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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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Product List
Tables 1.1.3 and 1.1.4 list the M16C/6S group product and Figure 1.1.2 shows the type numbers, memory

sizes and packages.

Table 1.1.3.  Product List (1) M16C/6S

Table 1.1.4.  Product List (2) M16C/6S D-version

Figure 1.1.2.  Type No., Memory Size, and Package

RAM capacityROM capacity Package type RemarksType No.

Current of Dec. 2012

Flash memoryM306S0FAGP PLQP0064KB-A (64P6Q-A)96K bytes 24K bytes

Product Code

U3, U5

RAM capacityROM capacity Package type RemarksType No.

Flash memoryM306S0FADGP PLQP0064KB-A (64P6Q-A)96K bytes 24K bytes

Product Code

U3

Flash memoryM306S0F8DGP PLQP0064KB-A (64P6Q-A)64K bytes 24K bytes U3

Current of Dec. 2012

Package type:
    GP 

Product code
    See Tables 1.1.5 and 1.1.6 Product code

 : Package 64P6Q-A

Version
    (no) : M16C/6S 
    D     : M16C/6S D-version

ROM capacity:

Memory type:

    8: 64K bytes
    A: 96K bytes

    F: Flash memory version

Type No.      M 3 0 6 S  0  F  A  D  G P  –  U3

M16C/6S Group

M16C Family

Shows RAM capacity, pin count, etc
(The value itself has no specific meaning)
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P91/SIN3

P92/SOUT3
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P70/TXD2/SDA2/TA0OUT(Note)
P71/RXD2/SCL2/TA0IN

RESET

VSS

P73/CTS2/RTS2/TA1IN

P64/CTS1/RTS1/CLKS1

P60/CTS0/RTS0
P66/RXD1/SCL1

P67/TXD1/SDA1

P90/CLK3

TS

M16C/6S
YITRAN IT800

Pin Configuration
Figures 1.1.4 show the pin configurations (top view).

Package: PLQP0064KB-A (64P6Q-A)

Figure 1.1.4.  Pin Configuration  (Top View)

PIN CONFIGURATION (top view)

Note: P70 is N channel open-drain output pins.
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Memory
Figure 1.2.1 is a memory map of the M16C/6S group. The address space extends the 1M bytes from

address 0000016 to FFFFF16.

The internal ROM is allocated in a lower address direction beginning with address FFFFF16. For example,

a 96-Kbyte internal ROM is allocated to the addresses from E800016 to FFFFF16.

The fixed interrupt vector table is allocated to the addresses from FFFDC16 to FFFFF16. Therefore, store

the start address of each interrupt routine here.

The internal RAM is allocated in an upper address direction beginning with address 0040016. For example,

a 24-Kbytes internal RAM is allocated to the addresses from 0040016 to 063FF16. In addition to storing

data, the internal RAM also stores the stack used when calling subroutines and when interrupts are gener-

ated.

The SRF is allocated to the addresses from 0000016 to 003FF16. Peripheral function control registers are

located here. Of the SFR, any area which has no functions allocated is reserved for future use and cannot

be used by users.

The special page vector table is allocated to the addresses from FFE0016 to FFFDB16. This vector is used

by the JMPS or JSRS instruction. For details, refer to the “M16C/60, M16C/20, and M16C/Tiny Series

Software Manual.”

Figure 1.2.1.  Memory Map

0000016

XXXXX16 

Internal ROM

SFR 

Internal RAM

Can not Use

FFE0016  

FFFDC16

FFFFF16  

 

Undefined instruction

Overflow
BRK instruction
Address match

Single step
Watchdog timer

Reset

Special page
vector table

DBC
Reserved

Address XXXXX16Size Address YYYYY16Size

E80001696K bytes

F00001664K bytes

0040016

YYYYY16 

FFFFF16 

063FF1624K bytes

Internal RAM Internal ROM

Note 1: Shown here is a memory map for the case where the PM13 bit 
in the PM1 register is “1”.
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Reset
There are four types of resets: a hardware reset, a software reset, an watchdog timer reset, and an oscilla-

tion stop detection reset.

Hardware Reset
____________ ____________

A reset is applied using the RESET pin. When an “L” signal is applied to the RESET pin while the

power supply voltage is within the recommended operating condition, the pins are initialized (see

Table 1.5.1). The oscillation circuit is initialized and the main clock starts oscillating. When the input
____________

level at the RESET pin is released from “L” to “H”, the CPU and SFR are initialized, and the program

is executed starting from the address indicated by the reset vector. The internal RAM is not initialized.
____________

If the RESET pin is pulled “L” while writing to the internal RAM, the internal RAM becomes indetermi-

nate.

Figure 1.5.1 shows the example reset circuit. Figure 1.5.2 shows the reset sequence. Table 1.5.1
____________

shows the statuses of the other pins while the RESET pin is “L”. Figure 1.5.3 shows the CPU register

status after reset. Refer to “SFR” for SFR status after reset.

1. When the power supply is stable
____________

(1) Apply an “L” signal to the RESET pin.

(2) Supply a clock for 20 cycles or more to the XIN pin.
____________

(3) Apply an “H” signal to the RESET pin.

2. Power on
____________

(1) Apply an “L” signal to the RESET pin.

(2) Let the power supply voltage increase until it meets the recommended operating condition.

(3) Wait td(P-R) or more until the internal power supply stabilizes.

(4) Supply a clock for 20 cycles or more to the XIN pin.
____________

(5) Apply an “H” signal to the RESET pin.
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Figure 1.7.7.  State Transition to Stop Mode and Wait Mode

Reset 

Medium-speed mode
(divided-by-8 mode)

High-speed, medium-
speed mode

Stop mode Wait mode 
Interrupt

CM10=1

Interrupt

Normal mode

CM10=1

Stop mode 

All oscillators stopped

Interrupt
Wait mode 

WAIT 
instruction
(Note 1)

Interrupt

CPU operation stopped

Note 1: When the PM21 bit = 0 (system clock protective function unused).
Note 2: The On-chip Oscillator clock divided by 8 provides the CPU clock.
Note 3: Write to the CM0 register and CM1 register simultaneously by accessing in word units while CM21=0 (On-chip Oscillator turned off).

On-chip Oscillator mode Wait mode 
Interrupt

CM10=1

Interrupt
(Note 2)

Stop mode 

WAIT 
instruction
(Note 1)

WAIT 
instruction
(Note 1)

Figure 1.7.7 shows the state transition from normal operation mode to stop mode and wait mode.
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Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral function interrupts.

(1) Special Interrupts

Special interrupts are non-maskable interrupts.
________

• DBC Interrupt

Do not normally use this interrupt because it is provided exclusively for use by development support

tools.

• Watchdog Timer Interrupt

Generated by the watchdog timer. Once a watchdog timer interrupt is generated, be sure to initialize

the watchdog timer. For details about the watchdog timer, refer to the section "watchdog timer".

• Oscillation Stop and Re-oscillation Detection Interrupt

Generated by the oscillation stop and re-oscillation detection function. For details about the oscilla-

tion stop detection function, refer to the section "clock generating circuit".

• Single-step Interrupt

Do not normally use this interrupt because it is provided exclusively for use by development support

tools.

• Address Match Interrupt

An address match interrupt is generated immediately before executing the instruction at the address

indicated by the RMAD0 to RMAD3 register that corresponds to one of the AIER register’s AIER0 or

AIER1 bit or the AIER2 register’s AIER20 or AIER21 bit which is "1" (address match interrupt en-

abled). For details about the address match interrupt, refer to the section "address match interrupt".

(2) Peripheral Function Interrupts

Peripheral function interrupts are maskable interrupts and generated by the microcomputer's internal

functions.  The interrupt sources for peripheral function interrupts are listed in Table 1.9.1. For details

about the peripheral functions, refer to the description of each peripheral function in this manual.
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Interrupt sources

7

Level that is set to IPL

Watchdog timer
_________

Software, address match, DBC, single-step Not changed

Variation of IPL when Interrupt Request is Accepted
When a maskable interrupt request is accepted, the interrupt priority level of the accepted interrupt is set

in the IPL.

When a software interrupt or special interrupt request is accepted, one of the interrupt priority levels listed

in Table 1.9.5 is set in the IPL. Shown in Table 1.9.5 are the IPL values of software and special interrupts

when they are accepted.

Table 1.9.5.  IPL Level That is Set to IPL When A Software or Special Interrupt Is Accepted

Instruction Interrupt sequence Instruction in 
interrupt routine

Time

Interrupt response time

(a) (b)

Interrupt request acknowledgedInterrupt request generated

(a) A time from when an interrupt request is generated till when the instruction then 
executing is completed. The length of this time varies with the instruction being 
executed. The DIVX instruction requires the longest time, which is equal to 30 cycles 
(without wait state, the divisor being a register). 

  
(b) A time during which the interrupt sequence is executed. For details, see the table 

below. Note, however, that the values in this table must be increased 2 cycles for the 
DBC interrupt and 1 cycle for the address match and single-step interrupts.

Interrupt vector address

Even

Even

Odd

Odd

SP value

Even

Odd 

Even

Odd 

16-Bit bus, without wait

18 cycles

19 cycles

19 cycles

20 cycles

8-Bit bus, without wait

20 cycles

20 cycles

20 cycles

20 cycles

Figure 1.9.5.  Interrupt response time

Interrupt Response Time
Figure 1.9.5 shows the interrupt response time. The interrupt response or interrupt acknowledge time

denotes a time from when an interrupt request is generated till when the first instruction in the interrupt

routine is executed. Specifically, it consists of a time from when an interrupt request is generated till when

the instruction then executing is completed ((a) in Figure 1.9.5) and a time during which the interrupt

sequence is executed ((b) in Figure 1.9.5).
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Watchdog Timer
The watchdog timer is the function of detecting when the program is out of control. Therefore, we recom-

mend using the watchdog timer to improve reliability of a system. The watchdog timer contains a 15-bit

counter which counts down the clock derived by dividing the CPU clock using the prescaler. Whether to

generate a watchdog timer interrupt request or apply a watchdog timer reset as an operation to be per-

formed when the watchdog timer underflows after reaching the terminal count can be selected using the

PM12 bit of PM1 register. The PM12 bit can only be set to “1” (reset). Once this bit is set to “1”, it cannot be

set to “0” (watchdog timer interrupt) in a program.

The pin, CPU and SFR initialized where the monitor timer underflows when the PM12 bit is “1” are the same

as in software reset.

When the main clock is selected for CPU clock, the divide-by-N value for the prescaler can be chosen to be

16 or 128. The period of watchdog timer can be calculated as given below. The period of watchdog timer is,

however, subject to an error due to the prescaler.

For example, when CPU clock = 16 MHz and the divide-by-N value for the prescaler= 16, the watchdog

timer period is approx. 32.8 ms.

The watchdog timer is initialized by writing to the WDTS register. The prescaler is initialized after reset.

Note that the watchdog timer and the prescaler both are inactive after reset, so that the watchdog timer is

activated to start counting by writing to the WDTS register.

In stop mode and wait mode, the watchdog timer and prescaler are stopped. Counting is resumed from the

held value when the modes or state are released.

Figure 1.10.1 shows the block diagram of the watchdog timer. Figure 1.10.2 shows the watchdog timer-

related registers.

• Count source protective mode

In this mode, a On-chip Oscillator clock is used for the watchdog timer count source. The watchdog timer

can be kept being clocked even when CPU clock stops as a result of run-away.

Before this mode can be used, the following register settings are required:

(1) Set the PRC1 bit of PRCR register to “1” (enable writes to PM1 and PM2 registers).

(2) Set the PM12 bit of PM1 register to “1” (reset when the watchdog timer underflows).

(3) Set the PM22 bit of PM2 register to “1” (On-chip Oscillator clock used for the watchdog timer count source).

(4) Set the PRC1 bit of PRCR register to “0” (disable writes to PM1 and PM2 registers).

(5) Write to the WDTS register (watchdog timer starts counting).

With main clock chosen for CPU clock

Prescaler dividing (16 or 128) X Watchdog timer count (32768)

CPU clock
Watchdog timer period =
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Transfer unit Access address No. of read No. of write

cycles cycles

8-bit transfers Even 1 1

(DMBIT= “1”) Odd 1 1

16-bit transfers Even 1 1

(DMBIT= “0”) Odd 2 2

Table 1.11.2.  DMA Transfer Cycles

Table 1.11.3.  Coefficient j, k
Internal ROM, RAM SFR

No wait With wait

1

1

2

2

3

3

j

k

Notes:
 1. Depends on the set value of CSE register
 2. Depends on the set value of PM20 bit in P

2

2

1-wait2 2-wait2

2. DMA Transfer Cycles
Any combination of even or odd transfer read and write addresses is possible. Table 1.11.2 shows the

number of DMA transfer cycles. Table 1.11.3 shows the Coefficient j, k.

The number of DMAC transfer cycles can be calculated as follows:

No. of transfer cycles per transfer unit = No. of read cycles x j + No. of write cycles x k
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Item Specification

Count source f1, f2, f8, f32

Count operation • Down-count

• When the timer underflows, it reloads the reload register contents and continues counting

Divide ratio 1/(n+1) n: set value of TAiMR register (i= 0 to 4)      000016 to FFFF16

Count start condition Set TAiS bit of TABSR register to “1” (= start counting)

Count stop condition Set TAiS bit to “0” (= stop counting)

Interrupt request generation timing Timer underflow

TAiIN pin function I/O port or gate input i≠2, 3

TAiOUT pin function I/O port or pulse output

Read from timer Count value can be read by reading TAi register

Write to timer • When not counting and until the 1st count source is input after counting start

Value written to TAi register is written to both reload register and counter

• When counting (after 1st count source input)

Value written to TAi register is written to only reload register

(Transferred to counter when reloaded next)

Select function • Gate function

Counting can be started and stopped by an input signal to TAiIN pin

• Pulse output function

Whenever the timer underflows, the output polarity of TAiOUT pin is inverted.

When not counting, the pin outputs a low.

1. Timer Mode
In timer mode, the timer counts a count source generated internally (see Table 1.12.1).  Figure 1.12.6

shows TAiMR register in timer mode.

Table 1.12.1.  Specifications in Timer Mode

Note 1: TA0OUT pin is N-channel open drain output.
Note 2: The port direction bit for the TAi

There are not TA2IN and TA3IN.

IN pin must be set to “0” (= input mode). 

Timer Ai mode register (i=0 to 4)

 Symbol Address After reset  
 TA0MR to TA4MR 039616 to 039A16 0016

Bit name FunctionBit symbol RW

b7 b6 b5 b4 b3 b2 b1 b0

Operation mode 
select bit 0 0 : Timer mode

b1 b0 

TMOD1

TMOD0 

MR0 Pulse output function 
select bit

0 : Pulse is not output
     (TAiOUT pin is a normal port pin)
1 : Pulse is output (Note 1)
      (TAiOUT pin is a pulse output pin)

Gate function select bit
0 0 :      Gate function not available
0 1 :      (TAiIN pin functions as I/O port)
1 0 : Counts while input on the TAi IN pin
        is low     (Note 2)
1 1 : Counts while input on the TAi IN pin
        is high    (Note 2)

b4 b3

MR2

MR1

MR3 Must be set to “0” in timer mode

0 0 : f1 or f2 
0 1 : f8 
1 0 : f
1 1 : Do not set

32 

b7 b6 

TCK1

TCK0 Count source select bit

0 00

RW

RW

RW

RW

RW

RW

RW

RW

}

Figure 1.12.6.  Timer Ai Mode Register in Timer Mode
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Figure 1.12.10.  TAiMR Register in PWM Mode

Bit name

Timer Ai mode register  (i= 0 to 4)  

 Symbol Address After reset  
 TA0MR to TA4MR 039616 to 039A16 0016

FunctionBit symbol

b7 b6 b5 b4 b3 b2 b1 b0

Operation mode 
select bit 1 1 : PWM mode

b1 b0 

TMOD1
TMOD0

MR0

MR2

MR1

MR3

0 0 : f1 or f2
0 1 : f8
1 0 : f
1 1 : Do not set

32

b7 b6 

TCK1

TCK0 Count source select bit

RW

1 11

Must be set to “1” in PWM mode

16/8-bit PWM mode 
select bit

0: Functions as a 16-bit pulse width modulator
1: Functions as an 8-bit pulse width modulator

Trigger select bit

External trigger select 
bit (Note 2)

0: Falling edge of input signal to TAi IN pin(Note 3)
1: Rising edge of input signal to TAi IN pin(Note 3)

RW

RW

RW

RW

RW

RW

RW

RW

(Note 1)

0 : TAiOS bit is enabled
1 : Selected by TAiTGH to TAiTGL bits

Note 1: TA0OUT pin is N-channel open drain output.
Note 2: Effective when the TAiGH and TAiGL bits of ONSF or TRGSR register are ‘00 2’ (TAi IN pin input). 
Note 3: The port direction bit for the TAi

There are not TA2IN and TA3IN. 
IN pin must be set to “0” (= input mode).
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Table 1.16.4.  I2C Mode Functions
Function I2C Mode (SMD2 to SMD0 = 010b, IICM = 1)Clock Synchronous Serial I/O 

Mode (SMD2 to SMD0 = 001b, 
IICM = 0)

Factor of Interrupt Number 
15, 17 and 19 (1, 6)

No acknowledgment 
detection (NACK) 
Rising edge of SCLi 9th bit

Factor of Interrupt Number 
16, 18 and 20 (1, 6)

Start condition detection or stop condition detection
(See Table 1.16.5  STSPSEL Bit Functions)

UARTi Transmission 
Output Delay

Functions of P6_3, P6_7 
and P7_0 Pins

Noise Filter Width

Read RXDi and SCLi Pin 
Levels

Factor of Interrupt Number 
6, 7 and 10 (1, 5, 7)

Acknowledgment detection 
(ACK) 
Rising edge of SCLi 9th bit

Initial Value of TXDi and 
SDAi Outputs

UARTi transmission
Transmission started or 
completed (selected by UiIRS)
UARTi reception
When 8th bit received
CKPOL = 0 (rising edge)
CKPOL = 1 (falling edge)

Not delayed

TXDi output

RXDi input

CLKi input or output selected

15ns

Possible when the 
corresponding port direction bit 
= 0

CKPOL = 0 (H)
CKPOL = 1 (L)

Delayed 

SDAi input/output

SCLi input/output

(Cannot be used in I2C mode)

Initial and End Values of 
SCLi

H

200ns

Always possible no matter how the corresponding port direction bit is set

The value set in the port register before setting I2C mode (2)

Timing for Transferring 
Data From the UART 
Reception Shift Register to 
the UiRB Register

 IICM2 = 0 
(NACK/ACK interrupt)

IICM2 = 1
(UART transmit/ receive interrupt)

CKPH = 1
(Clock delay) 

 CKPH = 1
(Clock delay)

UARTi transmission
Rising edge of 
SCLi 9th bit

UARTi transmission
Falling edge of SCLi 
next to the 9th bit

UARTi reception
Falling edge of SCLi 9th bit

CKPOL = 0 (rising edge)
CKPOL = 1 (falling edge)

Rising edge of SCLi 9th bit Falling edge of 
SCLi 9th bit

Falling and rising 
edges of SCLi 9th 
bit

Functions of P6_2, P6_6 
and P7_1 Pins

Functions of P6_1, P6_5 
and P7_2 Pins

i = 0 to 2
NOTES :

1. If the source or cause of any interrupt is changed, the IR bit in the interrupt control register for the changed interrupt may 
inadvertently be set to “1” (interrupt requested). (Refer to Changing the Interrupt Generate Factor.)  
If one of the bits shown below is changed, the interrupt source, the interrupt timing, etc. change. Therefore, always be sure to 
clear the IR bit to “0” (interrupt not requested) after changing those bits.
SMD2 to SMD0 bits in the UiMR register, IICM bit in the UiSMR register, IICM2 bit in the UiSMR2 register, CKPH bit in the 
UiSMR3 register

2. Set the initial value of SDAi output while the SMD2 to SMD0 bits in the UiMR register = 000b (serial I/O disabled).
3. Second data transfer to UiRB register (Rising edge of SCLi 9th bit)
4. First data transfer to UiRB register (Falling edge of SCLi 9th bit)
5. See Figure 1.16.4  STSPSEL Bit Functions.
6. See Figure 1.16.2  Transfer to UiRB Register and Interrupt Timing.
7. When using UART0, be sure to set the IFSR26 bit in the IFSR2A register to “1” (factor of interrupt: UART0 bus collision).  

When using UART1, be sure to set the IFSR27 bit to “1” (factor of interrupt: UART1 bus collision).  

DMA1 Factor (6) UARTi reception Acknowledgment detection 
(ACK) 

UARTi reception
Falling edge of SCLi 9th bit

Store Received Data
1st to 8th bits of the received 
data are stored into bits 7 to 0 
in the UiRB register 

1st to 8th bits of the received 
data are stored into bits 7 to 0 
in the UiRB register 

1st to 7th bits of the received data are 
stored into bits 6 to 0 in the UiRB 
register.  8th bit is stored into bit 8 in the  
UiRB register.

L

Bits 6 to 0 in the UiRB 
register (4) are read as 
bits 7 to 1.  Bit 8 in the 
UiRB register is read as 
bit 0. 

Read Received Data The UiRB register status is read 

CKPH = 0
(No clock delay) 

CKPH = 0
(No clock delay) 

HL

1st to 8th bits are stored 
into bits 7 to 0 in the 
UiRB register (3)



M16C/6S Group Special Mode

R01DS0201EJ0502  Rev.5.02 page 124 of 203
Dec 25, 2012

Table 1.16.5.  STSPSEL Bit Functions

Figure 1.16.4.  STSPSEL Bit Functions

Function

Output of SCLi and SDAi pins

Star/stop condition interrupt

request generation timing

STSPSEL = 0

Output of transfer clock and

data

Output of start/stop condition is

accomplished by a program

using ports (not automatically

generated in hardware)

Start/stop condition detection

STSPSEL = 1

Output of a start/stop condition

according to the STAREQ,

RSTAREQ and STPREQ bit

Finish generating start/stop condi-

tion

Start condition 
detection interrupt

Stop condition 
detection interrupt

(1) When slave
     CKDIR=1 (external clock)

Start condition 
detection interrupt

Stop condition 
detection interrupt

(2) When master
     CKDIR=0 (internal clock), CKPH=1 (clock delayed)

SDAi

SCLi

Set STAREQ=
1 (start)

Set STPREQ=
1 (start)

STPSEL bit 0

SDAi

SCLi

STPSEL bit

Set to “1” in 
a program

Set to “0” in 
a program

Set to “1” in 
a program

Set to “0” in 
a program

   1st   2nd   3rd  4th  5th   6th  7th   8th  9th bit 

  1st   2nd  3rd   4th  5th   6th  7th   8th   9th bit 

• Arbitration

Unmatching of the transmit data and SDAi pin input data is checked synchronously with the rising

edge of SCLi. Use the UiSMR register’s ABC bit to select the timing at which the UiRB register’s ABT

bit is updated. If the ABC bit = 0 (updated bitwise), the ABT bit is set to “1” at the same time

unmatching is detected during check, and is cleared to “0” when not detected. In cases when the ABC

bit is set to “1”, if unmatching is detected even once during check, the ABT bit is set to “1” (unmatching

detected) at the falling edge of the clock pulse of 9th bit. If the ABT bit needs to be updated bytewise,

clear the ABT bit to “0” (undetected) after detecting acknowledge in the first byte, before transferring

the next byte.

Setting the UiSMR2 register’s ALS bit to “1” (SDA output stop enabled) causes arbitration-lost to

occur, in which case the SDAi pin is placed in the high-impedance state at the same time the ABT bit

is set to “1” (unmatching detected).
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Port Pi register (i=1, 4 to 7 and 9)
 Symbol  Address

(Note 2)
After reset

P1  03E116  Indeterminate
P4 to P7  03E816, 03E916, 03EC16, 03ED16 Indeterminate
P9  03F116  Indeterminate

Bit name FunctionBit symbol RW

b7 b6 b5 b4 b3 b2 b1 b0

Pi_0 Port Pi0 bit

Pi_1 Port Pi1 bit

Pi_2 Port Pi2 bit

Pi_3 Port Pi3 bit

Pi_4 Port Pi4 bit

Pi_5 Port Pi5 bit

Pi_6 Port Pi6 bit

Pi_7 Port Pi7 bit

The pin level on any I/O port which is 
set for input mode can be read by 
reading the corresponding bit in this 
register. 
The pin level on any I/O port which is 
set for output mode can be controlled 
by writing to the corresponding bit in 
this register 
0 : “L” level 
1 : “H” level  (Note 1)

(i = 0 to 7 and 9 to 13)

Port P8 register 

 Symbol Address After reset
  P8 03F016 Indeterminate

Bit name FunctionBit symbol

b7 b6 b5 b4 b3 b2 b1 b0

P8_0 Port P80 bit

P8_1 Port P81 bit

P8_2 Port P82 bit

P8_3 Port P83 bit

P8_4 Port P84 bit

P8_5 Port P85 bit

P8_6 Port P86 bit

P8_7 Port P87 bit

The pin level on any I/O port which is 
set for input mode can be read by 
reading the corresponding bit in this 
register. 
The pin level on any I/O port which is 
set for output mode can be controlled 
by writing to the corresponding bit in 
this register (except for P85)
0 : “L” level
1 : “H” level

Note 1: Since P70 is N-channel open drain ports, the data is high-impedance.

RW
RW
RW
RW
RW

RW
RW
RW

RW
RW
RW

RW

RW
RW

RW
RW

RO

Note 2: Set P1_0 and P1_1 bits to “0.”

Figure 1.18.7.  P1, P4 to P9
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Figure 1.21.3.  Setting and Resetting of EW1 Mode

Single-chip mode 

Set CM0, CM1, and PM1 registers (Note 1)

Set the FMR01 bit by writing “0” and then “1” (CPU 
rewrite mode enabled) 
Set the FMR11 bit by writing “0” and then “1” (EW1 
mode) (Note 2)

Program in ROM 

EW1 mode operation procedure

Execute software commands

Write “0” to the FMR01 bit
(CPU rewrite mode disabled)

Note 1: Select 10 MHz or less for CPU clock using the CM0 register’s CM06 bit and CM1 
register’s CM17 to 6 bits. Also, set the PM1 register’s PM17 bit to “1” (with wait 
state).

Note 2: To set the FMR01 bit to “1”, write “0” and then “1” in succession. Make sure no 
interrupts or no DMA transfers will occur before writing “1” after writing “0”.

 Write to the FMR01 bit from a program in other than the flash memory. Also write 
only when the NMI pin is “H” level.
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Start 

Program 
completed

YES

NO

Note: Write the command code and data at even number.

Write the command code ‘xx4016’ 
to the write address

Write data to the write address

FMR00=1?

Full status check

Figure 1.21.4. Program Command

Clear Status Register Command (5016)
This command clears the status register to “0”.

Write ‘xx5016’ in the first bus cycle, and the FMR06 to FMR07 bits in the FMR0 register and SR4 to

SR5 in the status register will be cleared to “0”.

Program Command (4016)

This command writes data to the flash memory in 1 word (2 byte) units.

Write ‘xx4016’ in the first bus cycle and write data to the write address in the second bus cycle, and an

auto program operation (data program and verify) will start. Make sure the address value specified in

the first bus cycle is the same even address as the write address specified in the second bus cycle.

Check the FMR00 bit in the FMR0 register to see if auto programming has finished. The FMR00 bit is

“0” during auto programming and set to “1” when auto programming is completed.

Check the FMR06 bit in the FMR0 register after auto programming has finished, and the result of auto

programming can be known. (Refer to “Full Status Check.”)

Writing over already programmed addresses is inhibited.

Moreover, when FMR02 bit of FMR0 register is “0” (rewriting is disable), the program command to

block 0 and block 1 is not received. Just behind a program command, when you execute commands

other than a program command, please make it the address value which was specified by the 2nd bus

cycle of a program command and which writes in and specifies the same address as an address by

the 1st bus cycle of the following command.

In EW1 mode, do not execute this command on any address at which the rewrite control program is

located.

In EW0 mode, the microcomputer goes to read status register mode at the same time auto program-

ming starts, making it possible to read the status register. The status register bit 7 (SR7) is cleared to

“0” at the same time auto programming starts, and set back to “1” when auto programming finishes. In

this case, the microcomputer remains in read status register mode until a read command is written

next. The result of auto programming can be known by reading the status register after auto program-

ming has finished.
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Figure 1.23.3 Consists of Preamp circuit

0.1 F

3.3V

10k

Vref

M16C/6S

Pre_BOut

10k

Pre-InP

Pre-InN

Input filter Amplifier

Buffer

GVO=0dB

No-load

DC to 1MHz

DC to 1MHz

DC to 1MHz

Vdd

Vof

GVO

BW

CMIR

CMRR

PSRR

Standard voltage

Common mode rejection ratio

Power supply rejection ratio

Input off-set voltage

Open loop gain

Gain band width

Common mode input range

MaxTypMin

3.3 3.6

15

70

40
30

5

3.0

0.7 Vdd-0.7

V

dB

dB

mV

V

dB

MHz

ConditionSymbol
Electrical Characteristics

UnitParameter

(2)Receiving circuit
(a)Preamplifier

A preamplifier circuit consists of two CMOS operational amplifiers as shown in Figure 1.23.3, the first

opamp is  connected as gain stage with gain of 20dB and the second opamp is connected as a voltage

follower for  driving of external filter.

Table 1.23.2 Preamp Electrical Characteristics (Ta = 25°C unless otherwise specified)
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General Precautions in the Handling of MPU/MCU Products 

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes 
on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under 
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each 
other, the description in the body of the manual takes precedence. 

1. Handling of Unused Pins 
Handle unused pins in accord with the directions given under Handling of Unused Pins in the 
manual. 
 The input pins of CMOS products are generally in the high-impedance state. In operation 

with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the 
vicinity of LSI, an associated shoot-through current flows internally, and malfunctions occur 
due to the false recognition of the pin state as an input signal become possible. Unused 
pins should be handled as described under Handling of Unused Pins in the manual. 

2. Processing at Power-on 
The state of the product is undefined at the moment when power is supplied. 
 The states of internal circuits in the LSI are indeterminate and the states of register 

settings and pins are undefined at the moment when power is supplied. 
In a finished product where the reset signal is applied to the external reset pin, the states 
of pins are not guaranteed from the moment when power is supplied until the reset 
process is completed. 
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset 
function are not guaranteed from the moment when power is supplied until the power 
reaches the level at which resetting has been specified. 

3. Prohibition of Access to Reserved Addresses 
Access to reserved addresses is prohibited. 
 The reserved addresses are provided for the possible future expansion of functions. Do 

not access these addresses; the correct operation of LSI is not guaranteed if they are 
accessed. 

4. Clock Signals 
After applying a reset, only release the reset line after the operating clock signal has become 
stable. When switching the clock signal during program execution, wait until the target clock 
signal has stabilized. 
 When the clock signal is generated with an external resonator (or from an external 

oscillator) during a reset, ensure that the reset line is only released after full stabilization of 
the clock signal. Moreover, when switching to a clock signal produced with an external 
resonator (or by an external oscillator) while program execution is in progress, wait until 
the target clock signal is stable. 

5. Differences between Products 
Before changing from one product to another, i.e. to one with a different part number, confirm 
that the change will not lead to problems. 
 The characteristics of MPU/MCU in the same group but having different part numbers may 

differ because of the differences in internal memory capacity and layout pattern. When 
changing to products of different part numbers, implement a system-evaluation test for 
each of the products. 


