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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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1. These materials are intended as a reference to assist our customers in the selection of the Renesas 
Technology Corp. product best suited to the customer's application; they do not convey any license 
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or 
a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or 
circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and 
algorithms represents information on products at the time of publication of these materials, and are 
subject to change by Renesas Technology Corp. without notice due to product improvements or 
other reasons.  It is therefore recommended that customers contact Renesas Technology Corp. or 
an authorized Renesas Technology Corp. product distributor for the latest product information 
before purchasing a product listed herein. 
The information described here may contain technical inaccuracies or typographical errors. 
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising 
from these inaccuracies or errors. 
Please also pay attention to information published by Renesas Technology Corp. by various means, 
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data, 
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total 
system before making a final decision on the applicability of the information and products.  Renesas 
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the 
information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or 
system that is used under circumstances in which human life is potentially at stake.  Please contact 
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when 
considering the use of a product contained herein for any specific purposes, such as apparatus or 
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in 
whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must 
be exported under a license from the Japanese government and cannot be imported into a country 
other than the approved destination. 
Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the 
country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the products 
contained therein.

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and 
more reliable, but there is always the possibility that trouble may occur with them. Trouble with 
semiconductors may lead to personal injury, fire or property damage. 
Remember to give due consideration to safety when making your circuit designs, with appropriate 
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or 
(iii) prevention against any malfunction or mishap.

Keep safety first in your circuit designs! 

Notes regarding these materials
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Interrupt vector
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Figure 2.1   Memory Map (2) 
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3.2.2 Interrupt Edge Select Register 2 (IEGR2) 

IEGR2 selects the direction of an edge that generates interrupt requests of the pins ADTRG and 
WKP5 to WKP0. 

Bit Bit Name 
Initial 
Value R/W Description 

7, 6  All 1  Reserved 

These bits are always read as 1. 

5 WPEG5 0 R/W WKP5 Edge Select 

0: Falling edge of WKP5 (ADTRG) pin input is detected 

1: Rising edge of WKP5 (ADTRG) pin input is detected 

4 WPEG4 0 R/W WKP4 Edge Select 

0: Falling edge of WKP4 pin input is detected 

1: Rising edge of WKP4 pin input is detected 

3 WPEG3 0 R/W WKP3 Edge Select 

0: Falling edge of WKP3 pin input is detected 

1: Rising edge of WKP3 pin input is detected 

2 WPEG2 0 R/W WKP2 Edge Select 

0: Falling edge of WKP2 pin input is detected 

1: Rising edge of WKP2 pin input is detected 

1 WPEG1 0 R/W WKP1Edge Select 

0: Falling edge of WKP1 pin input is detected 

1: Rising edge of WKP1 pin input is detected 

0 WPEG0 0 R/W WKP0 Edge Select 

0: Falling edge of WKP0 pin input is detected 

1: Rising edge of WKP0 pin input is detected 
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Figures 4.2 show the operation examples of the address break interrupt setting.  

NOP
instruc-

tion
prefetch

Register setting
•  ABRKCR = H'80
•  BAR = H'025A

Program
0258
025A
025C
0260
0262
   :

*
NOP
NOP
MOV.W @H'025A,R0
NOP
NOP
   :

0258
Address 
bus

φ

Interrupt 
request

025A 025C 025E SP-2 SP-4

NOP
instruc-

tion
prefetch

MOV
instruc-
tion 1

prefetch

MOV
instruc-
tion 2

prefetch
Internal

processing Stack save

Interrupt acceptance

Underline indicates the address 
to be stacked.

When the address break is specified in instruction execution cycle

 

Figure 4.2   Address Break Interrupt Operation Example (1) 
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instruc-
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φ

Interrupt 
request
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MOV
instruc-
tion 2
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tion
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instruc-

tion
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instru-
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Figure 4.2   Address Break Interrupt Operation Example (2) 
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Section 5   Clock Pulse Generators 

Clock oscillator circuitry (CPG: clock pulse generator) is provided on-chip, including a system 
clock pulse generator. The system clock pulse generator consists of a system clock oscillator, a 
duty correction circuit, and system clock dividers.  

Figure 5.1 shows a block diagram of the clock pulse generators. 

System
clock

oscillator

Duty
correction

circuit

System
clock

divider 

Prescaler S
(13 bits)

OSC1

OSC2

System clock pulse generator

φOSC
(fOSC)

φOSC
(fOSC)

φ/2
to
φ/8192

φφOSC/8
φOSC

φOSC/16
φOSC/32
φOSC/64

 

Figure 5.1   Block Diagram of Clock Pulse Generators 

The basic clock signals that drive the CPU and on-chip peripheral modules are system clocks (φ). 
The system clock is divided into φ/8192 to φ/2 by prescaler S and they are supplied to respective 
peripheral modules. 

5.1 System Clock Generator 

Clock pulses can be supplied to the system clock divider either by connecting a crystal or ceramic 
resonator, or by providing external clock input. Figure 5.2 shows a block diagram of the system 
clock generator. 

LPM

LPM: Low-power mode (standby mode, subsleep mode) 

2

1

OSC

OSC

 

Figure 5.2   Block Diagram of System Clock Generator 
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5.1.3 External Clock Input Method 

Connect an external clock signal to pin OSC1, and leave pin OSC2 open. Figure 5.6 shows a typical 
connection. The duty cycle of the external clock signal must be 45 to 55%. 

OSC1 External clock input 

OSC 2 Open

 

Figure 5.6   Example of External Clock Input 

5.2 Prescalers 

5.2.1 Prescaler S 

Prescaler S is a 13-bit counter using the system clock (φ) as its input clock. It is incremented once 
per clock period. Prescaler S is initialized to H'0000 by a reset, and starts counting on exit from 
the reset state. In standby mode and subsleep mode, the system clock pulse generator stops. 
Prescaler S also stops and is initialized to H'0000. The CPU cannot read or write prescaler S. 

The output from prescaler S is shared by the on-chip peripheral modules. The divider ratio can be 
set separately for each on-chip peripheral function. In active mode and sleep mode, the clock input 
to prescaler S is determined by the division factor designated by MA2 to MA0 in SYSCR2. 

5.3 Usage Notes 

5.3.1 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. 



Section 9   I/O Ports 

Rev. 4.00  Sep. 23, 2005  Page 104 of 354 

REJ09B0025-0400  

Bit Bit Name 
Initial 
Value R/W Description 

0 WKP0 0 R/W P50/WKP0 Pin Function Switch 

Selects whether pin P50/WKP0 is used as P50 or as WKP0. 

0: General I/O port 

1: WKP0 input pin 

 

9.3.2 Port Control Register 5 (PCR5) 

PCR5 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 5. 

Bit Bit Name 
Initial 
Value R/W Description 

7 

6 

5 

4 

3 

2 

1 

0 

PCR57 

PCR56 

PCR55 

PCR54 

PCR53 

PCR52 

PCR51 

PCR50 

0 

0 

0 

0 

0 

0 

0 

0 

W 

W 

W 

W 

W 

W 

W 

W 

When each of the port 5 pins P57 to P50 functions as an 
general I/O port, setting a PCR5 bit to 1 makes the 
corresponding pin an output port, while clearing the bit to 0 
makes the pin an input port. 
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• P83/FTIOC pin 
 
Register TIOR1   PCR8  

Bit Name IOC2 IOC1 IOC0 PCR83 Pin Function 

Setting Value 0 0 0 0 P83 input/FTIOC input pin 

    1 P83 output/FTIOC input pin 

 0 0 1 X FTIOC output pin 

 0 1 X X FTIOC output pin 

 1 X X 0 P83 input/FTIOC input pin 

    1 P83 output/FTIOC input pin 

Legend X: Don't care. 

 

• P82/FTIOB pin 
 
Register TIOR0   PCR8  

Bit Name IOB2 IOB1 IOB0 PCR82 Pin Function 

Setting Value 0 0 0 0 P82 input/FTIOB input pin 

    1 P82 output/FTIOB input pin 

 0 0 1 X FTIOB output pin 

 0 1 X X FTIOB output pin 

 1 X X 0 P82 input/FTIOB input pin 

    1 P82 output/FTIOB input pin 

Legend  X: Don't care. 

 

• P81/FTIOA pin 
 
Register TIOR0   PCR8  

Bit Name IOA2 IOA1 IOA0 PCR81 Pin Function 

Setting Value 0 0 0 0 P81 input/FTIOA input pin 

    1 P81 output/FTIOA input pin 

 0 0 1 X FTIOA output pin 

 0 1 X X FTIOA output pin 

 1 X X 0 P81 input/FTIOA input pin 

    1 P81 output/FTIOA input pin 

Legend  X: Don't care. 
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Bit Bit Name 
Initial 
Value R/W Description 

1 

0 

OS1 

OS0 

0 

0 

R/W 

R/W 

Output Select 1 and 0 

These bits select an output method for the TMOV pin by 
the compare match of TCORA and TCNTV. 

00: No change 

01: 0 output 

10: 1 output 

11: Output toggles 

 

OS3 and OS2 select the output level for compare match B. OS1 and OS0 select the output level 
for compare match A. The two output levels can be controlled independently. After a reset, the 
timer output is 0 until the first compare match. 
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Bit Bit Name 
Initial 
Value R/W Description 

0 TOA 0 R/W Timer Output Level Setting A 

Sets the output value of the FTIOA pin until the first 
compare match A is generated. 

0: Output value is 0* 

1: Output value is 1* 

Legend  X: Don't care. 

Note: * The change of the setting is immediately reflected in the output value. 

 

11.3.3 Timer Interrupt Enable Register W (TIERW) 

TIERW controls the timer W interrupt request. 

Bit Bit Name 
Initial 
Value R/W Description 

7 OVIE 0 R/W Timer Overflow Interrupt Enable 

When this bit is set to 1, FOVI interrupt requested by OVF 
flag in TSRW is enabled. 

6 to 4  All 1  Reserved 

These bits are always read as 1. 

3 IMIED 0 R/W Input Capture/Compare Match Interrupt Enable D 

When this bit is set to 1, IMID interrupt requested by 
IMFD flag in TSRW is enabled. 

2 IMIEC 0 R/W Input Capture/Compare Match Interrupt Enable C 

When this bit is set to 1, IMIC interrupt requested by 
IMFC flag in TSRW is enabled. 

1 IMIEB 0 R/W Input Capture/Compare Match Interrupt Enable B 

When this bit is set to 1, IMIB interrupt requested by 
IMFB flag in TSRW is enabled. 

0 IMIEA 0 R/W Input Capture/Compare Match Interrupt Enable A 

When this bit is set to 1, IMIA interrupt requested by 
IMFA flag in TSRW is enabled. 
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13.3.1 Receive Shift Register (RSR) 

RSR is a shift register that is used to receive serial data input from the RXD pin and convert it into 
parallel data. When one frame of data has been received, it is transferred to RDR automatically.  
RSR cannot be directly accessed by the CPU. 

13.3.2 Receive Data Register (RDR) 

RDR is an 8-bit register that stores received data.  When the SCI3 has received one frame of serial 
data, it transfers the received serial data from RSR to RDR, where it is stored. After this, RSR is 
receive-enabled. As RSR and RDR function as a double buffer in this way, continuous receive 
operations are possible. After confirming that the RDRF bit in SSR is set to 1, read RDR only 
once. RDR cannot be written to by the CPU. RDR is initialized to H'00. 

13.3.3 Transmit Shift Register (TSR) 

TSR is a shift register that transmits serial data. To perform serial data transmission, the SCI3 first 
transfers transmit data from TDR to TSR automatically, then sends the data that starts from the 
LSB to the TXD pin. TSR cannot be directly accessed by the CPU. 

13.3.4 Transmit Data Register (TDR) 

TDR is an 8-bit register that stores data for transmission. When the SCI3 detects that TSR is 
empty, it transfers the transmit data written in TDR to TSR and starts transmission.  The double-
buffered structure of TDR and TSR enables continuous serial transmission. If the next transmit 
data has already been written to TDR during transmission of one-frame data, the SCI3 transfers 
the written data to TSR to continue transmission. To achieve reliable serial transmission, write 
transmit data to TDR only once after confirming that the TDRE bit in SSR is set to 1. TDR is 
initialized to H'FF. 
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Register Name 

Abbre-
viation 

 
Bit No 

 
Address 

Module 
Name 

Data Bus 
Width 

Access 
State 

General register B GRB 16 H'FF8A Timer W 16*2 2 

General register C GRC 16 H'FF8C Timer W 16*2 2 

General register D GRD 16 H'FF8E Timer W 16*2 2 

Flash memory control register 1 FLMCR1 8 H'FF90 ROM 8 2 

Flash memory control register 2 FLMCR2 8 H'FF91 ROM 8 2 

Erase block register 1 EBR1 8 H'FF93 ROM 8 2 

Flash memory enable register FENR 8 H'FF9B ROM 8 2 

Timer control register V0 TCRV0 8 H'FFA0 Timer V 8 3 

Timer control/status register V TCSRV 8 H'FFA1 Timer V 8 3 

Timer constant register A TCORA 8 H'FFA2 Timer V 8 3 

Timer constant register B TCORB 8 H'FFA3 Timer V 8 3 

Timer counter V TCNTV 8 H'FFA4 Timer V 8 3 

Timer control register V1 TCRV1 8 H'FFA5 Timer V 8 3 

Serial mode register SMR 8 H'FFA8 SCI3 8 3 

Bit rate register BRR 8 H'FFA9 SCI3 8 3 

Serial control register 3 SCR3 8 H'FFAA SCI3 8 3 

Transmit data register TDR 8 H'FFAB SCI3 8 3 

Serial status register SSR 8 H'FFAC SCI3 8 3 

Receive data register RDR 8 H'FFAD SCI3 8 3 

A/D data register A ADDRA 16 H'FFB0 A/D 
converter

8 3 

A/D data register B ADDRB 16 H'FFB2 A/D 
converter

8 3 

A/D data register C ADDRC 16 H'FFB4 A/D 
converter

8 3 

A/D data register D ADDRD 16 H'FFB6 A/D 
converter

8 3 

A/D control/status register ADCSR 8 H'FFB8 A/D 
converter

8 3 

A/D control register ADCR 8 H'FFB9 A/D 
converter

8 3 

Timer control/status register WD TCSRWD 8 H'FFC0 WDT*3 8 2 

Timer counter WD TCWD 8 H'FFC1 WDT*3 8 2 
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Register Name 

Abbre-
viation 

 
Bit No 

 
Address 

Module 
Name 

Data Bus 
Width 

Access 
State 

Timer mode register WD TMWD 8 H'FFC2 WDT*3 8 2 

Address break control register ABRKCR 8 H'FFC8 Address 
break 

8 2 

Address break status register ABRKSR 8 H'FFC9 Address 
break 

8 2 

Break address register H BARH 8 H'FFCA Address 
break 

8 2 

Break address register L BARL 8 H'FFCB Address 
break 

8 2 

Break data register H BDRH 8 H'FFCC Address 
break 

8 2 

Break data register L BDRL 8 H'FFCD Address 
break 

8 2 

Port pull-up control register 1 PUCR1 8 H'FFD0 I/O port 8 2 

Port pull-up control register 5 PUCR5 8 H'FFD1 I/O port 8 2 

Port data register 1 PDR1 8 H'FFD4 I/O port 8 2 

Port data register 2 PDR2 8 H'FFD5 I/O port 8 2 

Port data register 5 PDR5 8 H'FFD8 I/O port 8 2 

Port data register 7 PDR7 8 H'FFDA I/O port 8 2 

Port data register 8 PDR8 8 H'FFDB I/O port 8 2 

Port data register B PDRB 8 H'FFDD I/O port 8 2 

Port mode register 1 PMR1 8 H'FFE0 I/O port 8 2 

Port mode register 5 PMR5 8 H'FFE1 I/O port 8 2 

Port control register 1 PCR1 8 H'FFE4 I/O port 8 2 

Port control register 2 PCR2 8 H'FFE5 I/O port 8 2 

Port control register 5 PCR5 8 H'FFE8 I/O port 8 2 

Port control register 7 PCR7 8 H'FFEA I/O port 8 2 

Port control register 8 PCR8 8 H'FFEB I/O port 8 2 

System control register 1 SYSCR1 8 H'FFF0 Power-
down 

8 2 

System control register 2 SYSCR2 8 H'FFF1 Power-
down 

8 2 

Interrupt edge select register 1 IEGR1 8 H'FFF2 Interrupts 8 2 
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Section 18   Electrical Characteristics 

18.1 Absolute Maximum Ratings 

Table 18.1 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 VIN –0.3 to VCC +0.3 V  

 Port B  –0.3 to AVCC +0.3 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. 

 

18.2 Electrical Characteristics (F-ZTATTM Version) 

18.2.1 Power Supply Voltage and Operating Ranges 

(1) Power Supply Voltage and Oscillation Frequency Range 

10.0

2.0

20.0

3.0 4.0 5.5 VCC (V)

øOSC (MHz)

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

tTXD

tRXS
tRXH

VOH

V    or VIH          OH

V    or VIL          OL

*2

*2

*2

VOL*2

SCK3, SCK3_2,
SCK3_3*1

TXD, TXD_2,  
TXD_3*1 
(transmit data)

RXD, RXD_2,
RXD_3*1 
(receive data)

Notes: 1.

2. Output timing reference levels

Output high:

Output low:

Load conditions are shown in figure 18.6.

The SCK3_3, RXD_3, and TXD_3 pins are not available in the H8/36014.

V     = 2.0 V

V    = 0.8 V
OH

OL

 

Figure 18.5   SCI3 Input/Output Timing in Clocked Synchronous Mode 

18.5 Output Load Condition 

VCC

2.4 kΩ

12 kΩ30 pF

LSI output pin

 

Figure 18.6   Output Load Circuit 



Appendix 

  Rev. 4.00  Sep. 23, 2005  Page 285 of 354 

  REJ09B0025-0400 

Appendix A   Instruction Set 

A.1 Instruction List 

Operand Notation 

Symbol Description 

Rd General (destination*) register 

Rs General (source*) register 

Rn General register* 

ERd General destination register (address register or 32-bit register) 

ERs General source register (address register or 32-bit register) 

ERn General register (32-bit register) 

(EAd) Destination operand 

(EAs) Source operand 

PC Program counter 

SP Stack pointer 

CCR Condition-code register 

N N (negative) flag in CCR 

Z Z (zero) flag in CCR 

V V (overflow) flag in CCR 

C C (carry) flag in CCR 

disp Displacement 

→ Transfer from the operand on the left to the operand on the right, or transition from 
the state on the left to the state on the right 

+ Addition of the operands on both sides 

– Subtraction of the operand on the right from the operand on the left 

× Multiplication of the operands on both sides 

÷ Division of the operand on the left by the operand on the right 

∧ Logical AND of the operands on both sides 

∨ Logical OR of the operands on both sides 

⊕ Logical exclusive OR of the operands on both sides 

¬ NOT (logical complement) 
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Figure B.8   Port 2 Block Diagram (P20) 
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Figure B.14   Port 7 Block Diagram (P76) 
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Figure B.15   Port 7 Block Diagram (P75) 
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Figure B.17   Port 7 Block Diagram (P73) 


