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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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4.3 Usage Notes 

When an address break is set to an instruction after a conditional branch instruction, and the 
instruction set when the condition of the branch instruction is not satisfied is executed (see figure 
4.3), note that an address break interrupt request is not generated. Therefore an address break must 
not be set to the instruction after a conditional branch instruction. 

0134Address bus

φ

Address break
interrupt request

0136 102A 0138

[Register setting]

BNE
instruction
prefetch

NOP
instruction
prefetch

MOV
instruction
prefetch

NOP
instruction
prefetch

ABRKCR = H'80
BAR = H'0136

  012A    MOV.B . . .
      :           :
  0134    BNE
*0136    NOP
  0138    NOP
      :           :

[Program]

 

Figure 4.3   Operation when Condition is not Satisfied in Branch Instruction 
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5.4 Usage Notes 

5.4.1 Note on Resonators 

Resonator characteristics are closely related to board design and should be carefully evaluated by 
the user, referring to the examples shown in this section. Resonator circuit constants will differ 
depending on the resonator element, stray capacitance in its interconnecting circuit, and other 
factors. Suitable constants should be determined in consultation with the resonator element 
manufacturer. Design the circuit so that the resonator element never receives voltages exceeding 
its maximum rating. 

5.4.2 Notes on Board Design 

When using a crystal resonator (ceramic resonator), place the resonator and its load capacitors as 
close as possible to the OSC1 and OSC2 pins. Other signal lines should be routed away from the 
resonator circuit to prevent induction from interfering with correct oscillation (see figure 5.11). 

OSC1

OSC2

C1

C2

Signal A Signal BAvoid

 

Figure 5.11   Example of Incorrect Board Design 
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The FLMCR1, FLMCR2, and EBR1 settings are retained, however program mode or erase mode 
is aborted at the point at which the error occurred. Program mode or erase mode cannot be re-
entered by re-setting the P or E bit. However, PV and EV bit setting is enabled, and a transition 
can be made to verify mode. Error protection can be cleared only by a power-on reset. 

7.6 Programmer Mode 

In programmer mode, a PROM programmer can be used to perform programming/erasing via a 
socket adapter, just as a discrete flash memory. Use a PROM programmer that supports the MCU 
device type with the on-chip 64-kbyte flash memory (FZTAT64V5). 

7.7 Power-Down States for Flash Memory 

In user mode, the flash memory will operate in either of the following states: 

• Normal operating mode 

The flash memory can be read and written to at high speed. 

• Power-down operating mode 

The power supply circuit of flash memory can be partly halted. As a result, flash memory can 
be read with low power consumption. 

• Standby mode 

All flash memory circuits are halted. 
 
Table 7.7 shows the correspondence between the operating modes of this LSI and the flash 
memory. In subactive mode, the flash memory can be set to operate in power-down mode with the 
PDWND bit in FLPWCR. When the flash memory returns to its normal operating state from 
power-down mode or standby mode, a period to stabilize operation of the power supply circuits 
that were stopped is needed. When the flash memory returns to its normal operating state, bits 
STS2 to STS0 in SYSCR1 must be set to provide a wait time of at least 20 µs, even when the 
external clock is being used. 
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• P51/WKP1 Pin 
 
Register PMR5 PCR5  

Bit Name WKP1 PCR51 Pin Function 

Setting Value 0 0 P51 input pin 

  1 P51 output pin 

 1 X WKP1 input pin 

[Legend] 
X: Don't care. 

 

• P50/WKP0 Pin 
 
Register PMR5 PCR5  

Bit Name WKP0 PCR50 Pin Function 

Setting Value 0 0 P50 input pin 

  1 P50 output pin 

 1 X WKP0 input pin 

[Legend] 
X: Don't care. 

 

9.4 Port 7 

Port 7 is a general I/O port also functioning as a timer V I/O pin. Each pin of the port 7 is shown 
in figure 9.4. The register setting of TCSRV in timer V has priority for functions of pin 
P76/TMOV. The pins, P75/TMCIV and P74/TMRIV, are also functioning as timer V input ports 
that are connected to the timer V regardless of the register setting of port 7. 

P76/TMOV

P75/TMCIV

P74/TMRIV

Port 7

 

Figure 9.4   Port 7 Pin Configuration 
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Bit Bit Name 
Initial 
Value R/W Description 

4 

3 

CCLR1 

CCLR0 

0 

0 

R/W 

R/W 

Counter Clear 1 and 0 

These bits specify the clearing conditions of TCNTV. 

00: Clearing is disabled 

01: Cleared by compare match A 

10: Cleared by compare match B 

11: Cleared on the rising edge of the TMRIV pin. The 
operation of TCNTV after clearing depends on 
TRGE in TCRV1. 

2 

1 

0 

CKS2 

CKS1 

CKS0 

0 

0 

0 

R/W 

R/W 

R/W 

Clock Select 2 to 0 

These bits select clock signals to input to TCNTV and 
the counting condition in combination with ICKS0 in 
TCRV1. 

Refer to table 11.2. 

 

Table 11.2 Clock Signals to Input to TCNTV and Counting Conditions 

TCRV0 TCRV1  

Bit 2 Bit 1 Bit 0 Bit 0  

CKS2 CKS1 CKS0 ICKS0 Description 

0 0 0  Clock input prohibited 

  1 0 Internal clock: counts on φ/4, falling edge 

   1 Internal clock: counts on φ/8, falling edge 

 1 0 0 Internal clock: counts on φ/16, falling edge 

   1 Internal clock: counts on φ/32, falling edge 

  1 0 Internal clock: counts on φ/64, falling edge 

   1 Internal clock: counts on φ/128, falling edge 

1 0 0  Clock input prohibited 

  1  External clock: counts on rising edge 

 1 0  External clock: counts on falling edge 

  1  External clock: counts on rising and falling 
edge 
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13.2.3 Timer Mode Register WD (TMWD) 

TMWD selects the input clock. 

Bit Bit Name 
Initial 
Value R/W Description 

7 to 4  All 1  Reserved 

These bits are always read as 1. 

3 

2 

1 

0 

CKS3 

CKS2 

CKS1 

CKS0 

1 

1 

1 

1 

R/W 

R/W 

R/W 

R/W 

Clock Select 3 to 0 

Select the clock to be input to TCWD. 

1000: Internal clock: counts on φ/64 

1001: Internal clock: counts on φ/128 

1010: Internal clock: counts on φ/256 

1011: Internal clock: counts on φ/512 

1100: Internal clock: counts on φ/1024 

1101: Internal clock: counts on φ/2048 

1110: Internal clock: counts on φ/4096 

1111: Internal clock: counts on φ8192 

0XXX: Internal oscillator 

For the internal oscillator overflow periods, see section 
20, Electrical Characteristics. 

[Legend] 

X: Don't care. 
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14.6.2 Multiprocessor Serial Data Reception 

Figure 14.17 shows a sample flowchart for multiprocessor serial data reception. If the MPIE bit in 
SCR3 is set to 1, data is skipped until data with a 1 multiprocessor bit is received. On receiving 
data with a 1 multiprocessor bit, the receive data is transferred to RDR. An RXI interrupt request 
is generated at this time. All other SCI3 operations are the same as in asynchronous mode. Figure 
14.18 shows an example of SCI3 operation for multiprocessor format reception. 

Yes

<End>

No

Start reception

No

Yes

[4]

Clear RE bit in SCR3 to 0

Error processing

(Continued on
next page)

[5]

Yes

No

FER+OER = 1

RDRF = 1

All data received?

Set MPIE bit in SCR3 to 1 [1]

[2]Read OER and FER flags in SSR

Read RDRF flag in SSR [3]

Read receive data in RDR

No

Yes

[A]

This station's ID?

Read OER and FER flags in SSR

Yes

No

Read RDRF flag in SSR

No

Yes

FER+OER = 1

Read receive data in RDR

RDRF = 1

[1] Set the MPIE bit in SCR3 to 1.
[2] Read OER and FER in SSR to check for 

errors. Receive error processing is 
performed in cases where a receive error 
occurs.

[3] Read SSR and check that the RDRF flag 
is set to 1, then read the receive data in 
RDR and compare it with this station’s 
ID.  

 If the data is not this station’s ID, set the 
MPIE bit to 1 again. 

 When data is read from RDR, the RDRF 
flag is automatically cleared to 0.

[4] Read SSR and check that the RDRF flag 
is set to 1, then read the data in RDR.

[5] If a receive error occurs, read the OER 
and FER flags in SSR to identify the 
error.  After performing the appropriate 
error processing, ensure that the OER 
and FER flags are all cleared to 0.

 Reception cannot be resumed if either of 
these flags is set to 1.

 In the case of a framing error, a break 
can be detected by reading the RxD pin 
value.

 

Figure 14.17   Sample Multiprocessor Serial Reception Flowchart (1) 
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SDA
(slave output)

SDA
(master output)

SCL
(slave output)

21 2143 65 87 998

Bit 7 Bit 6 Bit 5 Bit 7 Bit 6Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

IRIC

ICDRS

ICDRT

TDRE

SCL
(master output)

Interrupt
request
generation

Interrupt
request
generation

Interrupt
request
generation

Slave receive mode Slave transmit mode

Data 1 Data 2

[3]  IRIC
clearance

[5]  IRIC
clearance

[3] ICDR
write

[3] ICDR
write

[5] ICDR
write

User processing

Data 1

Data 1 Data 2

Data 2

AR/W

A

[3]

[2]

 

Figure 15.9   Example of Slave Transmit Mode Operation Timing 
 (MLS = 0) 

S DATA DATA P

1 1n8

1 m

FS = 1 and FSX = 1

n: transfer bit count 
(n = 1 to 8)

m: transfer frame count 
(m ≥ 1)  

Figure 15.10   I2C Bus Data Format (Serial Format) 

15.4.6 Clock Synchronous Serial Format  

Serial format is a non-addressing format that has no acknowledge bit. Figure 15.10 shows this 
format. 
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Start

Initialize

Set MST = 0
and TRS = 0 in ICCR

Set ACKB = 0 in ICSR

Read IRIC in ICCR

IRIC = 1?

Yes

No

Clear IRIC in ICCR

Read AAS and ADZ in ICSR

AAS = 1
and ADZ = 0?

Read TRS in ICCR

TRS = 0?

No

Yes

No

Yes

Yes

No

Yes

Yes

No

No

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Last receive?

Read ICDR

Read IRIC in ICCR

IRIC = 1?

Clear IRIC in ICCR

Set ACKB = 1 in ICSR

Read ICDR

Read IRIC in ICCR

Read ICDR

IRIC = 1?

Clear IRIC in ICCR

End

General call address processing

* Description omitted

Slave transmit mode

[1] Select slave receive mode.

[2] Wait for the first byte to be received (slave 
address).

[3] Start receiving. The first read is a dummy read.

[4] Wait for the transfer to end.

[5] Set acknowledge data for the last reception.

[6] Start the last reception.

[7] Wait for the transfer to end.

[8] Read the last receive data.

 

Figure 15.15   Sample Flowchart for Slave Receive Mode  
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17.4 Operation 

17.4.1 EEPROM Interface 

This LSI has a multi-chip structure with two internal chips of F-ZTAT™ HD64F3664 and 512-
byte EEPROM. 

The EEPROM interface is the I2C bus interface.  This I2C bus is open to the outside, so the 
communication with the external devices connected to the I2C bus can be made. 

17.4.2 Bus Format and Timing 

The I2C bus format and the I2C bus timing follow section 15.4.1, I2C Bus Data Format.  The bus 
formats specific for the EEPROM are the following two. 

1. The EEPROM address is configured of two bytes, the write data is transferred in the order of 
upper address and lower address from each MSB side. 

2. The write data is transmitted from the MSB side. 
 
The bus format and bus timing of the EEPROM are shown in figure 17.2. 

R/W ACK

SCL

SDA

Start
condition

Slave address
Upper memory

address
lower memory

address Data Data

Stop
conditon

[Legend]
R/W: R/W code (0 is for a write and 1 is for a read),
ACK: acknowledge

ACK ACKACK ACK

1 12 3 4 5 6 7 8

A15 A8 A7 A0 D7 D0 D7 D0

9 18 9 18 9 18 9 8 9

 

Figure 17.2   EEPROM Bus Format and Bus Timing 
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17.5.3 Noise Suppression Time 

This EEPROM has a noise suppression function at SCL and SDA inputs, that cuts noise of width 
less than 50 ns.  Be careful not to allow noise of width more than 50 ns because the noise of with 
more than 50 ms is recognized as an active pulse. 
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Section 20   Electrical Characteristics 

20.1 Absolute Maximum Ratings 

Table 20.1 Absolute Maximum Ratings 

Item Symbol Value Unit Note 

Power supply voltage VCC –0.3 to +7.0 V * 

Analog power supply voltage AVCC –0.3 to +7.0 V  

Input voltage Ports other than Port B and 
X1 

VIN –0.3 to VCC +0.3 V  

 Port B  –0.3 to AVCC +0.3 V  

 X1  –0.3 to 4.3 V  

Operating temperature Topr –20 to +75 °C  

Storage temperature Tstg –55 to +125 °C  

Note: * Permanent damage may result if maximum ratings are exceeded. Normal operation 
should be under the conditions specified in Electrical Characteristics. Exceeding these 
values can result in incorrect operation and reduced reliability. 

 

20.2 Electrical Characteristics (F-ZTAT™ Version, F-ZTAT™ Version 
with EEPROM) 

20.2.1 Power Supply Voltage and Operating Ranges 

Power Supply Voltage and Oscillation Frequency Range 

10.0

2.0

16.0

3.0 4.0 5.5 VCC (V)

φ OSC (MHz)

32.768

3.0 4.0 5.5 VCC (V)

φ W (kHz)

•  AVCC = 3.3 V to 5.5 V
•  Active mode
•  Sleep mode

•  AVCC = 3.3 V to 5.5 V
•  All operating modes
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Table 20.4 I2C Bus Interface Timing 

VCC = 3.0 V to 5.5 V, VSS = 0.0 V, Ta = –20 to +75°C, unless otherwise specified. 

  Test  Values  Reference 

Item Symbol Condition Min Typ Max Unit Figure 

SCL input cycle time tSCL  12tcyc + 600 — — ns Figure 20.4 

SCL input high width tSCLH  3tcyc + 300 — — ns  

SCL input low width tSCLL  5tcyc + 300 — — ns  

Input fall time of  
SCL and SDA 

tSf  — — 300 ns  

SCL and SDA input 
spike pulse removal 
time 

tSP  — — 1tcyc ns  

SDA input bus-free  
time 

tBUF  5tcyc — — ns  

Start condition input 
hold time 

tSTAH  3tcyc — — ns  

Retransmission start 
condition input setup 
time 

tSTAS  3tcyc — — ns  

Setup time for stop 
condition input 

tSTOS  3tcyc — — ns  

Data-input setup time tSDAS  1tcyc+20 — — ns  

Data-input hold time tSDAH  0 — — ns  

Capacitive load of  
SCL and SDA 

cb  0 — 400 pF  

SCL and SDA output 
fall time 

tSf VCC = 4.0 V 
to 5.5 V 

— — 250 ns  

   — — 300   
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Table A.1 Instruction Set 

1.   Data transfer instructions 

Mnemonic

O
p

er
an

d
 S

iz
e

Addressing Mode and
Instruction Length (bytes)

No. of
States*1

 Condition Code

  

I H N Z V C#x
x

R
n

@
E

R
n

@
(d

, E
R

n
)

@
–E

R
n

/@
E

R
n

+

@
aa

@
(d

, P
C

)

@
@

aa

—

MOV.B #xx:8, Rd

MOV.B Rs, Rd

MOV.B @ERs, Rd

MOV.B @(d:16, ERs), Rd

MOV.B @(d:24, ERs), Rd

MOV.B @ERs+, Rd

MOV.B @aa:8, Rd

MOV.B @aa:16, Rd

MOV.B @aa:24, Rd

MOV.B Rs, @ERd

MOV.B Rs, @(d:16, ERd)

MOV.B Rs, @(d:24, ERd)

MOV.B Rs, @–ERd

MOV.B Rs, @aa:8

MOV.B Rs, @aa:16

MOV.B Rs, @aa:24

MOV.W #xx:16, Rd

MOV.W Rs, Rd

MOV.W @ERs, Rd

MOV.W @(d:16, ERs), Rd

MOV.W @(d:24, ERs), Rd

MOV.W @ERs+, Rd

MOV.W @aa:16, Rd

MOV.W @aa:24, Rd

MOV.W Rs, @ERd

MOV.W Rs, @(d:16, ERd)

MOV.W Rs, @(d:24, ERd)

Operation

#xx:8 → Rd8

Rs8 → Rd8

@ERs → Rd8

@(d:16, ERs) → Rd8

@(d:24, ERs) → Rd8

@ERs → Rd8 
ERs32+1 → ERs32

@aa:8 → Rd8

@aa:16 → Rd8

@aa:24 → Rd8

Rs8 → @ERd

Rs8 → @(d:16, ERd)

Rs8 → @(d:24, ERd)

ERd32–1 → ERd32
Rs8 → @ERd

Rs8 → @aa:8

Rs8 → @aa:16

Rs8 → @aa:24

#xx:16 → Rd16

Rs16 → Rd16

@ERs → Rd16

@(d:16, ERs) → Rd16

@(d:24, ERs) → Rd16

@ERs → Rd16
ERs32+2 → @ERd32

@aa:16 → Rd16

@aa:24 → Rd16

Rs16 → @ERd

Rs16 → @(d:16, ERd)

Rs16 → @(d:24, ERd)

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

W

W

W

W

W

W

W

W

W

W

W

2

4

2

2

2

2

2

2

4

8

4

8

4

8

4

8

2

2

2

2

4

6

2

4

6

4

6

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2

2

4

6

10

6

4

6

8

4

6

10

6

4

6

8

4

2

4

6

10

6

6

8

4

6

10

N
o

rm
al

A
d

va
n

ce
d

↔ ↔—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↔ ↔

↔ ↔

↔ ↔

↔ ↔

↔ ↔

↔ ↔

↔ ↔
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Instruction 

 

 

Mnemonic 

Instruction 

Fetch 

I 

Branch 

Addr. Read

J 

Stack 

Operation

K 

Byte Data 

Access 

L 

Word Data 

Access 

M 

Internal 

Operation

N 

BIOR BIOR #xx:8, Rd 

BIOR #xx:8, @ERd 

BIOR #xx:8, @aa:8 

1 

2 

2 

   

1 

1 

  

BIST BIST #xx:3, Rd 

BIST #xx:3, @ERd 

BIST #xx:3, @aa:8 

1 

2 

2 

   

2 

2 

  

BIXOR BIXOR #xx:3, Rd 

BIXOR #xx:3, @ERd 

BIXOR #xx:3, @aa:8 

1 

2 

2 

   

1 

1 

  

BLD BLD #xx:3, Rd 

BLD #xx:3, @ERd 

BLD #xx:3, @aa:8 

1 

2 

2 

   

1 

1 

  

BNOT BNOT #xx:3, Rd 

BNOT #xx:3, @ERd 

BNOT #xx:3, @aa:8 

BNOT Rn, Rd 

BNOT Rn, @ERd 

BNOT Rn, @aa:8 

1 

2 

2 

1 

2 

2 

   

2 

2 

 

2 

2 

  

BOR BOR #xx:3, Rd 

BOR #xx:3, @ERd 

BOR #xx:3, @aa:8 

1 

2 

2 

   

1 

1 

  

BSET BSET #xx:3, Rd 

BSET #xx:3, @ERd 

BSET #xx:3, @aa:8 

BSET Rn, Rd 

BSET Rn, @ERd 

BSET Rn, @aa:8 

1 

2 

2 

1 

2 

2 

   

2 

2 

 

2 

2 

  

BSR BSR d:8 

BSR d:16 

2 

2 

 1 

1 

   

2 

BST BST #xx:3, Rd 

BST #xx:3, @ERd 

BST #xx:3, @aa:8 

1 

2 

2 

   

2 

2 
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PDR

PCR

SBY

PDR: Port data register
PCR: Port control register

Internal data bus

FTIOA
FTIOB
FTIOC
FTIOD

Timer W

Output 
control 
signals 
A to D

[Legend]

 

Figure B.15   Port 8 Block Diagram (P84 to P81) 
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Appendix D   Package Dimensions 

The package dimensions that are shows in the Renesas Semiconductor Packages Data Book have 
priority. 

Package Code
JEDEC
EIAJ
Mass (reference value)

FP-64E
−
Conforms 
0.4 g

Unit: mm

*Dimension including the plating thickness
Base material dimension

M

12.0 ± 0.2

10

48 33

1 16

17

32

64

49

*0.22 ± 0.05
0.08

0.
5

12
.0

 ±
 0

.2

0.10

1.
70

 M
ax

*0
.1

7 
±

 0
.0

5

0.5 ± 0.2

0° − 8°

1.0

1.
45

0.
10

 ±
 0

.1
0

1.25

0.20 ± 0.04

0.
15

 ±
 0

.0
4

 

Figure D.1   FP-64E Package Dimensions 
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