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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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• Compact package 
 
Package Code Body Size Pin Pitch 

LQFP-64 FP-64E 10.0 × 10.0 mm 0.5 mm 

QFP-64 FP-64A 14.0 × 14.0 mm 0.8 mm 

LQFP-48 FP-48F 10.0 × 10.0 mm 0.65 mm 

LQFP-48 FP-48B 7.0 × 7.0 mm 0.5 mm 

QFN-48 TNP-48 7.0 × 7.0 mm 0.5 mm 

Only LQFP-64 (FP-64E) for H8/3694N package 
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H'0000

HD64N3694G 
HD6483694G 

(On-chip EEPROM module)

User area
(512 bytes)

Slave address
register

Not used

Not used

H'01FF

H'FF09

 

Figure 2.1   Memory Map (3) 
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Bit Bit Name 
Initial 
Value R/W Description 

2 IWPF2 0 R/W WKP2 Interrupt Request Flag 

[Setting condition] 

When WKP2 pin is designated for interrupt input and the 
designated signal edge is detected. 

[Clearing condition] 

When IWPF2 is cleared by writing 0. 

1 IWPF1 0 R/W WKP1 Interrupt Request Flag 

[Setting condition] 

When WKP1 pin is designated for interrupt input and the 
designated signal edge is detected. 

[Clearing condition] 

When IWPF1 is cleared by writing 0. 

0 IWPF0 0 R/W WKP0 Interrupt Request Flag 

[Setting condition] 

When WKP0 pin is designated for interrupt input and the 
designated signal edge is detected. 

[Clearing condition] 

When IWPF0 is cleared by writing 0. 

 

3.3 Reset Exception Handling 

When the RES pin goes low, all processing halts and this LSI enters the reset. The internal state of 
the CPU and the registers of the on-chip peripheral modules are initialized by the reset. To ensure 
that this LSI is reset at power-up, hold the RES pin low until the clock pulse generator output 
stabilizes. To reset the chip during operation, hold the RES pin low for at least 10 system clock 
cycles. When the RES pin goes high after being held low for the necessary time, this LSI starts 
reset exception handling. The reset exception handling sequence is shown in figure 3.1. 

The reset exception handling sequence is as follows. However, for the reset exception handling 
sequence of the product with on-chip power-on reset circuit, refer to section 18, Power-On Reset 
and Low-Voltage Detection Circuits (Optional). 

1. Set the I bit in the condition code register (CCR) to 1. 

2. The CPU generates a reset exception handling vector address (from H'0000 to H'0001), the 
data in that address is sent to the program counter (PC) as the start address, and program 
execution starts from that address. 
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Section 10   Timer A 

Timer A is an 8-bit timer with interval timing and real-time clock time-base functions. The clock 
time-base function is available when a 32.768kHz crystal oscillator is connected. Figure 10.1 
shows a block diagram of timer A. 

10.1 Features 

• Timer A can be used as an interval timer or a clock time base. 

• An interrupt is requested when the counter overflows. 

• Any of eight clock signals can be output from pin TMOW: 32.768 kHz divided by 32, 16, 8, or 
4 (1 kHz, 2 kHz, 4 kHz, 8 kHz), or the system clock divided by 32, 16, 8, or 4. 

 
Interval Timer 

• Choice of eight internal clock sources (φ/8192, φ/4096, φ/2048, φ/512, φ/256, φ/128, φ/32, φ8) 
 
Clock Time Base 

• Choice of four overflow periods (1 s, 0.5 s, 0.25 s, 31.25 ms) when timer A is used as a clock 
time base (using a 32.768 kHz crystal oscillator). 
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13.3 Operation 

The watchdog timer is provided with an 8-bit counter.  If 1 is written to WDON while writing 0 to 
B2WI when the TCSRWE bit in TCSRWD is set to 1, TCWD begins counting up.  (To operate 
the watchdog timer, two write accesses to TCSRWD are required.)  When a clock pulse is input 
after the TCWD count value has reached H'FF, the watchdog timer overflows and an internal reset 
signal is generated.  The internal reset signal is output for a period of 256 φosc clock cycles.  TCWD 
is a writable counter, and when a value is set in TCWD, the count-up starts from that value.  An 
overflow period in the range of 1 to 256 input clock cycles can therefore be set, according to the 
TCWD set value. 

Figure 13.2 shows an example of watchdog timer operation. 

Example: With 30ms overflow period when φ = 4 MHz

4 × 106
×  30  ×  10–3  =  14.6

8192

TCWD overflow
H'FF

H'00

Internal reset 
signal 

H'F1

TCWD
count value

H'F1 written 
to TCWD

H'F1 written to TCWD Reset generated

Start 

256 φosc clock cycles

Therefore, 256 – 15 = 241 (H'F1) is set in TCW. 

 

Figure 13.2   Watchdog Timer Operation Example 
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Table 14.3 Maximum Bit Rate for Each Frequency (Asynchronous Mode) 

φ (MHz) 
Maximum Bit 
Rate (bit/s) n N φ (MHz) 

Maximum Bit 
Rate (bit/s) n N 

2 62500 0 0 8 250000 0 0 

2.097152 65536 0 0 9.8304 307200 0 0 

2.4576 76800 0 0 10 312500 0 0 

3 93750 0 0 12 375000 0 0 

3.6864 115200 0 0 12.288 384000 0 0 

4 125000 0 0 14 437500 0 0 

4.9152 153600 0 0 14.7456 460800 0 0 

5 156250 0 0 16 500000 0 0 

6 187500 0 0 17.2032 537600 0 0 

6.144 192000 0 0 18 562500 0 0 

7.3728 230400 0 0 20 625000 0 0 
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Yes

<End>

No

Start reception

[1]

No

Yes

Read RDRF flag in SSR [2]

[3]

Clear RE bit in SCR3 to 0

Read OER, PER, and
FER flags in SSR

Error processing

(Continued on next page)

[4]

Read receive data in RDR

Yes

No

OER+PER+FER = 1

RDRF = 1

All data received?

[1] Read the OER, PER, and FER flags in 
SSR to identify the error.  If a receive 
error occurs, performs the appropriate 
error processing. 

[2] Read SSR and check that RDRF = 1, 
then read the receive data in RDR.   
The RDRF flag is cleared automatically.

[3] To continue serial reception, before the 
stop bit for the current frame is 
received, read the RDRF flag and read 
RDR. 

       The RDRF flag is cleared automatically. 
[4] If a receive error occurs, read the OER, 

PER, and FER flags in SSR to identify 
the error. After performing the 
appropriate error processing, ensure 
that the OER, PER, and FER flags are 
all cleared to 0.  Reception cannot be 
resumed if any of these flags are set to 
1.  In the case of a framing error, a 
break can be detected by reading the 
value of the input port corresponding to 
the RxD pin.

(A)

 

Figure 14.8   Sample Serial Data Reception Flowchart (Asynchronous mode) (1) 
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1 frame

Start
bit

Start
bit

Receive 
data (ID1)

Receive data 
(Data1)MPB MPB

Stop
bit

Stop
bit

Mark state 
(idle state)

1 frame

01 D0 D1 D7 1 1 1 10 D0 D1 D7

ID1

0Serial
data

MPIE

RDRF

RDR
value

RDR
value

LSI
operation

RXI interrupt
request
MPIE cleared 
to 0

User 
processing

RDRF flag
cleared 
to 0

RXI interrupt request
is not generated, and
RDR retains its state

RDR data read When data is not 
this station's ID, 
MPIE is set to 1  
again

1 frame

Start
bit

Start
bit

Receive 
data (ID2)

Receive data 
(Data2)MPB MPB

Stop
bit

Stop
bit

Mark state 
(idle state)

1 frame

01 D0 D1 D7 1 1 1 10

(a)  When data does not match this receiver's ID

(b)  When data matches this receiver's ID

D0 D1 D7

ID2 Data2ID1

0Serial
data

MPIE

RDRF

LSI
operation

RXI interrupt
request
MPIE cleared 
to 0

User 
processing

RDRF flag
cleared 
to 0

RXI interrupt
request

RDRF flag
cleared 
to 0

RDR data read When data is 
this station's 
ID, reception 
is continued

RDR data read   
MPIE set to 1  
again

 

Figure 14.18   Example of SCI3 Operation in Reception Using Multiprocessor Format 
(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit) 
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TDRE

SCL
(Master output)

SDA
(Master output)

SDA
(Slave output)

TEND

[5] Write data to ICDRT (third byte)

ICDRT

ICDRS

[2] Instruction of start
     condition issuance

[3] Write data to ICDRT (first byte)

[4] Write data to ICDRT (second byte)User
processing

1

Bit 7

Slave address

Address + R/W Data 1

Data 1

Data 2

Address + R/W

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

2 1 23 4 5 6 7 8 9

A

R/W

 

Figure 15.5   Master Transmit Mode Operation Timing (1) 

TDRE

[6] Issue stop condition. Clear TEND. 

[7] Set slave receive mode

TEND

ICDRT

ICDRS

19 2 3 4 5 6 7 8 9

A A/A

SCL
(Master output)

SDA
(Master output)

SDA
(Slave output)

Bit 7 Bit 6

Data n

Data n

Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

[5] Write data to ICDRTUser
processing

 

Figure 15.6   Master Transmit Mode Operation Timing (2) 
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111

110

101

100

011

010

001

000
1
8

2
8

6 
8

7 
8

FS

Quantization error

Digital output

Ideal A/D conversion
characteristic

Analog
input voltage

3 
8

4 
8

5 
8

 

Figure 16.4   A/D Conversion Accuracy Definitions (1) 

FS

Digital output

Ideal A/D conversion
characteristic

Nonlinearity
error

Analog
input voltageOffset error

Actual A/D conversion
characteristic

Full-scale error

 

Figure 16.5   A/D Conversion Accuracy Definitions (2) 
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Register 
Name Reset Active Sleep Subactive Subsleep Standby Module 

PMR1 Initialized — — — — — I/O port 

PMR5 Initialized — — — — —  

PCR1 Initialized — — — — —  

PCR2 Initialized — — — — —  

PCR5 Initialized — — — — —  

PCR7 Initialized — — — — —  

PCR8 Initialized — — — — —  

SYSCR1 Initialized — — — — — Power-down 

SYSCR2 Initialized — — — — — Power-down 

IEGR1 Initialized — — — — — Interrupts 

IEGR2 Initialized — — — — — Interrupts 

IENR1 Initialized — — — — — Interrupts 

IRR1 Initialized — — — — — Interrupts 

IWPR Initialized — — — — — Interrupts 

MSTCR1 Initialized — — — — — Power-down 

 

• EEPROM 
Register 
Name Reset Active Sleep Subactive Subsleep Standby Module 

EKR — — — — — — EEPROM 

Notes:  is not initialized 
 1. LVDC: Low-voltage detection circuits (optional) 

 2. WDT: Watchdog timer 
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tScyc

tSCKW

SCK3

 

Figure 21.5   SCK3 Input Clock Timing 

tScyc

tTXD

tRXS
tRXH

VOH

V    or VIH          OH

V    or VIL          OL

*

*

*

VOL
*

SCK3

TXD 
(transmit data)

RXD 
(receive data)

Note: * Output timing reference levels

Output high:

Output low:

Load conditions are shown in figure 21.8.

V     = 2.0 V

V    = 0.8 V
OH

OL

 

Figure 21.6   SCI Input/Output Timing in Clocked Synchronous Mode 
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Table A.3 Number of Cycles in Each Instruction 

Execution Status    Access Location 

(Instruction Cycle)   On-Chip Memory On-Chip Peripheral Module 

Instruction fetch SI  2 — 

Branch address read SJ    

Stack operation SK    

Byte data access SL   2 or 3* 

Word data access SM   2 or 3* 

Internal operation SN  1 

Note: * Depends on which on-chip peripheral module is accessed. See section 20.1, Register 
Addresses (Address Order). 
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Instruction 

 

 

Mnemonic 

Instruction 

Fetch 

I 

Branch 

Addr. Read
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Stack 

Operation 

K 

Byte Data 
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Word Data 

Access 
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Internal 

Operation 
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BCLR BCLR #xx:3, Rd 

BCLR #xx:3, @ERd 

BCLR #xx:3, @aa:8 

BCLR Rn, Rd 

BCLR Rn, @ERd 

BCLR Rn, @aa:8 

1 

2 

2 

1 

2 

2 

   

2 

2 

 

2 

2 

  

BIAND BIAND #xx:3, Rd 

BIAND #xx:3, @ERd 

BIAND #xx:3, @aa:8 

1 

2 

2 

   

1 

1 

  

BILD BILD #xx:3, Rd 

BILD #xx:3, @ERd 

BILD #xx:3, @aa:8 

1 

2 

2 

   

1 

1 
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PDR

PMR

PCR

SBY

PMR: Port mode register
PDR: Port data register
PCR: Port control register

Internal data bus

TxD

SCI3

[Legend]

 

Figure B.5   Port 2 Block Diagram (P22) 
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PDR

PUCR

PMR

PCR

SBYRES

PUCR: Port pull-up control register
PMR: Port mode register
PDR: Port data register
PCR: Port control register

WKP

Internal data bus

Pull-up MOS

[Legend]

 

Figure B.10   Port 5 Block Diagram (P54 to P50) 
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PDR

PCR

SBY

TMCIV

PDR: Port data register
PCR: Port control register

Internal data bus

Timer V

[Legend]

 

Figure B.12   Port 7 Block Diagram (P75) 
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Section 5 Clock Pulse 
Generators 

Figure 5.3 Typical 
Connection to Crystal 
Resonator 

70 
1

2

C1

C2

OSC

OSC
1 2C   = C   = 10 to 22 pF1 2  

Figure 5.5   Typical 
Connection to Ceramic 
Resonator 

71 
OSC1

OSC2

C1

C2
C1 = 5 to 30 pF
C2 = 5 to 30 pF

 
   
Bit Bit Name Description 

 

3 NESEL Noise Elimination Sampling Frequency 
Select 

The subclock pulse generator generates the 
watch clock signal (φW) and the system clock 
pulse generator generates the oscillator 
clock (φOSC). This bit selects the sampling 
frequency of the oscillator clock when the 
watch clock signal (φW) is sampled. When 
φOSC = 4 to 20 MHz, clear NESEL to 0. 

Section 6 Power-Down 
Modes 
6.1.1 System Control 
Register 1 (SYSCR1) 

76  
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Section 8 RAM 107 Note: * When the E7 or E8 is used, area H'F780 to H'FB7F 

must not be accessed. 
   

Bit Bit Name Description 
 

4 TCSRWE Timer Control/Status Register WD Write Enable 

 Section 13 Watchdog 
Timer 
13.2.1 Timer 
Control/Status Register 
WD (TCSRWD) 

184 

     

 


