Order this document by
MC68HCO08PT48/D
Rev. 2.0

HCO3

68HCO8PT48
68HC908PT48

Advance Information

This document contains information on a new product.
Specifications and information herein are subject to change without notice.

-,

Z“ freescale*

semconaducion


RXZB30
Rectangle

RXZB30
logo


Advance Information

Advance Information

Motorola reserves the right to make changes without further notice to
any products herein to improve reliability, function or design. Motorola
does not assume any liability arising out of the application or use of any
product or circuit described herein; neither does it convey any license
under its patent rights nor the rights of others. Motorola products are not
designed, intended, or authorized for use as components in systems
intended for surgical implant into the body, or other applications intended
to support or sustain life, or for any other application in which the failure
of the Motorola product could create a situation where personal injury or
death may occur. Should Buyer purchase or use Motorola products for
any such unintended or unauthorized application, Buyer shall indemnify
and hold Motorola and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such
unintended or unauthorized use, even if such claim alleges that Motorola
was negligent regarding the design or manufacture of the part.

MC68HC(9)08PT48 —Rev. 2.0

2

MOTOROLA



Advance Information — MC68HC(9)08PT48

List of Sections

Section 1. General Description ................... 27
Section2. MemoryMap ..., 37
Section 3. Central Processing Unit (CPU). ........... 53
Section 4. Clock Generator Module (CGMB). ....... 69
Section 5. Computer Operating

Properly (COP) Module . .................. 103
Section 6. Keyboard Interrupt (KBI) Module . . . ... .. 109
Section 7. System Integration Module (SIM)........ 117
Section 8. Random-Access Memory (RAM)........ 141
Section 9. 2-Kbyte FLASH Memory. . .............. 143
Section 10. 48-Kbyte FLASH Memory. ............. 153
Section 11. Serial Peripheral

Interface (SPl) Module . .. ................. 165
Section 12. Serial Communications

Interface (SCI) Module. . .................. 197
Section 13. Analog-to-Digital

Converter (ADC) Module. .. ............... 233
Section 14. Configuration Register (CONFIG). ... ... 243
Section 15. Timer Interface Module (TIM) . . ........ 247

MC68HC(9)08PT48 — Rev. 2.0 Advance Information
MOTOROLA List of Sections 3



List of Sections

Advance Information

Section 16

Section 17.
Section 18.
Section 19.
Section 20.
Section 21.
Section 22.
Section 23.

Section 24.

Timebase Module (TIMTBX). ........... 275
Input/Output (I/O) Ports . ............. 281
Monitor ROM (MON) . ................ 299
Break Module. . ..................... 309
External Interrupt Module (IRQ) ........ 315
Alert Output Generator (ALR) . .. ....... 325
Electrical Specifications . ............. 331
MechanicalData.................... 345
Ordering Information. .. .............. 347

MC68HC(9)08PT48 —Rev. 2.0

4

List of Sections MOTOROLA



Advance Information — MC68HC(9)08PT48

11
1.2
1.3
1.4
15

1.6
16.1

1.6.2
1.6.3
164
1.6.5
1.6.6
1.6.7
1.6.8
1.6.9
1.6.10
1.6.11

1.6.12
1.6.13

1.6.14
1.6.15

MC68HC(9)08PT48 — Rev. 2.0

Table of Contents

Section 1. General Description

CoNtents . . . ... 27
Introduction. . . ... .. 28
Features . . ... .. 28
MCU Block Diagram .. . . . ... i e 29
Pin ASSIgNmeNtS. . .. ... 31
PiN FUNCLIONS . . ... e 31
Power Supply Pins (Vpp, Vss, EVpp1-4,
EVSSl-47VDDA1,2’VSSA1,Z) ........................ 32
Oscillator Pins (OSC1andOSC2) ................... 33
External Reset PN (RST) . ... ... 33
External Interrupt Pin (IRQ1). .. ..........ouviinn.... 34
External Interrupt Pin (IRQ2). .. ..., 34
External Filter Capacitor Pins (PLLXFC). . ............. 34
Port A1/O Pins (PTA7-PTAO) . .. ... ... 34
Port B I/O Pins (PTB7-PTBO) . ... ... ... 34
Port C I/0 Pins (PTC7-PTCO). . . ... ..ot 34
Port D I/0 Pins (PTD7-PTDO). . . . ... oo oo 34
Port E 1/0 Pins (PTE7/AD3-PTE4/ADO
and PTE3/MISO-PTEOQ/SS) . ............ ... ... 35
Port F I/O Pins (PTF7/KBD7-PTFO/KBDO). . ........... 35
Port G I/O Pins (PTG7/TCH3-PTG3/TCLK, PTG2/TxD,
PTG1/RxD,and PTGO) ............ccivvvv. .. 35
Alert Generator Output (ALERT). . ................... 35
ADC Voltage Reference Pin (Vgy) - - -+« v oo e 35

Advance Information

MOTOROLA

Table of Contents 5



Table of Contents

Advance Information

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

3.1
3.2
3.3

3.4

3.4.1
3.4.2
3.4.3
3.4.4
3.4.5

3.5
3.6
3.7
3.8

4.1
4.2
4.3

Section 2. Memory Map

CoNtents . . . ... 37
Introduction. . . ... .. 37
/O Section . ... 38
Random-Access Memory (RAM) .. ...... ... .. ... .. .... 38
Memory Map. . . ... 38
User FLASH/ROM . ... ... .. . e 51
FLASH PROM . ... e 51
Monitor ROM . . ... . 51

Section 3. Central Processing Unit (CPU)

CoNntents . . . ... 53
Introduction. . . ... 53
Features . . ... ... 54
CPUREQISters . ... e 54
Accumulator .. ... .. 55
Index Register. . . ... .. 55
Stack Pointer. . . ... .. . 56
Program Counter. . ... 57
Condition Code Register. . ......... ... .. ... 58
Arithmetic/Logic Unit (ALU) . .......... ... ... .......... 60
CPU During Break Interrupts . .. .......... ... ... 60
Instruction Set Summary ............ ... 61
Opcode Map . ..o 67

Section 4. Clock Generator Module (CGMB)

CONtENTS . . . . o 69
Introduction. . . ... ... 70
Features . . ... .. 71

MC68HC(9)08PT48 —Rev. 2.0

6

Table of Contents MOTOROLA



Table of Contents

4.4  Functional Description .. ... . . 71
44.1 Crystal Oscillator Circuit .. ......... ... . .. ... 73
4.4.2 Phase-Locked Loop Circuit (PLL) . ................... 73
4.4.2.1 PLLCIrCUItS . . . .o 73
4.4.2.2 Acquisition and TrackingModes . .................. 75
4.4.2.3 Manual and Automatic PLL Bandwidth Modes . ....... 75
4424 Programmingthe PLL ... ....... ... ... .. ... ...... 77
4.4.2.5 Special Programming Exceptions . ................. 80
4.4.3 Base Clock Selector Circuit. . . ..., 80
4.4.4 CGMB External Connections . ...................... 81
45 10 Signals . ... 82
45.1 Crystal Amplifier Input Pin (OSC1) . .................. 82
45.2 Crystal Amplifier Output Pin (OSC2). . ................ 82
45.3 External Filter Capacitor Pin (CGMXFC). . ............. 83
4.5.4 PLL Analog Power Pin (Vppa1) -« v v oo oo 83
4.5.5 PLL Analog Ground Pin (Vggag) -+« « v v v vvee i 83
45.6 Buffered Crystal Clock Output (CGMVOUT)............ 83
457 CGMVSEL. . ..o 83
4.5.8 Oscillator Enable Signal (SIMOSCEN) . ............... 84
45.9 Crystal Output Frequency Signal (CGMXCLK).......... 84
45.10 CGMB Base Clock Output (CGMOUT) . ............... 84
4511 CGMB CPU Interrupt (CGMINT). . .. ..o ooii i . 84
46 CGMBReQISterS. . ... 85
4.6.1 PLL Control Register. . .. ... .. .. 87
4.6.2 PLL Bandwidth Control Register. . ................... 90
4.6.3 PLL Multiplier Select Register High. . . ................ 92
4.6.4 PLL Multiplier Select RegisterLow . .. ................ 93
4.6.5 PLL VCO Range Select Register . ................... 94
4.6.6 PLL Reference Divider Select Register. . .............. 95
4.7 I eITUPES. . oo 96
48 SpecialModes . ........ .. 96
4.8.1 WaitMode. . ... . 96
4.8.2 StopMode. . ... 97
49 CGMB During Break Interrupts. . . ...................... 97
4.10 Acquisition/Lock Time Specifications . . .................. 98
4.10.1  Acquisition/Lock Time Definitions . . .. ................ 98
4.10.2  Parametric Influences on Reaction Time .............. 99
MC68HC(9)08PT48 — Rev. 2.0 Advance Information
MOTOROLA Table of Contents 7



Table of Contents

Advance Information

4.10.3
4.10.4

5.1
5.2
5.3

5.4

54.1
5.4.2
5.4.3
5.44
5.4.5
5.4.6
5.4.7

5.5
5.6
5.7

5.8
5.8.1
5.8.2

5.9

6.1
6.2
6.3
6.4
6.5

Choosing a Filter Capacitor. . . ..................... 100
Reaction Time Calculation ........................ 101
Section 5. Computer Operating
Properly (COP) Module
CoNteNtS . . . 103
Introduction. . . ... ... . 103
Functional Description . . ......... ... ... 104
VO Signal . ... .. 105
CGMXCLK. .. 105
STOP Instruction. . . ... ... e 105
COPCTLWIItE . . e 105
Power-OnReset . ... ... .. i 105
Internal Reset .. ...... ... .. .. . . . . ... 105
ResetVetorFetch............. ... ... ... .......... 105
COPD (COPDisable) .............. ... ... ........ 106
COP Control Register. . . ...... ... 106
INterrupts. . .. 106
Monitor Mode . . ... .. 106
Low-Power Modes . . ... 106
WaitMode. ......... .. e 107
StopMode. ... ... 107
COP Module During Break Interrupts. . .. ............... 107

Section 6. Keyboard Interrupt (KBI) Module

CoNntents . . ... 109
Introduction. . ... . . 109
Features . ... ... 109
Functional Description .. .......... .. ... ... 111
Initialization. . . ... .. 112

MC68HC(9)08PT48 —Rev. 2.0

8

Table of Contents MOTOROLA



6.6
6.6.1
6.6.2

6.7

6.8
6.8.1
6.8.2

7.1
7.2

7.3

7.3.1
7.3.2
7.3.3

7.4
7.4.1
71.4.2
7.4.2.1
7.4.2.2
7.4.2.3
7.4.2.4
7.4.2.5

7.5

7.5.1
7.5.2
7.5.3

7.6
7.6.1
7.6.1.1
7.6.1.2
7.6.2
7.6.3
7.6.4

MC68HC(9)08PT48 — Rev. 2.0

Table of Contents

Low-Power Modes . ...t 113
WaitMode. . ... . 113
StopMode. . ... .. 113

KBI During Break Interrupts . ... ... L 114

/O REQIStErS. . .\ 114
Keyboard Status and Control Register . .. ............ 114
Keyboard Interrupt Enable Register .. ............... 116

Section 7. System Integration Module (SIM)

Contents . .. ... 117
Introduction. . . ... 118
SIM Bus Clock Control and Generation .. ............... 121
BusTiming ........... i 121
Clock Start-Up from POR or LVIReset. . ............. 121
Clocks in Stop Mode and WaitMode . ............... 122
Reset and System Initialization. . .. .................... 122
External PinReset. . .. ......... ... ... ... ... 123
Active Resets from Internal Sources. . ............... 124
Power-OnReset. .. .......... .. .. ... ... . ... ..., 125
Computer Operating Properly (COP) Reset. . ........ 126
lllegal Opcode Reset . .......... ... ... ... .. .... 126
llegal Address Reset. .. ........... ... 126
Low-Voltage Inhibit (LVI) Reset. . . ................ 127
SIMCounter . ... .. 127
SIM Counter During Power-OnReset. . .............. 127
SIM Counter During Stop Mode Recovery ............ 128
SIM Counter and Reset States . . .. ................. 128
ExceptionControl . . ....... ... ... . . .. ... 128
INterruptS . . . 129
Hardware Interrupts . . . . ....... ... 131
SWIInstruction. . ......... .. i 132
Reset. ... .. 132
Break Interrupts. . . ... . 132
Status Flag Protection in Break Mode. .. ............. 132

Advance Information

MOTOROLA

Table of Contents 9



Table of Contents

Advance Information

7.7
7.7.1
71.7.2

7.8

7.8.1
7.8.2
7.8.3

8.1
8.2
8.3

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9

10.1
10.2
10.3
10.4
10.5

Low-Power Modes . ...t 133
WaitMode. . ... 133
StopMode. . ... .. 135

SIMRegISters. . . ... 136
SIM Break Status Register . ....................... 136
SIM Reset Status Register . .......... ... .. ... ..... 138
SIM Break Flag Control Register . .................. 139

Section 8. Random-Access Memory (RAM)

CoNteNtS . .. .. 141
Introduction. . . ... 141
Functional Description . . ............ .. 141

Section 9. 2-Kbyte FLASH Memory

CoNtentS . . .. 143
Introduction. . . ... 143
Functional Description . ......... ... .. . i 144
FLASH 3 Control Register .. .......... ... ... ... 145
FLASH 3 Block Protect Register. . . .................... 147
Block Protection . .. ... ... . . 148
Charge Pump Frequency Control. . .................... 148
FLASH Erase Operation. . . .......... . .. 149
FLASH Program and Margin Read Operation ............ 150

Section 10. 48-Kbyte FLASH Memory

CoNntents . . . ... 153
Introduction. . . ... 153
Functional Description . . ............ ... 154
FLASH 1Control Register. . .......... ... .. 155
FLASH 2 Control Register . .......... ... ... ..... 155

MC68HC(9)08PT48 —Rev. 2.0

10

Table of Contents MOTOROLA



Table of Contents

10.6 FLASH 1 Block Protect Register. . . .................... 158
10.7 FLASH 2 Block Protect Register. . ..................... 159
10.8 Block Protection ......... ... .. 160
10.9 Charge Pump Frequency Control. ..................... 161
10.10 FLASHErase Operation. . . ... 161
10.11 FLASH Program and Margin Read Operation . ........... 162

Section 11. Serial Peripheral Interface (SPI) Module

111 ContentS . .. ... 165
11.2 Introduction. . ... ... 166
11.3 Features ... ... 166
11.4 Functional Description ............ ... 166
1141  MasterMode . . ... 168
115 Slave Mode. . ... 170
11.6 Transmission Formats . .............. .. ... 171
11.6.1  Clock Phase and Polarity Controls . . ................ 171
11.6.2  Transmission Format When CPHA=0............... 171
11.6.3  Transmission Format When CPHA=1............... 173
11.6.4  Transmission Initiation Latency. . ................... 174
11.7 Queuing TransmissionData. . ........................ 176
11.8 Error Conditions . . ... .o 177
11.8.1 OverflowError. . ... ... 177
11.8.2 Mode FaultError........ ... . . 180
11.9 Interrupts. . . ... 182
11.10 Resettingthe SPI .. ... ... . 184
11.11 Wait Mode. . ... .. 185
11.12 SPI During Break Interrupts . .. .......... ... ... ... ... 185
11.13 /O Signals . ... 186
11.13.1 MISO (Master In/Slave Out) . ...................... 186
11.13.2 MOSI (Master Out/SlavelIn) ....................... 186
11.13.3 SPSCK (Serial Clock) . . ... 187
11.13.4 SS(Slave Select) . ....... ... 187
MC68HC(9)08PT48 — Rev. 2.0 Advance Information
MOTOROLA Table of Contents 11



Table of Contents

11.135 CGND (Clock Ground) . ........... ... 188
11.14 /O RegISters. . ... o 189
11.14.1 SPIControlRegister . . .......... ... ... 189
11.14.2 SPI Status and Control Register ................... 192
11.14.3 SPlDataRegister............. ... ... 195
Section 12. Serial Communications
Interface (SCI) Module
12.1 CoNtentS . . . ... e 197
12.2 IntroducCtion. . . . ... o 198
12.3 Features . .. ... e 198
12.4 Functional Description .. ............ i 199
12.4.1 Data Format . .......... . . .. 202
12.4.2 Transmitter . .. ... .. 202
12.4.2.1 CharacterLength. ... ... ... ... ... ... ... ... 202
12.4.2.2 Character Transmission. . . . .. ... oo 203
12.4.2.3 Break Characters. .. ....... ... . ... 204
12.4.2.4 Idle Characters. . . ... 205
12.4.2.5 Inversion of Transmitted Output. . . ................ 205
12.4.2.6 Transmitter Interrupts. . . ........... ... ... . ... 206
12.4.3 Receiver . .. .. 206
12.4.3.1 CharacterLength. ........... ... ... ... ... ...... 206
12.4.3.2 Character Reception ........................... 206
12.4.3.3 DataSampling . ........... i 208
12.4.3.4 Framing Errors. . . ... ... . . . 210
12.4.3.5 Baud Rate Tolerance . . ... ....... ... . . . ... 210
12.4.3.6 Receiver Wakeup. . ........ ... . i 213
12.4.3.7 ReceiverInterrupts. . . .......... ... . .. 214
12.4.3.8 ErrorInterrupts. . . ... .. 214
12,5 Low-Power Modes . .. ... .. 215
1251 Wait Mode . . . ... .. 215
1252 StopMode. ... ... 215
12.6 SCIDuring Break Interrupts . . ........................ 215

Advance Information

MC68HC(9)08PT48 —Rev. 2.0

12

Table of Contents MOTOROLA



Table of Contents

12.7 1/0Signals ... .. 216
12.7.1  PTG2/TxD (TransmitData) . . ...................... 216
12.7.2 PTG1/RxD (ReceiveData) ........................ 216
12.8 /O RegISters. . ... .. 216
12.8.1 SClControlRegister 1 ............. ... ... covu.... 217
12.8.2 SClControl Reqgister2 . .......... ... ... . ... 220
12.8.3 SClControl Register3 . .......... ... ... 222
12.8.4 SClStatusReqgister 1 . ............ .. ... 225
12.85 SClStatusRegister 2 . .......... .. ... 228
12.8.6 SClDataRegister .............. ... 229
12.8.7 SClBaud Rate Register .......................... 229

Section 13. Analog-to-Digital Converter (ADC) Module

13.1 Contents. . ... 233
13.2 Introduction. . ... 233
13.3 Features .. ... 234
13.4 Functional Description .. .......... ... i 234
13.4.1 ADCPOrtl/OPINS. ... .o 234
13.4.2 Voltage Conversion. . ...t 235
1343 Conversion TiMe . . ... e 236
13.4.4  CONVEISION . .. .ot 236
13.45 Accuracy and Precision. . .............. ... 236
13.5 Interrupts. . . ... 236
13.6 Low-PowerModes . ...........c.oiiiiiiiiiiiiinnnn. 237
13.6.1 WaitMode. ....... .. .. .. . 237
13.6.2 StopMode. ... ... 237
13.7 1/0Signals . ... 237
13.7.1  ADC Analog Power Pin (Vppa2) « « « « v v v vvveeeiee e 237
13.7.2  ADC Analog Ground Pin (Vggpa2) ««« v v v v eeennnnnn 238
13.7.3  ADC Voltage Reference Pin (Vgy) - - - ..o oot 238
13.74 ADCVoltage IN(ADVIN) . . .. ... .. e 238
13.8 Input/Output Registers .. ........... .. . ... 238
13.8.1 ADC Status and Control Register . .. ................ 238
13.8.2 ADCDataRegister ............ ... ... 241
13.8.3 ADCClock Register . ......... ... ... 241
MC68HC(9)08PT48 — Rev. 2.0 Advance Information

MOTOROLA Table of Contents 13



Table of Contents

Advance Information

Section 14. Configuration Register (CONFIG)

141 Contents. . ... 243
14.2 Introduction. . ... ... 243
14.3 Functional Description .. ......... ... . i 243

Section 15. Timer Interface Module (TIM)

151 Contents. . ... 247
15.2 Introduction. ... ... 248
15.3 Features ... ... 248
15.4 Functional Description . ............. .. i 248
15.4.1 Timer Counter Prescaler. ......................... 252
15.4.2 Input Capture. . ... 252
1543 OutputCompare . ... 252
15.4.3.1 Unbuffered OQutput Compare .. ................... 252
15.4.3.2 Buffered Output Compare ....................... 253
15.4.4  Pulse Width Modulation (PWM) . ................... 254
154.4.1 Unbuffered PWM Signal Generation . . ............. 255
15.4.4.2 Buffered PWM Signal Generation .. ............... 256
15.4.4.3 PWM Initialization. . .......... ... ... ... 257
155 Interrupts. . ..o 259
15.6 Low-PowerModes ............iiiiiiiiii.. 259
15.6.1  WaitMode. ... ... 259
15.6.2 StopMode. ... ... .. 259
15.7 TIM During Break Interrupts . . .. ...................... 260
158 1/OSignals .......... . . e 260
15.8.1  TIM Clock Pin (PTG3/TCLK). . ......... ... ... 261
15.8.2  Timer Channel I/0O Pins (PTG4/TCHO-PTG7/TCH3) ... .261
159 /O ReQISters. . . ... 261
15.9.1  Timer Status and Control Register .. ................ 262
15.9.2 Timer Counter Registers ......................... 264
15.9.3 Timer Modulo Registers . ......................... 265
15.9.4  Timer Channel Status and Control Registers .......... 266
15.9.5 Timer Channel Registers. . ........................ 271

MC68HC(9)08PT48 —Rev. 2.0

14

Table of Contents MOTOROLA



Table of Contents

Section 16. Timebase Module (TIMTBX)

16.1 Contents. .. ... .. 275
16.2 Introduction. ... ... 275
16.3 Features . ... ... 275
16.4 Functional Description . ........... .. ... i 276
16.5 Timebase Control Register Description .. ............... 277
16.6 Interrupt . ... . 279
16.7 Low-PowerModes ............ i 279
16.7.1  WaitMode. . ... 279
16.7.2 StopMode. ....... .. 279

Section 17. Input/Output (I/0) Ports

17.1 Contents . ... ... 281
17.2 Introduction. . ......... . 282
17.3 POrt A . 284
17.3.1 PortADataRegister ............ ... .. . . ... 284
17.3.2 DataDirection Register A . . ........ ... ... ... 284
174 PortB ... . 286
17.4.1 PortB Data Register ............ ... ... ... 286
17.4.2 DataDirectionRegisterB . ........................ 286
17.5 Port C .. 288
17.5.1 PortCDataRegister .............. ... ... ...... 288
17.5.2 DataDirectionRegisterC . ............ ... . ........ 288
17.6 POrtD ... 290
17.6.1 PortD Data Register .............. ... ..., 290
17.6.2 DataDirectionRegisterD . .......... ... ........... 290
17.7 PoOrtE ... 292
17.7.1 PortE Data Register ............ ... .. ... 292
17.7.2 DataDirectionRegisterE . ........................ 292
17.8 POrtF ..o 294
17.8.1 PortFDataRegister............... ... ... 294
17.8.2 DataDirection Register F . .......... ... ... ........ 294
MC68HC(9)08PT48 — Rev. 2.0 Advance Information

MOTOROLA Table of Contents 15



Table of Contents

17.9 Port G ... 296
179.1 PortGDataRegister ............ ... ... ... 296
17.9.2 DataDirection RegisterG ........................ 296
Section 18. Monitor ROM (MON)
18.1 Contents. ... ... e 299
18.2 Introduction. . ........ . 299
18.3 Features .. .. ... 299
18.4 Functional Description .. .......... .. .. .. 300
18.4.1  Entering MonitorMode . ............ ... ... ... ... .. 300
18.4.2 Data Format ............ .. ... . 303
1843 EchoiNg. ... ... 303
18.4.4 BreakSignal ......... .. ... . .. .. 304
18.45 Commands .......... i 304
18.4.6 BaudRate.......... ... .. ... 308
Section 19. Break Module
19.1 Contents . . ... 309
19.2 Introduction. . ... ... 309
193 Features............. i 310
19.4 Functional Description .. .......... .. i 310
19.4.1  Flag Protection During Break Interrupts .. ............ 312
19.4.2 CPU During Break Interrupts. . . .................... 312
19.4.3  TIM During Break Interrupts . . ..................... 312
19.4.4  COP During Break Interrupts . ..................... 312
19.45 COPDuringBreak. ............ ... .. ... 312
19.5 Break Module Registers........... ... ... .. ... .. ... 313
19.5.1 Break Status and Control Register . . ................ 313
19.5.2 Break Address Registers. . ........... ... ... ... 314
19.6 WaitMode. . ... ... 314

Advance Information

MC68HC(9)08PT48 —Rev. 2.0

16

Table of Contents MOTOROLA



Table of Contents

Section 20. External Interrupt Module (IRQ)

20.1 CoNtentS. . ... .o 315
20.2 Introduction. ... ........ ... 315
20.3 Features . .. ...... .. 315
20.4 Functional Description . ...... ... ... . . 316
2041 IRQLPIN ... 319
20.4.2  IRQZ2 PiN . ... . 320
20.5 IRQ Module During Break Interrupts . .................. 321
20.6 IRQ Status and Control Register ...................... 321

Section 21. Alert Output Generator (ALR)

21.1 COoNteNntS . ..o 325
21.2 IntroducCtion. . . ... ... 325
21.3 Features . .. ... 325
21.4 Functional Description . ......... ... . . . . . . 326
21.4.1  AlertControl Register . ..., 327
21.4.2  Sound Pressure Level Circuit . . .................... 328
21.43 AlertDataRegister .......... ... .. .. . . . 329

Section 22. Electrical Specifications

221 CONtENtS . . . .o 331
22.2 IntroducCtion. . .. ... 331
22.3 Absolute Maximum Ratings . .............. 332
22.4 Functional OperatingRange. .. ....................... 333
22.5 Thermal Characteristics ... ............ .. 333
22.6 3.0-Volt DC Electrical Characteristics. . . ................ 334
22.7 2.0-Volt DC Electrical Characteristics. . . ................ 335
22.8 RAMRetention. ........... . 336
229 3.0-VoltControl Timing. . . ... ... 336
22.10 2.0-VoltControl Timing. . . . ... ..o oo 336
MC68HC(9)08PT48 — Rev. 2.0 Advance Information
MOTOROLA Table of Contents 17



Table of Contents

Advance Information

22.11
22.12
22.13
22.14
22.15
22.16
22.17
22.18

23.1
23.2
23.3

24.1
24.2
24.3
24.4
24.5
24.6

3.0-Volt SPI Characteristics . . . . ... 337
2.0-Volt SPI Characteristics . . . .. ........ .. . 338
PLL2P12M Electrical Specifications. . . ................. 341
PLL2P12M Component Specifications. . .. .............. 341
Bus Clock PLL Acquisition/Lock Time Specifications. . .. ... 342
2-K FLASH Memory Electrical Characteristics. . .. ........ 343
48-K FLASH Memory Electrical Characteristics. .. ........ 343
ADC Characteristics . . . ... ..o 344
Section 23. Mechanical Data
CoNteNtS . . . 345
Introduction. . . ... 345
80-PIn LQFP (Case 917-01)............ .. 346
Section 24. Ordering Information
Contents . . . ... 347
MCU Ordering Forms . . . ... ... e 347
Application Program Media. . . ............ ... .. ...... 348
ROM Program Verification . . ......................... 349
ROM Verification Units (RVUS). . . .......... ... ... 350
MC Order Numbers . ......... . i 350

MC68HC(9)08PT48 —Rev. 2.0

18

Table of Contents MOTOROLA



Advance Information — MC68HC(9)08PT48

Figure

1-1
1-2
1-3
1-4

2-1
2-2
2-3
2-4

3-1
3-2
3-3
3-4
3-5
3-6

4-1
4-2
4-3
4-4
4-5
4-6
4-7
4-8
4-9

5-1
5-2

MC68HC(9)08PT48 — Rev. 2.0

List of Figures

Title Page
MC68HC(9)08PT48 Block Diagram . . . ................ 30
MC68HC(9)08PT48 Pinout (Top View) ................ 31
Power Supply Bypassing . . .. ... 32
Crystal Connections . . . ..., 33
Memory Map . ....... .. 39
MC68HC(9)08PT48 RegisterMap . . . . ................ 40
Control, Status, and Data Registers. . ................. 40
Vector Addresses in FLASH/ROM . . . ................. 50
CPUREQISIEIS . . . o 54
Accumulator (A) . .. 55
Index Register (H:X). . . ...t 55
Stack Pointer (SP) . . ... ... 56
Program Counter (PC) . . ....... .. i 57
Condition Code Register (CCR). . . ................... 58
CGMB Block Diagram . ........ ... .. i 72
CGMB External Connections . . . ..., 82
CGMB I/O Register Summary . ................oouu.. 86
PLL Control Register (PCTL) ... ... ... 87
PLL Bandwidth Control Register (PBWC) .............. 90
PLL Multiplier Select Register High (PMSH) . ........... 92
PLL Multiplier Select Register Low (PMSL) . ............ 93
PLL VCO Range Select Register (PVRS) .............. 94
PLL Reference Divider Select Register (PRDS) ......... 95
COPBlockDiagram . ......... ..., 104
COP Control Register (COPCTL). . . ... 106

Advance Information

MOTOROLA

List of Figures 19



List of Figures

Advance Information

Figure

6-1
6-2
6-3
6-4

7-1
7-2
7-3
7-4
7-5
7-6
-7
7-8
7-9
7-10
7-11
7-12
7-13
7-14
7-15
7-16
7-17
7-18
7-19

9-1
9-2

10-1
10-2
10-3
10-4
10-5

Title Page
KBIBlock Diagram . . . ..., 110
KBI Register Summary. ... ........... ... 110
Keyboard Status and Control Register (KBSCR). . ... ... 115
Keyboard Interrupt Enable Register (KBER) ........... 116
SIMBlock Diagram. . .. ... .. 119
SIM I/O Register Summary ........................ 120
CGMClock Signals . ... 121
External Reset Timing . ......... ... .............. 123
Internal Reset Timing . . . ............ ... ..., 124
Sources of Internal Reset. . . ......... ... ... ... ... 124
POR Recovery . ... 125
Interrupt Entry. . ... ... 129
Interrupt Recovery ......... ... . ... . 129
Interrupt Processing . . . . ... 130
Interrupt Recognition Example. .. ................... 131
Wait Mode Entry Timing. . . . ... i 133
Wait Recovery from Interrupt or Break. . . .. ........... 134
Wait Recovery from Internal Reset .................. 134
Stop Mode Entry Timing. . . ...... .o 135
Stop Mode Recovery from Interrupt or Break. . . ... .. ... 136
SIM Break Status Register (SBSR) . ................. 136
SIM Reset Status Register (SRSR) .. ................ 138
SIM Break Flag Control Register (SBFCR) ............ 139
FLASH 3 Control Register (FL3CR) . . . ............... 145
FLASH 3 Block Protect Register (FL3BPR) . ........... 147
Page Program Algorithm . ......................... 151
FLASH 1 Control Register (FLICR). .. ............... 155
FLASH 2 Control Register (FL2CR). . . ............... 155
FLASH 1 Block Protect Register (FLIBPR) . ........... 158
FLASH 2 Block Protect Register (FL2BPR) . ........... 159
Page Program Algorithm . ......................... 164

MC68HC(9)08PT48 —Rev. 2.0

20

List of Figures MOTOROLA



Figure

11-1
11-2
11-3
11-4
11-5
11-6
11-7
11-8
11-9
11-10
11-11
11-12
11-13
11-14
11-15

12-1
12-2
12-3
12-4
12-5
12-6
12-7
12-8
12-9
12-10
12-11
12-12
12-13
12-14
12-15

13-1
13-2
13-3
13-4

MC68HC(9)08PT48 — Rev. 2.0

List of Figures

Title Page
SPI Module Block Diagram .. ...................... 167
SPI /O Register Summary . . ..., 168
Full-Duplex Master-Slave Connections ............... 169
Transmission Format (CPHA=0) ................... 172
CPHA/SSTIMING .. oo vttt e e 172
Transmission Format (CPHA=1) ................... 174
Transmission Start Delay (Master). . ................. 175
SPRF/SPTE CPU Interrupt Timing. . . . ............... 176
Missed Read of Overflow Condition. .. ............... 178
Clearing SPRF When OVRF Interrupt Is Not Enabled. .. .179
SPI Interrupt Request Generation . .................. 183
CPHA/SSTIMING . . oottt et et 187
SPI Control Register (SPCR) . . . .................... 190
SPI Status and Control Register (SPSCR). . ........... 192
SPI Data Register (SPDR) . . . .. ... 195
SCI Module Block Diagram . ....................... 200
SCI /O Register Summary. . . ..., 201
SClDataFormats. . . ......... ... i 202
SClTransmitter . .......... . i 203
SCI Receiver Block Diagram . . . .................... 207
Receiver Data Sampling. . . ........................ 208
SlowData. . ........ .. 211
FastData .......... ... ... 212
SCI Control Register L (SCC1) ..................... 217
SCI Control Register 2 (SCC2) . ..., 220
SCI Control Register3(SCC3) . ......... ..., 223
SCI Status Register L (SCS1) ...................... 225
SCI Status Register2 (SCS2) . ..................... 228
SCIl Data Register (SCDR). . . ... ... 229
SCI Baud Rate Register (SCBR) .. .................. 229
ADCBlock Diagram . . . ........ . . 235
ADC Status and Control Register (ADSCR). . .......... 238
ADC Data Register (ADR) . . . ... . 241
ADC Clock Register (ADCLKR) ... ...... ... .. 241

Advance Information

MOTOROLA

List of Figures 21



List of Figures

Advance Information

Figure

14-1
14-2

15-1
15-2
15-3
15-4
15-5
15-6
15-7
15-8
15-9
15-10
15-11
15-12
15-13
15-14
15-15
15-16
15-17
15-18
15-19
15-20
15-21

16-1
16-2

17-1
17-2
17-3
17-4
17-5
17-6
17-7
17-8

Title Page
Configuration Register (CONFIG) ................... 244
Mask Option Register (MOR) . . .. ................... 244
TIM Block Diagram. . . . ............ ... 249
Timer I/O Register Summary . ..., 250
PWM Period and Pulse Width .. .................... 255
Timer Status and Control Register (TSC) ............. 262
Timer Counter Register High (TCNTH) ............... 264
Timer Counter Register Low (TCNTL) . ............... 264
Timer Modulo Register High (TMODH) ............... 265
Timer Modulo Register Low (TMODL) . ............... 265
Timer Channel 0 Status and Control Register (TSCO0). . ..266

Timer Channel 1 Status and Control Register (TSC1). . ..266
Timer Channel 2 Status and Control Register (TSC2). . ..267
Timer Channel 3 Status and Control Register (TSC3). .. .267

CHXMAX LatenCy. . ... 270
Timer Channel 0 Register High (TCHOH). . ............ 271
Timer Channel O Register Low (TCHOL) . ............. 271
Timer Channel 1 Register High (TCH1H). ............. 272
Timer Channel 1 Register Low (TCH1L) .............. 272
Timer Channel 2 Register High (TCH2H). .. ........... 272
Timer Channel 2 Register Low (TCH2L) .............. 272
Timer Channel 3 Register High (TCH3H). . ............ 273
Timer Channel 3 Register Low (TCH3L) .............. 273
Timebase Block Diagram . . .. ...................... 276
Timebase Control Register (TBXCR). ................ 277
/O PortRegisters. . . ... 282
Port A Data Register (PTA) . ......... ... ... 284
Data Direction Register A(DDRA) . . . ................ 284
Port AI/OCircuit . ... 285
Port B Data Register (PTB) . ....................... 286
Data Direction RegisterB(DDRB) . . . ................ 286
PortBI/OCircuit . ......... . 287
Port C Data Register (PTC) . ........... ... .. ...... 288

MC68HC(9)08PT48 —Rev. 2.0

22

List of Figures MOTOROLA



Figure

17-9

17-10
17-11
17-12
17-13
17-14
17-15
17-16
17-17
17-18
17-19
17-20
17-21
17-22

18-1
18-2
18-3
18-4
18-5

19-1
19-2
19-3
19-4
19-5

20-1
20-2
20-3

21-1

21-2
21-3

MC68HC(9)08PT48 — Rev. 2.0

List of Figures

Title Page
Data Direction Register C (DDRC). . ................. 288
Port CI/OCircuit . ... 289
Port D Data Register (PTD) .. ....... ...t 290
Data Direction Register D (DDRD). . . ................ 290
PortDI/OCircuit . ......... e 291
Port E Data Register (PTE) ........................ 292
Data Direction Register E(DDRE) . . .. ............... 292
PortEINOCircuit . ... 293
Port F Data Register (PTF) ....... .. ... ... ... .. ... 294
Data Direction Register F (DDRF) . . . ................ 294
Port FI/OCircuit. . ... ... 295
Port G Data Register (PTG) . .. ...t .. 296
Data Direction Register G(DDRG) . ................. 296
Port GI/OCircuit . ......... i 297
Monitor Mode Circuit .. ........ .. 301
Monitor Data Format . ............................ 303
Sample Monitor Waveforms. . . ..................... 303
Read Transaction. .. ..........c..oiiiiiiiiiinnnn.. 303
Break Transaction ............. ... ... oo, 304
Break Module Block Diagram. . ..................... 311
Break I/O Register Summary . . ..................... 311
Break Status and Control Register (BRKSCR) ......... 313
Break Address Register High (BRKH) . ............... 314
Break Address Register Low (BRKL). . ............... 314
IRQ Module Block Diagram . . ...................... 317
IRQ Interrupt Flowchart .. ......................... 318
IRQ Status and Control Register (ISCR) .. ............ 322
Alert Control Register (ALCR) .. .................... 327
Block Diagram of SPL Reduction Circuit . ............. 328
Alert Data Register (ALDR) .. ...................... 329

Advance Information

MOTOROLA

List of Figures 23



List of Figures

Figure Title Page

22-1 SPIMaster Timing . . ... 339

22-2 SPISlave TiMmiNg . . . ... ..o 340
Advance Information MC68HC(9)08PT48 — Rev. 2.0

24 List of Figures MOTOROLA



Advance Information — MC68HC(9)08PT48

List of Tables

Table Title Page
3-1 Instruction Set Summary ............... . . . . .. 61
3-2 Opcode Map . . . oo 68
4-1 Numeric Example. .. ... ... . . . . . . 79
4-2 PRE1 and PREO Programming . ...................... 89
4-3 VPR1 and VPRO Programming . ...................... 89
7-1 Signal Name Convention . . ........... .. ... ... 120
7-2 PINBitSetTiming ............ . 123
7-3 SIMRegISters. . ... 136
9-1 Erase Block Sizes. . . ... ... 145
9-2 Charge Pump Clock Frequency . . .................... 149
10-1 32-Kbyte Erase Block Sizes. .. ...................... 156
10-2  16-Kbyte Erase Block Sizes. . ....................... 156
10-3  Charge Pump Clock Frequency . .. ................... 161
11-1  SPIHINterrupts . ... .o 182
11-2  SPIConfiguration . . ... 188
11-3  SPI Master Baud Rate Selection ..................... 194
12-1  Start Bit Verification . .............. .. ... ... . . . .. ... 209
12-2 DataBitRecovery. ... ... 209
12-3 Stop BitRecovery. ...........c e 210
12-4  Character Format Selection . ........................ 219
12-5 SClBaudRatePrescaling . ........... ... ........... 230
12-6 SClBaud Rate Selection . ............. ... ... ...... 230
12-7  SCI Baud Rate Selection Examples. .. ................ 232

MC68HC(9)08PT48 — Rev. 2.0

Advance Information

MOTOROLA List of Tables

25



List of Tables

Advance Information

Table

13-1
13-2

15-1
15-2

16-1
16-2

17-1
17-2
17-3
17-4
17-5
17-6
17-7

18-1
18-2
18-3
18-4
18-5
18-6
18-7
18-8
18-9

21-1
21-2
21-3

24-1

Title Page
Mux Channel Select. ... ...... ... . . . . . . . . .. 240
ADC Clock Divide Ratio . . ........ .. .. 242
Prescaler Selection. . ... ... ... . . . . 263
Mode, Edge, and Level Selection. . ................... 269
Timebase Rate Selection . . . ...... ... ... ... . .. . .. ... 277
Input Crystal Frequency Selection . . .................. 278
Port APINn FUNCLIONS. . . . .. .. e 285
Port B Pin FUNCLIONS. . . . ... .. e e 287
Port C Pin Functions. . . . ... .. . .. . 289
Port D Pin Functions. . . ... ... . . . .. . 291
Port E Pin FUNCLIONS. . . . ... .. s e 293
Port F Pin Functions. . . ... . ... 295
Port G Pin Functions . ... ........ .. .. 297
Mode Selection . ... ... . . . . . 300
Mode Differences . . . . ... .. 302
READ (Read Memory) Command . ................... 305
WRITE (Write Memory) Command. . . ................. 305
READ (Indexed Read) Command .................... 306
IWRITE (Indexed Write) Command . . ................. 306
READSP (Read Stack Pointer) Command. ............. 307
RUN (Run User Program) Command. . ................ 307
Monitor Baud Rate Selection .. ............ .. .. ...... 308
Audio Alert Tone Generator divider Ratios. . . ........... 326
Clock Divider and Modulator Selections ............... 329
Duty Cycle Selection .............. ... .. ... ... .... 330
MC Order Numbers . ... i 350

MC68HC(9)08PT48 —Rev. 2.0

26

List of Tables MOTOROLA



Advance Information — MC68HC(9)08PT48

1.1 Contents

1.2
1.3
1.4
1.5

1.6
16.1

1.6.2
1.6.3
164
1.6.5
1.6.6
1.6.7
1.6.8
1.6.9
1.6.10
1.6.11

1.6.12
1.6.13

1.6.14
1.6.15

MC68HC(9)08PT48 — Rev. 2.0

Section 1. General Description

Introduction. . . ... ... 28
Features . ... ... 28
MCUBlock Diagram . . . ......... e 29
Pin ASSIgNMENtS. . . . ... o 31
PINFUNCLIONS . .. ... e 31
Power Supply Pins (Vpp, Vss, EVpp1.4.
EVSSl-47VDDA1,2’VSSA1,2) ........................ 32
Oscillator Pins (OSC1and OSC2) ................... 33
External Reset PIN (RST) .. ..o vt 33
External Interrupt Pin (IRQ1). .. ..........cvvvn.... 34
External Interrupt Pin IRQ2). ... .................... 34
External Filter Capacitor Pins (PLLXFC). .. ............ 34
Port A1/O Pins (PTA7-PTAO) . . ... ... 34
Port B I/O Pins (PTB7-PTBO). .. .................... 34
Port C I/O Pins (PTC7-PTCO). . . ....... ... 34
Port D I/0 Pins (PTD7—PTDO). . . . . ..o oot 34
Port E I/0O Pins (PTE7/AD3-PTE4/ADO
and PTE3/MISO-PTEQ/SS) . .......... ... .. ot 35
Port F I/O Pins (PTF7/KBD7-PTFO/KBDO). . ........... 35
Port G I/O Pins (PTG7/TCH3-PTG3/TCLK,
PTG2/TxD, PTG1/RxD,and PTGO) . .. ............. 35
Alert Generator Output (ALERT). . ................... 35
ADC Voltage Reference Pin (Vgy) - - -+« oo oo v 35

Advance Information

MOTOROLA

General Description 27



General Description

1.2 Introduction

The MC68HC(9)08PT48 is a member of the low-cost, low-power, high-
performance M68HCO08 Family of 8-bit microcontroller units (MCUS).
The M68HCO08 Family is based on the customer-specified integrated
circuit (CSIC) design strategy. All MCUs in the family use the enhanced
M68HCO08 central processor unit (CPU08) and are available with a
variety of modules, memory sizes and types, and package types.

1.3 Features

Features of the MC68HC(9)08PT48 include:

High-performance M68HCO08 architecture

Fully upward-compatible object code with M6805, M146805, and
M68HCO05 Families

On-chip FLASH/ROM of 48 Kbytes
On-chip FLASH of 2 Kbytes separate from program ROM/FLASH

ROM data security® option (no security option for
MC68HC9O08PT48)

Configuration register (CONFIG)

2.5 Kbytes of on-chip MCU random-access memory (RAM)

56 general-purpose input/output (I/O) pins

Programmable phase locked loop (PLL) for bus clock generation
Serial peripheral interface module (SPI)

Serial communications interface module (SCI)

Timebase module (TBM) with software selection of crystal clock
source

Two external interrupt request pins

ALERT generator module (ALR)

1. No security feature is absolutely secure. However, Motorola’s strategy is to make reading or
copying the FLASH difficult for unauthorized users.

Advance Information
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General Description
MCU Block Diagram

16-bit, 4-channel timer interface module (TIM)
Computer operating properly (COP) reset
8-bit, 4-channel analog-to-digital converter (ADC)

System protection features:
— lllegal opcode detect reset
— lllegal address detect reset

Packaged in an 80-pin quad flat pack (LQFP)
Low-power design (fully static with stop and wait modes)

Master reset pin and power-on reset (POR)

Features of the CPUOS include:

Enhanced HCO5 programming model

Extensive loop control functions

16 addressing modes (eight more than the HCO5)
16-bit index register and stack pointer

Fast 8 x 8 multiply instruction

Fast 16 + 8 divide instruction

Binary coded decimal (BCD) instructions
Optimization for controller applications

High-level language (C language) support

1.4 MCU Block Diagram

Figure 1-1 shows the structure of the MC68HC(9)08PT48.

MC68HC(9)08PT48 — Rev. 2.0
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