Contents

1  Resources of Microcontrollers ................................... 1
1.1 InthisChapter .. ......coouuniiii e 1

1.2 Microcontroller Architectures ............. ... 1

1.3 The Memory Map . ...ttt 3

1.4 CPUREZISIEIS . ...ttt i 5
1.4.1 The CPURegistersof HC11 ........................... 5

1.42 The CPU Registers of AVR ........... ... .. ........ 6

1.4.3 The CPU Registers of 8051 .......... ... ... ... ..... 7

1.5 The Peripheral Interfaces ............. ... ... ... 8

1.6 The Interrupt System. . ...t 9
1.6.1 General Description of the Interrupt System .............. 9

1.6.2 Distinctive Features of the Interrupt System of HC11 .. .. .. 11

1.6.3 Distinctive Features of the Interrupt System of AVR ....... 12

1.6.4 Distinctive Features of the Interrupt System of 8051 ....... 12

1.7 Expanding the Resaurces of Microcontrollers ................... 12
1.7.1 HCI11 Operating with External Bus ..................... 13

1.7.2  AT90S8515 Operating with External Bus ................ 14

1.7.3 8051 Operating with External Bus ...................... 14

1.8 EXEICISES ...ttt ittt e 15

2 UsingtheDigital /O Lines ................ ... ... ... ..., 19
2.1 InthisChapter .. ... ..ottt e 19

2.2 Overview of the Parallel /O System . . .. ....................... 19

2.3 Electrical Characteristics of the /O Lines ...................... 21

2.4 Controlling the I/O Lines by Software ......................... 23

2.5 EXEICISES .ttt ettt e e 24

3  Using the Asynchronous Serial Interface.......................... 27
3.1 InthisChapter ........ ..ot 27

3.2 Synchronous vs. Asynchronous Communication. ................ 27



XII

Contents

3.3 Error Detection in Asynchronous Communication ............... 29
3.4 The General Structure of the Asynchronous Serial Communication
Interface . ... ..o 30
3.5 The Serial Communication Interface of 68HCI11F1 .............. 30
3.6 The Asynchronous Serial Communication Interface of AVR
Microcontrollers ........ ... 35
3.7 The Asynchronous Serial Interface of 8051 ..................... 36
3.8 Programming the Asynchronous Serial Interface ................ 37
3.8.1 Programming the SCIof HC11...................... ... 38
3.8.2 Programming the UART of AT90S8535 ................. 40
3.8.3 Programming the UART of 8051 ....................... 41
3.9 Hardware Interfaces for Serial Communication. ................. 42
39.1 TheRS2321Interface ............ccooiiiiiiiinnaeao.. 42
3.9.2 Differential Communication. The Interfaces RS422 and
RS48S 43
3.9.3 The Current Loop Interface . ........................... 44
3.10 Basic Principles of Networking with Microcontrollers, Using the
Asynchronous Serial Interface . ............................... 45
311 EXEICISES ..ottt 46
Using the Synchronous Serial Interface SPI ....................... 49
4.1 InthisChapter ............ oot 49
4.2 General Descriptionof the SPI ............................... 49
4.3 The SPI of HC11 Microcontrollers . ...............ccooouueio... 50
4.4 The SPI of the AVR Microcontrollers.......................... 53
4.5 Examples of UsingThe SPI....... ... ... .. i, 55
4.5.1 Using the SPI To Connect Two Microcontrollers . . ........ 55
4.5.2 Expanding the I/O Space Usingthe SPI.................. 56
4.6 EXEICISES ..ottt e 59
Using The I2CBus .......... .. e 61
5.1 InthisChapter ....... ..o e 61
5.2 The Principles of Implementation of the 2CBus ................ 61
5.2.1 The Start Transfer Condition........................... 62
5.2.2 The Data Transferonthe 2CBuS ...................... 62
523 The ACKBit.....ooooi e 62
5.24 The STOP Condition . ..........cooiiiiiiiinneeenn.. 63
5.3 A Software Implementation of the I2C Protocol ................. 63
5.4  Accessing 24C256 Memory Devices ...............ooiiiia... 64
5.5 EXEICISES ...ttt 66
Usingthe MCUTIimers ................. it 67
6.1 InthisChapter ........ ... iiniii i, 67

6.2 The General Structure and Functions of the Timer System ........ 67



Contents X1

6.3 Distinctive Features of the General-Purpose Timer of HC11 ....... 69
6.3.1 The Control and Status Registers of the HC11 Timer ...... 69

6.3.2 Exercises Regarding the Use of the General-Purpose Timer
of HCL1 . oo 73
6.4 Distinctive Feature of the Timer of the AVR Microcontrollers ... .. 75
6.4.1 The 8-Bit Timer/Counter TimerO ....................... 76
6.4.2 The 16-Bit Timer/Counter Timerl ...................... 76
6.4.3 Synopsis of the Timer I/O Registers of AT90S8115........ 78
6.4.4 Summary of the Unique Features of the AVR Timer ....... 79
6.4.5 Exercises Regarding the Use of AVR Timers ............. 79
6.5 Distinctive Features of the Timer System of the 8051 Microcontrollers 81
6.5.1 The Control and Status Registers of the Timer ............ 82
6.5.2 Description of the Timer Operating Mode O .............. 83
6.5.3 Description of the Timer Operating Mode 1 .............. 83
6.5.4 Description of the Timer Operating Mode 2 .............. 84
6.5.5 Description of the Timer Operating Mode 3 .............. 84
6.5.6 Using Timerl as a Baud Rate Generator ................. 85
6.5.7 Exercises for Programming the 8051 Timer .............. 85
6.6 PWM Timers. Principles of Operation ......................... 87
6.7 Watchdog Timers. ..........o it 89
6.7.1 The Watchdog of HC11 ........ ... ... ... . ... .. ... 89
6.7.2 The Watchdog of AT90S8515 ... ..., 90
Interfacing to Analog Signals . . ....... ... ... .. ... ... ... 93
7.1 InThisChapter ...... ...t e 93
7.2 The Analog Comparator . .. .........ouutieiuneennneeneennn.n 93
7.3 The General Structure of the A/D Converter Subsystem. .......... 95
7.4 The A/D Converter of the HC11 Family of Microcontrollers. . .. ... 96
7.5 Exercises on Programming the A/D Converter of HC11........... 98
7.6 The A/D Converter of the AVR Microcontrollers ................ 100
7.7 Exercises on Programming the A/D Converter AT90S8535........ 101
7.8 Digital-to-Analog Converters . . . ..........oouuineeeeeinnnan.. 102
7.8.1 The Principles of the D/A Conversion ................... 102
7.8.2 Exerciseon Using MX7224 ... ... . ... .. ... 104
Using the Internal EEPROM Memory . ........................... 107
8.1 InthisChapter ........ ...t 107
8.2 Overwiew of the EEPROM Subsystem......................... 107
8.3 The EEPROM Memory and the CONFIG Register of HC11 ....... 107
8.3.1 The Registers Controlling the EEPROM of HCI11 ......... 108
8.3.2 Software Routines to Erase and Write the EEPROM . . ... .. 109
8.3.3 The CONFIGRegister ..........oovuiineiiiiinnean. 110
8.4 The EEPROM Memory of the AVR Microcontrollers ............ 111

8.4.1 The Registers of the Interface with the EEPROM Memory.. 111
8.4.2 Software Routines to Read and Write EEPROM .......... 112



XIvV

10

11

12

13

Contents
HC11 Development Board .............. ... ... ..., 115
9.1 InthisChapter ....... ..., 115
9.2 Description of the Hardware Module .......................... 115
9.3 Assembling and Testingthe Module . .......................... 117
9.4 Description of the Software Components ....................... 119
0.5 EXEICISES ...ttt 129
AVR Development Board ............ ... ... . ... ... ... ..., 131
10.1 Inthis Chapter . .. ...ttt e e 131
10.2 The Hardware ........ ... i 131
10.3 Testing the Circuit. . ...ttt e 134
10.4 The Software . ............ . e 134
10.5 EXEICISES .\ttt et e e e e e e 144
8051 Development Board ..................... ... ... ... ... ... 145
11.1 InthisChapter . . .....ooou e 145
11.2 Hardware . ... ... i e 145
11.3 The Software ........ ... 148
11.3.1 Installing the Cross-Assembler......................... 148
11.3.2 Writing and Testing Simple 8051 Programs .............. 149
11.3.3 Loading and Executing Programs in the External Ram
MEMOTY .« e ettt e e e 152
T1.4 EXEICISES vttt ettt e e e e e e e e e 154
Digital Voltmeter with RS232 Interface ........................... 157
12.1 Inthis Chapter . .. ..ottt 157
12.2 The Hardware ......... ... i, 157
12.3 The Software . .. .......oo i 157
12.4 EXEICISES ..ottt e e e e e 162
Simple RS485 Network with Microcontrollers ..................... 163
13.1 InthisChapter . ... e 163
13.2 The Hardware . ........ ...t iii i, 163
13.2.1 The RS232-to-RS485 Converter.................co..... 164
13.2.2 The Digital Input Module ............................. 165
13.2.3 The Analog InputModule . .......... ... ... ... ...... 166
13.2.4 Using the AVR Development Board to Emulate Thel SLD
and SLAModules. ... 166
13.3 The Software . .. ... ..ot i 167
13.3.1 Description of the Communication Protocol .............. 167
13.3.2 The Software for the SLDModule . ..................... 169
13.3.3 The Software for the MASTER Device .................. 171

134 EXEICISES .. i ittt e e e e e 172



Contents XV

14 PI Temperature Controller ............... ... ... ... ... ... ... ... 173
14.1 InthisChapter . . .......oo it 173
14.2 BasiC CONCEPLS .« . v vt ettt et ettt e e e 173

14.3 Hardware Implementation of a Microcontroller-Based Temperature
Controller. ... ... .. 177
14.4 Software Implementation of a PI Temperature Controller ......... 179
15 Fuzzy Logic Temperature Controller ............................. 185
15.1 InthisChapter .. ..ot e 185
15.2 The Principles of Fuzzy Control .............................. 185
15.3 A Microcontroller Implementation of a Fuzzy Controller ......... 189
16 Remote Relay Controller over Telephone Lines .................... 193
16.1 InthisChapter . ...t 193
16.2 Description of the Hardware Solution.......................... 193
16.3 Description of the Software ............... . ... .. ........ 197
Al Glossary of Terms . ... vv it e e 203
AppendiX . . ... 202
A.2 Description of the Registers of 68HCI1FL...................... 213
A3 HCIlI Instruction Set .............oiiiiiiiiiiinnnnn. 215
A.4 An Example of Expanded Structure with HCI1 ................. 219
A5 Using HCI11in BootstrapMode .............................. 221
A.6 The Registers of AT90S8535 ... ... i 224
A7 AVRInstruction Set ...ttt 225
A.8 AT90S8515 Operating with External RAM .................. ... 228
A.9 In-system Programming the AVR AT90S8535 .................. 229
A.10 The Special Function Registers of 8051 ........................ 232
A.11 8051 Instruction Set . ... ..... ..ot 233
A.12 An Example of 8051 Operating with External Bus ............... 237
A.13 Programming the Internal Memory of 8051 ..................... 238
A.14 SPI Seven-Segment Display Units ..................c..n... 240
A.15 Description of the Software Utility ASMEDIT .................. 243
B.1 Contents of the AccompanyingCD...................ooiuu.. 245
B.2 Recommended Readings and Web References................... 247



2 Springer
http://www.springer.com/978-3-540-25301-3

Microcontrollers in Practice

susnea, |; Mitescu, M,

2005, XV, 251 p. With CD-ROM., Hardcover
ISBM: 878-3-540-25301-3



