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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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Mounting Type Surface Mount
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FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)
The MCU uses the standard 740 family instruction set. Refer to
the table of 740 family addressing modes and machine-language
instructions or the SERIES 740 <SOFTWARE> USER’S MANUAL
for details on each instruction set.
Machine-resident 740 family instructions are as follows:
1. The FST and SLW instructions cannot be used.
2. The MUL and DIV instructions can be used.
3. The WIT instruction can be used.
4. The STP instruction can be used.

Accumulator (A)
The accumulator is an 8-bit register. Data operations such as data
transfer, etc., are executed mainly through the accumulator.

Index register X (X), Index register Y (Y)
Both index register X and index register Y are 8-bit registers. In
the index addressing modes, the value of the OPERAND is added
to the contents of register X or register Y and specifies the real
address.
When the T flag in the processor status register is set to “1”, the
value contained in index register X becomes the address for the
second OPERAND.

Stack pointer (S)
The stack pointer is an 8-bit register used during subroutine calls
and interrupts. The stack is used to store the current address data
and processor status when branching to subroutines or interrupt
routines.
The lower eight bits of the stack address are determined by the
contents of the stack pointer. The upper eight bits of the stack ad-
dress are determined by the Stack Page Selection Bit. If the Stack
Page Selection Bit is “0”, then the RAM in the zero page is used
as the stack area. If the Stack Page Selection Bit is “1”, then RAM
in page 1 is used as the stack area.
The Stack Page Selection Bit is located in the SFR area in the
zero page. Note that the initial value of the Stack Page Selection
Bit varies with each microcomputer type. Also some microcom-
puter types have no Stack Page Selection Bit and the upper eight
bits of the stack address are fixed. The operations of pushing reg-
ister contents onto the stack and popping them from the stack are
shown in Fig. 5.

Program counter (PC)
The program counter is a 16-bit counter consisting of two 8-bit
registers PCH and PCL. It is used to indicate the address of the
next instruction to be executed.

Fig. 4 740 Family CPU register structure
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Memory
Special function register (SFR) area
The SFR area in the zero page contains control registers such as
I/O ports and timers.

RAM
RAM is used for data storage and for a stack area of subroutine
calls and interrupts.

ROM
The first 128 bytes and the last 2 bytes of ROM are reserved for
device testing and the rest is a user area for storing programs.

Interrupt vector area
The interrupt vector area contains reset and interrupt vectors.
Zero page
The 256 bytes from addresses 000016 to 00FF16 are called the
zero page area. The internal RAM and the special function regis-
ters (SFR) are allocated to this area.
The zero page addressing mode can be used to specify memory
and register addresses in the zero page area. Access to this area
with only 2 bytes is possible in the zero page addressing mode.

Special page
The 256 bytes from addresses FF0016 to FFFF16 are called the
special page area. The special page addressing mode can be
used to specify memory addresses in the special page area. Ac-
cess to this area with only 2 bytes is possible in the special page
addressing mode.

Fig. 6 Memory map diagram

ROM capacity
(bytes)

address
YYYY16

address
ZZZZ16

8192 E00016 E08016

16384 C00016 C08016

FF0016

FFDC16

FFD4 16

FFFE16

FFFF16

YYYY16

ZZZZ16

ROM

Function set ROM function area

010016 

000016

004016

044016 

XXXX16

RAM

Reserved area

SFR area

Not used

RAM area
RAM capacity
(bytes)

address 
XXXX16

512 023F16

384 01BF16

Function set ROM consists of the followings:
- Function set ROM data to set peripheral 
  functions to be  active immediately after system 
  is released from reset, 
- ROM code protect to disable the reading of 
  the built-in PROM area by serial programmer, 
- Renesas shipment test area where random 
  data are written in when shipment test is 
  performed by Renesas.

ROM area

Reserved ROM area
(128 bytes)

Interrupt vector area

Reserved ROM area

Zero page

Special page

Address

FFD416

FFD516

FFD616

Renesas shipment test are

Renesas shipment test area

Renesas shipment test area

Renesas shipment test area

a

FFD716

FFD816

FFD916

FFDA16

FFDB16

Function set ROM data 2

Function set ROM data 1

Function set ROM data 0

ROM code protect

ROM Code Protect Address (address FFDB16)
Address FFDB16, which is the reserved ROM area of QzROM, is
the ROM code protect address. “0016” is written into this address
when selecting the protect bit write by using a serial programmer
or selecting protect enabled for writing shipment by Renesas
Technology corp.. When “0016” is set to the ROM code protect ad-
dress, the protect function is enabled, so that reading or writing
from/to QzROM is disabled by a serial programmer.
As for the QzROM product in blank, the ROM code is protected by
selecting the protect bit write at ROM writing with a serial pro-
grammer.
As for the QzROM product shipped after writing, “0016” (protect
enabled) or “FF16” (protect disabled) is written into the ROM code
protect address when Renesas Technology corp. performs writing.
The writing of “0016” or “FF16” can be selected as the ROM option
setup (referred to as “Mask option setup” in MM) when ordering.

■  Notes
Because the contents of RAM are indefinite at reset, set initial val-
ues before using.
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Fig. 8 Switching method of CPU mode register

Fig. 7 Structure of CPU mode register

Oscillation mode selection bit (Note 1, Note 4)
    0  : Ceramic oscillation
    1  : RC oscillation

CPU mode register (Note 1)
 (CPUM: address 003B16, initial value: 8016) 

Stack page selection bit
    0  : 0 page
    1  : 1 page

Clock division ratio selection bits
   b7  b6  
    0    0   :  f(φ) = f(XIN)/2 (High-speed mode)
    0    1   :  f(φ) = f(XIN)/8 (Middle-speed mode)
    1    0   :  applied from on-chip oscillator
    1    1   :   f(φ) = f(XIN)/1 (Double-speed mode)(Note 5)

On-chip oscillator oscillation control bit (Note 3)
    0  : On-chip oscillator oscillation enabled
    1  : On-chip oscillator oscillation stop

XIN oscillation control bit
    0  : Ceramic or RC oscillation enabled
    1  : Ceramic or RC oscillation stop

Processor mode bits
   b1  b0
    0    0   Single-chip mode
    0    1   Not available
    1    0   Not available
    1    1   Not available

Note�1:�When the setting by the function set ROM data 2 (FSROM2) is performed, the initial value of CPUM is changed 
� � after releasing reset since bit 5 of CPUM is fixed. 
� 2: The setting values of FSROM2 become valid by setting “0” to bit 0 of function set ROM data 0 (FSROM0).
� � The setting values of FSROM2 are invalid by setting “1” to this bit.
� � (In order that FSROM2 is invalid, write to CPUM after releasing reset.) 
� 3:�When bit 4 of FSROM2 is set to “0”, the operation of on-chip oscillator cannot be stopped. 
� � Since the on-chip oscillator is not stopped also in the stop mode, the dissipation current in the stop mode is increased. 
� 4:�The setting value of bit 5 of CPUM can be fixed after releasing reset by setting value of bit 5 of FSROM2. 
� � Also, when the setting of FSROM2 is invalid, this bit can be rewritten only once after releasing reset. 
� � After rewriting it is disable to write any data to this bit. 
� � This bit is initialized by reset, and then, rewriting it is enabled.
� 5:�This setting can be used only at ceramic oscillation. Do not use this at RC oscillation.

b7                                   b0

Control by Function set ROM data 2
 (FSROM2: address FFDA16) (Note 2)

This bit function can be set by setting bit 5 of FSROM2. (Note 4)
Bit 5 of FSROM2 = 0: Bit 5 of CPUM is fixed to “0”.
Bit 5 of FSROM2 = 1: Bit 5 of CPUM is “0” or “1”.

This cannot be controlled by FSROM2.

This cannot be controlled by FSROM2.

This bit function can be set by setting bit 4 of FSROM2. (Note 3)
Bit 4 of FSROM2 = 0: Bit 3 of CPUM is fixed to “0”.
Bit 4 of FSROM2 = 1: Bit 3 of CPUM is “0” or “1”.

This cannot be controlled by FSROM2.

This cannot be controlled by FSROM2.

After releasing reset

Switch the oscillation mode 
selection bit (bit 5 of CPUM)

Switch the clock division ratio 
selection bits (bits 6 and 7 of CPUM)

Main routine

Start with an on-chip oscillator 

An initial value is set as a ceramic oscillation mode. 
When it is switched to an RC oscillation, its oscillation starts.

Select 1/1, 1/2, 1/8 or on-chip oscillator.

Wait by on-chip oscillator operation 
until establishment of oscillator clock 

When using a ceramic oscillation, wait until establishment of 
oscillation from oscillation starts.
When using an RC oscillation, wait time is not required 
basically (time to execute the instruction to switch from an 
on-chip oscillator meets the requirement).

Note: After system is released from reset, an on-chip oscillator turns active automatically and system operation 
is started.

Switching method of CPU mode register
Switch the CPU mode register (CPUM) at the head of program af-
ter releasing Reset in the following method.

[CPU mode register] CPUM
The CPU mode register contains the stack page selection bit, etc..
This register is allocated at address 003B16.
Some function of the CPU mode register can be controlled by the
function set ROM data 2.
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Termination of unused pins
• Termination of common pins
I/O ports: Select an input port or an output port and follow each

processing method.
Output ports: Open.
Input ports: If the input level become unstable, through current

flow to an input circuit, and the power supply current
may increase.

Especially, when expecting low consumption current
(at STP or WIT instruction execution etc.), pull-up or
pull-down input ports to prevent through current (built-
in resistor can be used).
We recommend processing unused pins through a re-
sistor which can secure IOH(avg) or IOL(avg).
Because, when an I/O port or a pin which have an out-
put function is selected as an input port, it may operate
as an output port by incorrect operation etc.

Pin

P00/CAP0

P01/CMP0

P02/CMP1

P03/TXOUT

P04/RxD2

P05/TxD2

P06/SCLK2

P07/SRDY2

P10/RxD1/CAP0

P11/TxD1

P12/SCLK1

P13/SRDY1

P14/CNTR0

P20/AN0–P27/AN7

P30/CAP1

P31/CMP2

P32/CMP3

P33/INT1

P34

P35

P36/INT1

P37/INT0

VREF

XIN

XOUT

Termination 1

(recommend)

I/O port

Connect to Vss.

When only on-chip
oscillator is used, connect
to VCC through a registor.

When external clock is
input or when only on-chip
oscillator is used, open.

Termination 2

When selecting CAP function, per-
form termination of input port.

When selecting CMP0 function,
perform termination of output port.

When selecting CMP1 function,
perform termination of output port.

When selecting TXOUT function,
perform termination of output port.

When selecting RxD2 function,
perform termination of input port.

When selecting TxD2 function,
perform termination of output port.

When selecting external clock input,
perform termination of output port.

When selecting SRDY2 function,
perform termination of output port.

When selecting RxD1 function,
perform termination of input port.

When selecting TxD1 function,
perform termination of output port.

When selecting external clock input,
perform termination of input port.

When selecting SRDY1 function,
perform termination of output port.

When selecting CNTR input function,
perform termination of input port.

When selecting AN function, per-
form termination of input port.

When selecting CAP function, per-
form termination of input port.

When selecting CMP2 function,
perform termination of output port.

When selecting CMP3 function,
perform termination of output port.

When selecting INT function, per-
form termination of input port.

-

-

When selecting INT function, per-
form termination of input port.

When selecting INT function, per-
form termination of input port.

-

-

-

Termination 3

-

-

-

-

-

-

When selecting internal clock output,
perform termination of output port.

-

When selecting CAP function, per-
form termination of input port.

-

When selecting internal clock output,
perform termination of output port.

-

When selecting CNTR output function,
perform termination of output port.

-

-

-

-

-

-

-

-

-

-

-

-

Termination 4

When selecting key-
on wakeup function,
perform termination
of input port.

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Table 7 Termination of unused pins
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Interrupts
The 7547 Group interrupts are vector interrupts with a fixed prior-
ity scheme, and generated by 16 sources among 18 sources: 6
external, 11 internal, and 1 software.
The interrupt sources, vector addresses(1) , and interrupt priority
are shown in Table 8.

Each interrupt except the BRK instruction interrupt has the inter-
rupt request bit and the interrupt enable bit. These bits and the
interrupt disable flag (I flag) control the acceptance of interrupt re-
quests. Fig. 16 shows an interrupt control diagram.

An interrupt request is accepted when all of the following condi-
tions are satisfied:

• Interrupt disable flag.................................“0”
• Interrupt request bit...................................“1”
• Interrupt enable bit....................................“1”

Though the interrupt priority is determined by hardware, priority
processing can be performed by software using the above bits
and flag.

Table 8 Interrupt vector address and priority

Vector addresses (Note 1)

High-order
Priority

Low-order
Interrupt request generating conditions RemarksInterrupt source

FFFC16

FFFA16

FFF816

FFF616

FFF416

FFF216

FFF016

FFEE16

FFEC16

FFEA16

FFE816

FFE616

FFE416

FFE216

FFE016

FFDE16

FFDC16

FFFD16

FFFB16

FFF916

FFF716

FFF516

FFF316

FFF116

FFEF16

FFED16

FFEB16

FFE916

FFE716

FFE516

FFE316

FFE116

FFDF16

FFDD16

Note 1: Vector addressed contain internal jump destination addresses.
2: Reset function in the same way as an interrupt with the highest priority.
3: Key-on wakeup interrupt and UART1 bus collision detection interrupt can be enabled by setting of interrupt source set register. The occurrence of

these interrupts are discriminated by interrupt source discrimination register.
4: A/D conversion interrupt and Timer 1 interrupt can be enabled by setting of interrupt source set register. The occurrence of these interrupts are dis-

criminated by interrupt source discrimination register.

Non-maskable

Valid only when serial I/O1 is selected

Valid only when serial I/O1 is selected

Valid only when serial I/O2 is selected

Valid only when serial I/O2 is selected

External interrupt

(active edge selectable)

External interrupt

(active edge selectable)

External interrupt

(valid at falling)

When UART1 bus collision detection

interrupt is enabled.

External interrupt

(active edge selectable)

External interrupt

(active edge selectable)

External interrupt

(active edge selectable)

Compare interrupt source is selected.

STP release timer underflow

Non-maskable software interrupt

At reset input

At completion of serial I/O1 data receive

At completion of serial I/O1 transmit shift

or when transmit buffer is empty

At completion of serial I/O2 data receive

At completion of serial I/O2 transmit shift

or when transmit buffer is empty

At detection of either rising or falling edge

of INT0 input

At detection of either rising or falling edge

of INT1 input

At falling of conjunction of input logical

level for port P0 (at input)

At detection of UART1 bus collision

detection

At detection of either rising or falling edge

of CNTR0 input

At detection of either rising or falling edge

of Capture 0 input

At detection of either rising or falling edge

of Capture 1 input

At compare matched

At timer X underflow

At timer A underflow

At timer B underflow

At completion of A/D conversion

At timer 1 underflow

At BRK instruction execution

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

Reset (Note 2)

Serial I/O1 receive

Serial I/O1 transmit

Serial I/O2 receive

Serial I/O2 transmit

INT0

INT1

Key-on wake-up/

UART1 bus

collision detection

(Note 3)

CNTR0

Capture 0

Capture 1

Compare

Timer X

Timer A

Timer B

A/D conversion/

Timer 1 (Note 4)

BRK instruction
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• Interrupt Request Generation, Acceptance, and Handling
Interrupts have the following three phases.
(i) Interrupt Request Generation

An interrupt request is generated by an interrupt source (ex-
ternal interrupt signal input, timer underflow, etc.) and the
corresponding request bit is set to “1”.

(ii) Interrupt Request Acceptance
Based on the interrupt acceptance timing in each instruction
cycle, the interrupt control circuit determines acceptance con-
ditions (interrupt request bit, interrupt enable bit, and interrupt
disable flag) and interrupt priority levels for accepting interrupt
requests. When two or more interrupt requests are generated
simultaneously, the highest priority interrupt is accepted. The
value of the interrupt request bit for an unaccepted interrupt
remains the same and acceptance is determined at the next
interrupt acceptance timing point.

(iii) Handling of Accepted Interrupt Request
The accepted interrupt request is processed.

Fig. 18 shows the time up to execution in the interrupt processing
routine, and Fig. 19 shows the interrupt sequence.
Fig. 20 shows the timing of interrupt request generation, interrupt
request bit, and interrupt request acceptance.

• Interrupt Handling Execution
When interrupt handling is executed, the following operations are
performed automatically.
(1) Once the currently executing instruction is completed, an in-

terrupt request is accepted.
(2) The contents of the program counters and the processor sta-

tus register at this point are pushed onto the stack area in
order from 1 to 3.
1.High-order bits of program counter (PCH)
2.Low-order bits of program counter (PCL)
3.Processor status register (PS)

(3) Concurrently with the push operation, the jump address of the
corresponding interrupt (the start address of the interrupt pro-
cessing routine) is transferred from the interrupt vector to the
program counter.

(4) The interrupt request bit for the corresponding interrupt is set
to “0”. Also, the interrupt disable flag is set to “1” and multiple
interrupts are disabled.

(5) The interrupt routine is executed.
(6) When the RTI instruction is executed, the contents of the reg-

isters pushed onto the stack area are popped off in the order
from 3 to 1. Then, the routine that was before running interrupt
processing resumes.

As described above, it is necessary to set the stack pointer and
the jump address in the vector area corresponding to each inter-
rupt to execute the interrupt processing routine.

Fig. 18 Time up to execution in interrupt routine

Main routine
Interrupt handling

routine

Interrupt request 
generated

Interrupt request 
acceptance

Interrupt routine 
starts

Interrupt sequence

7 cycles0 to 16* cycles

7 to 23 cycles

* When executing DIV instruction

Stack push
Vector fetch
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Fig. 31 Structure of timer source selection register

Fig. 32 Structure of compare output mode register

Fig. 33 Structure of capture/compare status register

Fig. 34 Structure of compare interrupt source register
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Fig. 30 Structure of capture/compare port register

b
 
7

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
b

 
0

C
 

a
 

p
 

t
 

u
 

r
 

e
 

 
 

0
 

 
 

i
 

n
 

p
 

u
 

t
 

 
 

p
 

o
 

r
 

t
 

 
 

b
 

i
 

t
 

s
 

 

 b

 

1

 

 

 

b

 

0
0 0

 

:

 

 

 

C

 

a

 

p

 

t

 

u

 

r

 

e

 

 

 

f

 

r

 

o

 

m

 

 

 

P

 

00
0 1

 

:

 

 

 

C

 

a

 

p

 

t

 

u

 

r

 

e

 

 

 

f

 

r

 

o

 

m

 

 

 

P

 

10
1 0

 

:

 

 

 

R

 

i

 

n

 

g

 

/

 

5

 

1

 

2
1 1

 

:

 

 

 

N

 

o

 

t

 

 

 

a

 

v

 

a

 

i

 

l

 

a

 

b

 

l

 

e

C

 

o

 

m

 

p

 

a

 

r

 

e

 

 

 

0

 

 

 

o

 

u

 

t

 

p

 

u

 

t

 

 

 

p

 

o

 

r

 

t

 

 

 

b

 

i

 

t
0

 

:

 

 

 

P

 

01 

 

i

 

s

 

 

 

I

 

/

 

O

 

 

 

p

 

o

 

r

 

t
1

 

:

 

 

 

P

 

01 

 

i

 

s

 

 

 

C

 

o

 

m

 

p

 

a

 

r

 

e

 

 

 

0

C

 

o

 

m

 

p

 

a

 

r

 

e

 

 

 

1

 

 

 

o

 

u

 

t

 

p

 

u

 

t

 

 

 

p

 

o

 

r

 

t

 

 

 

b

 

i

 

t
0

 

:

 

 

 

P

 

02 

 

i

 

s

 

 

 

I

 

/

 

O

 

 

 

p

 

o

 

r

 

t
1

 

:

 

 

 

P

 

02 

 

i

 

s

 

 

 

C

 

o

 

m

 

p

 

a

 

r

 

e

 

 

 

1

C

 

a

 

p

 

t

 

u

 

r

 

e

 

 

 

1

 

 

 

i

 

n

 

p

 

u

 

t

 

 

 

p

 

o

 

r

 

t

 

 

 

b

 

i

 

t
0

 

:

 

 

 

C

 

a

 

p

 

t

 

u

 

r

 

e

 

 

 

f

 

r

 

o

 

m

 

 

 

P

 

30
1

 

:

 

 

 

R

 

i

 

n

 

g

 

/

 

5

 

1

 

2

C

 

o

 

m

 

p

 

a

 

r

 

e

 

 

 

2

 

 

 

o

 

u

 

t

 

p

 

u

 

t

 

 

 

p

 

o

 

r

 

t

 

 

 

b

 

i

 

t
0

 

:

 

 

 

P

 

31 

 

i

 

s

 

 

 

I

 

/

 

O

 

 

 

p

 

o

 

r

 

t
1

 

:

 

 

 

P

 

31 

 

i

 

s

 

 

 

C

 

o

 

m

 

p

 

a

 

r

 

e

 

 

 

2

C

 

o

 

m

 

p

 

a

 

r

 

e

 

 

 

3

 

 

 

o

 

u

 

t

 

p

 

u

 

t

 

 

 

p

 

o

 

r

 

t

 

 

 

b

 

i

 

t
0

 

:

 

 

 

P

 

32 

 

i

 

s

 

 

 

I

 

/

 

O

 

 

 

p

 

o

 

r

 

t
1

 

:

 

 

 

P

 

32 

 

i

 

s

 

 

 

C

 

o

 

m

 

p

 

a

 

r

 

e

 

 

 

3

N

 

o

 

t

 

 

 

u

 

s

 

e

 

d

 

 

 

(

 

r

 

e

 

t

 

u

 

r

 

n

 

s

 

 

 

“

 

0

 

”

 

 

 

w

 

h

 

e

 

n

 

 

 

r

 

e

 

a

 

d

 

)

Capture/Compare port register
(CCPR : address 001E16, initial value: 0016) 



REJ03B0156-0122    Rev.1.22    Mar 31, 2009
page 33 of 94

7547 Group

Fig. 37 Block diagram at modulation mode
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Fig. 38 Output compare mode (general waveform)

Fig. 39 Output compare mode (compare register write timing)
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Fig. 52 Structure of serial I/O1-related registers
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Fig. 58 Block diagram of UART serial I/O2

(2) Asynchronous Serial I/O2 (UART) Mode
Clock asynchronous serial I/O mode (UART) can be selected by
clearing the serial I/O2 mode selection bit of the serial I/O2 control
register to “0”.
Eight serial data transfer formats can be selected, and the transfer
formats used by a transmitter and receiver must be identical.

The transmit and receive shift registers each have a buffer, but the
two buffers have the same address in memory. Since the shift reg-
ister cannot be written to or read from directly, transmit data is
written to the transmit buffer register, and receive data is read
from the receive buffer register.
The transmit buffer register can also hold the next data to be
transmitted, and the receive buffer register can hold a character
while the next character is being received.

Fig. 59 Operation of UART serial I/O2 function

XIN

1/4

OE

PE FE

1/16

1/16

Data bus

Receive buffer register 2

Address 002E16

Receive shift register 2

Receive buffer full flag (RBF)
Receive interrupt request (RI)

Baud rate generator 2

Frequency division ratio 1/(n+1)

Address 003216

ST/SP/PA generator

Transmit buffer register 2

Data bus

Transmit shift register 2

Address 002E16

Transmit shift completion flag (TSC)

Transmit buffer empty flag (TBE)

Transmit interrupt request (TI)

Address 002F16

ST detector

SP detector UART2 control register

Address 003116

Character length selection bit

Address 003016

BRG count source selection bit

Transmit interrupt source selection bit

Serial I/O2 synchronous clock selection bit

Clock control circuit

Character length selection bit

7 bits

8 bits

Serial I/O2 control register

P06/SCLK2

Serial I/O2 status register

P04/RXD2

P05/TXD2

TSC=0
TBE=1

RBF=0

TBE=0 TBE=0

RBF=1 RBF=1

STD0 D1 SP D0 D1ST
SP

TBE=1 TSC=1

STD0 D1 SP D0 D1ST SP

Transmit or receive clock

Transmit buffer 2
write  signal

Generated at 2nd  bit in 2-stop-bit mode  1 start bit
7 or 8 data bit
1 or 0 parity bit
1 or 2 stop bit (s)

1: Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception).
2: As the transmit interrupt (TI), when either the TBE or TSC flag becomes “1,”  can be selected to occur depending on the setting of the transmit 

interrupt source selection bit (TIC) of the serial I/O2 control register.
3: The receive interrupt (RI) is set when the RBF flag becomes “1.”
4: After data is written to the transmit buffer when TSC=1, 0.5 to 1.5 cycles of the data shift cycle is necessary until changing to TSC=0.

Notes 

✽

✽

Serial output TXD2

Serial input RXD2

Receive buffer 2
 read signal
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[Transmit buffer register 2/receive buffer register 2 (TB2/
RB2)] 002E16

The transmit buffer register and the receive buffer register are lo-
cated at the same address. The transmit buffer is write-only and
the receive buffer is read-only. If a character bit length is 7 bits, the
MSB of data stored in the receive buffer is “0”.

[Serial I/O2 status register (SIO2STS)] 002F16

The read-only serial I/O2 status register consists of seven flags
(bits 0 to 6) which indicate the operating status of the serial I/O2
function and various errors.
Three of the flags (bits 4 to 6) are valid only in UART mode.
The receive buffer full flag (bit 1) is cleared to “0” when the receive
buffer register is read.
If there is an error, it is detected at the same time that data is
transferred from the receive shift register to the receive buffer reg-
ister, and the receive buffer full flag is set. A write to the serial I/O1
status register clears all the error flags OE, PE, FE, and SE (bit 3
to bit 6, respectively). Writing “0” to the serial I/O2 enable bit SIOE
(bit 7 of the serial I/O2 control register) also clears all the status
flags, including the error flags.
Bits 0 to 6 of the serial I/O2 status register are initialized to “0” at
reset, but if the transmit enable bit of the serial I/O2 control regis-
ter has been set to “1”, the transmit shift completion flag (bit 2)
and the transmit buffer empty flag (bit 0) become “1”.

[Serial I/O2 control register (SIO2CON)] 003016

The serial I/O2 control register consists of eight control bits for the
serial I/O2 function.

[UART2 control register (UART2CON)] 003116

The UART control register consists of four control bits (bits 0 to 3)
which are valid when asynchronous serial I/O is selected and set
the data format of an data transfer.

[Baud rate generator 2 (BRG2)] 003216

The baud rate generator determines the baud rate for serial transfer.
The baud rate generator divides the frequency of the count source
by 1/(n + 1), where n is the value written to the baud rate generator.

■ Notes on Serial I/O2
• Serial I/O interrupt
When setting the transmit enable bit to “1”, the serial I/O transmit
interrupt request bit is automatically set to “1”. When not requiring
the interrupt occurrence synchronized with the transmission en-
abled, take the following sequence.
➀  Set the serial I/O transmit interrupt enable bit to “0” (disabled).
➁  Set the transmit enable bit to “1”.
➂  Set the serial I/O transmit interrupt request bit to “0” after 1 or

more instructions have been executed.
➄  Set the serial I/O transmit interrupt enable bit to “1” (enabled).

• I/O pin function when serial I/O2 is enabled.
The functions of P06 and P07 are switched with the setting values
of a serial I/O2 mode selection bit and a serial I/O2 synchronous
clock selection bit as follows.

(1) Serial I/O2 mode selection bit → “1” :
Clock synchronous type serial I/O is selected.
Setup of a serial I/O2 synchronous clock selection bit
“0” : P06 pin turns into an output pin of a synchronous clock.
“1” : P06 pin turns into an input pin of a synchronous clock.
Setup of a SRDY2 output enable bit (SRDY)
“0” : P07 pin can be used as a normal I/O pin.
“1” : P07 pin turns into a SRDY2 output pin.

(2) Serial I/O2 mode selection bit → “0” :
Clock asynchronous (UART) type serial I/O is selected.
Setup of a serial I/O2 synchronous clock selection bit
“0”: P06 pin can be used as a normal I/O pin.
“1”: P06 pin turns into an input pin of an external clock.
When clock asynchronous (UART) type serial I/O is selected, it is
P07 pin. It can be used as a normal I/O pin.
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Fig. 63 Block diagram of A/D converter
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Fig. 85 Pin connection diagram (M37547GxFP)
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: QzROM pin
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NOTES ON PROGRAMMING

Processor Status Register
The contents of the processor status register (PS) after reset are
undefined except for the interrupt disable flag I which is “1”. After
reset, initialize flags which affect program execution. In particular,
it is essential to initialize the T flag and the D flag because of their
effect on calculations. Initialize these flags at beginning of the
program.

Interrupts
The contents of the interrupt request bit do not change even if the
BBC or BBS instruction is executed immediately after they are
changed by program because this instruction is executed for the
previous contents. For executing the instruction for the changed
contents, execute one instruction before executing the BBC or
BBS instruction.

Decimal Calculations
 • For calculations in decimal notation, set the decimal mode flag
D to “1”, then execute the ADC instruction or SBC instruction. In
this case, execute SEC instruction, CLC instruction or CLD in-
struction after executing one instruction before the ADC instruction
or SBC instruction.
 • In the decimal mode, the values of the N (negative), V (overflow)
and Z (zero) flags are invalid.

Ports
 • The values of the port direction registers cannot be read.
That is, it is impossible to use the LDA instruction, memory opera-
tion instruction when the T flag is “1”, addressing mode using
direction register values as qualifiers, and bit test instructions such
as BBC and BBS.
It is also impossible to use bit operation instructions such as CLB
and SEB and read/modify/write instructions of direction registers
for calculations such as ROR.
For setting direction registers, use the LDM instruction, STA in-
struction, etc.

A/D Conversion
Do not execute the STP instruction during A/D conversion.

Instruction Execution Timing
The instruction execution time can be obtained by multiplying the
frequency of the internal clock φ by the number of cycles men-
tioned in the machine-language instruction table.
The frequency of the internal clock φ is the same as that of the XIN

in double-speed mode, twice the XIN cycle in high-speed mode
and 8 times the XIN cycle in middle-speed mode.

CPU Mode Register
The oscillation mode selection bit and processor mode bits can be
rewritten only once after releasing reset. However, after rewriting it
is disable to write any value to the bit. (Emulator MCU is ex-
cluded.)
When a ceramic oscillation is selected, a double-speed mode of
the clock division ratio selection bits can be used. Do not use it
when an RC oscillation is selected.

State transition
Do not stop the clock selected as the operation clock because of
setting of CM3, 4.

NOTES ON HARDWARE

Handling of Power Source Pin
In order to avoid a latch-up occurrence, connect a capacitor suit-
able for high frequencies as bypass capacitor between power
source pin (Vcc pin) and GND pin (Vss pin). Besides, connect the
capacitor to as close as possible. For bypass capacitor which
should not be located too far from the pins to be connected, a ce-
ramic capacitor of 0.01 µF to 0.1 µF is recommended.
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NOTES ON QzROM

Product shipped in blank
As for the product shipped in blank, Renesas does not perform the
writing test to user ROM area after the assembly process though
the QzROM writing test is performed enough before the assembly
process. Therefore, a writing error of approx.0.1 % may occur.
Moreover, please note the contact of cables and foreign bodies on
a socket, etc. because a writing environment may cause some
writing errors.

Precautions Regarding Overvoltage
Make sure that voltage exceeding the VCC pin voltage is not ap-
plied to other pins. In particular, ensure that the state indicated by
bold lines in Figure below does not occur for CNVSS pin (VPP

power source pin for QzROM) during power-on  or power-off. Oth-
erwise the contents of QzROM could be rewritten.

Notes On QzROM Writing Orders
When ordering the QzROM product shipped after writing, submit
the mask file (extension: .msk) which is made by the mask file
converter MM.
• Be sure to set the ROM option data* setup when making the

mask file by using the mask file converter MM.. The ROM code
protect is specified according to the ROM option data* in the
mask file which is submitted at ordering. Note that the mask file
which has nothing at the ROM option data* or has the data other
than “0016” and “FF16” can not be accepted.

• Set “FF16” to the ROM code protect address in ROM data re-
gardless of the presence or absence of a protect. When data
other than “FF16” is set, we may ask that the ROM data be sub-
mitted again.

* ROM option data: mask option noted in MM

Fig. 98 Timing Diagram (bold-lined periods are applicable)

VCC pin voltage 

CNVSS pin voltage
“L” input 

1.8V 1.8V

(1) Input voltage to other MCU pins rises before VCC pin voltage.
(2) Input voltage to other MCU pins falls after VCC pin voltage.
Note: The internal circuitry is unstable when VCC is below the minimum voltage 
          specification of 1.8V (shaded portion), so particular care should be exercised 
          regarding overvoltage.

Data Required For QzROM Writing Orders
The following are necessary when ordering a QzROM product
shipped after writing:
1. QzROM Writing Confirmation Form*
2. Mark Specification Form*
3. ROM data...........Mask file
* For the QzROM writing confirmation form and the mark specifi-
cation form, refer to the “Renesas Technology Corp.” Homepage
(http://www.renesas.com/homepage.jsp).
Note that we cannot deal with special font marking (customer's
trademark etc.) in QzROM microcomputer.
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Electrical characteristics (2)
(VCC = 1.8 to 5.5V, VSS = 0 V, Ta = –20 to 85 °C, unless otherwise noted)

Min. Typ. Max.
Symbol Parameter

Limits
UnitTest conditions

Note: Increment when A/D conversion is executed includes the reference  power source input current (IVREF).

f(XIN) = 8 MHz

Output transistors “off”

f(XIN) = 2 MHz,

VCC = 2.2 V

Output transistors “off”

On-chip oscillator

operation mode,

Output transistors “off”

f(XIN) = 8 MHz (in WIT state),

functions except timer 1 disabled,

Output transistors “off”

f(XIN) = 2 MHz, VCC = 2.2 V

(in WIT state),

functions except timer 1 disabled,

Output transistors “off”

On-chip oscillator operation mode,

(in WIT state),

functions except timer 1 disabled,

Output transistors “off”

Increment when A/D conversion is executed

f(XIN) = 8 MHz, VCC = 5 V

All oscillation stopped

(in STP state)

Output transistors “off”

Low voltage detection

circuit self consumption

current

Double-speed mode

High-speed mode

Middle-speed mode

High-speed mode

Frequency/1

Frequency/2

Frequency/8

Frequency/128

Ta = 25 °C

Ta = 85 °C

Ta = 25 °C

VCC = 5 V

mA

mA

mA

mA

mA

mA

mA

mA

mA

mA

mA

mA

µA

µA

µA

Power source
current

*LVD is valid

(except at STP)

9.5

7.0

5.5

1.25

3.3

2.3

1.1

0.7

3.5

0.7

1.0

10

ICC 5.9

3.9

2.4

0.45

1.55

0.95

0.4

0.25

2.0

0.25

0.25

0.5

0.1

70
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Termination of Unused Pins
1. Terminate unused pins
Perform the following wiring at the shortest possible distance (20
mm or less) from microcomputer pins.
(1) I/O ports
Set the I/O ports for the input mode and connect each pin to VCC

or VSS through each resistor of 1 kΩ to 10 kΩ. The port which can
select a built-in pull-up resistor can also use the built-in pull-up re-
sistor.
When using the I/O ports as the output mode, open them at “L” or
“H”.
• When opening them in the output mode, the input mode of the

initial status remains until the mode of the ports is switched over
to the output mode by the program after reset. Thus, the poten-
tial at these pins is undefined and the power source current may
increase in the input mode. With regard to an effects on the sys-
tem, thoroughly perform system evaluation on the user side.

• Since the direction register setup may be changed because of a
program runaway or noise, set direction registers by program
periodically to increase the reliability of program.

2. Termination remarks
(1) I/O ports setting as input mode
[1] Do not open in the input mode.
<Reason>
 • The power source current may increase depending on the first-

stage circuit.
 • An effect due to noise may be easily produced as compared with

proper termination (1) shown on the above “1. Terminate unused
pins”.

[2] Do not connect to VCC or VSS directly.
<Reason>
If the direction register setup changes for the output mode be-
cause of a program runaway or noise, a short circuit may occur.

[3] Do not connect multiple ports in a lump to VCC or VSS through
a resistor.

<Reason>
If the direction register setup changes for the output mode be-
cause of a program runaway or noise, a short circuit may occur
between ports.

Notes on Interrupts
1. Change of relevant register settings
When not requiring for the interrupt occurrence synchronous with
the following case, take the sequence shown in Figure 4.
• When switching external interrupt active edge
• When switching interrupt sources of an interrupt vector address

where two or more interrupt sources are allocated

Fig. 4 Sequence of changing relevant register

<Reason>
When setting the followings, the interrupt request bit of the corre-
sponding interrupt may be set to “1”.
• When switching external interrupt active edge

INT0 interrupt edge selection bit
(bit 0 of Interrupt edge selection register (address 003A16))
INT1 interrupt edge selection bit
(bit 1 of Interrupt edge selection register)
CNTR0 active edge switch bit
(bit 2 of timer X mode register (address 002B16))
Capture 0 interrupt edge selection bit
(bits 1 and 0 of capture mode register (address 002016))
Capture 1 interrupt edge selection bit
(bits 3 and 2 of capture mode register)

2. Check of interrupt request bit
When executing the BBC or BBS instruction to determine an in-
terrupt request bit immediately after this bit is set to “0”, take the
following sequence.
<Reason>
If the BBC or BBS instruction is executed immediately after an in-
terrupt request bit is cleared to “0”, the value of the interrupt
request bit before being cleared to “0” is read.

Set the corresponding interrupt enable bit to “0” (disabled) .
↓

Set the interrupt edge selection bit, active edge switch bit, or
the interrupt source selection bit.

↓

NOP (One or more instructions)
↓

Set the corresponding interrupt request bit to “0”
 (no interrupt request issued).

↓

Set the corresponding interrupt enable bit to “1” (enabled).

Set the interrupt request bit to “0” (no interrupt issued)
↓

NOP (one or more instructions)
↓

Execute the BBC or BBS instruction

Fig. 5 Sequence of check of interrupt request bit
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Notes on Oscillation Stop Detection Circuit
1. After the reset by the oscillation stop detection, the value of fol-
lowing bits are retained, not initialized.
• Ceramic or RC oscillation stop detection function active bit
  Bit 1 of MISRG (address 003B16)
• Oscillation stop detection status bit
  Bit 3 of MISRG

2. Oscillation stop detection status bit is initialized (“0”) by the fol-
lowing operation.

• External reset
• Write “0” data to the ceramic or RC oscillation stop detection

function active bit.

3. The oscillation stop detection circuit is not included in the emu-
lator MCU “M37542RSS”.

Note on Power Source Voltage
When the power source voltage value of a microcomputer is less
than the value which is indicated as the recommended operating
conditions, the microcomputer does not operate normally and may
perform unstable operation.
In a system where the power source voltage drops slowly when
the power source voltage drops or the power supply is turned off,
reset a microcomputer when the supply voltage is less than the
recommended operating conditions and design a system not to
cause errors to the system by this unstable operation.

NOTES ON HARDWARE

Handling of Power Source Pin
In order to avoid a latch-up occurrence, connect a capacitor suit-
able for high frequencies as bypass capacitor between power
source pin (Vcc pin) and GND pin (Vss pin). Besides, connect the
capacitor to as close as possible. For bypass capacitor which
should not be located too far from the pins to be connected, a ce-
ramic capacitor of 0.01 µF to 0.1 µF is recommended.

NOTES ON QzROM

Product shipped in blank
As for the product shipped in blank, Renesas does not perform the
writing test to user ROM area after the assembly process though
the QzROM writing test is performed enough before the assembly
process. Therefore, a writing error of approx.0.1 % may occur.
Moreover, please note the contact of cables and foreign bodies on
a socket, etc. because a writing environment may cause some
writing errors.

Precautions Regarding Overvoltage
Make sure that voltage exceeding the VCC pin voltage is not ap-
plied to other pins. In particular, ensure that the state indicated by
bold lines in Figure below does not occur for CNVSS pin (VPP

power source pin for QzROM) during power-on  or power-off.
Otherwise the contents of QzROM could be rewritten.

Fig. 7 Timing Diagram (bold-lined periods are applicable)

VCC pin voltage 

CNVSS pin voltage
“L” input 

1.8V 1.8V

(1) Input voltage to other MCU pins rises before VCC pin voltage.
(2) Input voltage to other MCU pins falls after VCC pin voltage.
Note: The internal circuitry is unstable when VCC is below the minimum voltage 
          specification of 1.8V (shaded portion), so particular care should be exercised 
          regarding overvoltage.

Notes On QzROM Writing Orders
When ordering the QzROM product shipped after writing, submit
the mask file (extension: .msk) which is made by the mask file
converter MM.
• Be sure to set the ROM option data* setup when making the

mask file by using the mask file converter MM.. The ROM code
protect is specified according to the ROM option data* in the
mask file which is submitted at ordering. Note that the mask file
which has nothing at the ROM option data* or has the data other
than “0016” and “FF16” can not be accepted.

• Set “FF16” to the ROM code protect address in ROM data re-
gardless of the presence or absence of a protect. When data
other than “FF16” is set, we may ask that the ROM data be sub-
mitted again.

* ROM option data: mask option noted in MM

Data Required For QzROM Writing Orders
The following are necessary when ordering a QzROM product
shipped after writing:
1. QzROM Writing Confirmation Form*
2. Mark Specification Form*
3. ROM data...........Mask file
* For the QzROM writing confirmation form and the mark specifi-
cation form, refer to the “Renesas Technology Corp.” Homepage
(http://www.renesas.com/homepage.jsp).
Note that we cannot deal with special font marking (customer's
trademark etc.) in QzROM microcomputer.
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