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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Section 3   MCU Operating Modes 

3.1 Operating Mode Selection 

This LSI has two operating modes (modes 4 and 5). The operating mode is selected by the setting 
of mode pins (MD2 to MD0). Table 3.1 lists MCU operating mode settings. 

Table 3.1 MCU Operating Mode Settings 

External Data 
Bus Width 

MCU 
Operating 
Mode MD2 MD1 MD0 

CPU 
Operating 
Mode 

Address 
Space Description 

On-Chip 
ROM Default Max. 

4 1 0 0 Advanced 16 Mbytes Disabled 16 bits 16 bits 

5 1 0 1   

On-chip ROM 
disabled extended 
mode 

Disabled 8 bits 16 bits 

 

In this LSI, advanced mode for the CPU operating mode, 16 Mbytes for the address space, and 
eight or 16 bits for the default external bus width are available. 

In modes 4 and 5, which are external extended modes, it is possible to access the external memory 
and devices. In external extended mode, the external address space can be designated as 8-bit or 
16-bit address space for each area by the bus controller after starting program execution. If 16-bit 
address space is designated for any one area, the bus mode switches to 16 bits. If 8-bit address 
space is designated for all areas, the bus mode switches to 8 bits. 
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4.5 Address Error 

4.5.1 Address Error Source 

Instruction fetch, stack operation, or data read/write shown in table 4.5 may cause an address 
error. 

Table 4.5 Bus Cycle and Address Error 

Bus Cycle   

Type Bus Master Description Address Error 

CPU Fetches instructions from even addresses No (normal) 

 Fetches instructions from odd addresses Occurs 

 Fetches instructions from areas other than on-chip 
peripheral module space*1 

No (normal) 

 Fetches instructions from on-chip peripheral module 
space*1 

Occurs 

 Fetches instructions from external memory space in 
single-chip mode 

Occurs 

Instruction 
fetch 

 Fetches instructions from access prohibited area.*2 Occurs 

CPU Accesses stack when the stack pointer value is even 
address 

No (normal) Stack 
operation 

 Accesses stack when the stack pointer value is odd Occurs 

CPU Accesses word data from even addresses No (normal) 

 Accesses word data from odd addresses  No (normal) 

 Accesses external memory space in single-chip 
mode 

Occurs 

Data 
read/write 

 Accesses to access prohibited area*2 Occurs 

DTC Accesses word data from even addresses No (normal) 

 Accesses word data from odd addresses  No (normal) 

 Accesses external memory space in single-chip 
mode 

Occurs 

Data 
read/write 

 Accesses to access prohibited area*2 Occurs 

Notes: 1. For on-chip peripheral module space, see section 6, Bus Controller (BSC). 

 2. For the access-prohibited area, see figure 3.1, Address Map (Advanced Mode) in 
section 3.4, Address Map. 
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Figure 6.6   System Clock: External Bus Clock = 2:1, External 3-State Access  
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(4) Number of Access Cycles 

(a) Basic Bus Interface 

The number of access cycles in the basic bus interface can be specified as two or three cycles by 
the ASTCR. An area specified as 2-state access is specified as 2-state access space; an area 
specified as 3-state access is specified as 3-state access space. 

For the 2-state access space, a wait cycle insertion is disabled. For the 3-state access space, a 
program wait (0 to 7 cycles) specified by WTCRA and WTCRB or an external wait by WAIT can 
be inserted. 

In addition, CSACR can extend the assert periods of the chip select signal and address signal. 

Number of access cycles in the basic bus interface  
= number of basic cycles (2, 3) + number of program wait cycles (0 to 7) 
   + number of CS extension cycles (0, 1, 2)  
   [+ number of external wait cycles by the WAIT pin] 

 
(b) Byte Control SRAM Interface 

The number of access cycles in the byte control SRAM interface is the same as that in the basic 
bus interface. 

Number of access cycles in byte control SRAM interface  
= number of basic cycles (2, 3) + number of program wait cycles (0 to 7) 
   + number of CS extension cycles (0, 1, 2) 
   [+ number of external wait cycles by the WAIT pin] 

 
(c) Burst ROM Interface 

The number of access cycles at full access in the burst ROM interface is the same as that in the 
basic bus interface. The number of access cycles in the burst access can be specified as one to 
eight cycles by the BSTS bit in BROMCR. 

Number of access cycles in the burst ROM interface  
= number of basic cycles (2, 3) + number of program wait cycles (0 to 7) 
   + number of CS extension cycles (0, 1) 
   [+number of external wait cycles by the WAIT pin] 
   + number of burst access cycles (1 to 8) × number of burst accesses (0 to 63) 
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8.1 Register Descriptions 

Table 8.2 lists each port registers. 

Table 8.2 Register Configuration in Each Port 

 Registers 

Port 
Number of 
Pins DDR DR PORT ICR PCR ODR 

Port 1 8 O O O O   

Port 2 8 O O O O  O 

Port 3 8 O O O O   

Port 5 8   O O   

Port 6*1 6 O O O O   

Port A 8 O O O O   

Port B*2 4 O O O O   

Port D 8 O O O O O  

Port E 8 O O O O O  

Port F 8 O O O O O O 

Port H 8 O O O O O  

Port I 8 O O O O O  

[Legend] 
O: Register exists 

: No register exists 

Notes: 1. The lower six bits are valid and the upper two bits are reserved. The write value should 
always be the initial value. 

 2. The lower four bits are valid and the upper four bits are reserved. The write value 
should always be the initial value. 
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(7) PA1/BACK/(RD/WR) 

The pin function is switched as shown below according to the combination of bus controller 
register, port function control register (PFCR), and the PA1DDR bit settings. 

Setting 

Bus Controller I/O Port 

Module Name Pin Function BACK_OE 

Byte control 
SRAM 
Selection (RD/WR)_OE PA1DDR 

BACK output 1    

0 1   

Bus controller 

RD/WR output 

0 0 1  

PA1 output 0 0 0 1 I/O port 

PA1 input  
(initial setting) 

0 0 0 0 

 

(8) PA0/BREQO/BS-A 

The pin function is switched as shown below according to the combination of bus controller 
register, port function control register (PFCR), and the PA0DDR bit settings. 

Setting 

I/O Port Bus Controller I/O Port 

Module Name Pin Function BS-A_OE BREQ_OE PA0DDR 

BS-A output 1   Bus controller 

BREQO output 0 1  

PA0 output 0 0 1 I/O port 

PA0 input  
(initial setting) 

0 0 0 
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Table 9.1 TPU Functions 

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 

Count clock P /1 
P /4 
P /16 
P /64 
TCLKA 
TCLKB 
TCLKC 
TCLKD 

P /1 
P /4 
P /16 
P /64 
P /256 
TCLKA 
TCLKB 
TCNT2 

P /1 
P /4 
P /16 
P /64 
P /1024 
TCLKA 
TCLKB 
TCLKC 

P /1 
P /4 
P /16 
P /64 
P /256 
P /1024 
P /4096 
TCLKA 

P /1 
P /4 
P /16 
P /64 
P /1024 
TCLKA 
TCLKC  
TCNT5 

P /1 
P /4 
P /16 
P /64 
P /256 
TCLKA 
TCLKC 
TCLKD 

General registers 
(TGR) 

TGRA_0 
TGRB_0 

TGRA_1 
TGRB_1 

TGRA_2 
TGRB_2 

TGRA_3 
TGRB_3 

TGRA_4 
TGRB_4 

TGRA_5 
TGRB_5 

General registers/ 
buffer registers 

TGRC_0 
TGRD_0 

  TGRC_3 
TGRD_3 

  

I/O pins TIOCA0 
TIOCB0 
TIOCC0 
TIOCD0 

TIOCA1 
TIOCB1 

TIOCA2 
TIOCB2 

TIOCA3 
TIOCB3 
TIOCC3 
TIOCD3 

TIOCA4 
TIOCB4 

TIOCA5 
TIOCB5 

Counter clear function TGR 
compare 
match or 
input 
capture 

TGR 
compare 
match or 
input 
capture 

TGR 
compare 
match or 
input 
capture 

TGR 
compare 
match or 
input 
capture 

TGR 
compare 
match or 
input 
capture  

TGR 
compare 
match or 
input 
capture 

0 output O O O O O O 

1 output O O O O O O 

Compare 
match 
output 

Toggle 
output 

O O O O O O 

Input capture function O O O O O O 

Synchronous 
operation 

O O O O O O 

PWM mode O O O O O O 

Phase counting mode  O O  O O 

Buffer operation O   O   

DTC activation TGR 
compare 
match or 
input 
capture 

TGR 
compare 
match or 
input 
capture 

TGR 
compare 
match or 
input 
capture 

TGR 
compare 
match or 
input 
capture 

TGR 
compare 
match or 
input 
capture 

TGR 
compare 
match or 
input 
capture 
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(4) Timing for Counter Clearing by Compare Match/Input Capture 

Figure 9.34 shows the timing when counter clearing by compare match occurrence is specified, 
and figure 9.35 shows the timing when counter clearing by input capture occurrence is specified. 
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Figure 9.34   Counter Clear Timing (Compare Match) 
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Figure 9.35   Counter Clear Timing (Input Capture) 
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11.2 Input/Output Pins 

Table 11.1 shows the pin configuration of the TMR. 

Table 11.1 Pin Configuration 

Unit Channel Name Symbol I/O Function 

0 0 Timer output pin TMO0 Output Outputs compare match 

  Timer clock input pin TMCI0 Input Inputs external clock for counter 

  Timer reset input pin TMRI0 Input Inputs external reset to counter 

 1 Timer output pin TMO1 Output Outputs compare match 

  Timer clock input pin TMCI1 Input Inputs external clock for counter 

  Timer reset input pin TMRI1 Input Inputs external reset to counter 

1 2 Timer output pin TMO2 Output Outputs compare match 

  Timer clock input pin TMCI2 Input Inputs external clock for counter 

  Timer reset input pin TMRI2 Input Inputs external reset to counter 

 3 Timer output pin TMO3 Output Outputs compare match 

  Timer clock input pin TMCI3 Input Inputs external clock for counter 

  Timer reset input pin TMRI3 Input Inputs external reset to counter 
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13.9 Usage Notes 

13.9.1 Module Stop State Setting 

Operation of the SCI can be disabled or enabled using the module stop control register. The initial 
setting is for operation of the SCI to be halted. Register access is enabled by clearing module stop 
state. For details, see section 18, Power-Down States. 

13.9.2 Break Detection and Processing 

When framing error detection is performed, a break can be detected by reading the RxD pin value 
directly. In a break, the input from the RxD pin becomes all 0s, and so the FER flag is set, and the 
PER flag may also be set. Note that, since the SCI continues the receive operation even after 
receiving a break, even if the FER flag is cleared to 0, it will be set to 1 again. 

13.9.3 Mark State and Break Detection 

When the TE bit is 0, the TxD pin is used as an I/O port whose direction (input or output) and 
level are determined by DR and DDR. This can be used to set the TxD pin to mark state (high 
level) or send a break during serial data transmission. To maintain the communication line in mark 
state (the state of 1) until TE is set to 1, set both DDR and DR to 1. Since the TE bit is cleared to 0 
at this point, the TxD pin becomes an I/O port, and 1 is output from the TxD pin. To send a break 
during serial transmission, first set DDR to 1 and DR to 0, and then clear the TE bit to 0. When the 
TE bit is cleared to 0, the transmitter is initialized regardless of the current transmission state, the 
TxD pin becomes an I/O port, and 0 is output from the TxD pin. 

13.9.4 Receive Error Flags and Transmit Operations (Clocked Synchronous Mode Only) 






