30 ns under typical condition.
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8.2 Port Register General Description

When the port registers are used, the following registers must be set.

All registers are 32-bits. The configurations are different depend on the number of port bits and assignation of

the function.

In the following examination, the 8 bits port are described. About the configuration of the port and the initial val-

ue in the each port, please refer to each port’s section.

Note:"x" means the name of ports and "n" means the function number in the following description.

8.2.1 PxDATA : Port x data register
This register reads / writes port data.

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

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

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

7 6 5 4 3 2 1 0
bit symbol Px7 Px6 Px5 Px4 Px3 Px2 Px1 Px0
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0"
7-0 Px7-Px0 R/W Port x data register

8.2.2 PxCR : Port x output control register

This register controls output.

To enable / disable input with PxIE register.

2018/10/26

Page 88




TOSHIBA

TMPMO061FWFG
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol Px7C Px6C Px5C Px4C Px3C Pxx2C Px1C Px0C
After reset 0 0 0 0 0 0 1 0
Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-0 Px7C-Px0C R/W Output
0: Disable
1: Enable

8.2.3 PxFRn : Port x function register n

This register sets the function.

The assigned function can be enabled by setting "1". This register exists for the each function assigned to
the port. In case of having some function, only one function can be enabled.

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

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

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

7 6 5 4 3 2 1 0
bit symbol Px7Fn Px6Fn Px5Fn Px4Fn Px3Fn Px2Fn Px1Fn Px0Fn
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-0 Px7Fn-Px0Fn R/IW 0: PORT
1: Function
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8.2.4 PxOD : Port x open-drain control register
This register controls programmable open-drain outputs.

Programmable open-drain outputs are set with PxOD. When output data is "1", output buffer is disabled
and becomes a pseudo-open-drain output.

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

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

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

7 6 5 4 3 2 1 0
bit symbol Px70D Px60D Px50D Px40D Px30D Px20D Px10D Px00D
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-0 Px70D-Px00D | R/W 0: Push-pull output
1: Open-drain output

8.2.5 PxPUP : Port x pull-up control register

This register controls programmable pull-ups.

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

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

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

7 6 5 4 3 2 1 0
bit symbol Px7UP Px6UP Px5UP Px4UP Px3UP Px2UP Px1UP Px0UP
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-0 Px7UP-PxOUP | R/W Pull-up
0: Disable
1: Enable
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8.2.6 PxPDN : Port x pull-down control register
This register controls programmable pull-downs.

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

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

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

7 6 5) 4 3 2 1 0
bit symbol Px7DN Px6DN Px5DN Px4DN Px3DN Px2DN Px1DN PxODN
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-0 Px7DN-PxODN | R/W Pull-down
0: Disable
1: Enable
8.2.7 PxIE : Port x input control register
This register controls inputs.

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

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

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

7 6 5 4 3 2 1 0
bit symbol Px7IE Px61E Px5IE Px41E Px3IE Px2IE Px1IE PxO0IE
After reset 0 0 0 0 0 0 1 1

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-0 Px7IE-PxO0IE R/IW Input
0: Disable
1: Enable
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8.3 Register List

Port Base Address
Port A 0x400C_0000
Port B 0x400C_0100
Port C 0x400C_0200
Port D 0x400C_0300
Port E 0x400C_0400
Port F 0x400C_0500
Port G 0x440C_0600
Port H 0x400C_0700
Port | 0x400C_0800
Port J 0x400C_0900
Port K 0x400C_0A00
Register Name Address Port A Port B Port C Port D Port E Port F
(Baset)
Data register 0x0000 PADATA PBDATA PCDATA PDDATA PEDATA PFDATA
Output control register 0x0004 PACR PBCR PCCR PDCR PECR PFCR
Function register 1 0x0008 PAFR1 PBFR1 PCFR1 PDFR1 PEFR1 PFFR1
Function register 2 0x000C - - - - PEFR2 -
Function register 3 0x0010 - - - - PEFR3 -
Open-drain control register 0x0028 PAOD PBOD PCOD PDOD PEOD PFOD
Pull-up control register 0x002C PAPUP PBPUP PCPUP PDPUP PEPUP PFPUP
Pull-down control register 0x0030 PAPDN PBPDN PCPDN PDPDN PEPDN PFPDN
Input control register 0x0038 PAIE PBIE PCIE PDIE PEIE PFIE
Register Name Address Port G Port H Port | Port J Port K
(Baset)
Data register 0x0000 PGDATA PHDATA PIDATA PJDATA PKDATA
Output control register 0x0004 PGCR PHCR PICR PJCR PKCR
Function register 1 0x0008 PGFR1 PHFR1 PIFR1 PJFR1 PKFR1
Function register 2 0x000C PGFR2 PHFR2 PIFR2 PJFR2 -
Function register 3 0x0010 - PHFR3 PIFR3 - -
Open-drain control register 0x0028 PGOD PHOD PIOD PJOD PKOD
Pull-up control register 0x002C PGPUP PHPUP PIPUP PJPUP PKPUP
Pull-down control register 0x0030 PGPDN PHPDN PIPDN PJPDN PKPDN
Input control register 0x0038 PGIE PHIE PIIE PJIE PKIE
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8.4 Function details
This chapter describes the configuration of register, initial value and the function assigned by a function register.

The bit 31 to 8 of the register and the bit hatched is read as "0". Writing to them does not influence.

8.4.1 PortA
7 6 5 4 3 2 1 0
PADATA 0 0 0 0 0 0 0 0
PAIE 0 0 0 0 0 0 0 0
PACR 0 0 0 0 0 0 0 0
PAPUP 0 0 0 0 0 0 0 0
PAPDN 0 0 0 0 0 0 0 0
PAOD 0 0 0 0 0 0 0 0
SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO
PAFR1
0 0 0 0 0 0 0 0
Note:When port A is used as LCD segment outputs, set "1" to PAFR1 and clear other registers to "0".
8.4.2 PortB
7 6 5) 4 3 2 1 0
PBDATA 0 0 0 0 0 0 0 0
PBIE 0 0 0 0 0 0 0 0
PBCR 0 0 0 0 0 0 0 0
PBPUP 0 0 0 0 0 0 0 0
PBPDN 0 0 0 0 0 0 0 0
PBOD 0 0 0 0 0 0 0 0
SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8
PBFR1
0 0 0 0 0 0 0 0
Note:When port B is used as LCD segment outputs, set "1" to PBFR1 and clear other registers to "0".
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84.3 PortC
7 6 5 4 3 2 1 0
PCDATA 0 0 0 0 0 0 0 0
PCIE 0 0 0 0 0 0 0 0
PCCR 0 0 0 0 0 0 0 0
PCPUP 0 0 0 0 0 0 0 0
PCPDN 0 0 0 0 0 0 0 0
PCOD 0 0 0 0 0 0 0 0
SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16
PCFR1
0 0 0 0 0 0 0 0
Note:When port C is used as LCD segment outputs, set "1" to PCFR1 and clear other registers to "0".
844 PortD
7 6 5 4 3 2 1 0
PDDATA 0 0 0 0 0 0 0 0
PDIE 0 0 0 0 0 0 0 0
PDCR 0 0 0 0 0 0 0 0
PDPUP 0 0 0 0 0 0 0 0
PDPDN 0 0 0 0 0 0 0 0
PDOD 0 0 0 0 0 0 0 0
SEG31 SEG30 SEG29 SEG28 SEG27 SEG26 SEG25 SEG24
POFRI 0 0 0 0 0 0 0 0

Note:When port D is used as LCD segment outputs, set "1" to PDFR1 and clear other registers to "0".
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845 PortE

7 6 5 4 3 2 1 0

PEDATA 0 0 0 0 0 0 0 0
PEIE 1 1 0 0 0 0 1 (Note3) 1 (Note3)

PECR 1 0 0 0 0 0 1 (Note3) 0

PEPUP 1 0 0 0 0 0 1 (Note3) 0
PEPDN 0 1 0 0 0 0 0 1 (Note3)

PEOD 0 0 0 0 0 0 0 0
SEG39 SEG38 SEG37 SEG36 SEG35 SEG34 SEG33 SEG32

PEFRT 0 0 0 0 0 0 0 0

SWDIO SWCLK TXD31 RXD31 SCLK31 T16A60UT - -
PEFR2 1 1 0 0 0 0 1 (Note2) 1 (Note2)

CTS31
PEFR3 5

Note 1: When port E is used as LCD segment outputs, set "1" to PEFR1 and clear other registers to "0".
Note 2: Write as "0".
Note 3: Change setting if necessary.

8.4.6 PortF

When this port is used as analog input, the value of all register set to the initial value.

7 6 5 4 3 2 1 0
PFDATA 0 0
PFIE 0 0
PFCR 0 0
PFPUP 0 0
PFPDN 0 0
PFOD 0 0
INTO
PFFR1
0

Note:In modes other than STOP mode, interrupt input is enabled regardless of the PxFRn register setting if input
is enabled in PxIE. Make sure to disable unused interrupts when programming the device.
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84.7 PortG
5 4 3 2 1 0
PGDATA 0
PGIE 0
PGCR 0
PGPUP 0
PGPDN 0
PGOD 0
TBOOUT

PGFR1

0
INT2

PGFR2 o

Note:In modes other than STOP mode, interrupt input is enabled regardless of the PxFRn register setting if input
is enabled in PxIE. Make sure to disable unused interrupts when programming the device.

8.4.8 PortH
5 4 3 2 1 0
PHDATA 0 0 0 0 0 0
PHIE 0 0 0 0 0 0
PHCR 0 0 0 0 0 0
PHPUP 0 0 0 0 0 0
PHPDN 0 0 0 0 0 0
PHOD 0 0 0 0 0 0
SCLK1 RXD1 TXD1 SCLKO RXDO TXDO
PHFR1
0 0 0 0 0 0
CTST IROUT1 CTS0 IROUTO
PHFR2
0 0 0 0
T16A10UT T16A00UT
PHFR3
0 0

Note:PH3 is shared with DBGEN function. It is enabled to be input and pulled-up while RESET pin is low.
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849 Portl
6 5 4 3 2 1 0
PIDATA 0 0 0 0 0 0 0
PIE 0 0 0 0 0 0 0
PICR 0 0 0 0 0 0 0
PIPUP 0 0 0 0 0 0 0
PIPDN 0 0 0 0 0 0 0
PIOD 0 0 0 0 0 0 0
SCLK30 RXD30 TXD30 TBOIN SCLK2 RXD2 TXD2
FIFRT 0 0 0 0 0 0 0
CTS30 CTS2 IROUT2
PIFR2
0 0 0
T16A50UT T16A20UT
PIFR3 5 5

Note 1: PIO is enabled to be input and pulled-up while RESET pin is low.
Note 2: Only when input is enabled, PI5 and PI6 tolerate 5V inputs.
Note that these pins cannot be pulled up over the power supply voltage when using as open-drain output.

8.4.10 PortJ
6 5 4 3 2 1 0
PJDATA 0 0 0 0 0 0
PJIE 0 0 0 0 0 0
PJCR 0 0 0 0 0
PJPUP 0 0 0 0 0
PJPDN 0 0 0 0 0
PJOD 0 0 0 0 0
TB1IN T16A30UT RTCOUT SCKO SCLO/SI0 SDA0/SO0
PIFRT 0 0 0 0 0 0
XTCLKIN SCOouT INT1
PJFR2
0 0 0

Note 1: PJO is shared with BOOT function. It is enabled to be input and pulled-up while RESET pin is low.
Note 2: PJ5 is used as only input port.

Note 3: In modes other than STOP mode, interrupt input is enabled regardless of the PxFRn register setting if input is ena-
bled in PxIE. Make sure to disable unused interrupts when programming the device.

Note 4: Only when input is enabled, PJ2 tolerates 5V input.
Note that these pins cannot be pulled up over the power supply voltage when using as open-drain output.
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8.4.11 PortK

When bleeder resistor is connected with this port, the value of all register set to the initial value.

4 1 0
PKDATA 0 0
PKIE 0 0
PKCR 0 0
PKPUP 0 0
PKPDN 0 0
PKOD 0 0
TB10OUT INT3

PKFR1

0 0

Note:In modes other than STOP mode, interrupt input is enabled regardless of the PxFRn register setting if input
is enabled in PxIE. Make sure to disable unused interrupts when programming the device.
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8.5 Block Diagrams of Ports

8.5.1 Port Type

The ports are classified as shown below. Please refer to the following pages for the block diagrams of
each port type. A dotted box in the figure indicates the part of the equivalent circuit described in the "Block di-
agrams of ports".

Port types used in each pin are described in Chapter 8.6.

Table 8-2 Function List

Function
Enable signals L
Type . . Operation in the STOP mode Pull-up Pull-down Analog
/0 exist/not exist
Input Output Input Output
FT1 110 - - - - R R -
FT2 110 - o o o EnR EnR -
FT3 110 - o - - R R -
FT4 Input (int) - - o - R R -
FT5 Input - - - - R R o
FT6 110 o o - o R R -
FT7 Input - - o - R R -
FT8 110 - - - o R R -
FT9 110 - o - o R R -
FT10 Output(LCD) - - - o R R -
int: Interrupt input
-: No exist/Disabled
o: Exist/Enabled
R: Forced disable during reset
EnR: Forced enable during reset
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8.5.2 Type FT1
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control)
PxIE

"\

<—G_‘

(Input control)

Port read
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[ ] 1o Port

Figure 8-1 Port Type FT1
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8.5.3 Type FT2

f\) Drive disable Dc
in STOP mode
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—~ 7| (Pull-up control) |
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control)
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Figure 8-2 Port Type FT2
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8.54 Type FT3
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Figure 8-3 Port Type FT3
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8.5.5 Type FT4
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Figure 8-4 Port Type FT4
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8.5.6 Type FT5
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8.5.7 Type FT6
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Figure 8-6 Port Type FT6
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Input / Output port
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8.5.8 Type FT7
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Figure 8-7 Port Type FT7
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8.5.9 Type FT8
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Figure 8-8 Port Type FT8
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8.5.10 Type FT9
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Figure 8-9 Port Type FT9
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8.5.11 Type FT10
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Figure 8-10 Port Type FT10
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8.6 Appendix (List of Port Setting)

The following tables show port register settings in each pin.

The numbers "0" and "1" described below register names indicate a setting value and "x" means optional.

8.6.1 The Setting of I1/0 Port

When I/O port is used as for input port or output port, set its registers as follows:

Pin Port ) After Px Px Px Px Px Px
Function
name type reset [ CR FRn oD PUP | PDN IE
Input port 0 0 X X X 1
Pxn
Output port 1 0 X X X 0

8.6.2 The Setting of Input Dedicated Port

When an input dedicated port is used, set its registers as follows:

Pin Port . After Px Px Px Px Px
Function
name type reset [ CR FRn oD PUP | PDN
Pxn - Input port 0 X X X 1

8.6.3 The Setting of Output Dedicated Port

When an output dedicated port is used, set its registers as follows:

Pin Port ) After | Px Px Px Px Px
Function
name type reset [ CR | FRn | OD | PUP | PDN
Output port 1 0 X X X
Pxn
Output port (Hi-Z output) 0 0 X X X
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8.6.4 The setting of peripheral’s 1/0O port

This section describes the settings in case that ports are used for peripheral functions.

In almost all pins, the initial port state of port registers is all "0" and is inhibited to input/output after re-
set. Some pins are specified as a certain function after reset. In this case, the symbol "o" is described in the "Af-

ter reset" Column of the following tables.

The column of PxFRn indicates the function register that is required to set.

In the shaded areas of bits of the following tables indicate that "0" is read and write has no meaning.

8.6.4.1 Port A Setting

Pin Port . After PA PA PA PA PA PA
Function

name Type reset [ CR FRn oD PUP | PDN IE
PAO

PAO FT10 | SEGO (Output) 0 ER1 0 0 0 0
PA1

PA1 FT10 | SEG1 (Output) 0 0 0 0 0
FR1
PA2

PA2 FT10 | SEG2 (Output) 0 FR1 0 0 0 0
PA3

PA3 FT10 | SEG3 (Output) 0 ER1 0 0 0 0
PA4

PA4 FT10 | SEG4 (Output) 0 FR1 0 0 0 0
PA5

PA5 FT10 | SEGS5 (Output) 0 FR1 0 0 0 0
PAG6

PA6 FT10 | SEG6 (Output) 0 FR1 0 0 0 0
PA7

PA7 FT10 | SEG7 (Output) 0 FR1 0 0 0 0

8.6.4.2 Port B Setting
Pin Port . After PB PB PB PB PB PB
Function

name Type reset [ CR FRn oD PUP | PDN IE
PBO

PBO FT10 | SEGB8 (Output) 0 FR1 0 0 0 0
PB1

PB1 FT10 | SEG9 (Output) 0 ER1 0 0 0 0
PB2

PB2 FT10 | SEG10 (Output) 0 FR1 0 0 0 0
PB3

PB3 FT10 | SEG11 (Output) 0 0 0 0 0
FR1
PB4

PB4 FT10 | SEG12 (Output) 0 ER1 0 0 0 0
PB5

PB5 FT10 | SEG13 (Output) 0 FR1 0 0 0 0
PB6

PB6 FT10 | SEG14 (Output) 0 FR1 0 0 0 0
PB7

PB7 FT10 | SEG15 (Output) 0 FR1 0 0 0 0
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TMPMO061FWFG
8.6.4.3 Port C Setting
Pin Port . Pin PC PC PC PC PC PC
Function

name Type name | CR FRn oD PUP | PDN IE
PCO

PCO | FT10 | SEG16 (Output) 0 R 0 0 0 0
PC1

PC1 FT10 | SEG17 (Output) 0 FRA 0 0 0 0
PC2

PC2 FT10 | SEG18 (Output) 0 0 0 0 0
FR1
PC3

PC3 | FT10 | SEG19 (Output) 0 R 0 0 0 0
PC4

PC4 FT10 | SEG20 (Output) 0 ERA 0 0 0 0
PC5

PC5 FT10 | SEG21 (Output) 0 0 0 0 0
FR1
PC6

PC6 | FT10 | SEG22 (Output) 0 R 0 0 0 0
PC7

PC7 FT10 | SEG23 (Output) 0 ERA 0 0 0 0

8.6.4.4 Port D Setting
Pin Port . Pin PD PD PD PD PD PD
Function

name Type nhame | DR FRn oD PUP | PDN IE
PDO

PDO | FT10 | SEG24 (Output) 0 FR1 0 0 0 0
PD1

PD1 FT10 | SEG25 (Output) 0 R 0 0 0 0
PD2

PD2 FT10 | SEG26 (Output) 0 FRA 0 0 0 0
PD3

PD3 FT10 | SEG27 (Output) 0 FR1 0 0 0 0
PD4

PD4 | FT10 | SEG28 (Output) 0 R 0 0 0 0
PD5

PD5 FT10 | SEG29 (Output) 0 ERA 0 0 0 0
PD6

PD6 FT10 | SEG30 (Output) 0 FR1 0 0 0 0
PD7

PD7 | FT10 | SEG31 (Output) 0 R 0 0 0 0

2018/10/26 Page 112



TOSHIBA

TMPMO061FWFG

8.6.4.5 Port E Setting

Pin Port . Pin PE PE PE PE PE PE
Function
name Type name | CR FRn oD PUP | PDN IE
PEO
PEO FT10 | SEG32 (Output) 0 FR1 0 0 0 0
PE1
PE1 FT10 | SEG33 (Output) 0 FR1 0 0 0 0
PE2
FT10 | SEG34 (Output) 0 FR1 0 0 0 0
PE2
PE2
FT1 T16A60UT (Output) 1 X X X 0
FR2
PE3
FT10 | SEG35 (Output) 0 0 0 0 0
FR1
PE3
SCLK31 (Input) 0 X X X 1
FR2
PE3 FT1
PE3
SCLK31 (Output) 1 X X X 0
FR2
PE3
FT1 CTS31 (Output) 1 X X X 0
FR3
PE4
FT10 | SEG36 (Output) 0 ER1 0 0 0 0
PE4
PE4
FT1 RXD31 (Input) 0 X X X 1
FR2
PE5
FT10 | SEG37 (Output) 0 R 0 0 0 0
PE5
PE5
FT1 TXD31 (Input) 1 X X X 0
FR2
PE6
FT10 | SEG38 (Output) 0 FR1 0 0 0 0
PE6
PE6
FT2 [ SWCLK (Input) o 0 0 0 1 1
FR2
PE7
FT10 | SEG39 (Output) 0 ER1 0 0 0 0
PE7
PE7
FT2 | SWDIO (l/O) o 1 0 1 0 1
FR2
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8.6.4.6 Port F Setting
Pin Port ) Pin PF PF PF PF PF PF
Function

name Type name | CR FRn oD PUP | PDN IE
PFO FT5 | AINO o 0 0 0 0 0 0
FT5 | AIN1 o 0 0 0 0 0 0

PF1 PF1
FT4 INTO (Input) 0 X X X 1

FR1

8.6.4.7 Port G Setting
Pin Port . Pin PG PG PG PG PG PG
Function

name Type name| CR [ GRn | OD | PUP | PDN IE

PGO
FT1 TBOOUT(Output) 1 X X X 0

GRO

PGO

PGO
FT4 INT2 (Input) 0 X X X 1

GR1
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8.6.4.8 Port H Setting

Pin Port . Pin PH PH PH PH PH PH
Function
name Type name | CR FRn oD PUP | PDN IE
PHO
FT1 TXDO (Output) 1 X X X 0
FR1
PHO
PHO
FT1 IROUTO (Output) 1 X X X 0
FR2
PH1
PH1 FT1 RXDO (Input) 0 X X X 1
FR1
PH2
FT1 SCLKO (Input) 0 X X X 1
FR1
PH2
FT1 SCLKO (Output) 1 X X X 0
FR1
PH2
PH2
FT1 CTSO (Output) 1 X X X 0
FR2
PH2
FT1 T16A00UT (Output) 1 X X X 0
FR3
PH3
FT1 TXD1 (Output) 1 X X X 0
FR1
PH3
PH3
FT1 IROUT1 (Output) 1 X X X 0
FR2
PH4
PH4 FT1 RXD1 (Input) 0 X X X 1
FR1
PH5
FT1 SCLK1 (Input) 0 X X X 1
FR1
PH5
FT1 SCLK1 (Output) 1 X X X 0
FR1
PH5
T PH5
FT1 CTS1 (Output) 1 X X X 0
FR2
PH5
FT1 T16A10UT (Output) 1 X X X 0
FR3
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8.6.4.9 Port | Setting
Pin Port . Pin PI Pl Pl PI PI Pl
Function
name Type name | CR FRn oD PUP | PDN IE
PIO
FT1 TXD2 (Output) 1 X X X 0
FR1
PIO
PIO
FT1 IROUT2 (Output) 1 X X X 0
FR2
PI1
PI1 FT1 RXD2 (Input) 0 X X X 1
FR1
PI2
FT1 SCLK2 (Input) 0 X X X 1
FR1
PI2
FT1 SCLK2 (Output) 1 X X X 0
FR1
PI2
PI2
FT1 CTS2 (Output) 1 X X X 0
FR2
PI2
FT1 T16A20UT (Output) 1 X X X 0
FR3
PI3
PI3 FT1 TBOIN (Input) 0 X X X 1
FR1
Pl4
Pl4 FT1 TXD30 (Output) 1 X X X 0
FR1
PI5
PI5 FT1 RXD30 (Input) 0 X X X 1
FR1
P16
FT1 SCLK30 (Input) 0 X X X 1
FR1
P16
FT1 SCLK30 (Output) 1 X X X 0
FR1
PI6
P16
FT1 CTS30 (Output) 1 X X X 0
FR2
PI6
FT1 T16A50UT (Output) 1 X X X 0
FR3
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8.6.4.10 Port J Setting

Pin Port . Pin PJ PJ PJ PJ PJ PJ
Function
name Type name | CR FRn oD PUP | PDN IE
PJO
SDAO (I/0) 1 1 X X 1
FR1
PJO FT1
PJO
SO0 (Output) 1 X X X 0
FR1
PJO
SCLO (I/0) 1 1 X X 1
FR1
PJ1 FT1
SI0 (Input) 0 PA0 1
n
pu FR1 X X X
PJ2
SCKO (Input) 0 X X X 1
FR1
FT1
PJ2
PJ2 SCKO (Output) 1 X X X 0
FR1
PJ2
FT4 INT1 (Input) 0 X X X 1
FR2
PJ3
PJ3 FT1 RTCOUT (Output) 1 ER1 X X X 0
PJ4
FT1 T16A30UT (Output) 1 ER1 X X X 0
PJ4
PJ4
FT1 SCOUT (Output) 1 X X X 0
FR2
PJ5
FT1 TB1IN (Input) 1
FR1
PJ5
PJ5
FT1 XTCLKIN (Input) 1
FR2
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8.6.4.11 Port K Setting

Pin Port . Pin PK PK PK PK PK PK
Function

name Type name | CR FRn oD PUP | PDN IE
FT5 LV1 (Input) o 0 0 0 0 0 0

PKO PKO
FT4 INT3 (Input) 0 X X X 1

FR1
FT5 LV2 (Input) o 0 0 0 0 0 0

PK1 PK1
FT1 TB10OUT(Output) 1 FR1 X X X 0
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9. 16-bit Timer / Event Counters (TMRB)

9.1 Outline

TMRB has the operation modes shown as below.

Interval timer mode

Event counter mode

Programmable pulse generation (PPG) mode

Programmable pulse generation (PPG) external trigger mode

The use of the capture function allows TMRB to perform the following measurements.

Frequency measurement

Pulse width measurement

In the following explanation, "x" indicates a channel number.
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16-bit Timer / Event Counters (TMRB)
9.2 Block Diagaram

9.

9.2 Block Diagaram

TMRB consists of a 16-bit up-counter, two 16-bit timer register (Double-buffered), two 16-bit capture regis-
ters, two comparators, a capture input control, a timer flip-flop and its associated control circuit. Timer operation

modes and the timer flip-flop are controlled by a register.
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Figure 9-1 TMRBx Block Diagram
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9.3 Regqisters

9.3.1 Register list

The table below shows control registers and their addresses.

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

Register name Address (Base+)
Enable register TBXEN 0x0000
RUN register TBxRUN 0x0004
Control register TBxCR 0x0008
Mode register TBxMOD 0x000C
Flip-flop control register TBxFFCR 0x0010
Status register TBxST 0x0014
Interrupt mask register TBxIM 0x0018
Up counter capture register TBxUC 0x001C
Timer register 0 TBxRGO 0x0020
Timer register 1 TBxRG1 0x0024
Capture register 0 TBxCPO 0x0028
Capture register 1 TBxCP1 0x002C

Note:During timer operation, timer control register, timer mode register and timer flip-flop control register
should not be modified. After stopping timer operation, they should be modified.

Page 121 2018/10/26



9. 16-bit Timer / Event Counters (TMRB)

9.3 Registers

TMPMO061FWFG
9.3.2 TBxEN (Enable register)
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol TBEN TBHALT - - - - - -
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 TBEN R/W TMRBXx operation
0: Disabled
1: Enabled
Specifies the TMRB operation. When the operation is disabled, no clock is supplied to the other registers
in the TMRB module. This can reduce power consumption. (This disables reading from and writing to the oth-
er registers except TBxEN register.)
To use the TMRB, enable the TMRB operation (set to "1") before programming each register in the TMRB
module. If the TMRB operation is executed and then disabled, the settings will be maintained in each register.
6 TBHALT R/W Clock operation during debug HALT
0: run
1: stop
Specifies the TMRB clock setting to run or stop when the debug tool transits to HALT mode while in use.
5-0 - R Read as "0".
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9.3.3 TBxRUN (RUN register)

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

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

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

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

Bit Bit Symbol Type Function
31-3 - R Read as "0".
2 TBPRUN R/W Prescaler operation
0: Stop & clear
1: Count
1 - R Read as "0".
0 TBRUN R/W Count operation
0: Stop & clear
1: Count
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9.3.4 TBxCR (Control register)

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

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

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

7 6 5 4 3 2 1 0
bit symbol TBWBF - TBSYNC - 12TB - TRGSEL CSSEL
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 TBWBF R/W Double Buffer
0: Disabled
1: Enabled
6 - R/IW Write "0".
5 TBSYNC R/IW Synchronous mode switching
0: individual (Each channel)
1: synchronous
4 - R Read as "0".
3 12TB R/W Operation at IDLE mode
0: Stop
1:Operation
2 - R/IW Write "0".
1 TRGSEL R/W Selects the external triggers.
0: rising
1: falling
Controls the edge selection (of signal to TBxIN pin) when the external triggers is selected.
0 CSSEL R/IW Selects the count start
0: starts by software
1: starts by external trigger
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9.3.5 TBxMOD (Mode register)

31

30 29 28 27 26 25 24

bit symbol -

After reset 0

bit symbol -

After reset 0

bit symbol -

After reset 0

bit symbol -

TBCP TBCPM TBCLE TBCLK

After reset 0

-
o
o
o
o
o
o

Bit

Bit Symbol

Function

31-8

Read as "0".

Write "0".

TBCP

Capture control by software

0: Capture by software

1: Don't care

When "0" is written, the capture register 0 (TBxCPO) takes count value. Read as "1".

5-4

TBCPM[1:0]

R/W

Capture timing

00: Disable Capture

01: Reserved

10: TBxINT, TBxIN|

Takes count values into capture register 0 (TBxCPO) upon rising of TBxIN pin input.
Takes count values into capture register 1 (TBXCP1) upon falling of TBxIN pin input.
11: TBxFFO1, TBxFFO|

Takes count values into capture register 0 (TBXxCPO) upon rising of TBXxFFO and into capture register 1
(TBxCP1) upon falling of TBxFFO.

TBCLE

R/IW

Up-counter control

0: Disables clearing of the up-counter.

1: Enables clearing of the up-counter.

Clears and controls the up-counter.

When "0" is written, it disables clearing of the up-counter. When "1" is written, it clears up counter when
up-counter matches with timer regsiter1 (TBxRG1).

TBCLK[2:0]

R/IW

Selects the TMRBx source clock.
000: TBxIN pin input

001: @T1

010: T4

011: @T16

100: ¢T32

101: ¢T64

110: ¢T128

111: ¢T256

Note:Do not make any changes of TBxMOD register while the TMRBX is running.
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9.3.6 TBxFFCR (Flip-flop control register)

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

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

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

7 6 5 4 3 2 1 0
bit symbol - - TBC1T1 TBCOT1 TBE1T1 TBEOT1 TBFFOC
After reset 1 1 0 0 0 0 1 1

Bit Bit Symbol Type Function

31-8 - R Read as "0".

7-6 - R Read as "1".

5 TBC1T1 R/W TBxFFO reverse trigger when the up-counter value is taken into the TBxCP1.
0: Disable trigger
1: Enable trigger
By setting "1", the timer-flip-flop reverses when the up-counter value is taken into the capture register 1
(TBXCP1).

4 TBCOT1 R/W TBxFFO reverse trigger when the up-counter value is taken into the TBxCPO.
0: Disable trigger
1: Enable trigger
By setting "1", the timer-flip-flop reverses when the up-counter value is taken into the capture register 0
(TBxCPO).

3 TBE1T1 R/W TBxFFO reverse trigger when the up-counter value is matched with TBxRG1.
0: Disable trigger
1: Enable trigger
By setting "1", the timer-flip-flop reverses when the up-counter value is matched with the timer register 1
(TBXRG1).

2 TBEOT1 R/W TBxFFO reverse trigger when the up-counter value is matched with TBxRGO.
0: Disable trigger
1: Enable trigger
By setting "1", the timer-flip-flop reverses when an up-counter value is matched with the timer register 0
(TBXRGO).

1-0 TBFFOC[1:0] R/W TBxFFO control
00: Invert
Reverses the value of TBxFFO (reverse by using software).
01: Set
Sets TBxFFO to "1".
10: Clear
Clears TBxFFO to "0".
11: Don't care
This is always read as "11".
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9.3.7 TBxST (Status register)

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

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

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

7 6 5 4 3 2 1 0
bit symbol - - - - - INTTBOF INTTB1 INTTBO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as "0".
2 INTTBOF R Overflow interrupt request flag
0:No overflow occurs
1:Overflow occurs
When an up-counter is overflow, "1" is set.
1 INTTB1 R Match (TBxRG1) interrupt request flag
0:No match is detected.
1:Detects a match with TBXRG1
When a match with the timer register 1 (TBxRG1) is detected, "1" is set.
0 INTTBO R Match(TBxRGO) interrupt request flag
0:No match is detected
1:Detects a match with TBxRGO
When a match with the timer register 0 (TBXRGO) is detected, "1" is set.
Note 1: Even if mask configuration by TBxIM register is valid, the status is set to TBxST register.
Note 2: When the interrupt mask configuration is disabled by the corresponding bit of TBxIM register, the interrupt is issued
to the CPU.
Note 3: To clear the flag, TBxST register should be read.
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9.3.8 TBxIM (Interrupt mask register)

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

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

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

7 6 5 4 3 2 1 0
bit symbol - - - - - TBIMOF TBIM1 TBIMO
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-3 - R Read as "0".
2 TBIMOF R/W Overflow interrupt request mask
0:Disable
1:Enable
Sets the up-counter overflow interrupt to disable or enable.
1 TBIM1 R/W Match (TBxRGH1) interrupt request mask
0:Disable
1:Enable
Sets the match interrupt request mask with the timer register 1 (TBxRG1) to enable or disable.
0 TBIMO R/W Match (TBxRGO) interrupt request mask
0:Disable
1:Enable
Sets the match interrupt request mask with the Timer register 0 (TBXxRGO) to enable or disable.

Note:Even if mask configuration by TBxIM register is valid, the status is set to TBxST register.
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9.3.9 TBxUC (Up counter capture register)

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

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

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

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

Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 TBUCI15:0] R Captures a value by reading up-counter out.
If TBXUC is read during the counter operation, the current value of up-counter will be captured.
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9.3.10 TBxRGO (Timer register 0)

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

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

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

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

Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 TBRGO[15:0] R/W Sets a value comparing to the up-counter.

9.3.11  TBxRG1 (Timer register 1)

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

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

15 14 13 12 11 10 9 8
bit symbol TBRG1
After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol TBRG1
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 TBRG1[15:0] R/W Sets a value comparing to the up-counter.
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9.3.12 TBxCPO (Capture register 0)
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol TBCPO
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol TBCPO
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 TBCPO[15:0] R A value captured from the up-counter is read.
9.3.13 TBxCP1 (Capture register 1)
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol TBCP1
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
bit symbol TBCP1
After reset Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 TBCP1[15:0] R A value captured from the up-counter is read.
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9.4 Description

941 Prescaler

of Operation

There is prescaler to generate the source clock for up-counter.

The prescaler input ¢TO is fperiph/1, fperiph/2, fperiph/4, fperiph/8, fperiph/16 or fperiph/32 selected
CGSYSCR<PRCK]2:0] in the CG circuit. The peripheral clock is either fgear, a clock selected by
CGSYSCR<FPSEL> in the CG circuit, or fc, which is a clock before it is divided by the clock gear.

The operation or the stoppage of a prescaler is set with TBXRUN<TBPRUN> where writing "1" status count-
ing and writing "0" clears and stops counting.

9.4.2 Up-counter (UC)

UC is a 16-bit binary counter.

9.4.2.1 Source

clock

UC’s source clock is specified by TBXMOD<TBCLK][2:0]>.

It can be selected from the prescaler output clock - ¢T1, T4, ¢T16, ¢T32, T64, ¢T128 and ¢T256 -
or the external clock of the TBxIN pin.

9.4.2.2 Counter start / stop

To start the counter, there are a software start, external trigger start and synchronous start.

Software start

If <TBRUN> is set to "1", the counter will start. If "0" is set to the <TBRUN>, the counter
will stop and the up-counter will be cleared at the same time.

External trigger start
In the external trigger mode, the counter will be started by external signals.

If TBXxCR<CSSEL> is set to "1", the external trigger start mode is set. At this time, if
<TBRUN> is set to "1", the condition of the counter will be trigger wait. The counter will
start on the rising/falling edge of TBxIN.

TBxCR<TRGSEL> bit specifies the switching external trigger edges.
<TRGSEL>="0": Rising edge of TBxIN is selected.
<TRGSEL>="1": Falling edge of TBxIN is selected.

If <TBRUN> is set to "0", the counter will stop and the up-counter will be cleared at the
same time.

Synchronous start

In the timer synchronous mode, synchronous start timers can be possible. If timer synchro-
nous mode is used in the PPG output mode, motor drive application can be achieved.

Depending on products, the combination of master channels and slave channels have al-
ready been determined. For the combination of master channels and slave channels of this prod-
uct, refer to Chapter Product Information.
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TBxCR<TBSYNC> bit specifies the switching of synchronous mode. If <TBSYNC> bit of
a slave channel is set to "1", the counter will start/stop synchronously with the software or exter-
nal trigger start of a master channel. TBXRUN<TBPRUN, TBRUN> bit of a slave channel is
not required to set. <TBSYNC> bit of a master channel must be set to "0".

Note that if the external trigger counter mode and timer synchronous mode are both set, the timer synchro-
nous mode gains a higher priority.

9.4.2.3 Timing to clear UC

1. When a match with TBxRGI1 is detected

By setting TBXMOD<TBCLE> = "1", UC is cleared if when the comparator detects a
match between UC and TBxRGI.

2. When UC stops
UC stops and is cleared if TBXRUN<TBRUN> = "0".

9.4.24 UC overflow

If UC overflow occurs, the INTTBx overflow interrupt is generated.

9.4.3 Timer registers (TBXRGO, TBxRG1)

TBxRGO and TBxRG1 are registers for setting value to compare with up-counter values and two registers
are built into each channel. If the comparator detects a match between a value set in timer register and in an
up-counter, comparator outputs the match detection signal.

TBxRGO and TBxRG1 are consisted of the double buffered configuration which are paired with register buf-
fers. The double buffering is disabled in the initial state.

Controlling double buffering disable or enable is specified by TBXCR<TBWBF>. if <TBWBF> = 0, the dou-
ble buffering becomes disable, If <TBWBF> ="1", it becomes enable.

When the double buffering is enabled, data transfers from the register buffer to the timer register
(TBxRGO0/1) in the case that UC is matched with TBxRGI.

When UC is stopped even if double buffering is enabled, the double buffering operates as a single buffer,
and data can be written to the TBXRGO and TBxRGT1 directly.

9.4.4 Capture control

This is a circuit that controls the timing of latching values from UC into the TBxCP0 and TBxCP1. The cap-
ture timing of UC is specified by TBxMOD<TBCPM[1:0]>.

Software can also capture the value of UC to capture registers. The value of UC are taken into the
TBxCPO each time "0" is written to TBXMOD<TBCP>.

9.4.5 Capture registers (TBxCPO, TBxCP1)

This register captures the value of UC.
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9.4.6

9.4.7

9.4.8

9.4.9

Up-counter capture register (TBxUC)

If TBxUC register is read during the counter operation, the current value of up-counter will be captured
and the value will be read. The value captured at the end is held while the counter is stopping.

Comparators (CPO, CP1)

This circuit compares with UC and the value set to TBXxRGO/1 and detects match. If a match is detected,
INTTBx is occurred.

Timer flip-flop (TBxFFO)

The timer flip-flop (TBxFFO0) is reversed by a match signal from the comparator and a latch signal to the cap-
ture registers. It can be enabled or disabled to reverse by setting the TBXFFCR<TBCI1T1, TBCOT1,
TBCIT1, TBCITO>.

The value of TBXFF0 becomes undefined after a reset. The flip-flop can be reversed by writing "00" to
TBxFFCR<TBFFOC[1:0]>. It can be set to "1" by writing "01", and can be cleared o "0" by writing "10".

The value of TBXFFO0 can be output to the timer output pin (TBxOUT). If the timer output is performed,
the corresponding port settings should be programmed beforehand.

Capture interrupt (INTCAPxO0, INTCAPx1)

INTCAPx0 and INTCAPx1 can be generated at the timing of latching value from UC into the TBxCPO
and TBxCP1.
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9.5 Description of Operation for each mode

9.5.1 Interval timer mode

In the case of generating constant period interrupt, set the interval time to the timer register (TBxRG1) to gen-
erate the INTTBx interrupt.

7 6 5 4 3 2 1 0
TBXEN — 1 X X X X X X X Enable TMRBx operation.
TBxRUN ~ X X X X X 0 X 0 Stops prescaler and counter.
Irreltgei;rtl;[:t set-enable - * * * * * * * Permits INTTBx interrupt by setting corresponding bit to "1".
TBxFFCR « X X 0 0 0 0 1 1 disable to TBCOFFO reverse trigger
TBxMOD — X 1 0 0 0 * * * Changes to prescaler output clock as input clock. Specifies
(*** = 001 to 111) capture function to disable.

TBxRG1 - * * * * * * * Specifies a time interval. (16 bits)

o * * * * * " " *
TBxRUN ~ X X X X X 1 X 1 Starts prescaler and counter.

Note: X; Don'’t care, *; optional value, -; Don't change

9.5.2 Event counter mode

It is possible to make TMRBx the event counter by using a source clock as an external clock (TBxIN pin in-
put).

The UC counts up on the rising edge of TBXIN pin input. The value of UC can be captured by soft cap-
ture. It is possible to read the count value by reading it.

7 6 5 4 3 2 1 0

TBXEN — 1 X X X X X X X Enable TMRBXx operation.

TBxRUN — X X X X X 0 X 0 Stops prescaler and counter.

Assigns a corresponding port to TBxIN.

TBxFFCR ~ X X 0 0 0 0 1 1 Disable to TBxFFO reverse trigger.
TBxMOD — X 1 0 0 0 0 0 0 Set to a source clock as TBxIN pin input.
TBxRUN ~ X X X X X 1 X 1 Starts prescaler and counter.

TBxMOD — X 0 - - - - - - Software capture is done.

Note: X; Don'’t care, *; optional value, -; Don't change
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9.5.3 Programmable pulse generation (PPG) output mode

Square wave with any frequency and any duty can be output. The output pulse can be either low-active or
high-active.

TBxXFFO is reversed when UC matches the set value of TBXRGO and TBxRG1. TBXFFO0 can be output
from TBxOUT pin.

Note that the set value of TBXRGO and TBxRG1 must satisfy the following requirement.

Set value of TBXxRGO < Set value of TBxRG1

hiviat A | N | | | |

1

Match with TBXxRG1 '

(INTTBx interrupt) ( I /ﬂ ﬂ ” ”
1
1

TBXOUT pin |_| |_| |_|

Figure 9-2 Example of Programmable pulse generation output

In this mode, by enabling the double buffering, The value of register buffer 0 and 1 are shifted into
TBxRGO and 1 when UC matches the value of TBXRG1.

It is possible to modify frequency and duty without timing of modifying TBXxRGO and TBxRG1.

Match with TBXRGO n ”
Up counter= Q4 Up counter= Q,

Match with TBXxRG1 /ﬂ

( Shift trigger to TBxRG1
TBXRCO o) Q X Q,

ompare value l ﬁ\ l
Register buffer Qq )( Q, X Q;
Write to TBXRGO Write to TBXRGO

Figure 9-3 Register Buffer Operation
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The block diagram of this mode is shown below.

TBxOUT (PPGH 71)
Selecter
TBxIN —>»| TBXRUN<TBRUN> FIF
oT1 —>»|
@T4 —>>| ‘ (TBXFFO)
@T16 —>>| - 16-bit Up counter Clear
©T32 —> ” uc =<
PT64 —> I'T
@T128 —»
PT256 —»
z Match z
16-bit comparator  [——p— 16-bit comaprator
- -
<
-
Selecter TBXRGO Selecter TBXRG1
—> N
Write Write N
TBxRGO TBxRG1
| Register buffer 0 | Register buffer 1
TBXCR<TBWBF> W TBXxCR<TBWBF> N

S Internal data bus S

Figure 9-4 Block diagram of 16-bit PPG mode

Each register in the 16-bit PPG output mode should be programmed as listed below.

7 6 5 4 3 2 1 0
TBXEN — 1 X X X X X X X Enables TMRBXx operation.
TBxRUN —~ X X X X X o0 X 0 Stops prescaler and counter.
TBxCR — 1 0 X X X 0 X X Enables double-buffering.
TBXxRGO - * * * * * * * set a duty.
o = N * * * * N N
TBxRG1 - * * * * * * * Set a cycle.
o+ N * * * N N N
Specifies to trigger TBxFFO to reverse when a match with
TBxFFCR —~ X X 0 0 1 1 1 0 TBxRGO or TBXRG1 is detected. And sets the initial value of
TBxFFO to "0".
TBxMOD — X 1 0 0 0 * * * Designates the prescaler output clock as the input clock, and

¢ = 001 to 111) disable the capture function.

Assigns a corresponding port to TBxOUT.
TBxRUN ~ X X X X X 1 X 1 Starts prescaler and counter.

Note: X; Don’t care, *; optional value, -; Don't change
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9.5.4 Programmable pulse generation (PPG) external trigger output mode
A PPG wave with a short delay time can be output by using external trigger count start mode.
The example of an one-shot pulse output by external trigger count start mode is shown below.
To start count up by the rising edge of TBxIN, set TBXCR<CSSEL> to "1" and clear
TBxCR<TRGSEL> to "0" in stopping 16-bit up counter.

TBxRGO is set the delay time (d) from an external trigger signal. TBxRG1 is set the value (d)+(p) which
is added the delay time (d) and the width (p) of one-shot pulse.

To reverse TBXFFO when UC matches TBXRGO and TBxRG1, TBXFFCR<TBE1T1> and
TBXxFFCR<TBEIT1> are set to "1".

UC is readied to start UC by setting TBXRUN<TBPRUN> and TBXRUN<TBRUN> to "1".

UC starts by the rising edge of external trigger.

TBxFFO is reversed when UC counts up to (d) and UC matches TBxRGO0. TBxFFO is "High" level.
TBxFFO is reversed when UC counts up to (d)+(p) and UC matches TBxRG1. TBxFFO is "Low" level.

To fix the level of TBXFFO, clear TBXFFCR<TBE1T1> and TBXFFCR<TBEOT1> to "0" or stops UC by
TBXxRUN<TBPRUN><TBRUN> in INTTBx which is generated when UC matches TBxRG1.

(intemal cock) 111 11 111 (111

0‘ d d+p
TBxIN pin input

(External trigger pulse) Starts counter at the rising edge of external trigger

/I_(YINTTBXO is occured '
1
1

1
1
Match with TBXRGO '
: E ¥ INTTBx1is occur'pd
! _ .
Match with TBXRG1 I Reverse| ! => Disable revefse
: 1 Reverse| :
1 1 ! |
Timer output :
TBxOUT pin | Delay time ! Pulse width _,
' (@) ' ) !

Figure 9-5 One-shot pulse output with delay by external trigger start

The followings shows the setting in the case that 2 ms width one-shot pulse is output after 3 ms by trigger-
ing TBxIN input at the rising edge. In this example, the source clock is ¢T1.
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7 6 5 4 3 2 1 0
[Main processing]
Assigns a corresponding port to TBxIN.
TBXEN — 1 X X X X X X X Enables TMRBXx operation.
TBxRUN — X X X X X 0 X 0 Stops prescaler and counter.
TBxRGO — * * * * * * * Set count value. (3ms/@T1)
TBXRGO o o+ * " * * * * *
TBxRG1 — * * * * * * * Set count value. (3+2)ms/@T1)
TBxRG1 - * * * * * * N N
TBXFFCR “ X X 0 0 1 1 1 0 Reverses TBxFFO if UC matches TBxRGO and TBxRG1.

Clear TBxFFO to "0".

Starts UC as free-running. Selects ¢T1 for the source clock.

TBxMOD — X 1 0 0 0 0 O 1 Disable capture UC.

Assigns a corresponding port to TBxOUT.

TBxIM ~ X X X X X 1 0 1 Masks except TBxRG1 interrupt.
Interrupt set-enable P . . " . . . . Permits to generate interrupt specified by INTTBx interrupt
register corresponding bit setting to "1".
TBxRUN — X X X X X 1 X 1 Starts prescaler and counter.
[Processing of INTTBx interrupt service routine] Output disable
TBxFFCR - X X - - 0 0 - - Clears TBxFFO reverse trigger setting
TBXRUN — X X X X X 0 X 0 Stops prescaler and counter.

Note: X; Don’t care, *; optional value, -; Don't change
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9.6 Applications using the capture function

The capture function can be used many applications.

The applications are shown below.

1. Frequency measurement

2. Pulse width measurement

9.6.1 Frequency measurement

The frequency of an external clock can be measured.

To measure frequency, TMRBm is used as 16-bit interval timer mode and TMRBn is used as 16-bit event
counter mode.

To count UC of TMRBn freely by an external clock, set TMnMOD<TBCLK> to "000" and set
TBnRUN<TBEIT1><TBEOT1> to "11".

To reverse TBmFF0O when UC of TMRBm matches TBmRGO and TBmRG1, set TBmFFCR<TBEIT1>
<TBEOTI>to "11".

To capture UC to TBnCPO at rising edge of TBmFF0 and UC to TBmCP1 at falling edge of TBmFFO, set
TBxMOD<TBCPM> to "11".

Set TBmMRGO and TBmRG1 to time when UC counts an external clock and start TMRBm.

Rises-up TBmFF0 when UC of TMRBm matches TBmRGO and captures the value of TMRBn’s UC to
TBnCPO. Falls-down TBmFF0O when UC of TMRBm matches TBmRG1 and captures the value of TMRBn’s
UC to TBnCP1.

A frequency is measured from (TBnCP1 - TBnCPO) + (TBmRGI - TBmRGO) in INTTBm.

For example, the difference between TBmRG1 and TBmRGO is 0.5 s and the difference between TBnCP1
and TBnCPO is 100, the frequency is 200 Hz (100 + 0.5 s = 200Hz)

TBnCP1 - TBnCPO may be less than zero depend on the changing timing of TBmFFO. Please correct the val-
ue if TBnCP1 - TBnCPO is less than zero.

Count clock
(' TBxIN pin input) J-I_ﬂ_l-l_”_l-l_l-l. e - J-I_”_l-l_ﬂ_ ______
[ c2

TBmOUT
Captures UC to
TBnCPO
Captures UC to
TBnCP1
INTTBm

Figure 9-6 Frequency measurement

The following shows in the case that the measured pulse is input to TBxIN. In this example, the source
clock is @T1.
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7 6 5 4 3 2 1 0
[Main processing] Capture setting by TBmFFO
Assigns a corresponding port to TBxIN.

TBmEN — 1 X X X X X X X Enables TMRBm operation.
TBmRUN — X X X X X 0 X 0 Stops prescaler and counter.
TBnEN — 1 X X X X X X X Enables TMRBn operation.
TBnRUN ~ X X X X X 0 X 0 Stops prescaler and counter.
TBmCR — 1 0 X X X 0 X X Enables double-buffering.
TBmRGO — * * * * * * * Set the external clock measured time 1.
- * * * * * * N N
TBmRG1 — * * * * * * * Set the external clock measured time 2.
— * * " " * * * *
TBmMEFCR — X X o0 0 1 1 1 0 g;ﬁr%sx:?éig%i_uc matches TBxRGO and TBxRG1.
TBAMOD < 0 1 1 1 0 0 0 0 Sé?tlt::sjtactlézi irsisipgxlnfle.llling edge. Clears and disables
TBmIM — X X X X X 1 0 1 Masks except TBXRG1 interrupt.
Interrupt set-enable PR N N . . . N N Permits to generate interrupt specified by INTTBm interrupt
register corresponding bit setting to "1".
TBnRUN — X X X X X 1 X 1 Starts prescaler and counter.
TBmRUN ~ X X X X X 1 X 1 Starts prescaler and counter.
[Processing of INTTBm interrupt service routine]
TBmFFCR — X X - - 0 0 - - Clears TBxFFO reverse trigger setting
Interrupt enable clear - . . . . . . . Prohibits interrupt specified by INTTBm corresponding bit by
register setting to "1".

TBnCPO and TBnCP1 are read out and the frequency is calculated.

Note: X; Don’t care, *; optional value, -; Don't change
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9.6.2 Pulse width measurement

"High" level width of the external pulse can be measured.

To capture UC to TBxCPO at rising edge of TBxIN and UC to TBxCP1 at falling edge of TBxIN, set
TBxMOD<TBCPM> to "10".

Enables INTCAPx1 interrupt.
Enables TMRBx operation.

Captures the vale of UC to TBxCPO when the rising edge of the external pulse into TBxIN. Captures the val-
ue of UC to TBxCP1 when the falling edge of the external pulse into TBxIN and INTCAPx1 interrupt is occur-
red.

The "High" level width of the external pulse can be calculated by multiplying the difference between
TBxCPO and TBxCP1 by the clock cycle of a prescaler output clock.

For example, if the difference between TBxCP0O and TBxCP1 is 100 and the cycle of the prescaler output
clock is 0.5 ps, the pulse width is 100 x 0.5 ps = 50 ps.

When the pulse width which is more than maximum count time of UC is measured, please correct the meas-
ured value.

The "Low" level width of an external pulse can also be measured.

In this case, enables INTCAPxO interrupt. In twice process of INTCAPxO interrupt, the difference between
C2 generated the first time and C1 generated the second time in "Figure 9-7 Pulse width measurement" is mul-
tiplied by the cycle of the prescaler output clock.

Prescaler
output clock

U .

c c2 B
TBxIN pin input
(Externl pulse)
1 1 1 1 1
Captures UC to \ ﬂ \ ﬂ
TBXCPO ct : c :
k | / \ﬂ | |
1 1
TBXCP1 ) c2 ) ” c2
\: ! : !
INTCAPxX0 I I I !
\I 1
INTCAPx1 n n

Captures UC to

Figure 9-7 Pulse width measurement

The following is shown that the "High" level width of the external pulse into TBxIN is measured. In this ex-
ample, the source clock is @T1.
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7 6 5 4 3 2 1 0
[Main processing] Capture setting TBxIN.
Assigns a corresponding port to TBxIN.
TBXEN — 1 X X X X X X X Enables TMRBXx operation
TBxRUN — X X X X X 0 X 0 Stops prescaler and counter.
TBxFFCR — X X 0 0 0 0 1 0 Clears TBxFFO reverse trigger and TBxFFO.

Starts UC as free-running. Selects ¢T1 for the source clock.
TBxMOD — X 1 1 0 0 0 0 1 UC is captured to TBxCPO at the rising edge of TBxIN. UC
is captured to TBxCP1 at the falling edge of TBxIN.

Interrupt set-enable R . . . . . . . Permits to generate interrupt specified by INTCAPx1 inter-
register rupt corresponding bit setting to "1".
TBxRUN ~ X X X X X 1 X 1 Starts prescaler and counter.

[Processing INTCAPx1 interrupt service routine] Calculate the width of "High" level.
Interrupt enable clear J . . . . . . . Prohibits interrupt specified by INTCAPx1 interrupt corre-
register sponding bit setting to "1".

Calculated the width of "High" level by reading TBXxRGO and TBxRG1.

Note: X; Don’t care, *; optional value, -; Don't change
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10. 16-Bit Timer A (TMR16A)

10.1 Outline

TMRI16A contains the following functions:

Match interrupt
Square waveform output
Read capture

In this chapter, "x" indicates a channel number.

10.2 Block Diagram

< Internal data bus >
7~

Capture register
T16AxCP
PN
¢ TO > : Source clock > Out{)u} D T16AXOUT
fsys > A > 16-bit counter control
RUN J
N2
Comparator > Interrupt
Match detection INTT16AX
AN
FFEN
CLK | FFCR
RUN register Timer register Control register
T16AXxRUN T16AXRG T16AxCR

< {} Interni%ata bus {} >

Figure 10-1 Block diagram of TMR16A
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10.3 Registers

10.3.1 Register List

The table below shows control registers and their addresses.

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

Register name Address(Base+)
Enable register T16AXEN 0x0000
RUN register T16AXRUN 0x0004
Control register T16AxCR 0x0008
Timer register T16AXRG 0x000C
Capture register T16AXCP 0x0010

Note:When T16ARUN<RUN> is set to "1", do not modify T16AXEN, T16AXxCR, T16AxRG and T16AxCP.

10.3.2 Details of Registers

10.3.2.1  T16AxEN (Enable Register)

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

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

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

7 6 5 4 3 2 1 0
bit symbol - - - - - - HALT 12T16A
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-2 - R Read as "0".

1 HALT R/W Operation during halt mode debug
0: Operating
1: Stop
Specifies the operation during halt mode debug. Write "1" to the bit to stop the operation.

0 12T16A R/W Operation during the IDLE mode
0: Stop
1: Operating
Specifies the operation during the IDLE mode. Write "1" to the bit to continue the operation.
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10.3.2.2 T16AXRUN (RUN Register)

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

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

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

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

Bit Bit Symbol Type Function
31-1 - R Read as "0".
0 RUN R/W Counter operation
0: Stop
1: Operating
10.3.2.3 T16AxCR (Control Register)

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

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

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

7 6 5 4 3 2 1 0
bit symbol FFEN - FFCR - - - CLK
After reset 0 0 0 0 0 0 0 0
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Bit Bit Symbol Type Function
31-16 - R Read as "0".
15 UCCR R/W Write to "1"
14-8 - R Read as "0".
7 FFEN R/W Inverse of T16AXOUT
0: Disabled
1: Enabled
Write "1" to the bit to invert TI6AXOUT when the counter matches with T16ARG.
6 - R Read as "0".
5-4 FFCR[1:0] w T16AxOUT control
00: Invert
01: Set
10: Clear
11: No operation
Write a value to the bit to control T16AxOUT by software.
Read as "11".
3-1 - R Read as "0".
0 CLK R/IW Source clock
0: fsys
1: ®TO
Specifies a source clock.
10.3.2.4 T16AxRG (Timer Register)

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

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

15 14 13 12 11 10 9 8
bit symbol RG[15:8]

After reset 0 0 0 0 0 0 0 0

7 6 5) 4 3 2 1 0
bit symbol RG[7:0]

After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function

31-16 - R Read as "0".

15-0 RG[15:0] R/W Set a value to compare with a counter

Note: Do not set "0x0000".
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10.3.2.5 T16AxCP (Capture Register)

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

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

15 14 13 12 11 10 9 8
bit symbol CP[15:8]

After reset 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit symbol CP[7:0]

After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-16 - R Read as "0".
15-0 CP[15:0] R/W Counter value
[Read]
Reads a current counter value.
[Write]
Sets a counter value. Since the counter is cleared only when the counter matches with T16AXRG<RG>,
write "0x0000" to clear the register before starting the operation.
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10.4 Operation Description

10.4.1 Timer Operation

1. Preparation
Set "1" to TI6AXxCR<UCCR>.

Select a source clock with TI6AXCR<CLK>. Write "0" to set fsys or write "1" to set ®T0. Set a
counter value to TI6AXRG<RG>.

Modify TI6AXCR and T16AXRG while the counter stops (T16AXRUN<RUN> is "0").

2. Counter operation
Before starting counter operation, set "0x0000" to T16AxCP<CP> to clear the counter.
To start count-up, set "1" to TI6AXRUN<RUN>. If the counter value matches with a value of
T16AXxRG<RG>, it will be cleared to "0x0000" and continued to count-up.

3. Match detection interrupt generation

If a counter value matches with a value of TI6AXRG, a match detection interrupt INTT16Ax
will be output.

4. Stop

To stop counts, set "0" to TI6AXRUN<RUN>. The counter value is held. Then clear the counter
before counting is started by setting "1" to <RUN>.

Note: Modification of T16AXCR, T16AXRG and T16AxCP must be performed while the counter is stopping
(T16AXRUN<RUN> is set to "0").

10.4.2 T16AxOUT Control

T16AxOUT is modified by register setting or by matching the counter with T16AxRG.

An initial state of TI6AxOUT is "0".

1. Control by software

With TI6AXCR<T16AFFC> setting, TI6AXOUT can be specified; "1" is to set, "0" is to clear,
and also the inverted setting is possible.

Modify T16AxCR while the counter stops (T16AXRUN<RUN> is "0").

2. Inverse due to matching counter

Write "1" to TI6ACR<FFEN> to invert T1I6AXOUT. When T16AXxRG matches with a counter val-
ue, TI6AXOUT will invert. When the counter stops, a state of TI6AXxOUT will remain.

10.4.3 Read Capture

A current value of the counter can be captured by reading T16AxCP.

10.4.4 Automatic Stop

With the setting of TI6AXEN, TMR16A automatically stops in the following conditions:

2018/10/26 Page 150



TOSHIBA

TMPMO061FWFG

1. Transition to/from IDLE mode

With TI6AEN<I2T16A> setting, TMR16A operation during IDLE mode can be specified. If "1"
is set, TMRI16A automatically stops count-up when the transition to the IDLE mode occurs. If
TMRI16A returns from IDLE mode, it will restart counting-up operation.

2. Debug halt

With TIGAEN<HALT> setting, TMR16A operation during debug halt can be specified. If "0" is
set, TMR16A automatically stops count-up when the transition to the debug halt mode occurs. If de-
bug halt mode of the core is canceled, count-up will restart.
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11.

11.1

Serial Channel (SIO/UART)

Overview

Serial channel has the modes shown below.

- Synchronous communication mode (I/O interface mode)

- Asynchronous communication mode (UART mode)

Their features are given in the following.

Transfer Clock

Dividing by the prescaler, from the peripheral clock (¢T0) frequency into 1/2, 1/8, 1/32, 1/128.
Make it possible to divide from the prescaler output clock frequency into 1 to 16.

Make it possible to divide from the prescaler output clock frequency into N+m/16 (N=2 to 15, m=1
to 15). (only UART mode)

The usable system clock (only UART mode).

Double Buffer

The usable double buffer function.

1/0O Interface Mode

Transfer Mode: the half duplex (transmit/receive), the full duplex
Clock: Output (fixed rising edge) /Input (selectable rising/falling edge)
Make it possible to specify the interval time of continuous transmission.

UART Mode

Data length: 7 bits, 8bits, 9bits

Add parity bit (to be against 9bits data length)
Serial links to use wake-up function
Handshaking function with CTSx pin

Output Signal using IR Carrier Pulses

In the following explanation, "x" represents channel number.
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11.2 Configuration

Figure 11-1 shows Serial channel block diagram.

Prescaler

oT0o +—>——J 2[4 [ 8 [16]32]64]128]
YoV v v

oT1 ¢T4 ¢T16 ¢T64

- - - Serial clock generation circuit =~ ---------------- 1

SCxBRCR '
<BRCK> Timer output

SCxBRCR SCxBRADD
<BRS> <BRK>

1
1
|
1
¢T1 !
' T4 2 > ¢ ¢ SIOCLK
! 2 T <3 2 1
19 T16 % 1 5 g’ 1
g T4 > = ! = = |
1 1
! ' ! T T ' < [ Timer output
1 1
: 1 SCxBRCR : SCxMODO !
1 : <BRxADDE> | <SC> :
I e e e e e e e e e e e - - = - L — — —
' Baud rate generator X
fsys T—> ! 4 o——+——>[ rout
|
1 —|+2 > % :
SCLKx input [} > > & |
X inpu 7 ”1 & [VO interface mode |
l :
il T_ l_____1
SCxCR
1/O interface mode <loc>
SCLKx output D <€ ’ Interrupt request
» INTRXx
| > Interrupt request
Y v INTTXx
scxMoDgQ | Serial channel
Recive counter <WU> —»] Interrupt Transmission counter
(Only at UART : +16) control (Only at UART : +16)
RXDCLK ¢ T A A TXDCLKT ¢
SCxMODO > Recive " \ | Transmission <« > P
<RXE> control ) control < D CTSx
A SCXCR Y
<PE> <EVEN>
SCxMODO
<CTSE>
I A4 Parity control A4 1
RXDx D }I Recive shift register | | Transmit shift register | ;D TXDx
v 17 v il
| RBB| Recive buffer (SCxBUF) | error flag | | TBS| Transmit buffer (SCxBUF) |
SCXCR ‘l r
<OERR><PERR><FERR>
10 vvy 10 ]
Internal data bus Internal data bus Internal data bus

Figure 11-1 Serial Channel Block Diagram
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11.3 Registers Description

11.3.1 Registers List

The table below shows control registers and their addresses.

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

Register name

Address (Base+)

Enable register SCxEN 0x0000
Buffer register SCxBUF 0x0004
Control register SCxCR 0x0008
Mode control register 0 SCxMODO 0x000C
Baud rate generator control register SCxBRCR 0x0010
Baud rate generator control register 2 SCxBRADD 0x0014
Mode control register 1 SCxMOD1 0x0018
Mode control register 2 SCxMOD2 0x001C

Note:Do not modify any control register when data is being transmitted or received.
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11.3.2 SCxEN (Enable Register)

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

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

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

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

Bit Bit Symbol Type Function

31-1 - R Read as "0".

0 SIOE R/W Serial channel operation
0: Disabled
1: Enabled
Specified the Serial channel operation.
To use the Serial channel, set <SIOE> = "1".
When the operation is disabled, no clock is supplied to the other registers in the Serial channel module.
This can reduce the power consumption.
If the Serial channel operation is executed and then disabled, the settings will be maintained in each register.

11.3.3 SCxBUF (Buffer Register)

SCxBUF works as a transmit buffer for write operation and as a receive buffer for read operation.

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

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

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

7 6 5 4 3 2 1 0
bit symbol TB /RB
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-0 TB[7:0] / RB R/W [write] TB: Transmit buffer
[7:0] [read] RB: Receive buffer
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11.3.4 SCxCR (Control Register)

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

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

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

7 6 5 4 3 2 1 0
bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 RB8 R Receive data bit 8 (For UART)
9th bit of the received data in the 9-bit UART mode.
6 EVEN R/IW Parity (For UART)
0: Odd
1: Even
Selects even or odd parity.
"0" : odd parity, "1" : even parity.
The parity bit may be used only in the 7- or 8-bit UART mode.
5 PE R/IW Add parity (For UART)
0: Disabled
1: Enabled

Controls enabling/ disabling parity.

The parity bit may be used only in the 7- or 8-bit UART mode.
4 OERR R Over-run error flag (Note)

0: Normal operation

1: Error

3 PERR R Parity / Under-run error flag (Note)
0: Normal operation

1: Error

2 FERR R Framing error flag (Note)

0: Normal operation

1: Error

1 SCLKS R/W Selecting input clock edge (For I/O Interface)
Set to "0" in the clock output mode.

0:Data in the transmit buffer is sent to TXDx pin one bit at a time on the falling edge of SCLKXx.
Data from RXDx pin is received in the receive buffer one bit at a time on the rising edge of SCLKx.
In this case, the SCLKXx starts from high level.

1:Data in the transmit buffer is sent to TXDx pin one bit at a time on the rising edge of SCLKXx.
Data from RXDx pin is received in the receive buffer one bit at a time on the falling edge of SCLKx.
In this case, the SCLKXx starts from low level.

0 10C R/W Selecting clock (For I/O Interface)

0: Baud rate generator
1: SCLK pin input

Note: Any error flag (OERR, PERR, FERR) is cleared to "0" when read.
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11.3.5 SCxMODO (Mode Control Register 0)

31 30 29 28 27 26 25 24

bit symbol - - - - - - - -

After reset 0 0 0 0 0 0 0 0

bit symbol - - - - - - - -

After reset 0 0 0 0 0 0 0 0

bit symbol - - - - - - - -

After reset 0 0 0 0 0 0 0 0

bit symbol TB8 CTSE RXE wu SM SC

After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function

31-8 - R Read as "0".

7 TB8 R/W Transmit data bit 8 (For UART)
Writes the 9th bit of transmit data in the 9-bit UART mode.

6 CTSE R/W Handshake function control (For UART)

0: CTS disabled

1: CTS enabled

Controls handshake function.

Setting "1" enables handshake function using CTS pin.

5 RXE R/W Receive control (Note1)(Note2)
0: Disabled
1: Enabled

4 wu R/W Wake-up function (For UART)

0: Disabled

1: Enabled

This function is available only at 9-bit UART mode. In other mode, this function has no meaning.
In it is Enabled, Interrupt only when RB9 = "1" at 9-bit UART mode.

3-2 SM[1:0] R/W Specifies transfer mode.

00: /O interface mode

01: 7-bit length UART mode
10: 8-bit length UART mode
11: 9-bit length UART mode

1-0 SC[1:0] R/W Serial transfer clock (For UART)

00: Timer output

01: Baud rate generator

10: Internal clock fsys

11: External clock (SCLK input)

(As for the 1/0 interface mode, the serial transfer clock can be set in the control register (SCxCR).

Note 1: Set <RXE> to "1" after setting each mode register (SCxMODO0, SCxMOD1 and SCxMOD2).
Note 2: Do not stop the receive operation (by setting SCxMODO<RXE> to "0") when data is being received.
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11.3.6 SCxMOD1 (Mode Control Register 1)

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

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

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

7 6 5 4 3 2 1 0
bit symbol 12SC FDPX TXE SINT -
After reset 0 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 128C R/IW IDLE
0: Stop
1: Operate

Specifies the IDLE mode operation.
6-5 FDPX[1:0] R/W Transfer mode setting

00: Transfer prohibited

01: Half duplex (Receive)

10: Half duplex (Transmit)

11: Full duplex

Configures the transfer mode in the I/O interface mode.

4 TXE R/W Transmit control (Note1)(Note2)

0 :Disabled

1: Enabled

This bit enables transmission and is valid for all the transfer modes.

3-1 SINT[2:0] R/W Interval time of continuous transmission (For 1/O interface)
000: None

001: 1 x SCLK

010: 2 x SCLK

011: 4 x SCLK

100: 8 x SCLK

101: 16 x SCLK

110: 32 x SCLK

111: 64 x SCLK

This parameter is valid only for the 1/O interface mode when SCLK pin output is selected. In other modes,
this function has no meaning.

Specifies the interval time of continuous transmission when double buffering is enabled in the 1/O interface
mode.

0 - R/W Write "0".

Note 1: Specify the all mode first and then enable the <TXE> bit.
Note 2: Do not stop the transmit operation (by setting <TXE> to "0")when data is being transmitted.
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11.3.7 SCxMOD2 (Mode Control Register 2)

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

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

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

7 6 5 4 3 2 1 0
bit symbol TBEMP RBFLL TXRUN SBLEN DRCHG WBUF SWRST
After reset 1 0 0 0 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 TBEMP R Transmit buffer empty flag.
0: Full
1: Empty
If double buffering is disabled, this flag is insignificant.
This flag shows that the transmit double buffers are empty. When data in the transmit double buffers is
moved to the transmit shift register and the double buffers are empty, this bit is set to "1".
Writing data again to the double buffers sets this bit to "0".
6 RBFLL R Receive buffer full flag.
0: Empty
1: Full
If double buffering is disabled, this flag is insignificant.
This is a flag to show that the receive double buffers are full.
When a receive operation is completed and received data is moved from the receive shift register to the re-
ceive double buffers, this bit changes to "1" while reading this bit changes it to "0".
5 TXRUN R In transmission flag
0: Stop
1: Operate
This is a status flag to show that data transmission is in progress.
<TXRUN> and <TBEMP> bits indicate the following status.
<TXRUN> <TBEMP> Status
1 - Transmission in progress
1 Transmission completed
0 0 Wait state with data in transmit buffer
4 SBLEN R/IW STOP bit (for UART)
0 : 1-bit
1 : 2-bit
This specifies the length of transmission stop bit in the UART mode.
On the receive side, the decision is made using only a single bit regardless of the <SBLEN> setting.
3 DRCHG R/W Setting transfer direction
0: LSB first
1: MSB first
Specifies the direction of data transfer in the 1/O interface mode.
In the UART mode, set this bit to LSB first.
2 WBUF R/W Double-buffer
0: Disabled
1 : Enabled
This parameter enables or disables the transmit/receive double buffers to transmit (in both SCLK output/in-
put modes) and receive (in SCLK output mode) data in the I/O interface mode and to transmit data in the
UART mode.
When receiving data in the I/O interface mode (SCLK input) and UART mode, double buffering is enabled
in both cases that 0 or 1 is set to <WBUF> bit.
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Bit

Bit Symbol

Type

Function

SWRST[1:0]

R/W

Software reset

Overwriting "01" in place of "10" generates a software reset. When this software reset is executed, the follow-
ing bits are initialized and the transmit/receive circuit become initial state (Note1)(Note2).

Register Bit

SCxMODO0O <RXE>

SCxMOD1 <TXE>

SCxMOD2 <TBEMP>, <RBFLL>, <TXRUN>
SCxCR <OERR>, <PERR>, <FERR>

Note 1: While data transmission is in progress, any software reset operation must be executed twice in succession.

Note 2: A software reset requires 2 clocks-duration at the time between the end of recognition and the start of execution of soft-
ware reset instruction.
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11.3.8 SCxBRCR (Baud Rate Generator Control Register),
SCxBRADD (Baud Rate Generator Control Register 2)

The division ratio of the baud rate generator can be specified in the registers shown below.

SCxBRCR
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - BRADDE BRCK BRS
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 - R/IW Write "0".
6 BRADDE R/W N + (16 - K)/16 divider function (For UART)
0: disabled
1: enabled
This division function can only be used in the UART mode.
5-4 BRCK][1:0] R/W Select input clock to the baud rate generator.
00: @T1
01: T4
10: @T16
11: ¢TG4
3-0 BRS[3:0] R/W Division ratio "N"
0000: 16
0001: 1
0010: 2
1111: 15
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SCxBRADD
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - - - - BRK
After reset 0 0 0 0 0 0 0 0
Bit Bit Symbol Type Function
31-4 - R Read as "0".
3-0 BRK[3:0] R/IW Specify K for the "N + (16 — K)/16" division (For UART)
0000: Prohibited
0001: K =1
0010: K =2
1111: K =15

Table 11-1 lists the settings of baud rate generator division ratio.

Table 11-1 Setting division ratio

<BRADDE> = "1" (Note1)
(Only UART mode)

<BRADDE> = "0"

<BRS> Specify "N" (Note2) (Note3)
<BRK> No setting required Specify "K" (Note4)
Division ratio Divide by N N2 U8=K) ivision
16 '

Note 1: To use the "N + (16 - K)/16" division function, be sure to set <BRADDE> to "1" after setting the K value
to <BRK>. The "N + (16 - K)/16" division function can only be used in the UART mode.

Note 2: As a division ratio, 1 ("0001") or 16 ("0000") can not be applied to N when using the "N + (16 - K)/16" di-
vision function in the UART mode.

Note 3: The division ratio "1" of the baud rate generator can be specified only when the double buffering is used
in the 1/0O interface mode.

Note 4: Specifying "K = 0" is prohibited.
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11.4 Operation in Each Mode

Table 11-2 shows the modes and data formats.

Table 11-2 Mode and Data format

Specifies
Mode Mode type Data length | Transfer direction | whether to use STOP bit length (transmit)
parity bits.
Synchronous communication
Mode 0 mode 8 bit LSB first/MSB first - -
(I/O interface mode)
Mode 1 . 7 bit o
Asynchronous communica-
Mode 2 tion mode 8 bit LSB first o 1 bit or 2 bit
Mode 3 (UART mode) 9 bit x

Mode 0 is a synchronous communication and can be used to extend I/O. This mode transmits and receives data
in synchronization with SCLK. SCLK can be used for both input and output.

The direction of data transfer can be selected from LSB first and MSB first. This mode is not allowed either to
use parity bits or STOP bits.

The mode 1, mode 2 and mode 3 are asynchronous modes and the transfer direction is fixed to the LSB first.

Parity bits can be added in the mode 1 and mode 2. The mode 3 has a wakeup function in which the master con-
troller can start up slave controllers via the serial link (multi-controller system).

STOP bit in transmission can be selected from 1 bit and 2 bits. The STOP bit length in reception is fixed to a
one bit.
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11.5 Data Format

11.5.1 Data Format List

Figure 11-2 shows data format.

* ModeO (I/O interface mode) / LSB first

“oitoX 1 X2 X3 XaXs Xe X7)Y

<€— Transmission direction

--—-

* ModeO (/O interface mode ) / MSB first

oit7X 6 X5 X4 XsX2X1 Yoy

<€— Transmission direction

--—-

* Mode1 (7bits_U_ART mode)
without party \start {bitoX 1 X 2 X 3 X 4 X 5 X 6 Ystop

withparty  \start {bitoX 1 X 2 X 3 X 4 X 5 X 6 Xparity) stop

* Mode2 (8bits_U_ART mode)
Without parity \start,(bitOX 1 X2 X3 X4 X5 X6 X7 Vstop

With parity \start,(bitOX 1 X2 X3 X4 X5 X6 X 7 Xarity) stop

* Mode3 (9bits_U_ART mode)
N\start {oitoX 1 X 2 X3 X2 X5 X6 X7 X8 YVstop
--\stan,(bitOX 1 X2 X3 X4 X5 X6 X7 Xbit8Ystop(W;k;;up)

bit 8 = 1 represents address. (select code)
bit 8 = 0 represents data.

Figure 11-2 Data Format
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11.5.2 Parity Control
The parity bit can be added with a transmitted data only in the 7- or 8-bit UART mode.
Setting "1" to SCXCR<PE> enables the parity.

The <EVEN> bit of SCxCR selects either even or odd parity.

11.5.2.1  Transmission

Upon data transmission, the parity control circuit automatically generates the parity with the data in the
transmit buffer.

The parity bit will be stored in SCxBUF<TB7> in the 7-bit UART mode and SCxMOD<TBS8> in the 8-
bit UART mode.

The <PE> and <EVEN> settings must be completed before data is written to the transmit buffer.

11.5.2.2 Receiving Data
If the received data is moved from the receive shift register to the receive buffer, a parity is generated.

In the 7-bit UART mode, the generated parity is compared with the parity stored in SCxBUF<RB7>,
in the 8-bit UART mode, it is compared with the one in SCXCR<RB8&>.

If there is any difference, a parity error occurs and the SCXCR<PERR> is set to "1".

11.5.3 STOP Bit Length

The length of the STOP bit in the UART transmission mode can be selected from one bit or two bits by set-
ting the SCxMOD2<SBLEN>. The length of the STOP bit data is determined as one-bit when it is received re-
gardless of the setting of this bit.
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11.6 Clock Control

The following figure shows the serial clock (SIOCLK) generation circuit. Before changing the serial clock set-
ting, check if the setting satisfies AC electrical characteristics.

Prescaler

¢To—>—{ 2 [ 4] 8]16]32]64]128]
YoV v oy

¢T1 ¢T4 ¢T16 ¢T64

SCXBRCR
<BRCK> Timer output

SCxBRCR SCxBRADD
<BRS> <BRK>

:¢ T % o 1% !
10 T4 % < E % 1 SIOCLK
1$T16 S o < q ! Using this clock divided by 16
16 T64 e 3 @ | in UART mode
1

SCxBRCR
<BRADDE>
- Baud rate generater - ---

fsys

YVY

SCLKx input [}

Y

Figure 11-3 Serial clock generation circuit

11.6.1 Prescaler
There is a 7-bit prescaler to divide a prescaler input clock ¢TO by 2, 8, 32 and 128.
Use the CGSYSCR register in the clock/mode control block to select the input clock ¢TO of the prescaler.

The prescaler becomes active only when the baud rate generator is selected as a transfer clock by
SCxMODO0<SC[1:0]> ="01".

11.6.2 Serial Clock Generation Circuit

The serial clock circuit is a block to generate transmit and receive clocks (SIOCLK) and consists of the cir-
cuits in which clocks can be selected by the settings of the baud rates generator and modes.

11.6.2.1 Baud Rate Generator

The baud rate generator generates transmit and receive clocks to determine the serial channel transfer
rate.

(1) Baud Rate Generator input clock

The input clock of the baud rate generator is selected from the prescaler outputs divided by 2, 8,
32 and 128.

This input clock is selected by setting the SCxBRCR<BRCK>.

Page 167 2018/10/26



11. Serial Channel (SIO/UART)
11.6 Clock Control TMPMO061FWFG

(2) Baud Rate Generator output clock

The frequency division ratio of the output clock in the baud rate generator is set by SCxBRCR
and SCxBRADD.

The following frequency divide ratios can be used; 1/N frequency division in the I/O interface
mode, either 1/N or N + (16-K)/16 in the UART mode.

The table below shows the frequency division ratio which can be selected.

Mod Divide Function Setting Divide by N Divide by K
ode
SCxBRCR<BRADDE> SCxBRCR<BRS> SCxBRADD<BRK>
I/O interface Divide by N 1 to 16 (Note)
Divide by N 1to 16
UART
N + (16-K)/16 division 2to 15 1to 15

Note: 1/N (N=1)frequency division ratio can be used only when a double buffer is enabled.

The input clock to the divider of baud rate generator is Tx, the baud rate in the case of 1/N and
N + (16-K)/16 is shown below.

Divide by N
o Tx
Baud rate =
N
N + (16-K)/16 division
¢ Tx
Baudrate= ——————
! (N-K)
N + N

11.6.2.2 Clock Selection Circuit
A clock can be selected by setting the modes and the register.
Modes can be specified by setting the SCxMODO<SM>.

The input clock in I/O interface mode is selected by setting SCxCR. The clock in UART mode is selec-
ted by setting SCxMODO<SC>.

(1)  Transfer Clock in 1/0 interface mode

Table 11-3 shows clock selection in I/O interface mode.
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Table 11-3 Clock Selection in 1/0O Interface Mode
Input/Output .
Mode . Clock edge selection
selection Clock of use
SCxMOD0<SM> SCxCR<SCLKS>
SCxCR<IOC>
Set to "0". ivi -
SCLK output . v Divided by 2 of the baud rate gen
(Fixed to the rising edge) erator output.
1/0 interface mode . - .
Rising edge SCLK input rising edge
SCLK input
Falling edge SCLK input falling edge

To use SCLK input, the following conditions must be satisfied.

If double buffer is used

- SCLK cycle > 6/fsys
If double buffer is not used

- SCLK cycle > 8/fsys

(2) Transfer clock in the UART mode

Table 11-4 shows the clock selection in the UART mode. In the UART mode, selected clock is divi-
ded by 16 in the receive counter or the transmit counter before use.

Table 11-4 Clock Selection in UART Mode

Mode Clock selection
SCxMODO0<SM> SCxMODO0<SC>

Timer output

Baud rate generator

UART Mode
fsys

SCLKx input

To use SCLK input, the following conditions must be satisfied.

- SCLK cycle > 2/fsys
To enable the TMRB output, a timer output inverts when the value of the counter and that of

TBxRG1 match. The SIOCLK clock frequency is "Setting value of TBxRG1 x 2".

Baud rates can be obtained by using the following formula.

Clock frequency selected by CGSYSCR<PRCK]1:0]>
(TBXRG1 x 2) x 2 x 16

Transfer rate =

In the case the timer prescaler clock ®T1
(2 divition ratio) is selected.

One clock cycle is a period that the timer output
is inverted twice.
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To enable the TMRI16A output, a timer output inverts when the value of the counter and that of
T16AxRG match. The SIOCLK clock frequency is "Setting value of TI6AXRG x 2".

Baud rates can be obtained by using the following formula.

Clock frequency selected by CGSYSCR<PRCK][1:0]>
(TBXxRG1 x 2) x 16

Transfer rate =

t One clock cycle is a period that the timer output
is inverted twice.
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11.6.3 Transmit/Receive Buffer

11.6.3.1  Configuration
Figure 11-4 shows the configuration of transmit buffer, receive buffer.

Appropriate settings are required for using buffer. The configuration may be predefined depending on

the mode.
RXD —>| Receive shift register | | Transmit shift register |—>TXD
| Receive buffer | | Transmit buffer |

Figure 11-4 The Configuration of Buffer

11.6.3.2 Transmit/Receive Buffer

Transmit buffer and receive buffer are double-buffered. The buffer configuration is specified by
SCxMOD2<WBUF>.

In the case of a receive mode, if SCLK input is set in the I/O interface mode or the UART mode is selec-
ted, it’s double buffered despite the <WBUF> settings. In other modes, it’s according to the <WBUF> set-
tings.

Table 11-5 shows correlation between modes and buffers.

Table 11-5 Mode and buffer Composition

SCxMOD2<WBUF>
Mode

nge I

Transmit Single Double
UART

Receive Double Double
1/0 interface Transmit Single Double
(SCLK input) Receive Double Double
1/0 interface Transmit Single Double
(SCLK output) Receive Single Double
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11.7 Status Flag

The SCxMOD?2 register has two types of flag. This bit is significant only when the double buffer is enabled.

<RBFLL> is a flag to show that the receive buffer is full. When one frame of data is received and the data is
moved from the receive shift register to the receive buffers, this bit changes to "1" while reading this bit changes
it to "0".

<TBEMP> shows that the transmit buffers are empty. When data in the transmit buffers is moved to the trans-
mit shift register, this bit is set to "1" When data is set to the transmit buffers, the bit is cleared to "0".

11.8 Error Flag

Three error flags are provided in the SCxCR register. The meaning of the flags is changed depending on the
modes. The table below shows the meanings in each mode.

These flags are cleared to "0" after reading the SCxCR register.

Flag
Mode
<OERR> <PERR> <FERR>
UART Over-run error Parity error Framing error
Under-run error
(When using double buffer)
1/0 Interface o Fixed to 0
ver-run error ; ixed to
(SCLK input) Fixed to O
(When a double buffer un-
used)
I/O Interface ) ) !
Undefined Undefined Fixed to 0
(SCLK output)

11.8.1 OERR Flag

In both UART and I/O interface modes, this bit is set to "1" when an error is generated by completing the re-
ception of the next frame of receive data before the receive buffer has been read.

In the I/O interface with SCLK output mode, the SCLK output stops upon setting the flag.

Note: To switch the I/O interface SCLK output mode to other modes, read the SCxCR register and clear
the over-run flag.

11.8.2 PERR Flag

This flag indicates a parity error in the UART mode and an under-run error or completion of transmit in
the I/O interface mode.

In the UART mode, <PERR> is set to "1" when the parity generated from the received data is different
from the parity received.

In the I/O interface mode, <PERR> is set to "1" under the following conditions when a double buffer is en-
abled.

In the SCLK input mode, <PERR> is set to "1" when the SCLK is input after completing data output of
the transmit shift register with no data in the transmit buffer.

In the SCLK output mode, <PERR> is set to "1" after completing output of all data and the SCLK output
stops.

Note: To switch the I/O interface SCLK output mode to other modes, read the SCxCR register and clear
the under-run flag.
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11.8.3 FERR Flag

A framing error is generated if the corresponding stop bit is determined to be "0" by sampling the bit at
around the center. Regardless of the stop bit length settings in the SCxMOD2<SBLEN>register, the stop bit sta-
tus is determined by only 1.

This bit is fixed to "0" in the I/O interface mode.
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11.9 Receive

11.9.1 Receive Counter
The receive counter is a 4-bit binary counter and is up-counted by SIOCLK.

In the UART mode, sixteen SIOCLK clock pulses are used in receiving a single data bit and the data sym-
bol is sampled at the seventh, eighth, and ninth pulses. From these three samples, majority logic is applied to
decide the received data.

11.9.2 Receive Control Unit

11.9.2.1 I/O interface mode

In the SCLK output mode with SCxCR <IOC> set to "0", the RXDx pin is sampled on the rising edge
of the shift clock outputted to the SCLKXx pin.

In the SCLK input mode with SCXCR <IOC> set to "1", the serial receive data RXDx pin is sampled
on the rising or falling edge of SCLKx pin input signal depending on the SCxCR <SCLKS> setting.

11.9.22 UART Mode

The receive control unit has a start bit detection circuit, which is used to initiate receive operation
when a normal start bit is detected.

11.9.3 Receive Operation

11.9.3.1 Receive Buffer

The received data is stored by 1 bit in the receive shift register. When a complete set of bits has been stor-
ed, the interrupt INTRXX is generated.

When the double buffer is enabled, the data is moved to the receive buffer (SCxBUF) and the receive buf-
fer full flag (SCxMOD2<RBFLL>) is set to "1". The receive buffer full flag is "0" cleared by reading the
receive buffer. When the double buffer is disabled, the receive buffer full flag has no meaning.

Receive shift register DATA1

Receive buffer DATA1

Receive interrupt(INTRXx) | | 4
/7

ya
SCxMOD2<RBFLL> | 5'7 |

Receive buffer read

Figure 11-5 Receive Buffer Operation
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11.9.3.2 I/O interface mode with SCLK output

In the I/O interface mode and SCLK output setting, SCLK output stops when all received data is stor-
ed in the receive buffer. So, in this mode, the over-run error flag has no meaning.

The timing of SCLK output stop and re-output depends on receive buffer.

(1) Case of single buffer

Stop SCLK output after receiving a data. In this mode, I/O interface can transfer each data with
the transfer device by hand-shake.

When the data in a buffer is read, SCLK output is restarted.

(2) Case of double buffer

Stop SCLK output after receiving the data into a receive shift register and a receive buffer.

When the data is read, SCLK output is restarted.

11.9.3.3 Read Received Data
Read the received data from the receive buffer (SCxBUF).

The buffer full flag SCxMOD2<RBFLL> is cleared to "0" by this reading. In the case of the next data
can be received in the receive shift register before reading a data from the receive buffer. The parity bit
to be added in the 8-bit UART mode as well as the most significant bit in the 9-bit UART mode will be stor-
ed in SCxCR<RBS&>.

11.9.3.4 Wake-up Function

In the 9-bit UART mode, the slave controller can be operated in the wake-up mode by setting the wake-
up function SCxXMODO <WU> to "1". In this case, the interrupt INTRXx will be generated only when
SCxCR <RB8> is set to "1".

11.9.3.5 Over-run Error

The over-run error is occurred and set over-run flag without completing data read before receiving the
next data. When over-run error is occurred, a content of receive buffer and SCXCR<RB8> is not lost, but
a content of receive shift register is lost.

In the I/O interface mode with SCLK output setting, the clock output automatically stops, so this flag
has no meaning.

Note:When the mode is changed from I/O interface SCLK output mode to the other mode, read SCxCR
and clear over-run flag.
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11.10 Transmission

11.10.1  Transmission Counter

The transmit counter is a 4-bit binary counter and is counted by SIOCLK as in the case of the receive coun-
ter. In UART mode, it generates a transmit clock (TXDCLK) on every 16th clock pulse.

% 16 1 2 3 4 5 6 7 8 9 10 11 12 13 14 156 16 1 2

TXDCLK M I

Figure 11-6 Generation of Transmission Clock

11.10.2 Transmission Control

11.10.2.1  1/O Interface Mode

In the SCLK output mode with SCxCR<IOC> set to "0", each bit of data in the transmit buffer is output-
ted to the TXDx pin on the falling edge of the shift clock outputted from the SCLKx pin.

In the SCLK input mode with SCxCR<IOC> set to "1", each bit of data in the transmit buffer is output-
ted to the TXDx pin on the rising or falling edge of the SCLKx pin input signal according to the
SCxCR<SCLKS> setting.

11.10.2.2 UART Mode

When the transmit data is written in the transmit buffer, data transmission is initiated on the rising
edge of the next TXDCLK and the transmit shift clock signal is also generated.

11.10.3 Transmit Operation

11.10.3.1  Operation of Transmission Buffer

If double buffering is disabled, the CPU writes data only to transmit shift register and the transmit inter-
rupt INTTXXx is generated upon completion of data transmission.

If double buffering is enabled, data written to the transmit buffer is moved to the transmit shift regis-
ter. The INTTXXx interrupt is generated at the same time and the transmit buffer empty flag
(SCXMOD2<TBEMP>) is set to "1". This flag indicates that the next transmit data can be written. When
the next data is written to the transmit buffer, the <TBEMP> flag is cleared to "0".
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Write data ¢ ¢
Transmit buffer gg DATA 1 DATA 2

Transmit shift register eg DATA1

/

Transmit shift register(INTTXx)

SCxMOD2<TBEMP> |

Figure 11-7 Operation of Transmission Buffer (Double-buffer is enabled)

11.10.3.2  I/O interface Mode/Transmission by SCLK Output

If SCLK is set to generate clock the I/O interface mode, the SCLK output automatically stops when all
data transmission is completed and underrun error will not occur.

The timing of suspension and resume of SCLK output is different depending on the buffer and FIFO us-
age.

(1)  Single Buffer

The SCLK output stops each time one frame of data is transferred. Handshaking for each data
with the other side of communication can be enabled. The SCLK output resumes when the next da-
ta is written in the buffer.

(2) Double Buffer

The SCLK output stops upon completion of data transmission of the transmit shift register and
the transmit buffer. The SCLK output resumes when the next data is written in the buffer.

11.10.3.3  Under-run error

In the I/O interface SCLK input mode and if no data is set in transmit buffer before the next frame
clock input, which occurs upon completion of data transmission from transmit shift register, an under-run
error occurs and SCXCR<PERR> is set to "1".

In the I/O interface mode with SCLK output setting, the clock output automatically stops, so this flag
has no meaning.

Note:Before switching the I/O interface SCLK output mode to other modes, read the SCxCR register
and clear the under-run flag.
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11.11 Handshake function

The function of the handshake is to enable frame-by-frame data transmission by using the CTS (Clear to send)
pin and to prevent over-run errors. This function can be enabled or disabled by SCxMODO<CTSE>.

When the CTSx pin is set to "High" level, the current data transmission can be completed but the next data trans-
mission is suspended until the CTSX pin returns to the "Low" level. However in this case, the INTTXx interrupt
is generated in the normal timing, the next transmit data is written in the transmit buffer, and it waits until it is
ready to transmit data.

Note 1: If the CTS signal is set to "H" during transmission, the next data transmission is suspended after the current
transmission is completed. (Point a in Figure 11-9)

Note 2: Data transmission starts on the first falling edge of the TXDCLK clock after CTS is set to "L". (Point b in Fig-
ure 11-9)

Although no RTS pin is provided, a handshake control function can easily implemented by assigning one bit of
the port for the RTS function. By setting the port to "High" level upon completion of data reception (in the re-
ceive interrupt routine), the transmit side can be requested to suspend data transmission.

TXDx »| RXDx
CTSx [« RTS (Any port)
Transmit side Receive side

Figure 11-8 Handshake Function

Data write to transmit
buffer or shift register

C_TS ” \ ((

)7
13 14 15 16 1 2 3 14 15 16 1 2 3
SIOCLK ” ” ”
(( L (( [L
))

XD V) \Startbit « < Bit 0
))

(( ((
)) ))

TXDCLK

Figure 11-9 CTS Signal timing
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11.12 Output Signal using IR Carrier Pulses
IROUT pin outputs a signal using IR carrier pulses.

IROUT signal is generated by the timer output signals and TXD signals. Since the timer used to generate pul-
ses varies depending on products, refer to Chapter Product Information to select timers.

The timer should be set to generate pulse outputs in a desired cycle within a settable range.

To output IROUT signal from a port, in the port where IROUT pin is assigned, specify the function setting of func-
tion register (PxFRn) to IROUT, then enable IROUT signal to be output by control register (PxCR).

SIO receives pulses from the timer and combines the pulses with a TXD signal to output a signal to IROUT
pin. Timer outputs and TXD signals are asynchronous, so that pulse distortion occurs when TXD signals are changed.

Timer output :}7 IROUT
TXD

TXD

Figure 11-10 Output signal using IR carrier pulse
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11.13 Interrupt/Error Generation Timing

11.13.1  RX Interrupts

Figure 11-11 shows the data flow of receive operation and the route of read.

RXD >I Receive shift register

) ] (1)Reading in the single buffer configuration:
If the receive buffer is empty, An interrupt is generated after receiving all bits.
the data is moved.

Receive buffer

(2)Reading in the double buffer configuration:
An interrupt is generated when the data is moved to
the receive buffer.

Figure 11-11 Receive Buffer Configuration Diagram

RX interrupts are generated at the time depends on the transfer mode and the buffer configurations, which
are given as follows.

Buffer .
. . UART modes 10 interface modes
Configurations
. - Immediately after the raising / falling edge of the last SCLK
Single Buffer -

(Rising or falling is determined according to SCxCR<SCLKS> setting.)

- Immediately after the raising / falling edge of the last SCLK
Double Buffer + Around the center of the first stop bit (Rising or falling is determined according to SCxCR<SCLKS> setting.)
- On data transfer from the shift register to the buffer by reading buffer.

Note: Interrupts are not generated when an over-run error is occurred.

11.13.2 TX interrupts

Figure 11-12 shows the data flow of transmit operation and the route of read.

TXD < I Transmit shift register |<—
) . . (MWriting in the single buffer configuration:
IT the shift register is empty, An interrupt is generated after transmitting all bits.

the data is moved.

Transmit buffer |<—

2 Writing in the double buffer configuration:
An interrupt is generated when the data is moved to
the transmit shift register.

Figure 11-12 Transmit Buffer Configuration Diagram

TX interrupts are generated at the time depends on the transfer mode and the buffer configurations, which
are given as follows.

Buffer
Configurations

UART modes 10 interface modes

Immediately after the raising / falling edge of the last SCLK

Single Buffer Just before the stop bit is sent . L . . .
(Rising or falling is determined according to SCxCR<SCLKS> setting.)

Double Buffer When a data is moved from the transmit buffet to the transmit shift register.
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Note: If double buffer is enabled, a interrupt is also generated when the data is moved from the buffer to
the shift register by writing to the buffer.

11.13.3 Error Generation

11.13.3.1  UART Mode

modes

7 bits

8 bits
7 bits + Parity
8 bits + Parity

9 bits

Framing Error
over-run Error

Around the center of stop bit

Parity Error

Detection: Around the center of parity bit

Flag change: Around the center of stop bit

11.13.3.2 |/O Interface Mode

over-run Error

Immediately after the raising / falling edge of the last SCLK
(Rising or falling is determined according to SCXCR<SCLKS> setting.)

Under-run Error

Immediately after the rising or falling edge of the next SCLK.
(Rising or falling is determined according to SCxCR<SCLKS> setting.)

Note: Over-run error and Under-run error have no meaning in SCLK output mode.

11.14 Software Reset

Software reset is generated by writing SCxMOD2<SWRST[1:0]> as "10" followed by "01".

As a result, SCXMODO<RXE>, SCxMODI1<TXE>, SCxMOD2<TBEMP><RBFLL><TXRUN>, SCxCR

<OERR><PERR><FERR> are initialized. And the receive circuit and the transmit circuit become initial state.

Other states are maintained.
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11.15 Operation in Each Mode

11.15.1 Mode 0 (I/O interface mode)

Mode 0 consists of two modes, the SCLK output mode to output synchronous clock and the SCLK input
mode to accept synchronous clock from an external source.

11.15.1.1  Transmitting Data

(1)  SCLK Output Mode

If the transmit double buffer is disabled (SCXxXMOD2<WBUF> = "(0")

Data is output from the TXDx pin and the clock is output from the SCLKx pin each
time the CPU writes data to the transmit buffer. When all data is output, an interrupt
(INTTXXx) is generated.

If the transmit double buffer is enabled (SCXMOD2<WBUF> = "1")

Data is moved from the transmit buffer to the transmit shift register when the CPU
writes data to the transmit buffer while data transmission is halted or when data transmis-
sion from the transmit buffer (shift register) is completed. Simultaneously, the transmit buf-
fer empty flag SCxMOD2<TBEMP> is set to "1", and the INTTXXx interrupt is generated.

When data is moved from the transmit buffer to the transmit shift register, if the trans-
mit buffer has no data to be moved to the transmit shift register, INTTXx interrupt is not gen-
erated and the SCLK output stops.
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i _rk\ " H\\
SCLKx output \\>+ T T I—l",j | T
1 1

|
1 1
1 L 1 1
TXDx X bito bit1 K\ X bite  bit7, X bito X

(INTTXXx interrupt request) (« |_|
))

s - —

<WBUF> = "0" (if double buffering is disabled)

Transmit data AN

write timing \ \ §—
SCLKx output ‘\>? A A |_%j \X\_T |ﬁ; L £

I
;X bit 0 :X bit 1 ﬁ\ X | bite

>

TXDx

(INTTXXx interrupt request)

TBEMP

Transmit data
write timing N ((

(INTTXXx interrupt request)

SCLKx output \ \\>? T ! T !_%j ! T ! T
TXDx J X bito :X bit 1 :X_% :X bit 6 :X t%n 7
1

TBEMP |_|

<WBUF> ="1" (if double buffering is enabled and threre is no data in buffer)

Figure 11-13 Transmit Operation in the 1/O Interface Mode (SCLK Output Mode)
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(2) SCLK Input Mode

If double buffering is disabled (SCxMOD2<WBUF> = "0")

If the SCLK is input in the condition where data is written in the transmit buffer, 8-bit da-
ta is outputted from the TXDx pin. When all data is output, an interrupt INTTXx is gener-
ated. The next transmit data must be written before the timing point "A" as shown in Fig-
ure 11-14.

If double buffer is enabled (SCXMOD2<WBUF>="1")

Data is moved from the transmit buffer to the transmit shift register when the CPU
writes data to the transmit buffer before the SCLK input becomes active or when data trans-
mission from the transmit shift register is completed. Simultaneously, the transmit buffer
empty flag SCxMOD2<TBEMP> is set to "1", and the INTTXx interrupt is generated.

If the SCLK input becomes active while no data is in the transmit buffer, although the in-
ternal bit counter is started, an under-run error occurs and 8-bit dummy data (0xFF) is sent.
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Rising edge mode)

A
it tming _ " 1
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Falling edge mode)

TXDx y

A

bit 1

(INTTXx interrupt

:ng bit 5 :X bit 6 :X Ebit7

1
1
X bit 0
1
1

<

request)

(( |_|
))

<WBUF> ="0" (if double buffering is disabled)

A
Transmit data | | (« |_|
write timing )]

Y
SCLKXx input
(<SCLKS>=0 | 1‘ I fr L": ‘I‘ I ‘I‘ I ‘I‘ | ‘I‘
Rising edge mode) | | | J |

1 ] 1 1
SCLKx input reaj
<SCLKS>=1
gzalling edge mode) * ¢ | + \ *
1

TXDx y

'bit 7

(INTTXx interrupt

bit 1 :)G\ bitS:X bit6 X

1
X bit 0
1

1 1 1 I 1

. o

<

request)

TBEMP

L

<WBUF> = "1" (if double buffering is enabled and there is data in buffer2)

Rising edge mode)

A
Transmit data | | («
write timing )
SCLKXx input Y
X inpu
(<SCLKS>=0 | T | T L" j | j | j T | j |_
1 1 1 I

SCLKXx input
(<SCLKS>=1 {

I e T e A i

Falling edge mode)

1
TXDx X

1

1

1

(INTTXx interrupt

?Gﬂ bit 5 :X bit6 X .

((

request)

))

TBEMP

(Functions to detect

under-run errors)

<WBUF> ="1" (if double buffering is enabled and there is no data in buffer2)

Figure 11-14 Transmit Operation in the 1/O Interface Mode (SCLK Input Mode)

Page 185

2018/10/26




11. Serial Channel (SIO/UART)
11.15 Operation in Each Mode TMPMO61FWFG

11.15.1.2 Receive

(1)  SCLK Output Mode

The SCLK output can be started by setting the receive enable bit SCxMODO<RXE> to "1".

If double buffer is disabled (SCxXMOD2<WBUF> = "0")

A clock pulse is outputted from the SCLKx pin and the next data is stored into the shift reg-
ister each time the CPU reads received data. When all the 8 bits are received, the INTRXx
interrupt is generated.

If double buffer is enabled (SCXMOD2<WBUF> = "1")

Data stored in the shift register is moved to the receive buffer and the receive buffer can
receive the next frame. A data is moved from the shift register to the receive buffer, the re-
ceive buffer full flag SCxMOD2<RBFLL> is set to "1" and the INTRXXx is generated.

While data is in the receive buffer, if the data cannot be read from the receive buffer be-
fore completing reception of the next 8 bits, the INTRXx interrupt is not generated and the
SCLK output stops. In this state, reading data from the receive buffer allows data in the
shift register to move to the receive buffer and thus the INTRXx interrupt is generated and
data reception resumes.
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iiiate " A
SCLKx output [ 4+ | 7 |_%_T L A N )
RXDx :X bit 0 :X bit 1 :X_% :X bit 6 :X iblt? X bito X
(INTRXx interrupt request) | | « | | i_l

))
<WBUF> = "0" (if double buffering is disabled)

SCLKxoutput_|T|T!T!_%_T!T!Tlflf
RXDx bit 7 :X bit 0 :X bit 1 :X_% :X bit 6 :X b:it7 X bito X

Receive data |_|
1
1

1
(INTRXx interrupt request) |_| |_|
(«

))

RBFLL | |

<WBUF> = "1" (if double buffering is enabled and data is read from buffer)

Receive data ((
read timing )T
soucouni | f]_fT] F ] F L A
1 1 1 1 1 1
RXDx bit 7 :X bit 0 :X bit 1 :x KI\ :X bit 6 :Xbiﬂi
1 1 1

(INTRXx interrupt request) |_|

RBFLL I

<WBUF> = "1" (if double buffering is enabled and data cannot be read from buffer)

Figure 11-15 Receive Operation in the I/O Interface Mode (SCLK Output Mode)

Page 187 2018/10/26



11. Serial Channel
11.15 Operation in

(SIO/UART)

Each Mode TMPMO061FWFG

(2) SCLK Input Mode

In the SCLK input mode, receiving double buffering is always enabled, the received frame can
be moved to the receive buffer from the shift register, and the receive buffer can receive the next
frame successively.

The INTRXx receive interrupt is generated each time received data is moved to the receive buffer.

Receive data
read timing (

)

N I S T Y B IO
3

St e M e
1

Falling mode)

1
RXDx N oito X oitd le\ bits X bit6 X  'bit7 X bit0
[ [ 4 [ 1
1
1

T T 1T

1
1 1 1
(INTRXx interrupt |_| I I |_|
request) )

RBFLL J |

If data is read from buffer

Receive data
read timing (

(B T P O O B
Y

1

SCLKXx input reaj

(<SCLKS>="1"

Falling mode) * ¢ . * \
1
1 L

bit 1 Xj\ bits5 X bit6 X 'bit7 X bit0
1 1
1

RXDx bit 0

7

>~ N B

1 1
1

(INTRXx interrupt ﬂ B '
request) )}

RBFLL |
OERR |

If data cannot be read from buffer

Figure 11-16 Receive Operation in the 1/0O Interface Mode (SCLK Input Mode)
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11.15.1.3 Transmit and Receive (Full-duplex)

(1)  SCLK Output Mode

If double buffers are disabled (SCxMOD2<WBUF> = "0")
SCLK is outputted when the CPU writes data to the transmit buffer.

Subsequently, 8 bits of data are shifted into receive buffer and the INTRXx receive inter-
rupt is generated. Concurrently, 8 bits of data written to the transmit buffer are outputted
from the TXDx pin, the INTTXx transmit interrupt is generated when transmission of all da-
ta bits has been completed. Then, the SCLK output stops.

The next round of data transmission and reception starts when the data is read from the re-
ceive buffer and the next transmit data is written to the transmit buffer by the CPU. The or-
der of reading the receive buffer and writing to the transmit buffer can be freely deter-
mined. Data transmission is resumed only when both conditions are satisfied.

If double buffers are enabled (SCXMOD2<WBUF> ="1")

SCLK is outputted when the CPU writes data to the transmit buffer.

8 bits of data are shifted into the receive shift register, moved to the receive buffer, and
the INTRXx interrupt is generated. While 8 bits of data is received, 8 bits of transmit data
is outputted from the TXDx pin. When all data bits are sent out, the INTTXX interrupt is gen-
erated and the next data is moved from the transmit buffer to the transmit shift register.

If the transmit buffer has no data to be moved to the transmit buffer
(SCXMOD2<TBEMP> = "1") or when the receive buffer is full (SCxMOD2<RBFULL> =
"1"), the SCLK output is stopped. When both conditions, receive data is read and transmit da-
ta is written, are satisfied, the SCLK output is resumed and the next round of data transmis-
sion and reception is started.
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Receive data

1

read timing

iy _I IN

SCLKx output <}_T |_1 LS‘:—T |_T |_T <i_T l_T

TXDx X o0 X bit 1 )G\ bit 5 X bit 6 X ?bit? X bit 0 X bit 1

RXDx X bit 0 D( bit 1 )G\ bit 5 X bit 6 X ;bit7 X bit 0 )( bit 1
. , .

(INTTXXx interrupt request)

1

TR TN

(INTRXXx interrupt request)

1

Receive data

<WBUF> = "0" (if double buffering is disabled)

read timing

wite fiming. [ /k I

SCLKXx output L‘)S—T I
R N W o I B o B B |
1 1 1 i 1 1 1 1 1

TXDx X bito X bit1 )G\ bits X bite K itz ) bito X bit1 X
' N ' 7 N N T ' ' |
1 1 1 1 1 : : : |

RXDx X bito X bitd )Gg bits X bite K itz X bito X bit1 X
1 1 7 1 1 1 1 1

1 1 1 1 1

(INTTXx interrupt request) | |

(INTRXXx interrupt request)

((

Receive data

))

<WBUF> ="1" (if double buffering is enabled)

read timing

wiio tming. _I

SCLKx output <i_f u L‘) S—T |_T |_T
. . . | P

TXDx :X bit 0 :X bit 1 :)G\ bit 5 :X bit 6 :X ibit?

RXDx ;X bit 0 EX bit 1 ;‘)Gﬂ bit 5 :X bit 6 ;’)( ibit?
. | .

(INTTXx interrupt request) I-l

(INTRXXx interrupt request)

1

<WBUF> ="1" (if double buffering is enabled)

Figure 11-17 Transmit/Receive Operation in the I/O Interface Mode (SCLK Output Mode)
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(2) SCLK Input Mode

If double buffers are disabled. (SCxMOD2<WBUF> = "0")

When receiving data, double buffer is always enabled regardless of the SCxMOD?2
<WBUF> settings.

8-bit data written in the transmit buffer is outputted from the TXDx pin and 8 bit of da-
ta is shifted into the receive buffer when the SCLK input becomes active. The INTTXx inter-
rupt is generated upon completion of data transmission. The INTRXx interrupt is gener-
ated when the data is moved from shift register to receive buffer after completion of data re-
ception.

Note that transmit data must be written into the transmit buffer before the SCLK input
for the next frame (data must be written before the point A in Figure 11-18). Data must be
read before completing reception of the next frame data.

If double buffers are enabled. (SCXMOD2<WBUF> = "1")

The interrupt INTTXx is generated at the timing the transmit buffer data is moved to the
transmit shift register after completing data transmission from the transmit shift register.
At the same time, data received is shifted to the shift register, it is moved to the receive buf-
fer, and the INTRXx interrupt is generated.

Note that transmit data must be written into the transmit buffer before the SCLK input
for the next frame (data must be written before the point A in Figure 11-18). Data must be
read before completing reception of the next frame data.

Upon the SCLK input for the next frame, transmission from transmit shift register (in
which data has been moved from transmit buffer) is started while receive data is shifted in-
to receive shift register simultaneously.

If data in receive buffer has not been read when the last bit of the frame is received, an over-
run error occurs. Similarly, if there is no data written to transmit buffer when SCLK for
the next frame is input, an under-run error occurs and the dummy data (0xff) is output.
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Receive data ['I
read timing
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(INTTXx interrupt request)

(INTRXx interrupt request)

<WBUF> ="0" (if double buffering is disabled)
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Y
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1 1 1 1
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1 1
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(INTTXx interrupt request)

((
)T

(INTRXx interrupt request)

NN
N
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A
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(INTTXx interrupt request)
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Y
(INTRXx interrupt request) £ rl
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T

<WBUF> ="1" (if double buffering is enabled with error generation)

Figure 11-18 Transmit/Receive Operation in the I/O Interface Mode (SCLK Input Mode)
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11.15.2 Mode 1 (7-bit UART mode)

The 7-bit UART mode can be selected by setting the serial mode control register (SCxMOD<SM[1:0]>)
to "01".

In this mode, parity bits can be added to the transmit data stream; the serial mode control register
(SCxCR<PE>) controls the parity enable/disable setting.

When <PE>is set to "1"  (enable), either even or odd parity may be selected using the SCXCR<EVEN>
bit. The length of the stop bit can be specified using SCxMOD2<SBLEN>.

The following table shows the control register settings for transmitting in the following data format.

~ \start Loito )1 X2 X3 X(4 X5 X6 X stop

<«— Transmission direction (Transmission rate of bps @fc =9.8304 MHz)

system clock: High-speed (fc)
CIocktiir:)gnscondi— High-speed clock gear: x 1 (fc)
Prescaler clock: fperiph/2 (fperiph = fsys)
7 6 5 4 3 2 1 0

SCxMODO — X 0 - 0 0 1 0 1 Set 7-bit UART mode
SCxCR — X 1 1 X X X 0 0 Even parity enabled
SCxBRCR — 0 0 1 0 0 1 0 0 Set 2400bps
SCxBUF — * * * * * * * * Set transmit data

x: don’t care - : no change

11.15.3 Mode 2 (8-bit UART mode)

The 8-bit UART mode can be selected by setting SCxMODO0<SM[1:0]> to "10". In this mode, parity bits
can be added and parity enable/disable is controlled using SCXCR<PE>. If <PE> = "1" (enabled), either even
or odd parity can be selected using SCXCR<EVEN>.

The control register settings for receiving data in the following format are as follows:

--\stan,(bitox 1 X2 X3 X4 X5 X6 X7 X2 stop T

<—— Recetion direction (Reception rate 0f9600 bps @fc = 9.8304 MHz)

System clock: High-speed (fc)
Clocking condi- . i
tions High-speed clock gear: x 1 (fc)

Prescaler clock: fperiph/2 (fperiph = fsys)

Page 193 2018/10/26



11. Serial Channel (SIO/UART)
11.15 Operation in Each Mode

TMPMO061FWFG
7 6 5 4 3 2 1 0
SCxMODO0 — X 0 0 0 1 0 0 1 Set 8-bit UART mode
SCxCR — X 0 1 X X X 0 0 Odd parity enabled
SCxBRCR — 0 0 0 1 0 1 0 0 Set 9600bps
SCxMODO — - - 1 - - - - - Reception enabled

x: don’t care - : no change

11.15.4 Mode 3 (9-bit UART mode)

The 9-bit UART mode can be selected by setting SCxMODO<SM[1:0]> to "11". In this mode, parity bits
must be disabled (SCXCR<PE> = "(0").

The most significant bit (9th bit) is written to SCxMODO<TB8> for transmitting data. The data is stored
in SCXCR<RB8&> for receiving data.

When writing or reading data to/from the buffers, the most significant bit must be written or read first be-
fore writing or reading to/from SCxBUF.

The stop bit length can be specified using SCXMOD2<SBLEN>.

11.15.4.1  Wakeup function

In the 9-bit UART mode, slave controllers can be operated in the wake-up mode by setting the wake-
up function control bit SCxMODO<WU> to "1".

In this case, the interrupt INTRXx will be generated only when SCxCR<RBS8> is set to "1".

Note: The TXDx pin of the slave controller must be set to the open drain output mode using the PxOD reg-

ister.
A A A A
Y Y Y Y
TXD RXD TXD RXD TXD RXD TXD RXD
Master Slave1 Slave2 Slave3

Figure 11-19 Serial Links to Use Wake-up Function

11.15.4.2 Protocol

Select the 9-bit UART mode for the master and slave controllers.
Set SCxMOD<WU> to "1" for the slave controllers to make them ready to receive data.

The master controller is to transmit a single frame of data that includes the slave controller se-
lect code (8 bits). In this, the most significant bit (bit 8) <TB8> must be set to "1".
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N\start (X X 2 XXX s Ve

Select code of the slave controller 1

4. Each slave controller receives the above data frame; if the code received matches with the con-
troller's own select code, it clears the WU bit to "0".

5. The master controller transmits data to the designated slave controller (the controller of which
SCxMOD<WU> bit is cleared to "0"). In this, the most significant bit (bit 8) <TB8> must be
set to "0".

\start {oitoX 1 X 2 X3 X 4 X5 X 6 X7 \bits /stop

Data 0

6. The slave controllers with the <WU> bit set to "1" ignore the receive data because the most sig-
nificant bit (bit 8) <RB8> is set to "0" and thus no interrupt (INTRXX) is generated. Also, the
slave controller with the <WU> bit set to "0" can transmit data to the master controller to in-
form that the data has been successfully received.
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12. Serial Bus Interface (12C/SIO)
12.1 Outline
Serial bus interface has two operation mode shown below.
+ 12C bus mode
+ Clock-synchronous 8-bit SIO mode
In the following examination, "x" indicates channel number.
12.2 Block Diagram
The block diagram is shown in Figure 12-1.
——> INTSBIx interrupt request
» SCL
¢ | > SCK L [T]SCKx
SIO <
clock
Input/
control [ nbu
A + Output
control
foys —» Frequency SI0 o SDAXx
Divider > data » SO _DSOX
v [ |__control [ Sl
L 12C bus Transfer |
< clock < control K, +
Noise synchroni- circuit
> canceller [ | zation TTAMA Shift »| 12Cbus - SCLx
* register | <€ data | Nose 1 ¥Wylopa Llsix
control 9 - control canceller
XA 9t A A
v 2y | |
SBIXCR2 /|
BIXDBR SBIXCRO,1 SBIXBRO
SBIXSR SBIxI2CA SBIx X s X
Control register2/ 12C bus Data buffer Control Baud rate
Status register address register register register0, 1 register0

Figure 12-1 Block Diagram of Serial Bus Interface
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12.3 12C Bus Mode Data Format

Figure 12-2 shows the data formats used in the I12C bus mode.

(a) Addressing format

l«— 8bit —>{1|« 1to8bits >|1|€« 1to8bits >|1]
[ I

T I
R|A A A
S| Slave address |/|C Data C Data C|P
WK K K

|<—Once—>|<— Repeated 4>|

(b) Addressing format (with repeated start condition)

l«— 8bit —>»|{1]€ 1to8bits »>|1| |«— 8bit —>|1|€ 11t08bits >|1]
T T T T T T T T
R|A A R|A A
S| Slave address [/|C Data C[S| Slave address |/ |C Data C(P
WK K WK K

I(—Once —)I(— Repeated —>| I(— Once —>|<— Repeated —>|

(c) Free data format (master-transmitter to slave-receiver)

l«— 8bit —>»|1|« 1to8bits >|1|« 1to8bits >|1]
T

I'TTTTI
A A A
S Data C Data C Data C|P
K K K

I(— Once—)'(— Repeated —)|

Note) S : Start condition
R/W : Direction bit
ACK : Acknowledge bit

P : Stop condition

Figure 12-2 12C Bus Mode Data Formats
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12.4 Registers

12.4.1

Register List

The table below shows control registers and their addresses.

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

Register name

Address (Base+)

Control register 0 SBIXCRO 0x0000
Control register 1 SBIXCR1 0x0004
Data buffer register SBIXDBR 0x0008
12C bus address register SBIxI2CAR 0x000C
Control register 2 SBIXCR2 (writing)

0x0010
Status register SBIXSR (reading)
Baud rate register 0 SBIXBRO 0x0014
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12.5 Control Registers in the [12C Bus Mode

The following registers control the serial bus interface in the 12C bus mode and provide its status information
for monitoring.

12.5.1 SBIXCRO(Control register 0)

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

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

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

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

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 SBIEN R/W Serial bus interface operation
0:Disable
1:Enable
To use the serial bus interface, enable this bit first.
For the first time in case of setting to enable, the relevant SBI registers can be read or written.
Since all clocks except SBIXCRO stop if this bit is disabled, power consumption can be reduced by disabling
this bit.
If this bit is disabled after it's been enabled once, the settings of each register are retained.
6-0 - R Read as "0".

12.5.2 SBIXCR1(Control register 1)

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

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

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

7 6 5 4 3 2 1 0
bit symbol BC ACK - SCK2 SCK1 ScKo/

SWRMON
After reset 0 0 0 0 1 0 0 1(Note3)
Bit Bit Symbol Type Function
31-8 - R Read as 0.
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Bit Bit Symbol Type Function
7-5 BC[2:0] R/W Select the number of bits per transfer (Note 1)
When <ACK> = 0 When <ACK> = 1
<BC> Number of Data Number of Data
clock cycles length clock cycles length
000 8 8 9 8
001 1 1 2 1
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7
4 ACK R/W Master mode
0: Acknowledgement clock pulse is not generated.
1: Acknowledgement clock pulse is generated.
Slave mode
0: Acknowledgement clock pulse is not counted.
1: Acknowledgement clock pulse is counted.
3 - R Read as "1".
2-1 SCKI[2:1] R/W Select internal SCL output clock frequency (Note 2).
0 SCK]0] W 000 n=>5
001 n==6 )
010 n=7 System Clock: fsys
ort n=8 > Clock gear : fc/1
100 n=9
101 n=10 Frequency = % [HZ]
110 n=11
111 Reserved J
SWRMON R On reading <SWRMON?>: Software reset status monitor
0:Software reset operation is in progress.
1:Software reset operation is not in progress.

Note 1: Clear <BC[2:0]> to "000" before switching the operation mode to the SIO mode.

Note 2: For details on the SCL line clock frequency, refer to "12.6.2 Serial Clock".

Note 3: After a reset, the <SCK[0]/SWRMON> bit is read as "1". However, if the SIO mode is selected at the SBIXCR2 regis-
ter, the initial value of the <SCK[0]> bit is "0".

Note 4: The initial value for selecting a frequency is <SCK[2:0]>=000 and is independent of the read initial value.

Note 5: When <BC[2:0]>="001" and <ACK>="0" in master mode, SCL line may be fixed to "L" by falling edge of SCL line af-
ter generation of STOP condition and the other devices can not use the bus. In the case of bus which is connected

with several master devices, the number of bits per transfer should be set equal or more than 2 before generation of
STOP condition.
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12.5.3 SBIXCR2(Control register 2)

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

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

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

7 6 5 4 3 2 1 0
bit symbol MST TRX BB PIN SBIM SWRST
After reset 0 0 0 1 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 MST w Select master/slave
0: Slave mode
1: Master mode
6 TRX w Select transmit/ receive
0: Receive
1: Transmit
5 BB w Start/stop condition generation
0: Stop condition generated
1: Start condition generated
4 PIN W Clear INTSBIx interrupt request
0: -
1: Clear interrupt request
3-2 SBIM[1:0] w Select serial bus interface operating mode (Note 1)
00: Port mode (Disables a serial bus interface input/output) (Note 2)
01: SIO mode
10: 12C bus mode (Note 3)
11: Reserved
1-0 SWRST[1:0] W Software reset generation
Write "10" followed by "01" to generate a reset.
When writing <SWRST[1:0]>, <SBIM[1:0]> is set to "10" for I12C bus mode.

Note 1: Do not change the serial bus interface operating mode during the transfer.
Note 2: Changes to Port mode after conforming that SDAx/SCLx pin and SOx/SIx/SCKx pin are "High" level.

Note 3: Changes from port mode to 12C bus mode after conforming that SDAx/SCLx pin and SOx/SIx/SCKXx pin are "High" lev-
el.

Note 4: SBIXCR2 is assigned at same address with SBIXSR. Thus, read-modify-write operation cannot be used.
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12.5.4 SBIXSR (Status Register)

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

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

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

7 6 5 4 3 2 1 0
bit symbol MST TRX BB PIN AL AAS ADO LRB
After reset 0 0 0 1 0 0 0 0

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7 MST R Master/slave selection monitor
0: Slave mode
1: Master mode
6 TRX R Transmit/receive selection monitor
0: Receive
1: Transmit
5 BB R 12C bus state monitor
0: Bus free
1: Bus busy
4 PIN R INTSBIx interrupt request monitor
0O:Interrupt request generated
1: Interrupt request cleared
3 AL R Arbitration lost detection
0: -
1:Detected
2 AAS R Slave address match detection
0: -
1: Detected
(This bit is set when the general-call is detected as well.)
1 ADO R General-call detection
0: -
1:Detected
0 LRB R Last received bit monitor
0:Last received bit "0"
1:Last received bit "1"
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12.5.5 SBIXxBRO(Serial bus interface baud rate register 0)

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

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

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

7 6 5 4 3 2 1 0
bit symbol - 12SBI - - - - - -
After reset 1 0 1 1 1 1 1 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 - R Read as "1".
6 12SBI R/W Operation at the IDLE mode
0: Stop
1: Operate
5-1 - R Read as "1".
0 - RIW Write "0".

12.5.6 SBIXDBR (Serial bus interface data buffer register)

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

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

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

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

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7-0 DB[7:0] R Receive data
Transmit data

Note 1: The transmission data must be written in to the register from the MSB (bit 7). The received data is stored in the LSB.

Note 2: Since SBIXDBR has independent buffers for writing and reading, a written data cannot be read. Thus, read-modify-
write operation cannot be used.
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12.5.7 SBIxI2CAR (I12C bus address register)

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

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

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

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

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-1 SA[6:0] R/W Set the slave address when the SBI acts as a slave device.
0 ALS R/W Specify address recognition mode.
0: Recognize its slave address.
1: Do not recognize its slave address (free-data format).
Note 1: Please set theSBIXI2CAR<ALS> to "0", except when you use a free data format. It operates as a free data format
when setting it to "1". Selecting the master fixes to transmission. Selecting the slave fixes to reception.
Note 2: Do not set SBIxI2CAR to "0x00" in slave mode. (If SBIXI2CAR is set to "0x00", it's recognized that the slave address

matches the START byte ("0x01") of the 12C standard received in slave mode.)
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12.6 Control in the 12C bus mode

12.6.1 Setting operation mode

Set operation mode by SBIXCR2<SBIM[1:0]>. When SBI is used as 12C bus mode, set <SBIM[1:0]> to
" 1 OH.

Note 1: Changes to Port mode after conforming that SDAx/SCLx pin and SOx/SIx/SCKXx pin are "High" level.

Note 2: Changes from port mode to I12C bus mode after conforming that SDAx/SCLx pin and SOx/SIx/SCKXx pin
are "High" level.

12.6.2 Serial Clock

12.6.2.1 Clock source

SBIxCR1<SCK]2:0]> specifies the maximum frequency of the serial clock to be output from the SCLx
pin in the master mode.

M% |

tLow = 2™ /fsys + 58/fsys SBIXCR1<SCK[2:0]> R
tuign = 2" /fsys + 14/fsys 000 5
fscl = 1/(tLow *+ thigh) 001 .
ry o1t :

n
zere 100 9
101 10
110 11

Figure 12-3 Clock source

Note: The maximum speeds in the standard and high-speed modes are specified to 100kHz and 400kHz
respectively following the communications standards. Notice that the internal SCL clock frequency
is determined by the fsys used and the calculation formula shown above.

12.6.2.2 Clock Synchronization

The 12C bus is driven by using the wired-AND connection due to its pin structure. The first master
that pulls its clock line to the "Low" level overrides other masters producing the "High" level on their
clock lines. This must be detected and responded by the masters producing the "High" level.

Clock synchronization assures correct data transfer on a bus that has two or more master.

For example, the clock synchronization procedure for a bus with two masters is shown below.
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Figure 12-4 Example of Clock Synchronization

At the point a, Master A pulls its internal SCL output to the "Low" level, bringing the SCL bus line to
the "Low" level. Master B detects this transition, resets its "High" level period counter, and pulls its inter-
nal SCL output level to the "Low" level.

Master A completes counting of its "Low" level period at the point b, and brings its internal SCL out-
put to the "High" level. However, Master B still keeps the SCL bus line at the "Low" level, and Master
A stops counting of its "High" level period counting. After Master A detects that Master B brings its inter-
nal SCL output to the "High" level and brings the SCL bus line to the "High" level at the point c, it starts
counting of its "High" level period.

After that Master finishes counting the "High" level period, the Master pulls the SCLx pin to "Low"
and the SCL bus line becomes "Low".

This way, the clock on the bus is determined by the master with the shortest "High" level period and
the master with the longest "Low" level period among those connected to the bus.

12.6.3 Setting the Acknowledgement Mode
Setting SBIXCR1<ACK> to "1" selects the acknowledge mode.
When operating as a master, the SBI adds one clock for acknowledgment signal.
In slave mode, the clock for acknowledgement signals is counted.

In transmitter mode, the SBI releases the SDAx pin during clock cycle of acknowledgement to receive ac-
knowledgement signals from the receiver.

In receiver mode, the SBI pulls the SDAx pin to the "Low" level during the clock cycle of acknowledge-
ment and generates acknowledgement signals. Also in slave mode, if a general-call is received, the SBI pulls
the SDAX pin to the "Low" level during the clock cycle of acknowledgement and generates acknowledge-
ment signals.

By setting <ACK> to "0", the non-acknowledgment mode is activated. When operating as a master, the
SBI does not generate clock for acknowledgement signals. In slave mode, the clock for acknowledgement sig-
nals is not counted.

12.6.4 Setting the Number of Bits per Transfer
SBIxCR1<BC[2:0]> specifies the number of bits of the next data to be transmitted or received.

Under the start condition, <BC[2:0]> is set to "000", causing a slave address and the direction bit to be trans-
ferred in a packet of eight bits. At other times, <BC[2:0]> keeps a previously programmed value.
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12.6.5 Slave Addressing and Address Recognition Mode

Setting "0" to SBIXI2CAR<ALS> and set a slave address in SBIXI2CAR<SA[6:0]> in the addressing for-
mat, and then the SBI recognizes a slave address transmitted by the master device and receives data in the ad-
dressing format.

If <ALS> is set to "1", the SBI does not recognize a slave address and receives data in the free data for-
mat. In the case of free data format, a slave address and a direction bit are not recognized; they are recog-
nized as data immediately after generation of the start condition.

12.6.6  Configuring the SBI as a Master or a Slave
Setting SBIXCR2<MST> to "1" configures the SBI to operate as a master device.
Setting <MST> to "0" configures the SBI as a slave device.

<MST> is cleared to "0" by the hardware when SBI detects the stop condition on the bus or the arbitration
lost.

12.6.7 Configuring the SBI as a Transmitter or a Receiver
Setting SBIXCR2<TRX> to "1" configures the SBI as a transmitter.
Setting <TRX> to "0" configures the SBI as a receiver.

<TRX> is cleared to "0" by the hardware when SBI detects the stop condition on the bus or the arbitration
lost.

If SBI is used in free data format, <TRX> is not changed by the hardware.

If SBI is used in addressing format, <TRX> is set shown as below.

12.6.7.1 Master mode

As a master mode, if SBI receives acknowledgement from a slave device, <TRX> is set shown as be-
low by a hardware.

If SBI does not acknowledgement, <TRX> retains the previous value.

When the transmitted direction bit is "1", <TRX> is set to "0".
When the transmitted direction bit is "0", <TRX> is set to "1".

12.6.7.2 Slave mode

As a slave mode, in case of addressing format, if below condition is satisfied, <TRX> is set depended
on the direction bit which is sent by a master device.

When the received slave address is as same as the value set in SBIXI2CAR.
When SBI receives general-call

<TRX> is set shown as below.

When the received direction bit is "1", <TRX> is set to "1".
When the received direction bit is "0", <TRX> is set to "0".

12.6.8 Bus busy monitor

To conform the state of the bus, read SBIXSR<BB>.
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<BB> is set to "1" when SBI detects the start condition on the bus and is cleared to "0" when SBI detects
the stop condition on the bus.

When <BB>is "1", it is called as bus busy. When <BB> is "0", it is called as bus free.
The master device can generate the start condition in only bus free. It should be conform that <BB> is "0".

When <BB> is "1", SBI generates the start condition, the start condition is not generated and the arbitra-
tion lost is occurred.

12.6.9 Interrupt Service Request and Release
When INTSBIx is generated, SBIXCR2<PIN> is cleared to "0" and SBI is in interrupt service request state.

SBI pulls SCLx pin to "Low" level.

<PIN> is set to "1" when data is written to or read from SBIXDBR. When the program writes "1" to
<PIN>, it is set to "1". However, writing "0" does not clear <PIN> to "0".

If <PIN> is set "1", SCLx pin is released. It takes t; ow from setting <PIN> to "1" to releasing SCLx pin.

Note:When arbitration lost is occurred in the master mode, <PIN> is not cleared to "0" if the received
slave address does not match. But INTSBIx is occurred.

12.6.10 Arbitration Lost Detection Monitor

The I2C bus has the multi-master capability (there are two or more masters on a bus), and requires the bus
arbitration procedure to ensure correct data transfer.

A master that attempts to generate the start condition while the bus is busy loses bus arbitration, with no
start condition occurring on the SDA and SCL bus lines. The I2C-bus arbitration takes place on the SDA bus
line.

The arbitration procedure for two masters on a bus is shown below.

Up until the point a, Master A and Master B output the same data. At the point a, Master A outputs the
"Low" level and Master B outputs the "High" level.

Then Master A pulls the SDA bus line to the "Low" level because the line has the wired-AND connection.
When the SCL line goes high at the point b, the slave device reads the SDA line data, i.e., data transmitted
by Master A. At this time, data transmitted by Master B becomes invalid.

This condition of Master B is called "Arbitration Lost". Master B releases its SDAX pin, so that it does
not affect the data transfer initiated by another master. If two or more masters have transmitted exactly the
same first data word, the arbitration procedure continues with the second data word.

, -
SCL (Line) \ / \ / N VY \ / \ / \_/_
Vo
N S A WA
1 1
.
| ke = o - - e e e e
\ '/ ! Loses arbitration and sets the
! internal SDA output to “1”.

Internal SDA output (masterA)

Internal SDA output(master B)

SDA Line

L CC

Oo-F=-==--

1
1
1
1
1
1
a

Figure 12-5 Lost Arbitration
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A master compares the SDA bus line level and the internal SDA output level at the rising of the SCL line.
If there is a difference between these two values, Arbitration Lost occurs and SBIXSR<AL> is set to "1".

When <AL> is set to "1", SBIXSR<MST, TRX> are cleared to "0", causing the SBI to operate as a slave re-
ceiver.Therefore, the serial bus interface circuit stops the clock output during data transfer after <AL> is set
to "1".

<AL> is cleared to "0" when data is written to or read from SBIXDBR or data is written to SBIxCR2.

Internal SCL
output
MasterA
Int | SDA ' ' ) '
nternel $24 \D7A XD6A \ D5A /D4AKD3AXD2AXD1AXDOA D7A D4A
—> Clock output dstops here
Internal SCM4
output
MasterB

'”femta'stDA \D7B ><DGB / Internal SDA output is fixed to "High"level .
outpu due to Arbitration Lost of Master B.

e

Access to SBIXDBR
or SBIXCR2

A
5
x
x
%
:\/—\_

Figure 12-6 Example of Master B Lost Arbitration (D7A = D7B, D6A = D6B)

12.6.11 Slave Address Match Detection Monitor

When the SBI operates as a slave device in the addressing format (SBIXI2CAR<ALS>="0"),
SBIXSR<AAS> is set to "1" on receiving the general-call or the slave address that matches the value speci-
fied at SBIXI2CAR.

When <ALS> is "1", <AAS> is set to "1" when the first data word has been received.

<AAS> is cleared to "0" when data is written to or read from SBIxDBR.

12.6.12 General-call Detection Monitor

When the SBI operates as a slave device, SBIXSR<ADO> is set to "1" when it receives the general-call ad-
dress; i.e., the eight bits following the start condition are all zeros.

<ADO> is cleared to "0" when the start or stop condition is detected on the bus.

12.6.13 Last Received Bit Monitor
SBIxSR<LRB> is set to the SDA line value that was read at the rising of the SCL line.

In the acknowledgment mode, reading SBIXSR<LRB> immediately after generation of the INTSBIx inter-
rupt request causes ACK signal to be read.
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12.6.14 Data Buffer Register (SBIXDBR)
To read a data or to write a data, SBIXDBR is read or written from or to SBIxXDBR.

When the SBI is in the master mode, after writing a slave address and a direction bit to this register in
SBIXDBR, the start condition is generated, SBI transmits a slave address and a direction bit to slave device.

12.6.15 Baud Rate Register (SBIXBRO)
The SBIXBRO<I2SBI> register determines if the SBI operates or not when it enters the IDLE mode.

This register must be programmed before executing an instruction to switch to the standby mode.

12.6.16 Software Reset

If SBI locks up due to external noise, it can be initialized by using a software reset.

Writing "10" followed by "01" to SBIXCR2<SWRST[1:0]> generates a reset signal that initializes SBI.
When writing SBIXCR2<SWRST/[1:0]>, set "10" to SBIXCR2<SBIM[1:0]> for I2C bus mode. After a reset,
all control registers and status flags are initialized to their reset values. When SBI is initialized, <SWRST> is
automatically cleared to "00".

Note: A software reset causes the SBI operating mode to switch from the 12C mode to the port mode.
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12.7 Data transfer Procedure in the 12C Bus mode.

12.7.1 Device Initialization
First, program SBIxCRI<ACK, SCKJ[2:0]>. Writing "000" to SBIXCRI1<BC[2:0]> at the time.

Next, program SBIXI2CAR by specifying a slave address at <SA[6:0]> and an address recognition mode
at <ALS>. (<ALS> must be cleared to "0" when using the addressing format).

To configure the Serial Bus Interface as a slave receiver, ensure that the serial bus interface pin is at
"High" first. Then write "0" to SBIXCR2<MST, TRX, BB>, "1" to <PIN>, "10" to <SBIM[1:0]> and "0" to
the bit 1 and 0.

Note: Initialization of the serial bus interface circuit must be completed within a period that any device
does not generate start condition after all devices connected to the bus were initialized. If this rule is
not followed, data may not be received correctly because other devices may start transfer before the
initialization of the serial bus interface circuit is completed.

SBIXCR1 — Specifies ACK and SCL clock.

X X
X O w

SBIxI2CAR — Specifies a slave address and an address recognition mode.

o X o N
o X o o
o X o o
o X X N
o X X

o X X O

SBIXCR2 — Configures the SBI as an 12C bus mode and a slave receiver.

Note: X; Don’t care

12.7.2 Generating the Start Condition and a Slave Address
The following steps are required to generate the start condition and slave address.

First, ensure that the bus is bus free (SBIXSR<BB> = "0"). then SBIXCR1<ACK> is set to "1" to select
the acknowledgment mode. Write to SBIxDBR a slave address and a direction bit to be transmitted.

When <BB> = "0", writing "1111" to SBIxXCR2<MST, TRX, BB, PIN> generates the start condition on
the bus.

Following the start condition, the SBI generates nine clocks from the SCLx pin.

The SBI outputs the slave address and the direction bit specified at SBIXDBR with the first eight clocks,
and releases the SDA line in the ninth clock to receive an acknowledgment signal from the slave device.

The INTSBIx interrupt request is generated on the falling of the ninth clock, and <PIN> is cleared to "0".
The SBI holds the SCL line at the "Low" level while <PIN> is "0". <TRX> changes its value according to
the transmitted direction bit at generation of the INTSBIx interrupt request, provided that an acknowledg-
ment signal has been returned from the slave device.

Note: To output salve address, check with software that the bus is free before writing to SBIXDBR. If this
rule is not followed, data being output on the bus may get ruined.
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Settings in main routine

7 6 5 4 3 2 1 0

Reg. «— SBIXSR

Reg. — Reg. e 0x20

if Reg. # 0x00 Ensures that the bus is free.

Then

SBIXCR1 — X 1 0 X X X Selects the acknowledgement mode.

SBIXDBR — X X X X X X Specifies the desired slave address and direction.
SBIXCR2 — 1 1 1 1 1 0 0 0 Generates the start condition.

Example of INTSBIO interrupt routine

Clears the interrupt request.
Processing

End of interrupt

SCLx pin

SDAX pin ""E_\E [ as X a5 X aa X as X a2 X a1 Xm0 X RW J ACK S
\—Acknowledgement from

slave device

L
t
INTSBIx |—|_

interrupt request

1
1
1
N
N
w
N
(&
o
~
]
©

A
Start condition Slave address + Direction bit

<PIN>

Master output
- - - = Slave output

Figure 12-7 Generation of the Start Condition and a Slave Address

12.7.3 Transferring a Data Word

At the end of a data word transfer, the INTSBIx interrupt is generated to test <MST> to determine wheth-
er the SBI is in the master or slave mode.

12.7.3.1  Master mode (<MST> ="1")

Test <TRX> to determine whether the SBI is configured as a transmitter or a receiver.

(1)  Transmitter mode (<TRX> ="1")
Test <LRB>. If <LRB> is "1", that means the receiver requires no further data.
The master then generates the stop condition as described later to stop transmission.
If <LRB> is "0", that means the receiver requires further data.

If the next data to be transmitted has eight bits, the data is written into SBIXDBR. If the data has dif-
ferent length, <BC[2:0]> are programmed and the transmit data is written into SBIXDBR.
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Writing the data makes <PIN> to "1", causing the SCLx pin to generate a serial clock for transfer-
ring a next data word, and the SDAX pin to transfer the data word.

After the transfer is completed, the INTSBIx interrupt request is generated, <PIN> is cleared to
"0", and the SCLx pin is pulled to the "Low" level.

To transmit more data words, test <LRB> again and repeat the above procedure.

INTSBIx interrupt

if MST =0

Then go to the slave mode processing.

if TRX=0

Then go to the receiver mode processing.

if LRB =0

Then go to processing for generating the stop condition.

Specifies the number of bits to be transmitted and

SBIXCR1 < XX X X0 X X X specify whether ACK is required.

SBIXDBR — X X X X X X X X Writes the transmit data.

End of interrupt processing.

Note: X; Don’t care

SCLx pin 1 2 3 4 5 6 7 8 9

Wite to SBIXDBR —+

SDAX pin \ b7 X b6 X D5 X D4 X D3 X D2 X D1 X DO '/\_gcrf_/'
Acknowledgement

<PIN> J from receiver

¢

INTSBIx |_|

interrupt request

Master output
- ==~ Slave output

Figure 12-8 <BC[2:0]>= "000",<ACK>= "1" (Transmitter Mode)

(2) Receiver mode (<TRX> ="0")
If the next data to be transmitted has eight bits, the received data is read from into SBIxDBR.

If the data has different length, <BC[2:0]> are programmed and the received data is read from
SBIXDBR to release the SCL line. (The data read immediately after transmission of a slave address
is undefined.)

On reading the data, <PIN> is set to "1", and the serial clock is output to the SCLx pin to trans-
fer the next data word. In the last bit, when the acknowledgment signal becomes the "Low" level,
"0" is output to the SDAX pin.

After that, the INTSBIx interrupt request is generated, and <PIN> is cleared to "0", pulling the
SCLx pin to the "Low" level. Each time the received data is read from SBIxDBR, one-word trans-
fer clock and an acknowledgement signal are output.
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Read the received data

SCLx pin

-------- - --- Ll N il W el Ll W e - -
SDAX pin D7 % D6 4 D5 % D4 { D3 % D2 1 DI ¥ DO l:le_xi D7

------------ - - - - - - - - - - Ve e = =

Acknowledgment signal

<PIN> J | to transmitter

INTSBIx |'|
interrupt request

Master output
- = = = Slave output

Figure 12-9 <BC[2:0]>= "000",<ACK>= "1" (Receiver Mode)

To terminate the data transmission from the transmitter, <ACK> is cleared to "0" immediately be-
fore reading the data word second to last.

This disables generation of an acknowledgment clock for the last data word.

When the transfer is completed, an interrupt request is generated. In tis interrupt processing, <BC
[2:0]> must be set to "001" and the data must be read so that a clock is generated for 1-bit transfer.

At this time, so the master is a receiver, the master holds the SDA line at the "High" level. The trans-
mitter receives this "High" level as ACK signal, the master receiver can inform to the transmitter
the end of transfer.

In this interrupt processing for terminating the reception of 1-bit data, the stop condition is gener-
ated to terminate the data transfer.

SCLx pin 9 1 2 3 4 5 6 7 8 1

......... gy
SDAX pin D7 / D6 Y D5 f{ D4 4 D3 ¥ D2 ¥ D1 * DO
AT B AT T S

<PIN> |_I I_

1
INTSBIx :
interrupt request !

L Read receive data aftwer clear <ACK> to “0”

Read receive data after
set <BC[2:0]> to “001".

Master output
- = = = Slave output

Figure 12-10 Terminating Data Transmission in the Master Receiver Mode

Example: When receiving N data word
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INTSBIx interrupt (after data transmission)

Sets the number of bits of data to be received and
specify whether ACK is required.

Reg. «— SBIxDBR Reads dummy data.

SBIXCR1 ~ X X X X 0 X X X

End of interrupt

INTSBIx interrupt (first to (N-2)th data reception)

7 6 5 4 3 2 1 0
Reg. «— SBIXDBR Reads the first to (N-2)th data words.
End of interrupt

INTSBIx interrupt ((N-1)th data reception)

7 6 5 4 3 2 1
SBIXCR1 « X X X 0 0 X X X Disables generation of acknowledgement clock.
Reg. «— SBIXDBR Reads the (N-1)th data word.

End of interrupt

INTSBIx interrupt (Nth data reception)

7 6 5 4 3 2 1
SBIXCR1 — 0 0 1 0 0 X X X Sets the number of bits to "1".
Reg. «— SBIxDBR Reads the Nth data word.
End of interrupt

INTSBIx interrupt (after completing data reception)

Processing to generate the stop condition. Terminates the data transmission.

End of interrupt

Note: X; Don’t care

12.7.3.2 Slave mode (<MST> = "0")

In the slave mode, SBI generates the INTSBIx interrupt request when SBI receives any slave address
or general-call from master device, when SBI completes to transfers a data after SBI received its slave ad-
dress or general-call.

Also, if the SBI detects Arbitration Lost in the master mode, it switches to the slave mode. When the com-
pletion of data word transfer in which Arbitration Lost is detected, the INTSBIx interrupt request is gener-
ated.

When INSBIXx interrupt request, <PIN> is cleared to "0", and SCLx pin is pulled to the "Low" level.

When data is written to or read from SBIXDBR or when <PIN> is set to "1", SCLx pin is released af-
ter a period of ty ow.

In the slave mode, the normal slave mode processing or the processing as a result of Arbitration Lost
is carried out and it changes from master mode to slave mode.

SBIxSR<AL>, <TRX>, <AAS> and <ADO> are tested to determine the processing required.

"Table 12-1 Processing in Slave Mode"shows the slave mode states and required processing.
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Example: When the received slave address matches the SBI's slave address and the direction bit is "1"

in the slave receiver mode.

INTSBIx interrupt

if TRX=0

Then go to other processing.

if AL=0

Then go to other processing.

if AAS =0

Then go to other processing.
SBIXCR1 — X X X 1
SBIXDBR «— X X X X

Note: X; Don’t care

Table 12-1 Processing in Slave Mode

Sets the number of bits to be transmitted.

Sets the transmit data.

<TRX> <AL> <AAS> | <ADO> State Processing
Arbitration Lost is detected while the slave address
1 1 0 was being transmitted and the SBI received a slave
address with the direction bit "1" transmitted by an-
other master. Set the number of bits in a data word to <BC[2:0]>
and write the transmit data into SBIXDBR.
In the slave receiver mode, the SBI received a
1 0 slave address with the direction bit "1" transmitted
1 by the master.
Test LRB. If it has been set to "1", that means the re-
0 ceiver does not require further data. Set <PIN> to 1
. and reset <TRX> to 0 to release the bus. If <LRB>
0 0 In the slave t.rapsm|tter mode, the SBI has comple- has been reset to "0", that means the receiver re-
ted a transmission of one data word. ) ’ o
quires further data. Set the number of bits in the da-
ta word to <BC[2:0]> and write the transmit data to
the SBIXDBR.
Arbitration Lost is detected while a slave address is
1 110 being transmitted, and the SBI receives either a
slave address with the direction bit "0" or a general-
1 call address transmitted by another master.
Arbitration Lost is detected while a slave address Read the SBIXDBR (a dummy read) to set <PIN>
0 0 or a data word is being transmitted, and the trans- | to 1, or write "1" to <PIN>.
0 fer is terminated.
In the slave receiver mode, the SBI received either
1 1/0 a slave address with the direction bit "0" or a general-
0 call address transmitted by the master.
0 110 In the slave receiver mode, the SBI has completed | Set the number of bits in the data word to <BC
a reception of a data word. [2:0].> and read the received data from SBIXDBR.

12.7.4 Generating the Stop Condition

When SBIxSR<BB> is "1", writing "1" to SBIXCR2<MST, TRX, PIN> and "0" to <BB> causes SBI to

start a sequence for generating the stop condition on the bus.

Do not alter the contents of <MST, TRX, BB, PIN> until the stop condition appears on the bus.

If another device is holding down the SCL bus line, SBI waits until the SCL line is released.

After that, the SDAX pin goes "High", causing the stop condition to be generated.
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SBIXCR2 — 1 1 0 1 1 0 0 0 Generates the stop condition.

"0"_<BB>

"1"_<MST>
"1"><TRX> }
"1"—<PIN>

SCLx pin

SDAX pin

<PIN>

<BB>(Read) |

Figure 12-11 Generating the Stop Condition

12.7.5 Restart Procedure

C

Restart is used when a master device changes the data transfer direction without terminating the transfer to
a slave device. The procedure of generating a restart in the master mode is described below.

First, write SBIXCR2<MST, TRX, BB> to "0" and write "1" to <PIN> to release the bus. At this time, the
SDAXx pin is held at the "High" level and the SCLx pin is released. Because no stop condition is generated
on the bus, other devices recognize that the bus is busy.

Then, test SBIXSR<BB> and wait until it becomes "0" to ensure that the SCLx pin is released.

Next, test <LRB> and wait until it becomes "1" to ensure that no other device is pulling the SCL bus line
to the "Low" level.

Once the bus is determined to be free by following the above procedures, follow the procedures described
in "12.7.2 Generating the Start Condition and a Slave Address" to generate the start condition.

To satisfy the setup time of restart, at least 4.7us wait period (in the standard mode) must be created by
the software after the bus is determined to be bus free.

Note 1: Do not write <MST> to "0" when it is "0". (Restart cannot be initiated.)

Note 2: When the master device is acting as a receiver, data transmission from the slave device which serves
as a transmitter must be completed before generating a restart. To complete data transfer, slave device
must receive a "High" level acknowledge signal. For this reason, <LBR> before generating a restart be-
comes "1", the rising edge of the SCL line is not detected even <LBR>= "1" is confirmed by following
the restart procedure. To check the status of the SCL line, read the port.

SBIXCR2 — 0 0 0 1 1 0 0 0 Releases the bus.

if SBIXSR<BB> # 0 Checks that the SCLx pin is released.

Then

if SBIXSR<LRB> # 1 Eli_r;,';‘ks that no other device is pulling the SCLx pin to the
Then

4.7 ys Wait

2018/10/26
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SBIXCR1 — X 1 0 X X X Selects the acknowledgment mode.
SBIXDBR ~ X X X X X X X X Sets the desired slave address and direction.
SBIXCR2 — 1 1 1 1 1 0 0 0 Generates the start condition.

Note: X; Don’t care

A <MST>
eV }

"O"—><MST> ll1ll_}<BB>

¥ | a3

" <PIN> €= 4.7 ms (min) >} Start condition
y [

SCL(Bus) j\ <
SCL pin 9 / )

SDA pin

<RB> y &

| |

<PIN> | I

Figure 12-12 Timing Chart of Generating a Restart

Precautions on Use of Multi-master

Prepare recovery process by software in case that communication is in lock state in
multi-master mode.

Example of recovery process

1. Start timer for timeout detection synchronizing with starting communication.

2. If a serial interface interrupt (INTSBIx) does not occur within the specified time,
a timeout occurs and the MCU determines that communication is locked up.

3. Do software reset on serial bus interface to release the condition that
communication is locked up.

4. Adjust transmission timings. (Note)

5. Resend transmission data.

Note: Adjust transmission timing between the MCUs to avoid overlapping the
transmission timing.
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12.8 Control register of SIO mode

The following registers control the serial bus interface in the clock-synchronous 8-bit SIO mode and provide its
status information for monitoring.

12.8.1 SBIXCRO(control register 0)

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

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

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

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

Bit Bit Symbol Type Function

31-8 - R Read as "0".

7 SBIEN R/W Serial bus interface operation.
0:Disable
1: Enable
Enable this bit before using the serial bus interface.
If this bit is disabled, power consumption can be reduced because all clocks except SBIXCRO stop.
If the serial bus interface operation is enabled and then disabled, the settings will be maintained in each
register.

6-0 - R Read as "0".
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12.8.2 SBIXCR1(Control register 1)

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

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

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

7 6 5 4 3 2 1 0
bit symbol SI0S SIOINH SIOM - SCK
After reset 0 0 0 0 1 0 0 0(Note 1)

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 SIOS R/W Transfer Start/Stop
0: Stop
1: Start
6 SIOINH R/W Transfer
0: Continue

1: Forced termination

5-4 SIOM[1:0] R/W Select transfer mode
00: Transmit mode

01: Reserved
10:Transmit/receive mode
11:Receive mode

3 - R Read as "1".
2-0 SCK[2:0] R/W On writing <SCKJ[2:0]>: Select serial clock frequency. (Note 1)
000 n=3
001 n=4 )
010 n=5 System clock: fsys
011 n=6
100 he7 > Clock gear: fc/1
101 n=28 Frequency =fsé—i/2 [Hz]
110 n=9
J
111 - External clock

Note 1: After a reset, the <SCK[0]> bit is read as "1". However, if the SIO mode is selected at the SBIXCR2 register, the ini-
tial value is read as "0". In this document, the value written in the column "after reset" is the value after setting the
SIO mode in the initial state. The descriptions of the SBIXCR2 register and the SBIxSR register are the same.

Note 2: Set <SIOS> to "0" and <SIOINH> to "1" before programming the transfer mode and the serial clock.
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12.8.3 SBIXDBR (Data buffer register)

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

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

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

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

Bit Bit Symbol Type Function
31-8 - R Read as 0.
7-0 DBJ[7:0] R Receive data
Transmit data

Note:Since SBIXDBR has independent buffers for writing and reading, a written data cannot be read. Thus, read-
modify-write operation cannot be used.
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12.8.4 SBIXCR2(Control register 2)
31 30 29 28 27 26 25 24
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
bit symbol - - - - - - - -
After reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
bit symbol - - - - SBIM - -
After reset 1(Note 1) 1(Note 1) 1(Note 1) 1(Note 1) 0 0 1(Note 1) 1(Note 1)
Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-4 - R Read as "1". (Note 1)
3-2 SBIM[1:0] w Select serial bus interface operating mode (Note 2)
00: Port mode
01: SIO mode
10: 12Cbus mode
11: Reserved
1-0 - R Read as 1. (Note 1)
Note 1: In this document, the value written in the column "after reset" is the value after setting the SIO mode in the initial state.
Note 2: Make sure that modes are not changed during a communication session.
Note 3: Changes from port mode to 12C bus mode after conforming that SDAX/SCLx pin and SOx/SIx/SCKXx pin are "High" lev-
el.
Note 4: SBIXCR2 is assigned at same address with SBIXSR. Thus, read-modify-write operation cannot be used.
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12.8.5 SBIXSR (Status Register)

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

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

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

7 6 5 4 3 2 1 0
bit symbol - - - - SIOF SEF - -
After reset 1(Note) 1(Note) 1(Note) 1(Note) 0 0 1(Note) 1(Note)

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7-4 - R Read as "1". (Note)
3 SIOF R Serial transfer status monitor.
0: Completed
1: In progress
2 SEF R Shift operation status monitor
0: Completed.
1: In progress
1-0 - R Read as "1". (Note)

Note:In this document, the value written in the column "after reset" is the value after setting the SIO mode in the in-
itial state.
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12.8.6 SBIXBRO (Baud rate register 0)

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

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

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

7 6 5 4 3 2 1 0
bit symbol - 12SBI - - - - - -
After reset 1 0 1 1 1 1 1 0

Bit Bit Symbol Type Function
31-8 - R Read as "0".
7 - R Read as "1".
6 12SBI R/W Operation in IDLE mode.
0: Stop
1: Operate
5-1 - R Read as "1".
0 - R/IW Write "0".
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12.9 Control in SIO mode

12.9.1 Serial Clock

12.9.1.1 Clock source

Internal or external clocks can be selected by programming SBIXCRI1<SCKJ[2:0]>.

(1) Internal clocks

In the internal clock mode, one of the seven frequencies can be selected as a serial clock, which
is output to the outside through the SCKx pin.

At the beginning of a transfer, the SCKx pin output becomes the "High" level.

If the program cannot keep up with this serial clock rate in writing the transmit data or reading
the received data, the SBI automatically enters a wait period. During this period, the serial clock is stop-
ped automatically and the next shift operation is suspended until the processing is completed.

Automatic wait

SCKx pin output 112l 3771 [7] [e