RF Microcontroller (SPPU) 1 Table of Contents
. . 1.3.3 H d Architect f PIC Mi troller...... 1-11
Chapter 1 : Introduction to Microcontroller arvarc Archtecture o ferocontrotier
Architecture 1-1101-54 | 14 Microcontrollers and Embedded Processors.....1-11
1.1 Introduction to MiCrOProCESSOTS...owweueesemsineeens 1-1 1.5 RISC and CISC 1-12
1.1.1 Some Basic Terms used in Microprocessors..... 1-1 1.5.1 Properties of RISC 1-12
1.1.2 Microprocessor Characteristics and Functions....1-1 1.5.2 Register Window 1-12
1.1.3 Block Diagram of a Microcomputer ... 1-2 1.5.3 Miscellaneous Features / Advantages of
RISC Systems 1-13
1.14 Buses and Memory ACCESSING ......oereneeesseressnsnens 1-4
1.5.4 RISC Shortcomings 1-14
1.1.4(A) Address Bus 1-4
1.6 Criteria for Selecting a Microcontroller ............... 1-15
1.1.4(B) DataBus 1-5
1.7 Performance of Microcontroller ... 1-16
1.1.4(C) Control Bus 1-5
1.8 Embedded System 1-16
1.1.5 ALU (Arithmetic and Logic Unit) ......cmeenneeennnns 1-5
1.8.1 Characteristics of Embedded Systems........ccocce.... 1-17
1.1.6 Basic Important Terms 1-6
1.8.2 Role of Microcontroller in Embedded System...1-18
1.2 Introduction to Microcontroller......... 1-6
1.9 Introduction to 8051 1-18
1.2.1 Microprocessor 1-6
19.1 Features of 8051 1-19
1.2.2 Microcontroller 1-6
1.9.2 Other Members of 8051 Family .....cccoeceenmeeerenneceenns 1-19
1.2.3 Comparison of Microprocessors and
Microcontrollers 1-7 193 Architecture of 8051 1-19
1.2.4 Advantages of Microcontrollers over 1.9.3(A) Accumulator (ACC) 1-19
Microprocessors 1-7
1.9.3(B) B Register 1-19
1.2.5 Disadvantages/Limitations of 8 bit Microcontroller
. 1.9.3(C) Arithmetic and Logic Unit (ALU) .ccconreensmeeerrmeeeernnnns 1-20
over Microprocessors 1-7
1.2.6 Applications of Microcontrollers ... 1-8 1.9.3(D) Program Status Word 1-20
1.3 Harvard and Von Neumann Architectures............. 1-8 1.9.3(E)  Clock and Oscillator 1-21
1.3.1 Von Neumann Architecture 1-8 1.93(F)  Stack Pointer 1-22
1.3.1(A) Key Features of a Von Neumann Machine............... 1-9 1.93(G) Stackand Bank 1 Conflict 1-22
1.3.1(C) Execution of a Program by Von 1.9.3(H)  Data Pointer 1-23
Neumann Machine 1-10 1 1931 Ports0to3 1-23
1.3.1(D) Fetching an Instruction 1-10 1.93(J) Timers and Counters 1-23
1.3.2 Comparison between Von Neumann and Harvard 1.93(K) Serial Data Buffer 1-23
Architecture 1-10
1.9.3(L) on-Chip Oscillator 1-23

) ™
"~ TechKnowledge
¥ Publications



-

S Microcontroller (SPPU)

Table of Contents

1.9.3(M) Program Counter (PC)
1.10 Internal RAM Organization and

Register Structure
1.10.1 Special Function Registers (SFRS)....cccoumieennnne
1.10.2 Four Register Banks of 8 Bytes......oreeemminnnees
1.10.3 External Memory Interface
1.11 Programmers Model of 8051 ........coeeeremnmereeesssnenes
1.12 Pin Functions of 8051
1.13 Ports Structure of 8051

1.13.1 Port 0

1.13.1(A) Reading from a Port Pin

1.13.1(B) Writing to a Port

1.13.1(C) Port Loading and Interfacing........eeereeeeenes
1.13.1(D) Read-Modify-Write Feature ......rernneeens

1.13.2 Port 1

1.13.2(A) Reading from a Port Pin

1.13.2(B) Writing to a Port

1.13.2(C) Port Loading and Interfacing.......ceenseeens

1.13.2(D) Read Modify Write Feature

1.13.3 Port 2

1.13.3(A) Reading from a Port Pin

1.13.3(B) Writing to a Port

1.13.3(C) Port Loading and Interfacing......eeeesemeeeeenes

1.13.3(D) Read Modify Write Feature

1.13.4 Port 3

1.13.4(A) Reading from a Port Pin

1.13.4(B) Writing to a Port

1.13.4(C) Port Loading and Interfacing.......eceenneeees

1.13.4(D) Read-Modify-Write Feature

1-23

1-23

1-23

1-25

1-25

1-26

1-26

1-28

1-29

1-29

1-30

1-30

1-30

1-30

1-30

1-30

1-30

1-30

1-30

1-31

1-31

1-31

1-31

1-31

1-31

1-31

1-32

1-32

1.14

1.14.1

1.14.2

1143
1.14.4
1.14.5
1.14.6
1.15
1.15.1
1.15.1(A)
1.15.1(B)
1.15.1(C)
1.15.1(D)
1.15.2
1.15.2(A)
1.15.2(B)
1.15.2(C)

1.15.3

1.16

1.16.1

1.16.2
1.16.2(A)
1.16.2(B)
1.17
1.17.1

1.17.2

Timers and Counters of 805 1. 1-32
Timer Mode Control (TMOD)

Special Function Register 1-32
Timer Control (TCON) Special

Function Register 1-33
Timer Mode 0 1-33
Timer Mode 1 1-34
Timer Mode 2 1-34
Timer Mode 3 1-34
Serial Interface of 8051 1-35
Serial Port Modes 1-36
Mode 0 : Shift Register Mode ......couenmmeeerrmeeeennes 1-36
Mode 1 : Standard UART 1-36
Mode 2 : Multiprocessor Mode........eeeeinnes 1-37
Mode 3 : Multiprocessor Mode......eeeinns 1-37
Baud Rates 1-37
Mode 0 1-37
Modes 1 and 3 1-37
Mode 2 1-38
The Serial port Control (SCON)

Special Function Register 1-38
Power Saving Modes 1-39

The Power Mode Control (PCON) Special Function

Register

Idle Mode Operation

1-39

Power Saving Modes of Operation ... 1-39
Power Down Operation 1-39
1-39

Interrupts Structure of 8051 .......omeeeneeeeumerersseseenns 1-40
8051 Interrupts and their Priority ... 1-40
...................... 1-40

Vector Addresses of 8051 Interrupts

) ™
"~ TechKnowledge
¥ Publications



-

S Microcontroller (SPPU)

Table of Contents

1.17.3 Enabling and Disabling of Interrupts ..........cccceceen.. 1-41 2.3.1 Programming the 8051 to Transfer
Data Serially 2-6
1.17.4 Interrupt Priority. 1-41
_ 2.3.2 Programming the 8051 to Receive
1.17.5 Timer Flag Interrupt 1-41 Data Serially 2.7
L17.6 Serial Port Interrupt 1-41 2.4 Exam Pack (Review and University Questions)... 2-8
1.17.7 External Interrupts 1-41 .
Chapter 3: 8051 Programming in Embedded C
1.17.8 Reset is a Non-Maskable Interrupts ... 1-42 3-110 3-25
1.18 Addressing Modes 1-42 3.1 Programming in Embedded C.....oeennmmneceeenn 3-1
1.18.1 Immediate Addressing 1-42 3.1.1 Bit Addressable I/0 Programming............. 3-1
1.18.2 Direct Addressing 1-42 3.1.2 Data Types using in C Programming for 8051.....3-1
1.18.3 Indirect Addressing 1-43 3.1.3 Data Serialization 3-3
1.18.4 Register Addressing 1-43 3.2 Programming in C 3-3
1.18.5 External Indirect 1-43 3.2.1 Bit Addressable I/0 Programming............ 3-4
1.19 Summary of 8051 INStructions ... 1-44 3.3 Data Types using in C Programming for 8051.... 3-4
1.19.1 Arithmetic Operators 1-44 3.4 Checksum Byte 3-8
1.19.2 Logical Operations 1-45 3.5 Data Serialization 3-9
1.19.3 Data Transfer 1-45 3.6 8051 Hardware Connection 3-10
1.19.4 Boolean Manipulation 1-46 3.6.1 Intel Hex File 3-11
1.20 Programs on Basic Operations ... 1-47 3.7 Design Problems 3-11
1.21 Exam Pack (Review and University Questions) 1-51 3.8 Exam Pack (Review and University Questions).3-25
Chapter 2: Programming Timer/Counter, Serial Port Chapter 4: 8051 I/O Port Interfacing - | 4-1 to 4-38
and Interrupts of 8051 2-1 to 2-8
4.1 Interfacing DAC, ADC and Sensors.......me 4-1
2.1 Programming the 8051 Timer and I/0 Ports......2-1
4.2 D/A Converters 4-1
2.1.1 Programming the Timer in Mode 1.....cccccoumeeerrnne 2-1
4.3 A/D Converters 4-2
2.1.2 Mode 0 Programming 2-3
4.4 Interfacing ADC and DAC to MCS-51 Family.......... 4-4
2.1.3 Programming the Timer in Mode 2......ccccoumreerrernne 2-3
4.5 ADC 0804 4-5
2.1.4 Counter and Pulse Width
Measurement (PWM) 24 4.5.1 Features of ADC 0804 4-5
2.2 Interrupt Service Routines 2.4 4.5.2 Pin Configuration and Functional
Block Diagram 4-5
2.3 Serial Communication Programming ... 2-6

) ™
"~ TechKnowledge
¥ Publications



-

S Microcontroller (SPPU)

Table of Contents

453

4.6

4.6.1

4.6.2

4.6.3

4.6.4

4.7

4.8

4.9

4.10

411

4.12

4.13

4.14

4.15

4.16

4.16.1

4.16.2

4.16.3

4.17

4171

4.17.2

4.18

4.19

4.19.1

4.19.2

4.19.3

4.20

Interfacing ADC 0804 to MCS-51 Family ..............

MAX 1112/MAX 1113

Pin Description

Control-Byte Format

Timing Diagram

Interfacing 8051 to MAX 1112/MAX 1113.........

Temperature Sensor LM35

Design Problems

Interfacing Relays

Solid State Relay

Optoisolator

Interfacing Stepper Motor

Interfacing of DC Motor

Interfacing DC Motor using L293 H-Bridge.........

Design Problems

Keyboard

Key Switch Mechanism

Hardware Key Debouncing

Software Key Debouncing

Keyboard Interface Circuit

Non-matrix Type Keyboard

Matrix Keyboard Interface

Roll-Over Techniques

Display

LED Displays

Seven Segment Display (SSD) .oeeneeenmeesssseeessnnes
Interfacing Multiple Seven Segment Displays....

Exam Pack

(Review and University Question) ...

4-17

4-18

4-18

4-21

4-21

4-26

4-31

4-31

4-32

4-32

4-32

4-32

4-33

4-34

4-35

4-36

4-36

4-37

Chapter 5: PIC 18FXXXX Microcontroller Architecture
5-1 to 5-26
5.1 Introduction 5-1
5.2 Comparison of CISC and RISC Processors...... 5-1
5.3 Harvard and Von Neumann Architectures........... 5-2
53.1 Harvard Architecture of PIC Microcontroller........ 5-2
5.4 Features of PIC Family of Microcontrollers :
Overview of PIC Microcontroller Family 12FXX,
16FXX and 18FXX 5-2
5.4.1 PIC Microcontroller Features....... . 5-3
5.5 Comparison of Features of PIC10, PIC12, PIC16,
PIC18 Families 5-4
5.6 PIC18F458 Features 5-5
5.7 Pin Diagram of PIC18F458 5-7
5.8 Architecture of PIC18F458 (Block Diagram) ........ 5-7
5.8.1 Program Memory 5-8
5.8.2 31 Level Stack 5-8
5.8.3 Data RAM 5-9
5.8.4 Arithmetic and Logic Unit (ALU) .oocceeermereeeresnneeennes 5-9
5.8.5 CPU Registers 5-9
5.8.5(A) Working Register (WREG) 5-9
5.8.5(B)  Status Register 5-9
5.8.5(C) Program Counter and PCLATH......conmeeeermnrneenns 5-10
5.8.5(D) Stack 5-10
5.8.5(E) INDF and FSR 5-11
5.8.6 8 x 8 Multiply Unit 5-11
5.8.7 Five I/0 (Ports A, B, C, D, E) 5-11
5.8.8 Four Timers (Timer0 to Timer3) ... 5-11
5.8.8(A) Applications of Timer in PIC18F.....cmernnnnens 5-12
5.8.9 Analog to Digital Convertor (ADC) ..coueeenmeeeernnnns 5-12

) ™
"~ TechKnowledge
¥ Publications



RF Microcontroller (SPPU) 5 Table of Contents
5.8.10 Analog Comparator 5-12 5.12 Pipelining 5-22
5.8.11 Master Synchronous Serial Port (MSSP)......ccc.... 5-13 5.13 Power-Down Mode (Sleep) 5-23
5.8.11(A) Serial Peripheral Interface (SPI) Mode......ccoucuenn. 5-13 5.13.1 Wake-Up from Sleep 5-24
5.8.11(B) I2C (Inter Integrated Circuit) Mode .....cccccrmeveenn. 5-13 5.14 Exam Pack

(Review and University Questions) ... 5-24

5.8.12 USART Ports 5-13
Chapter 6 : Overview of Instruction Set 6-1 to 6-58

5.8.13 Interrupt and its Handling in PIC18F ......cccccoeneee 5-13
6.1 Addressing Modes for PIC18 Microcontroller-...... 6-1

5.9 Oscillator Configurations 5-14
6.1.1 Register Direct 6-1

5.9.1 HS, HS4, XT or LP Oscillator ....veeeenerecresesesenens 5-15
6.1.2 Immediate Mode 6-2

59.2 RC Oscillator Mode 5-16
6.1.3 Inherent Mode 6-2

5.9.3 EC and ECIO Oscillator Modes........cemeesseseesnnnns 5-16
6.1.4 Indirect Mode 6-2

5.9.4 Instruction Cycle 5-16
6.1.5 Bit-Direct Addressing Mode 6-4
>10 PIC18 RESET 517 6.2 Instruction Set. 6-4
5.10.1 Power-on Reset (POR) 518 | g3 Data Transfer Instructions 6-7
5102 MCLR 5-18 | 6.3.1 MOVF or MOVE MOVF f,d,a 6-7
5.10.3 Power-up Timer (PWRT) 5-18 6.3.2 MOVFF 6-7
5.104  Oscillator Start-up Timer (OST) oo 5-18 | 63.3 MOVLB 6-8
5105  PLL Lock Time-out 5-18 | 634 MOVLWK 6-8
6.3.5 MOVWF 6-9

5.10.6 Brown-Out Reset (BOR) 5-18
6.3.6 SWAPF 6-9

5.10.7 Time-Out Sequence 5-19
6.3.7 LFSR 6-9

5.10.8 Reset at Supply Voltage Drop below the Permissible
(Brown-out Reset) 5-19 6.3.8 PUSH 6-10
5109  Watchdog Timer 5.19 | 639 POP 6-10
o 6.3.10 CLRF 6-10

5.11 Program and Data Memory Organization ........... 5-20
6.3.11 SETF 6-11

5111 Data Memory 5-20
6.4 Arithmetic Instructions 6-11

5.11.1(A) Bank Select Register (BSR) 5-21
6.4.1 ADDLW 6-11

5.11.2 Program Memory Organization........e 5-21
6.4.2 ADDWF 6-11

) ™
"~ TechKnowledge
¥ Publications



-

S Microcontroller (SPPU)

Table of Contents

6.4.3

6.4.4

6.4.5

6.4.6

6.4.7

6.4.8

6.4.9

6.4.10

6.4.11

6.4.12

6.4.13

6.4.14

6.4.15

6.4.16

6.5

6.5.1

6.5.2

6.5.3

6.5.4

6.5.5

6.5.6

6.5.7

6.5.8

6.5.9

6.5.10

6.5.11

6.5.12

6.6

ADDWEFC

DAW

SUBLW

SUBWF

SUBWFB

SUBFWB

INCF

INCFSZ

INCFSNZ

DECF

DECFSZ

DECFSNZ

MULLW

MULWF

Logical Instructions

ANDLW

ANDWF

IORLW

IORWF

XORLW

XORWF

COMF

NEGF

CPFSEQ

CPFSGT

CPFSLT

TSTFSZ

Rotate Instructions

6-17

6-18

6-18

6-20

6-20

6-20

6-21

6-21

6-21

6-22

6-22

6-22

6-23

6-23

6-24

6-24

6-24

6.6.1

6.6.2

6.6.3

6.6.4

6.7

6.7.1

6.7.2

6.7.3

6.7.4

6.7.5

6.7.6

6.7.7

6.7.8

6.7.9

6.7.10

6.8

6.8.1

6.8.2

6.8.3

6.8.4

6.8.5

6.9

6.9.1

6.9.2

6.9.3

6.9.4

6.9.5

6.9.6

RLCF 6-24
RLNCF 6-25
RRCF 6-25
RRNCF 6-26
Branch Instructions 6-26
BC 6-26
BN 6-27
BNC 6-27
BNN 6-28
BNOV 6-28
BNZ 6-28
BOV 6-29
BRA 6-29
GOTO 6-29
BZ 6-30
CALL and RETURN Instructions........nnn: 6-30
CALL 6-30
RCALIL 6-31
RETURN 6-31
RETFIE 6-31
RETLW 6-32
Table Read/Write InStructions ... 6-32
TBLRD* 6-32
TBLRD*+ 6-33
TBLRD*- 6-34
TBLRD+* 6-34
TBLWT* 6-35
TBLWT*+ 6-36

) ™
"~ TechKnowledge
¥ Publications



-

RF Microcontroller (SPPU) 7 Table of Contents

6.9.7 TBLWT*- 6-37 | 6.183  Binary Coded Decimal (BCD) Addition.............. 6-53
698  TBLWT+* 6-37 | 6184  Multiplication 6-54
6.10 Machine Control InStructions ... 6-38 6.19 Program Loops 6-55
6.10.1 CLRWDT 6-38
6.19.1 Changing the Program Counter ... 6-55
6.10.2 NOP 6-38
6.20 Exam Pack
6.10.3 SLEEP 6-39 (Review and University Questions) ... 6-57
6.10.4 RESET 6-39
Chapter 7 : Peripheral Support in PIC 18FXXXX — |
6.11 Bit Addressable INStructions .........eeeesennes 6-39 7-1to 7-14
6.11.1 BCF 6-39
7.1 CCP Module in PIC18 Microcontroller ... 7-1
6.11.2 BSF 6-40
7.2 Timers Required for CCP Applications......... 7-1
6.11.3 BTFSC 6-40
7.3 CCP Registers 7-1
6.11.4 BTFSS 6-41
7.3.1 CCP1CON Control Register 7-1
6.11.5 BTG 6-41
7.4 Generating of Waveform using Compare Mode of
6.12 Assembly Language Programs.........cees 6-41
CCP Module 7-2
6.13 Development Tools for PIC Microcontrollers..... 6-42
7.4.1 Programming the CCP Module in
6.14 MPLAB Integrated Development Compare Mode 7.3
Environment Software 6-42
7.5 Capture Mode 7-4
6.14.1 Assembler (MPASM) 6-43
. 7.6 PWM Mode 7-6
6.14.2 Software Simulator (MPLAB-SIM) .......ccomueeinnn 6-43
6143  CCompiler (MPLAB-C) 6-43 | /61 Period of PWM 7-6
6.15 Introduction to Assembly 7.6.2 Duty Cycle of PWM 7-7
Language Programming and its Structure......... 6-44
7.6.3 Steps for Programming the CCP Module for PWM
6.15.1 Assembly Language Program Structure............... 6-44 Generation 7-7
6.16 Assembler Directives 6-44 | 77 Speed Control of DC Motor using
6.17 Writing Simple Programs 6-47 PWM Mode of CCP Module 7-9
6.18 Writing Programs to Perform 7.7.1 Interfacing DC Motor using L293 H-Bridge and
Arithmetic Computations 6-49 Opto-isolator 7-10
6.18.1 Perform Addition Operations.........sn 6-49 78 Exam Pack
6.18.2 Perform Subtraction Operations.........n 6-51 (Review and University QUeSHONS).....v... 7-13

) ™
"~ TechKnowledge
¥ Publications



-

S Microcontroller (SPPU)

Table of Contents

9.4.3 Timer 1 Control Register (T1ICON)...ccomererrmmineens 9-6
9.5 Timer 2 9-7
9.5.1 Timer 2 Block Diagram 9-8
9.5.2 Timer2 Registers and TMR2IF Flag......ccomeennnns 9-8
9.5.3 Timer 2 Control Register (T2CON)....cccomererrmeineens 9-9
9.6 Timer 3 9-9
9.6.1 Timer 3 Block Diagram 9-10
9.6.2 Timer 3 Control Register (T3CON)....ccccumueerermeerennns 9-11
9.7 Programming the PIC18 Timers ... 9-12
9.8 Exam Pack

(Review and University Questions).......... 9-20

Chapter 10 : Real World Interfacing with PIC18FXXXX - |

Chapter 8 : Peripheral Support in PIC 18FXXXX — Il
8-1 to 8-8
8.1 Interrupts Vs Polling 8-1
8.2 Interrupt Service Routine (ISR) ...cccorevnmeeernereernnnnes 8-1
8.3 Steps in Executing an Interrupt. ... 8-2
8.4 PIC18 Interrupt Structure 8-3
8.4.1 Timer Flag Interrupts 8-3
8.4.1(A) PIR Registers 8-3
8.4.1(B) Interrupt Control Register 8-3
8.5 PIC18 Interrupt Programming in C Using C18
Compiler 8-5
8.6 Hardware Interrupts 8-6
8.7 Serial Port Interrupts 8-7
8.8 Setting the Interrupt Priority ....neeenneeeesnsnees 8-7
8.9 Interrupt inside an Interrupt
/Nested Interrupt 8-8
8.10 Exam Pack
(Review and University Questions) ... 8-8
Chapter 9: Peripheral Support in PIC 18FXXXX — Il
9-1 to 9-21
9.1 Timers / Counters 9-1
9.2 Prescaling of PIC Timers3 9-1
9.3 Timer 0 9-1
9.3.1 Timer 0 Block Diagram 9-1
9.3.2 Timer O Registers 9-3
9.3.3 TOCON (Timer 0 Control) Register ......eeens 9-3
9.4 Timer 1 9-4
9.4.1 Timer 1 Block Diagram 9-4
9.4.2 Timer 1 Registers 9-6

10-1 to 10-22
10.1 Interfacing DAC 10-1
10.1.1 Features of DAC 0808 10-1
10.1.2 Pin Configuration and
Functional Block Diagram 10-1
10.1.3 Interfacing DAC with PIC18F458.......rmmmrnnnnn 10-3
10.1.4 Programming PIC to Interface with DAC0808...10-3
10.2 PIC18F458 ADC 10-5
10.2.1 ADCONO Register 10-5
10.2.2 ADCON1 Register 10-6
10.2.3 A/D Conversion Time 10-7
10.3 A/D Acquisition Requirements .......oeeesmeeeensnns 10-9
10.4 Selecting the A/D Conversion ClocK ... 10-10
10.5 Configuring Analog Port Pins ... 10-10
10.6 Use of the ECCP Trigger 10-11

) ™
"~ TechKnowledge
¥ Publications



-

S Microcontroller (SPPU)

Table of Contents

12.5

12.5.1

12.5.2

12.6

Interfacing of PIC18F458 8 bit

Model LCD (16 x 2) 12-10

Initialization of LCD 12-11

Interfacing LCD Module with PIC18F458......... 12-12

Exam Pack

(Review and University Questions).......... 12-25

Chapter 13 : Serial Port Programming Interfacing with

10.6.1 A/D Result Registers 10-12
10.6.2 A/D Programming using Interrupts......... 10-13
10.7 Temperature Sensor LM35.....mssine 10-15
10.8 Exam Pack
(Review and University Questions) ... 10-22
Chapter 11 : Real World Interfacing with
PIC18FXXXX -1l 11-1 to 11-7
11.1 I/0 Port Programming 11-1
11.2 Port A 11-1
11.3 Port B 11-2
11.4 Port C 11-3
11.5 Port D 11-4
11.6 Port E 11-4
11.7 Simple Programs for [/O POItS ....ccmeeeseennnnns 11-5
11.8 Exam Pack
(Review and University Questions) ... 11-6
Chapter 12 : Real World Interfacing with
PIC18FXXXX - Il 12-1 to 12-26
12.1 Keyboard 12-1
12.1.1 Key Switch Mechanism 12-1
12.1.2 Hardware Key Debouncing 12-1
12.1.3 Software Key Debouncing 12-1
12.2 Keyboard Interface Circuit 12-2
12.2.1 Non-Matrix Type Keyboard 12-2
12.2.2 Matrix Keyboard Interface 12-2
12.3 Interfacing of Switches 12-6
12.4 Display 12-7
12.4.1 LED Displays 12-7
12.4.2 Seven Segment Display (SSD) .eeeeeeremmereessunnenes 12-9

PIC18FXXXX -1 13-1 to 13-23

131 Introduction to Serial Communication............ 13-1
13.1.1 Parallel vs Serial Interface 13-1
13.1.2 Types of Communication SyStems.........ceereennn. 13-1
13.1.3 Baud Rate 13-2
13.2 RS 232 Standard Signals used in RS 232............. 13-2
13.3 PIC18 Connection to RS232 13-3
13.4 Interfacing Serial Port and USART......ccoveervnmeeeenes 13-3
13.4.1 SPBRG Register 13-3
13.4.2 Sampling 13-3
13.4.3 RCSTA (Receive Status and Control Register)...13-5
13.5 USART Asynchronous Mode ......eereeeesennnns 13-6
13.6 UART Asynchronous TranSmitter ... 13-7
13.6.1 Setting Up Asynchronous Transmission............. 13-8
13.7 UART Asynchronous Receiver ... 13-8
13.7.1 Setting Up Asynchronous Reception without

Address Detect Mode 13-9
13.7.2 Setting Up Asynchronous Reception with Address

Detect 13-9
13.8 Programming the PIC18 to

Transfer Data Serially 13-10
139 Programming the PIC18 to

Receive Data Serially 13-10
13.10 SPI (Serial Peripheral Interface)......o 13-10

) ™
"~ TechKnowledge
¥ Publications



RF Microcontroller (SPPU) 10 Table of Contents
13.10.1  PIC18F SPI Bus 13-11 13.12.5 Baud Rate Generator 13-21
13.10.2  Registers 13-12 13.13 Comparison of SPI and I°C 13-22
13.11 I2C Bus 13-14 13.14 Exam Pack
(Review and University Questions) ... 13-22
13.11.1  Comparison between RS232, RS485, I%C............ 13-15
Chapter 14 : Serial Port Programming interfacing with
13.12 I2C Mode 13-15
PIC18FXXXX - I 14-1 to 14-9
13.12.1  Registers 13-16
14.1 Features of DS1306 14-1
13.12.2  Operation 13-18
14.2 Pin Functions of DS1306 14-1
13.12.3  Slave Mode 13-18
14.3 Control Registers and Operation of DS1306.......14-3
13.12.3(A) Addressing 13-19
14.4 Programming and Interfacing DS1306 with PIC
13.12.3(B) Reception 13-19 Microcontroller 14-6
13.12.3(C) Transmission 13-20 | 145 Interfacing DS1307 with PIC18 ... 14-6
13.12.4  Master Mode 13-20 14.6 Exam Pack
(Review and University QUestions) ... 14-9





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


