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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
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microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
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and memory capacity. 8-bit microcontrollers are typically
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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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CHAPTER  3   CPU  ARCHITECTURE  
 

 

3.1  Memory Space 
 

Products in the 78K0/FC2 can each access a 64 KB memory space.  Figures 3-1 to 3-3 show the memory map. 
 

Caution Regardless of the internal memory capacity, the initial values of the internal memory size 
switching register (IMS) and internal expansion RAM size switching register (IXS) of the 
78K0/FC2 is fixed (IMS = CFH, IXS = 0CH).  Therefore, set the value corresponding to each 
product as indicated below. 

 

Table 3-1. Set Values of Internal Memory Size Switching Register (IMS)  
 and Internal Expansion RAM Size Switching Register (IXS) 

Flash Memory Version IMS IXS 

μPD78F0881, 78F0884 C8H 0AH 

μPD78F0882, 78F0885 CCH 08H 

μPD78F0883, 78F0886 CFH 08H 
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(4) CALLF instruction entry area 
The area 0800H to 0FFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF). 

 
(5) On-chip debug security ID setting area  

A 10-byte area of 0085H to 008EH and 1085H to 108EH can be used as an on-chip debug security ID setting 

area.  Set the on-chip debug security ID of 10 bytes at 0085H to 008EH when the boot swap is not used and at 

0085H to 008EH and 1085H to 108EH when the boot swap is used.  For details, see CHAPTER 24  ON-CHIP 
DEBUG FUNCTION. 

 
3.1.2  Internal data memory space 

78K0/FC2 products incorporate the following RAM. 
 

(1) Internal high-speed RAM 
 

Table 3-5.  Internal High-Speed RAM Capacity 

Part Number Internal High-Speed RAM 

μPD78F0881, 78F0884 

μPD78F0882, 78F0885 

μPD78F0883, 78F0886 

1024 × 8 bits (FB00H to FEFFH) 

 
The 32-byte area FEE0H to FEFFH is assigned to four general-purpose register banks consisting of eight 8-bit 

registers per one bank. 

This area cannot be used as a program area in which instructions are written and executed. 
The internal high-speed RAM can also be used as a stack memory. 

 

(2) Internal expansion RAM 
 

Table 3-6.  Internal Expansion RAM Capacity 

Part Number Internal Expansion RAM 

μPD78F0881, 78F0884 1024 × 8 bits (F400H to F7FFH) 

μPD78F0882, 78F0885 2048 × 8 bits (F000H to F7FFH) 

μPD78F0883, 78F0886  

 

The internal expansion RAM can also be used as a normal data area similar to the internal high-speed RAM, as 
well as a program area in which instructions can be written and executed. 

The internal expansion RAM cannot be used as a stack memory. 

 
3.1.3  Special function register (SFR) area 

On-chip peripheral hardware special function registers (SFRs) are allocated in the area FF00H to FFFFH (refer to 

Table 3-7  Special Function Register List in 3.2.3  Special Function Registers (SFRs)). 
 

Caution Do not access addresses to which SFRs are not assigned. 
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Figure 4-20.  Block Diagram of P131 
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P13: Port register 13 

PU13: Pull-up resistor option register 13 

PM13: Port mode register 13 

RD: Read signal 

WR××: Write signal 

 

Caution  P131 is μPD78F0884, 78F0885, 78F0886 only. 
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Cautions 1. When the standup of voltage until it reaches 1.8 V from the time of a power supply injection is 
looser than 0.5 V/ms (MAX.), input a low level into RESET pin, or set up 2.7 V/1.59 V POC 
mode (LVISTART = 1) from an option byte until it reaches 1.8 V from the time of a power 
supply injection (refer to Figure 5-13).  When a low level is inputted into RESET pin until it 
reaches 1.8 V, after the reset release by RESET pin operates to the same timing as <2> of 
Figure 5-12 or subsequent ones. 

 2. When using the external clock input from EXCLK pin and EXCLKS pin, oscillation stable 
waiting time is unnecessary. 

 

Remark The clock which is not used as a CPU clock can be suspended by setup of software during 

microcomputer operation. Moreover, high-speed oscillation clock and a high-speed system clock can 

suspend a clock by execution of a STOP command (see (4) in 5.6.1  Controlling high-speed system 
clock, (3) in 5.6.2  Example of controlling internal high-speed oscillation clock, and (4) in 5.6.3  
Example of controlling subsystem clock). 
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Figure 6-2.  Block Diagram of 16-Bit Timer/Event Counter 01 (μPD78F0881, 78F0882, 78F0883) 
 

Internal bus

Capture/compare control
register 01 (CRC01)

fPRS

fPRS/24

fPRS/26

fPRS

Prescaler mode
register 01 (PRM01)

2

PRM011 PRM010
CRC012

16-bit timer capture/compare
register 011 (CR011)

Match

Match

16-bit timer counter 01
(TM01)

Clear

Noise
elimi-
nator

CRC012CRC011 CRC010

INTTM001

INTTM011

16-bit timer output 
control register 01 
(TOC01)

16-bit timer mode
control register 01
(TMC01)

Internal bus

TMC013 TMC012 TMC011 OVF01 TOC014 LVS01 LVR01 TOC011 TOE01

S
el

ec
to

r

16-bit timer capture/compare
register 001 (CR001)

S
el

ec
to

r

S
el

ec
to

r

S
el

ec
to

r

Noise
elimi-
nator

Noise
elimi-
nator

Output
controller

OSPE01OSPT01

 
 

Figure 6-3.  Block Diagram of 16-Bit Timer/Event Counter 01 (μPD78F0884, 78F0885, 78F0886) 
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Figure 7-11.  Interval Timer Operation Timing (2/2) 
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(c) When CR5n = FFH 
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Remark n = 0, 1 
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Cautions 1. When TMHE0 = 1, setting the other bits of TMHMD0 is prohibited.  However, TMHMD0 can be 
refreshed (the same value is written). 

 2. In the PWM output mode, be sure to set 8-bit timer H compare register 10 (CMP10) when 
starting the timer count operation (TMHE0 = 1) after the timer count operation was stopped 
(TMHE0 = 0) (be sure to set again even if setting the same value to CMP10). 

 

Remarks 1. fPRS:  Peripheral hardware clock frequency 

 2. TMC506:  Bit 6 of 8-bit timer mode control register 50 (TMC50)  

  TMC501:  Bit 1 of TMC50 

 

Figure 8-6.  Format of 8-Bit Timer H Mode Register 1 (TMHMD1) 
 

Address:  FFFAH     After reset:  00H     R/W 

Symbol <7> 6 5 4 3 2 <1> <0> 

TMHMD1 TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOEN1 

 

TMHE1 Timer operation enable 

0 Stops timer count operation (Counter is cleared to 0) 

1 Enables timer count operation (Count operation started by inputting clock) 

 

Count clock selection CKS12 CKS11 CKS10 

 fPRS = 4 

MHz 

fPRS = 8 

MHz 

fPRS = 10 

MHz 

fPRS = 20 

MHz 

0 0 0 fPRS 4 MHz 8 MHz 10 MHz 20 MHz 

0 0 1 fPRS/22 1 MHz 2 MHz 2.5 MHz 5 MHz 

0 1 0 fPRS/24 500 kHz 1 MHz 625 kHz 1.25 MHz 

0 1 1 fPRS/26 62.5 kHz 125 kHz 156.25 kHz 312.5 kHz 

1 0 0 fPRS/212 0.97 kHz 1.95 kHz 2.44 kHz 4.88 kHz 

1 0 1 fRL/27 1.88 kHz (TYP.) 

1 1 0 fRL/29 0.47 kHz (TYP.) 

1 1 1 fRL 240 kHz (TYP.) 

 

TMMD11 TMMD10 Timer operation mode 

0 0 Interval timer mode 

0 1 Carrier generator mode 

1 0 PWM output mode 

1 1 Setting prohibited 

 

TOLEV1 Timer output level control (in default mode) 

0 Low level 

1 High level 

 

TOEN1 Timer output control 

0 Disables output 

1 Enables output 
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12.2  Configuration of A/D Converter  
 

The A/D converter includes the following hardware.  

 

(1) ANI0 to ANI8Note pins 
These are the analog input pins of the 8-channel A/D converter.  They input analog signals to be converted into 

digital signals.  Pins other than the one selected as the analog input pin can be used as I/O port pins. 

 

Note  ANI8 is μPD78F0884, 78F0885, and 78F0886 only. 

 

(2) Sample & hold circuit 
The sample & hold circuit samples the input voltage of the analog input pin selected by the selector when A/D 

conversion is started, and holds the sampled voltage value during A/D conversion. 

 

(3) Series resistor string 
The series resistor string is connected between AVREF and AVSS, and generates a voltage to be compared with 

the sampled voltage value. 

 

Figure 12-2.  Circuit Configuration of Series Resistor String  
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(4) Voltage comparator 
The voltage comparator compares the sampled voltage value and the output voltage of the series resistor string. 

 

(5) Successive approximation register (SAR) 
This register converts the result of comparison by the voltage comparator, starting from the most significant bit 

(MSB). 

When the voltage value is converted into a digital value down to the least significant bit (LSB) (end of A/D 

conversion), the contents of the SAR register are transferred to the A/D conversion result register (ADCR). 

 
(6) 10-bit A/D conversion result register (ADCR) 

The A/D conversion result is loaded from the successive approximation register to this register each time A/D 

conversion is completed, and the ADCR register holds the A/D conversion result in its higher 10 bits (the lower 6 

bits are fixed to 0). 
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15.2  CAN Protocol 
 

CAN (Controller Area Network) is a high-speed multiplex communication protocol for real-time communication in 

automotive applications (class C).  CAN is prescribed by ISO 11898.  For details, refer to the ISO 11898 

specifications. 

The CAN specification is generally divided into two layers: a physical layer and a data link layer.  In turn, the data 

link layer includes logical link and medium access control.  The composition of these layers is illustrated below. 

 

Figure 15-2.  Composition of Layers 
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Note  CAN controller specification 

 
 

15.2.1  Frame format 
 

(1) Standard format frame 
- The standard format frame uses 11-bit identifiers, which means that it can handle up to 2048 messages. 

 

(2) Extended format frame 
- The extended format frame uses 29-bit (11 bits + 18 bits) identifiers which increase the number of 

messages that can be handled to 2048 x 218 messages. 

- Extended format frame is set when “recessive level” (CMOS level equals “1”) is set for both the SRR and 

IDE bits in the arbitration field. 
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Figure 15-40 shows the processing for a receive message buffer (MT [2:0] bits of C0MCONFm register = 001B to 

101B). 

 
Figure 15-40.  Message Buffer Redefinition 
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Notes 1.  Confirm that a message is being received because RDY bit must be set after a message is completely 

received. 

 2.  Avoid message buffer redefinition during store operation of message reception by waiting additional 4 

CAN data bits. 
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Figure 15-47.  Transmission Abort Processing (Except Normal Operation Mode with ABT) 
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Note There is a possibility of starting the transmission without being aborted even if TRQ bit is cleared, 

because the transmission request to protocol layer might already been accepted between 11 bits, 

total of interframe space (3 bits) and suspend transmission (8 bits). 

 

Cautions 1. Execute transmission request abort processing by clearing the TRQ bit, not the RDY 
bit. 

 2. Before making a sleep mode transition request, confirm that there is no transmission 
request left using this processing. 

 3. The TSTAT bit can be periodically checked by a user application or can be checked 
after the transmit completion interrupt. 

 4. Do not execute the new transmission request including in the other message buffers 
while transmission abort processing is in progress. 
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Table 16-1.  Interrupt Source List (1/2) 

Interrupt Source Interrupt 

Type 

Default 

PriorityNote 1 Name Trigger 

Internal/ 

External 

Vector 

Table 

Address 

Basic 

Configuration 

TypeNote 2 

0 INTLVI Low-voltage detectionNote 3 Internal 0004H (A) 

1 INTP0 Pin input edge detection 0006H 

2 INTP1 Pin input edge detection 0008H 

3 INTP2 Pin input edge detection 000AH 

4 INTP3 Pin input edge detection 000CH 

5 INTP4 Pin input edge detection 000EH 

6 INTP5 Pin input edge detection 

External 

0010H 

(B) 

7 INTC0ERR AFCAN0 error occurrence 0012H 

8 INTC0WUP AFCAN0 wakeup 0014H 

9 INTC0REC AFCAN0 reception completion 0016H 

10 INTC0TRX AFCAN0 transmission completion 0018H 

11 INTSRE60 UART60 reception error generation 001AH 

12 INTSR60 End of UART60 reception 001CH 

13 INTST60 End of UART60 transmission 001EH 

INTCSI10 End of CSI10 transmission 14 

INTSRE61 UART61 reception error generation 

Internal 

0020H 

(A) 

INTP6 Pin input edge detection External (B) 15 

INTSR61 End of UART61 reception Internal 

0022H 

(A) 

16 INTP7 Pin input edge detection External 0024H (B) 

 INTST61 End of UART61 transmission Internal  (A) 

17 INTTMH1 Match between TMH1 and CMP01 

(when compare register is specified) 

 0026H  

18 INTTMH0 Match between TMH0 and CMP00  

(when compare register is specified) 

 0028H  

19 INTTM50 Match between TM50 and CR50 

(when compare register is specified) 

 002AH  

20 INTTM000 Match between TM00 and CR000 

(when compare register is specified),  

TI010 pin valid edge detection  

(when capture register is specified) 

 002CH  

21 INTTM010 Match between TM00 and CR010  

(when compare register is specified), 

TI000 pin valid edge detection 

(when capture register is specified) 

 002EH  

Maskable 

 

22 INTAD End of A/D conversion  0030H  

Notes 1. The default priority is the priority applicable when two or more maskable interrupt are generated 

simultaneously.  0 is the highest priority, and 27 is the lowest.  

 2. Basic configuration types (A) to (C) correspond to (A) to (C) in Figure 16-1.  

 3. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is set to 0. 

<R> 
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Table 16-1.  Interrupt Source List (2/2) 

Interrupt Source Interrupt 

Type 

Default 

PriorityNote 1 Name Trigger 

Internal/ 

External 

Vector 

Table 

Address 

Basic 

Configuration 

TypeNote 2 

23 INTWTI Watch timer reference time interval signal 0032H 

 INTDMU DMU operation end  

24 INTTM51Note 3 Match between TM51 and CR51  

(when compare register is specified) 

0034H 

25 INTWT Watch timer overflow 0036H 

26 INTTM001 Match between TM01 and CR001  

(when compare register is specified), 

TI011 pin valid edge detection 

(when capture register is specified) 

003AH 

Maskable 

27 INTTM011 Match between TM01 and CR011  

(when compare register is specified) 

Internal 

003CH 

(A) 

Software − BRK BRK instruction execution − 003EH (C) 

RESET Reset input 

POC Power-on clear 

LVI Low-voltage detectionNote 4 

Reset − 

WDT WDT overflow 

− 0000H − 

Notes 1. The default priority is the priority applicable when two or more maskable interrupt are generated 

simultaneously.  0 is the highest priority, and 27 is the lowest.  

 2. Basic configuration types (A) to (C) correspond to (A) to (C) in Figure 16-1. 

 3. When the 8-bit timer/event counter 51 is used in the carrier generator mode, the interrupt source is 

INTTM5H1 (see Figure 8-13 Transfer Timing). 

 4. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is set to 1. 
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Cautions 3. When manipulating a flag of the interrupt request flag register, use a 1-bit memory 
manipulation instruction (CLR1).  When describing in C language, use a bit manipulation 
instruction such as “IF0L.0 = 0;” or “_asm(“clr1 IF0L, 0”);” because the compiled assembler 
must be a 1-bit memory manipulation instruction (CLR1). 

  If a program is described in C language using an 8-bit memory manipulation instruction 
such as “IF0L &= 0xfe;” and compiled, it becomes the assembler of three instructions. 

 

  mov a, IF0L 
  and a, #0FEH 
  mov IF0L, a 

 

  In this case, even if the request flag of another bit of the same interrupt request flag register 
(IF0L) is set to 1 at the timing between “mov a, IF0L” and “mov IF0L, a”, the flag is cleared 
to 0 at “mov IF0L, a”.  Therefore, care must be exercised when using an 8-bit memory 
manipulation instruction in C language. 
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(2) Oscillation stabilization time select register (OSTS) 
This register is used to select the X1 clock oscillation stabilization time when the STOP mode is released. When 

the X1 clock is selected as the CPU clock, the operation waits for the time set using OSTS after the STOP mode 

is released. 

When the internal high-speed oscillation clock is selected as the CPU clock, confirm with OSTC that the desired 

oscillation stabilization time has elapsed after the STOP mode is released.  The oscillation stabilization time can 

be checked up to the time set using OSTC. 

OSTS can be set by an 8-bit memory manipulation instruction. 

Reset signal generation sets OSTS to 05H. 
 

Figure 17-2.  Format of Oscillation Stabilization Time Select Register (OSTS) 
 

Address:  FFA4H     After reset:  05H     R/W 

Symbol 7 6 5 4 3 2 1 0 

OSTS 0 0 0 0 0 OSTS2 OSTS1 OSTS0 

 

 OSTS2 OSTS1 OSTS0 Oscillation stabilization time selection 

     fX = 4 MHz fX = 5 MHz fX = 10 MHz fX = 20 MHz 

 0 0 1 211/fX  512 μs 409.6 μs 204.8 μs 102.4 μs 

 0 1 0 213/fX  2.05 ms 1.64 ms 819.2 μs 409.6 μs 

 0 1 1 214/fX  4.10 ms 3.27 ms 1.64 ms 819.2 μs  

 1 0 0 215/fX  8.19 ms 6.55 ms 3.27 ms 1.64 ms 

 1 0 1 216/fX  16.38 ms 13.11 ms 6.55 ms 3.27 ms  

 Other than above Setting prohibited 

 

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set OSTS before 
executing the STOP instruction. 

 2. Do not change the value of the OSTS register during the X1 clock oscillation 
stabilization time. 

 3. The oscillation stabilization time counter counts up to the oscillation stabilization time 
set by OSTS.  If the STOP mode is entered and then released while the internal high-
speed oscillation clock is being used as the CPU clock, set the oscillation stabilization 
time as follows. 

 •  Desired OSTC oscillation stabilization time ≤ Oscillation stabilization time set by 
OSTS 

  Note, therefore, that only the status up to the oscillation stabilization time set by OSTS 
is set to OSTC after STOP mode is released. 

 4. The X1 clock oscillation stabilization time does not include the time until clock 
oscillation starts (“a” below). 

 

a

STOP mode release

X1 pin voltage
waveform

 
 

Remark fX:  X1 clock oscillation frequency 
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Table 18-2.  Hardware Statuses After Reset Acknowledgment (2/3) 

Hardware Status After Reset 

Acknowledgment 

Timer counters 50, 51 (TM50, TM51) 00H 

Compare registers 50, 51 (CR50, CR51) 00H 

Timer clock selection registers 50, 51 (TCL50, TCL51) 00H 

8-bit timer/event counters 
50, 51 

Mode control registers 50, 51 (TMC50, TMC51) 00H 

Compare registers 00, 10, 01, 11 (CMP00, CMP10, CMP01, CMP11) 00H 

Mode registers (TMHMD0, TMHMD1) 00H 

8-bit timers H0, H1 

Carrier control register 1 (TMCYC1)Note 1 00H 

Watch timer Operation mode register (WTM) 00H 

Clock output/buzzer 

output controller 

Clock output selection register (CKS) 00H 

Watchdog timer Enable register (WDTE) 1AH/9AHNote 2 

10-bit A/D conversion result register (ADCR) 0000H 

8-bit A/D conversion result register (ADCRH) 00H 

Mode register (ADM) 00H 

Analog input channel specification register (ADS) 00H 

A/D converter 

A/D port configuration register (ADPC) 00H 

Receive buffer register 60, 61 (RXB60, RXB61) FFH 

Transmit buffer register 60, 61 (TXB60, TXB61) FFH 

Asynchronous serial interface operation mode register 60, 61 (ASIM60, 

ASIM61) 

01H 

Asynchronous serial interface reception error status register 60, 61  

(ASIS60, ASIS61) 

00H 

Asynchronous serial interface transmission status register 60, 61  (ASIF60, 

ASIF61) 

00H 

Clock selection register 60, 61  (CKSR60, CKSR61) 00H 

Baud rate generator control register 60, 61  (BRGC60, BRGC61) FFH 

Asynchronous serial interface control register 60, 61  (ASICL60, ASICL61) 16H 

Serial interface UART60, 

UART61 

Input switch control register (ISC) 00H 

Transmit buffer registers 10 (SOTB10) 00H 

Serial I/O shift registers 10 (SIO10) 00H 

Serial operation mode registers 10 (CSIM10) 00H 

Serial interfaces CSI10 

Serial clock selection registers 10 (CSIC10) 00H 

Notes 1. During reset signal generation or oscillation stabilization time wait, only the PC contents among the 

hardware statuses become undefined.  All other hardware statuses remain unchanged after reset. 

 2. 8-bit timer H1 only. 

 3. The reset value of WDTE is determined by the option byte setting. 


