Order this document by
MC68HC16ZUM/AD

HC16

M68HC16Z Series

MC68HC16/1
MC68CK16Z1
MC68CM1671
MC68HC16/22
MC68HC16/3
MC68HC16Z4
MC68CK16Z4

User’'s Manual




Freescale Semiconductor, Inc.

User’s Manual

© Motorola, Inc., 1997

User’'s Manual M68HC16Z Series

2

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

Paragraph Title Page
SECTION 1
INTRODUCTION
SECTION 2
NOMENCLATURE
2.1 SYmDbOIS and OPEIatOrS .......ciieiiiiiii e 2-1
2.2 CPUL6 RegiSter MNEMONICS ....vvviiiiiiiiiieeiaaeeeeee e e e e 2-2
2.3 REQIStEr MNEMONICS ...vvvviiiiiiii i e e et e e e e e e e e e e e e s 2-3
2.4 (©70] 01 V/=T 0 1T0] o KSR 2-6
SECTION 3
OVERVIEW
3.1 MG68HC16 Z-Series MCU FeatUIeS ........oeuuuvuiiiiiiiiieeeeeeeeeeeeeeeeiii s 3-1
3.1.1 Central Processor Unit (CPUL6/CPULBL) ........ccccuvvvviiiiiiiieieeieeeeeenn 3-1
3.1.2 System Integration Module (SIM/SIML) ....ccooooeeeiiiiiiiiiecen 3-1
3.1.3 Standby RAM (SRAM) ..ooeiiiiiiiiiiieee e 3-1
3.14 Masked ROM Module (MRM) — (MC68HC16Z2/Z3 Only) ............... 3-2
3.1.5 Analog-to-Digital Converter (ADC) ......coeiiiiiiiieeeeeeeeeeeeee e 3-2
3.1.6 Queued Serial Module (QSM) ....ooviiiiiieee s 3-2
3.1.7 Multichannel Communication Interface (MCCI) —
(MCBBHCLEZAICKZA ONIY) covviiiiiieeeeeeeeeeeeeeeie et 3-2
3.1.8 General-Purpose Timer (GPT) ..o 3-2
3.2 INEEIMOAUIE BUS ... e e e s 3-2
3.3 System Block Diagram and Pin Assignment Diagrams ...........cccceeeeeeeeennn. 3-2
3.4 PiN DESCIIPLIONS ...t e e 3-11
3.5 SIgNaAl DESCIIPLIONS ...ttt eaaeeeas 3-13
3.6 INternal REQISIEr IMAP .....uuuueiiiiie e e e et e e e e e e e e e e e e e eeeeaannees 3-16
3.7 AdAress SPACE MaAPS ...vvuiiiiiiiiiiie e 3-19
SECTION 4
CENTRAL PROCESSOR UNIT
4.1 GENEIAL ... 4-1
4.2 REGISIEN MOUEI ...t 4-1
421 ACCUMUIALOIS ..ottt 4-3
4.2.2 INAEX REQISIEIS .oviiiiiiiiieii e 4-3
4.2.3 Y = (o Qo1 ] (= SR 4-3
4.2.4 Program COUNTEE ........uuiiiiiiiee e eaaas 4-3
4.2.5 Condition Code REQISIEI ....c.uvviiiiiiiiiie e 4-4
4.2.6 Address Extension Register and Address Extension Fields ............. 4-5

M68HC16 Z SERIES
USER’'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
Paragraph Title Page
4.2.7 Multiply and Accumulate RegiSters .........oovvvvvvviiiiiiiiieiieeeeeeeeeeeeeiinnenns 4-5
4.3 Memory ManagemMeENTt ........iiiiiiieiiie e 4-5
43.1 AdAress EXIENSION ....oooiiiiiiiiiiiiiiee et e e e e 4-6
4.3.2 EXENSION FIEIAS ...ooviiiiiiiiieeeee e 4-6
4.4 D F = B 1Y 1 TP 4-6
4.5 MemOry OrganiZation ............ooooeeeiiiiiiiiiaiie e e e e e e e 4-7
4.6 AdAresSSINg MOUES .......coevviiiiiiiiiiee et e e e e e e e e e e e e eeeeeeananne 4-8
4.6.1 Immediate Addressing MOAES ........coovvviiiiiiiiiii e 4-9
4.6.2 Extended ADdressing MOOES ........cccooiiiiiiiiiiiiiiieeeeeee e 4-10
4.6.3 Indexed AdAressing MOOES .........cceviiiiiieeeiiiiieeeee e 4-10
4.6.4 Inherent Addressing MOde ...........coiiiiiiiiiiiiiccec e 4-10
4.6.5 Accumulator Offset Addressing Mode ............oeevvvvviiiiiiiiiiiininiis 4-10
4.6.6 Relative Addressing MOAES .......cccooeeeieeiiiiiiiieeeeeer e 4-10
4.6.7 Post-Modified Index Addressing Mode ..........ccoooeeeviiiiiiiieeeceiiinee, 4-10
4.6.8 Use of CPU16 Indexed Mode to Replace M68HC11 Direct Mode ..4-11
4.7 INSTFUCTION ST ...vitiiiiiiiiiiiiiii e 4-11
4.7.1 INStrUCtioN Set SUMMANY ...uviiiiiiiiie e 4-11
4.8 Comparison of CPU16 and M68HC11 CPU Instruction Sets .................. 4-31
4.9 INSTFUCTION FOMMAL ...eeviiiiiiiiiiiii e 4-33
4.10 EXeCUtiON MOAEL ....ooveeiiiee e 4-34
4.10.1 MICTOSEOUENCET ...eeiiiiiiiie ettt e e e e e e e e e e e 4-35
4.10.2 INStruction PIpeling .........oovrmiiiie e 4-35
4.10.3 EXECULION UNIL .o 4-35
411 EXECULION PrOCESS ..ottt e ettt e e e e e e e e e e e e eeeeeeennnnnes 4-36
411.1 Changes in Program FIOW .............coooviiiiiiiiiiiiiiie e 4-36
4.12 INSErUCTION TIMING ooieiiiiieeee e ra e 4-36
4.13 EXCEPLIONS ..ttt 4-37
4131 EXCEPLION VECIOIS ....cooviiieeeeiei et e e e e e e e 4-37
4.13.2 Exception Stack Frame ..........coooiiiiiiiiiiiii e 4-38
4.13.3 Exception Processing SEQUENCE .........cccuvviiiiiiiiiiiiiieeeeeeee e 4-39
4.13.4 Types Of EXCEPLIONS ....ccceeeiiieiieeeeeee e 4-39
4.13.4.1 ASYyNchronous EXCEPLIONS .....ccccvvviiviiiiieeiiiiie e 4-39
4.13.4.2 Synchronous EXCEPLIONS ......ccooviiiiiiiiiiiiiieeee e 4-39
4135 Multiple EXCEPLIONS ..covvveeeiiiiiiiciie e e e e e 4-40
4.13.6 RTIINSITUCTION .. 4-40
4.14 DevelopmeENt SUPPOIT .....covviiiiiieeee e 4-40
4.14.1 Deterministic Opcode Tracking ..........ccoovvvviiiiiiiiiiiiiiiieee e 4-40
4.14.1.1 IPIPEOQ/IPIPEL MURIPIEXING ...vvvviiiiiiiiiiiiiieie e 4-41
4.14.1.2 Combining Opcode Tracking with Other Capabilities .............. 4-41
4.14.2 Breakpoints ..o 4-41
4.14.3 Opcode Tracking and Breakpoints ........cccccceeviiiiiiiiiiiiecceceiiiie e 4-42

M68HC16 Z SERIES
USER'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)

Paragraph Title

4.14.4 Background Debug Mode .........ccoovvieiiiiiiiiiii e
4.14.4.1 ENabling BDM ..o
4.14.4.2 BDM SOUICES ...ttt
4.14.4.3 ENtering BDM .....oueiiiiie e
4.14.4.4 BDM COMMANGS ....uiiiiiieieeei e e e
4.14.4.5 Returning from BDM ...
4.14.4.6 BDM Serial INterface ........ccccvvviiiiiiiiiiiiiieeeeeeeeeeeee
4.15 Recommended BDM CONNECLION .........ccooviiiiiiiiiiiiiiiiaee e eeeeeeeeeiiiiienes
4.16 Digital Signal ProCESSING .....ccoviiiieiiiiiiiiiiiiiii et

SECTION 5
SYSTEM INTEGRATION MODULE

5.1 (CT=T 01T - R
5.2 System ConfIQUIatioN ........oooviiiiiiiese e e e e e
5.2.1 1 ToTo (U] LTI F= o] o] ] o SR
5.2.2 Interrupt ArDItration ...
5.2.3 Show Internal CYCIES .....ccoviieiiii e
524 REQISTEI ACCESS ..uiiiiiiiiiiii et
5.2.5 Freeze OPeration ...
5.3 YA (=1 1O [T S
5.3.1 ClOCK SOUICES ...ttt e eeeaaaeees
5.3.2 Clock Synthesizer Operation ...........ccoooouiiiiiiiiiiciiiiiie e
533 External BUuS CIOCK ........cooiiiiiiiiiiiiiiieee e
5.34 LOW-Power OPEeration ............cuuuiiiiiiiiiiiiiie e
5.4 SYSIEM PrOtECHION ...
5.4.1 RESEE STALUS ..o
5.4.2 BUS IMONITOT ..o
5.4.3 [ F= 1LY/ o T ] (o SRR
54.4 Spurious Interrupt MONIOT ..........oovviiiiiiiiicieee e
545 Software WatChdog .......ccoovviiiiiiiiiiiii e
5.4.6 Periodic INterrupt TIMET .....ooooiiiii e
5.4.7 Interrupt Priority and VECLOING .....cooeeviiieeeieiieeeeeeee e
5.4.8 Low-Power STOP OpPeration .........ccovuuiiiiiiiiiiiiiii e
5.5 External BUS INTEITACE .........uuiiiiiiii i
5.5.1 BUS CoNtrol SigNalS ......coovvveiiiiiiiiee e
55.1.1 AdAreSS BUS ...t
5.5.1.2 AdAreSs SIrODE ....vveiiiieie e
5.5.1.3 Data BUS ....oeiieiieie e
5514 Data SIrODE ....oveeiiiiiiee e
55.15 Read/Write Signal .......cccciiiiiiiiiiiieieee e
5.5.1.6 SIiZE SIGNAIS ..o

M68HC16 Z SERIES
USER’'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
Paragraph Title Page
55.1.7 FUNCLION COUES ... 5-32
55.1.8 Data Size Acknowledge Signals .........cccccevviiiiiiiiiiiiieiciiiieeee, 5-32
5.5.1.9 BUS Error Signal ... 5-33
5.5.1.10 Halt SIgNal ...ooveeeeiiieee e 5-33
5.5.1.11 AULOVECTOr SIgNAl ..vvviiiciiii e 5-33
5.5.2 DyNnamicC BUS SIZING ....coooiiiiiiiiiiiiiiiiiiiii e 5-33
5.5.3 Operand AIGNMENT .......cooiiiiii e e e 5-35
554 Misaligned Operands .........coocuiiiiiiiiiiiiii e 5-35
5.5.5 Operand TranSfer CASES .......euviiiiiiiiiieeeaeei e 5-35
5.6 20RO o 1] = 11 o o PRSP 5-36
5.6.1 Synchronization to CLKOUT .......cooiiiiiiiiiie e 5-36
5.6.2 Regular BUS CYCIE ......oooiiiieiiii e 5-37
5.6.2.1 REAA CYCIE ..o e e e e e 5-37
5.6.2.2 WILE CYCIE ovvvniiieee e 5-38
5.6.3 Fast Termination CYCIES ........ooooiiiiiiiiiiie e 5-39
5.6.4 CPU SPACE CYCIES ...ovvvieiiiiie et e e e e 5-40
5.6.4.1 Breakpoint Acknowledge CycCle ........coovvviiiiiiiiiiiiiiieccei e, 5-41
5.6.4.2 LPSTOP Broadcast CYCle ..........ceeviviiiiiiiiiiiiiiiiiiiiie 5-42
5.6.5 Bus Exception Control CYCIES ......cccoeeeeiiiiiiieeeeee e 5-43
5.6.5.1 BUS EITOIS oo 5-44
5.6.5.2 Double BUS FAUILS .......cccooeeiiiiiiieeeee e 5-45
5.6.5.3 Halt OPEration .......cccccoeeiiieeiiiiiiieeeeeer e e e e e e e e 5-45
5.6.6 External Bus Arbitration .............coooooiiieieee e 5-46
5.6.6.1 SNOW CYCIES ..o 5-47
5.7 RSB e 5-48
5.7.1 Reset EXCeption ProCeSSIiNg .....coveeiviiiiiiiiiiiceiiie et 5-48
5.7.2 RESEt CONIOl LOGIC ..oevviiiiiieeieeiie ettt 5-48
5.7.3 Reset Mode SeleCtion ........coooiiiiiiiiiiiiiiiii e 5-49
5.7.3.1 Data Bus Mode Selection ...........oouuuiiiiiiiiiiiiieeeeeeeeeeeeeeeeeiiiiiee 5-50
5.7.3.2 Clock Mode Selection ........ccceeiiiieieeiiiiieeeeee e 5-52
5.7.3.3 Breakpoint Mode Selection .............cccceeeiiiiiiiiieeeiieeeeeeeeeiiie 5-52
5.7.4 MCU Module Pin Function During Reset ............ccccvviiiieieiiiiiineenn, 5-52
5.7.5 Pin State DUrNg RESEL ......cooiiiiii e 5-53
5.75.1 Reset States of SIM PiNS ... 5-54
5.7.5.2 Reset States of Pins Assigned to Other MCU Modules .......... 5-54
5.7.6 RESEE TIMING ..t 5-55
5.7.7 POWEr-ON RESEL ... 5-55
5.7.8 Use of the Three-State Control Pin ... 5-56
5.7.9 Reset Processing SUMMATY ........coooioiiiiiiiiiiiiiiieeeeee e e e 5-57
5.7.10 Reset Status REQISIEN .......vvviiiiiiiiie e 5-57
5.8 LY =T A LU £ PRSP 5-58

M68HC16 Z SERIES
USER'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
Paragraph Title Page
5.8.1 Interrupt EXCeption ProCEeSSING ....ccoeevieieeeeeiieieeeeeiiiicie e e e e e e e e 5-58
5.8.2 Interrupt Priority and Recognition ...........ccoeeeeviiiiiiiiieceeeiiie e, 5-58
5.8.3 Interrupt Acknowledge and Arbitration ...........ccccccoiiiiiiiiiiiiiinnnnee. 5-59
584 Interrupt Processing SUMMANY ......coeiiieeeeeieieieeeeeeeiiere e e e e e e e 5-60
5.85 Interrupt Acknowledge Bus CyClesS .........cccooievviiiiiiiiieiieiie e, 5-61
5.9 ChIP-SEIECTS ... 5-61
5.9.1 Chip-SeleCt REQISIEIS ....uuuiiiiii e e e e e 5-63
5.9.1.1 Chip-Select Pin Assignment Registers ........ccccooeevvvviiiiiienennnns 5-64
59.1.2 Chip-Select Base Address RegiSters ..........cccccvveveeeieeeeeeeeeeenn. 5-65
5.9.1.3 Chip-Select Option ReQIStErS ........cccvvvviiiiiiiiiiieiee e 5-66
59.14 PORTC Data ReQISter .......uoiiiiiiiiiiieieeeeiie e 5-67
5.9.2 Chip-SeleCt OPEratioN ... 5-67
5.9.3 Using Chip-Select Signals for Interrupt Acknowledge ..................... 5-68
594 Chip-Select Reset Operation ...........cccovieeviiiiiiiic e 5-69
5.10 Parallel INput/OULPUL POITS ....oooiiiieieeeie e 5-70
5.10.1 Pin AsSIgNmMeNnt REQISTEIS ......uuiiiiiiei i e e 5-70
5.10.2 Data Direction REQISIEIS .....cocvvuiiiiiiiiiiiice e 5-70
5.10.3 Data REQISTEIS .....eeeiiiiiiiiiieee e 5-71
511 = Lo (0] VA =S AU PPR 5-71

SECTION 6

STANDBY RAM MODULE

6.1 SRAM REQIStEr BIOCK ......ccciiiiiiiieeieii et e e 6-1
6.2 SRAM Array Address MappinNg .....coeeeeeeeiiioieeeeiiiieee e e e 6-2
6.3 SRAM Array Address SPace TYPE ...coovviiiiiiiiiiiiiiieiiiiiiiie et 6-2
6.4 NOIMEAL ACCESS ...ttt ettt e e e e e e e e e e e e e e s e e 6-2
6.5 Standby and Low-Power Stop Operation ...........cccoeevvviiiiiiieeiiiiiiieeeeeeeeiinn, 6-2
6.6 RS . e 6-3

SECTION 7

MASKED ROM MODULE

7.1 MRM REQIStEr BIOCK .....oeiiiiiiiiiieieiee e 7-1
7.2 MRM Array Address Mapping .....ccooevveiiieeiiiiiiieeee e e e e e e e e e e e 7-1
7.3 MRM Array Address SPace TYPE ...ocuvuiiiiiiiiiiiiie e 7-2
7.4 NOIMAI ACCESS ..ot e e e e e ettt e s e e e e e e e e e e e e e e eeeeesnennnnn s 7-2
7.5 Low-Power Stop Mode OpPeration ...............ueeeeiiiiiieeeeeeeeeieeeeeeiiiiinnnneeens 7-3
7.6 ROM SIGNALUIE ...t e e e e e aaaa s 7-3
1.7 RS . 7-3

M68HC16 Z SERIES
USER’'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
Paragraph Title Page
SECTION 8
ANALOG-TO-DIGITAL CONVERTER
8.1 (7= 01T - | 8-1
8.2 EXternal CONNECHIONS ......cooiiiiiiiiiiiiiie e 8-1
8.2.1 ANAIOG INPUL PINS ..o 8-2
8.2.2 Analog Reference PINS ..o 8-3
8.2.3 ANalog SUPPIY PINS oo 8-3
8.3 Programmer’s MOE!l ........cooiiiiiiiii e 8-3
8.4 ADC BUS INterface UNIt ..........eeiiiiiiieieeeeeeeeceeeeeess e e e e e eeeeeeeees 8-3
8.5 Special Operating MOUES ........coovvviiiiiiiiiiie e a e e e 8-3
8.5.1 LOW-Power StOp MOE ......cooviiiiiiiiiiieie e 8-3
8.5.2 Freeze MOE ......cooooiiiiee e e e 8-4
8.6 ANAIOG SUDSYSIEIM ..o e e e e e e e e e e eeaaaaee 8-4
8.6.1 MURIPIEXEE .. e aaens 8-4
8.6.2 Sample Capacitor and Buffer Amplifier ... 8-5
8.6.3 RC DAC AITAY ettt e e e e e e e e e e e 8-5
8.6.4 (O70] 0] o= =1 (o] SN 8-6
8.7 Digital Control SUDSYSIEM ......cooiiiiii e 8-6
8.7.1 Control/Status REQISIEIS .....cviiiiii e e e e e e e e e eeeaanenns 8-6
8.7.2 Clock and Prescaler Control ...t 8-6
8.7.3 SAMPIE TIME e 8-7
8.7.4 RESOIULION .ttt e e 8-7
8.7.5 Conversion Control LOGIC ......uvuiviiiiiiiiiie e 8-7
8.7.5.1 CoNVversion ParameterS .......cccccovveeeeeeeiiieeeeeeeiinnn e e e 8-8
8.7.5.2 CoNVErSION MOAES .....oovviiiiiiiiieeeie e 8-8
8.7.6 CoNVErsioN TIMING oouuuii i e e e e e e eene 8-12
8.7.7 Successive Approximation Register ............ooovviiiiiiiiiiiiiiiiieeeeeeeeen 8-13
8.7.8 RESUIt REQISIEIS ... e e 8-13
8.8 PIN CONSIAEIALIONS ..oeiiiiiiiiiiiee e e e e e e e e eeeeeaeeee 8-14
8.8.1 Analog Reference PINS ... 8-14
8.8.2 ANAlOG POWET PINS ... 8-14
8.8.3 Analog Supply Filtering and Grounding ..........ccccoeeeiviiiiinieeeiiiiieeee, 8-16
8.8.4 Accommodating Positive/Negative Stress Conditions .................... 8-18
8.8.5 Analog Input ConSIderations ...........ccccceeeiiiiiieeeeeeee e 8-19
8.8.6 ANAIOG INPUL PINS ... 8-21
8.8.6.1 Settling Time for the External Circuit ............cccvvvviiiiiiiiiiinnnnnnn. 8-22
8.8.6.2 Error Resulting from Leakage ..........cccceeevviiiiiieeeiieiieeieiiiiiiiinns 8-23

M68HC16 Z SERIES
USER'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
Paragraph Title Page
SECTION 9
QUEUED SERIAL MODULE
9.1 (7= 01T - | 9-1
9.2 QSM Registers and AdAreSS Map .......cceiiiiiieeeeeeeieeeeeeeerrr e e e e 9-2
9.2.1 QSM Global REQISLErS .....ccvviiiieiieie e 9-2
9.211 Low-Power Stop Mode Operation .........cccccceeeveiiiiiiiiiiiiiiiiiee 9-2
9.2.1.2 Freeze OPeration .........cccoviiiiiiieeiiiri e e e e e 9-3
9.2.1.3 QSM INTEITUPLS ..oeveiieiii et aa e 9-3
9.2.2 QSM Pin Control REQISIEIS ......ovviiiiiiiiiieiii e 9-4
9.3 Queued Serial Peripheral Interface ..........ccccceeeiiiiiiiiieicce e 9-5
9.3.1 QSPIREQISIEIS ... e 9-6
9.3.1.1 CONtrol REGISIEIS ..o 9-6
9.3.1.2 StatUS REQISIEN ...ciiiieeeeeeeer e e e e e 9-7
9.3.2 QSPIRAM L. a e 9-7
9.3.2.1 RECEIVE RAM .o 9-7
9.3.2.2 TranSMIt RAM ..ot 9-7
9.3.2.3 Command RAM ... 9-8
9.3.3 (@ 1] TN T PSRRI 9-8
9.34 (0151 2 I © 01T = 11 0] o S 9-8
9.35 QSPI Operating MOUES ........uoiiiiiiiiie e 9-9
9.35.1 MASEEI MOOE ....eeviiiiiiieee e e e e e e eeaeaneees 9-16
9.3.5.2 Master Wrap-Around Mode .............iiiiiiiiiiiieeeeeeeeeeeeeeiiiins 9-19
9.3.5.3 SIAVE MOAE ... 9-20
9.354 Slave Wrap-Around MOOE ........coooiiiiiiiiiiiiiiieeeeeee e 9-21
9.3.6 Peripheral Chip SEeIECLS ........uvuiiiiiiei e 9-21
9.4 Serial Communication INterface ... 9-21
9.4.1 SCIREQISIEIS .ttt 9-24
9.4.1.1 (7o) a1 i fo] I 2 L=To 1S (= £ R 9-24
9.4.1.2 StAtUS REQISIEL .vuiiiiiiee e 9-24
9.4.1.3 Data REQISIEI ....cooiiiiiii e 9-24
9.4.2 SOl PINS s 9-25
9.4.3 SClHOPEIALION ..uiciieeie e e e e e e aeans 9-25
9.4.3.1 Definition Of TEIMS ...cooieii e 9-25
9.4.3.2 Serial FOMALS .....uviiiiiiiiiiiiiieee e 9-25
9.4.3.3 Baud ClOCK .....veeiei 9-26
9.43.4 Parity Checking ........ooooi 9-26
9.4.35 Transmitter OPeration ........cccoceveeeeeiiiiveeeee e e 9-27
9.4.3.6 Receiver OPeration .........cccoovieiiiiiiiie e 9-28
9.4.3.7 [dle-Line DeteCtiON .....ccccoeeeiiiiiieeeeeiiiiie e 9-29
9.4.3.8 Receiver Wake-Up .......ccoooeiiiiiiieeeiiis e 9-29
9.4.3.9 Internal Loop MOE ......coovvviiiiiiiiice e 9-30

M68HC16 Z SERIES
USER’'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
Paragraph Title Page
SECTION 10
MULTICHANNEL COMMUNICATION INTERFACE
10.1 (CT=T 01T - | SR 10-1
10.2 MCCI Registers and AJdress Map .........oovevvevviiiiniiiiiiineeeeeeeeeeeeeeeeeennnnnnns 10-2
10.2.1 MCCI Global REJISIEIS .....iiiiiiiiie e 10-2
10.2.1.1 Low-Power Stop MOde ...........uuiiiiiiiiiiiiiiieeeeeeeeeee 10-2
10.2.1.2 Privilege LEVEIS ......eiiiiii i 10-3
10.2.1.3 MCCH INTEITUPLS .. eaans 10-3
10.2.2 Pin Control and General-Purpose /O ........ccccuveeiiiiiiiiiiiiiiiiis 10-4
10.3 Serial Peripheral Interface (SPI) .....uuuoiiiiiiiiiee e 10-4
10.3.1 SPIREQISIEIS .ouiiiiiieiiii e 10-6
10.3.1.1 SPI Control Register (SPCR) .....ooooiiiiiiiiiiiiiieeeereee e 10-6
10.3.1.2 SPI Status Register (SPSR) ...ccoovoiiiiiiiiee e 10-6
10.3.1.3 SPI Data Register (SPDR) .....oviiiiiiiiiiiieeeeeeeieee e 10-6
10.3.2 SPIL PINS e ————————————————————————— 10-6
10.3.3 SPI Operating MOUES .....ccooeeiiieeeeeeeeeeeeeere e e e e e e 10-7
10.3.3.1 MASEEI MOUE ..o 10-7
10.3.3.2 SIAVE MOUE ... 10-8
10.3.4 SPI Clock Phase and Polarity Controls .........cccccceeeeeeeiiiiieeeeiiiiiiiinns 10-8
10.34.1 CPHA =0 Transfer Format ............cccooviiiiiiiiiiiiiiiiee e 10-9
10.3.4.2 CPHA =1 Transfer Format ..........ccccceeeeviiiiiiiieiiiiinene e 10-10
10.35 SPI Serial Clock Baud RAte ..........ccooeeeiiiiiiiiiiiiiiiiiiiieeeeeee e 10-11
10.3.6 Wired-OR Open-Drain OULPULS ......ooiiiiiiiiiiieeceeiiin e 10-11
10.3.7 Transfer Size and DIF€CHON .........uvviviiiiiiieiee e 10-11
10.3.8 WIHEE COIlISION ..eeviieiiiiieeee e 10-12
10.3.9 Mode FauUlt ... 10-12
10.4  Serial Communication Interface (SCI) ..o 10-13
10.4.1 SCIREQISIEIS oottt ettt e e e e e e e e e e e e eeenaraanne 10-13
104.1.1 SCI Control REQISIEIS ...uuiiiiiiiiiiiii e 10-13
10.4.1.2 SCI Status REQJISTEN ....ovvviiiiiiieeieeeeee e 10-16
10.4.1.3 SCIl Data REQISIEI ....cevviveiiiiiiiiee e 10-16
10.4.2 SCI PINS s 10-16
10.4.3 Receive Data Pins (RXDA, RXDB) ....cccccciiiiiiiiiiiiiiiiiieeeeeeeeeeeen 10-17
10.4.4 Transmit Data Pins (TXDA, TXDB) ..cooiiiiiiiiiiiieeee e 10-17
10.4.5 Y OF @] 1= -1 0] o [0SO 10-17
10451 Definition of TEIMS ...cooeeiee e 10-17
10.4.5.2 Serial FOMALS .....ovviiiiiiiiiiiiiieee s 10-18
10.4.5.3 Baud CIOCK ..o 10-18
10.4.5.4 Parity Checking ........ooooiii 10-19
10.4.5.5 Transmitter OPeration .........cceeeeeviiiiieeeeere e 10-19
10.4.5.6 Receiver OpPeration .........ccccooviiviiiiiiiie e 10-20

M68HC16 Z SERIES
USER'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
Paragraph Title Page
10.4.5.7 [dle-Line DeteCtion .........ccccuuviiiiiiiiiiiiiiiieee e 10-21
10.4.5.8 Receiver Wake-Up .......ooooiiiiiiiiiieie e 10-22
10.4.5.9 INterNal LOOP ...oooiiiiiiii e 10-22
10.5 MCCT INIGTALZATION v 10-23
SECTION 11
GENERAL-PURPOSE TIMER
11.1 GENETAL i 11-1
11.2 GPT Registers and AddresSS Map .....ccoovvuiviiiieiiiiiiiiie e ee e eeaenns 11-2
11.3 Special Modes Of OPEIatiON .........eeeeiiiiiiiiiiaeeaai e 11-3
11.3.1 LOW-POWeEr StOP MOE ......ovviiiiiiiiiie e 11-3
11.3.2 Freeze MOE ... 11-3
11.3.3 SINGIE-StEP MOUE ...t 11-4
11.34 TESEMOAE ..o 11-4
114 Polled and Interrupt-Driven Operation ...........ccccoovvviiiiieeeeiiiiinee e 11-4
11.4.1 Polled OPEIAtION .......coviiiiiiiee e 11-4
11.4.2 GPT INTEITUPLS .ottt 11-5
115 PiN DESCIIPLIONS ...t 11-7
1151 INPUL CapPure PINS ...cooiiiiiiiee e 11-7
11.5.2 Input Capture/Output Compare Pin ........ccooovvvviiviiiiiiiiieieeee e 11-7
11.5.3 Output ComMPAre PINS .....cooviiiiiiieieeiie e aeans 11-7
1154 Pulse Accumulator INput Pin ... 11-7
1155 Pulse-Width Modulation ..o 11-8
11.5.6 Auxiliary Timer CIOCK INPUL ......ovviiiiiiece e 11-8
11.6 General-PurpoSe 1/O ... 11-8
11.7 PrESCAIBT ..t 11-8
11.8 Capture/Compare UNIt .......coooiiiiiiiiiic e 11-10
11.8.1 TIMEE COUNTEE it e e as 11-10
11.8.2 Input Capture FUNCHIONS .....ocvviviiiiiiiee e 11-10
11.8.3 Output Compare FUNCLONS ........ccuuviiiiiiiiiiiiieceeeceiiee e e e 11-13
11.8.3.1 OUtpUL COMPATE 1 ..o 11-14
11.8.3.2 Forced Output COMPAre ........ooeevviviiiiiiiiiiieeeeeeeeeeeeeeeeeeeeaennnnns 11-14
11.9 Input Capture 4/0Output CoOmMPAare S ....coooeevviiiiii e 11-14
11.10  PulSE ACCUMUIALON .evviiiiiiiiiiiieee e e e e e e e e e e e e e eeeeeeeennnes 11-14
11.11  Pulse-Width Modulation UNit ... 11-16
11.11.1 PWM COUNLET ittt e e e e e e e e e e e e e 11-18
11.11.2 PWM FUNCHION ..ot e e e e e e e 11-18

M68HC16 Z SERIES
USER’'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS
(Continued)

Paragraph Title Page
APPENDIX A
ELECTRICAL CHARACTERISTICS

APPENDIX B
MECHANICAL DATA AND ORDERING INFORMATION

B.1 Obtaining Updated M68HC16 Z-Series MCU Mechanical Information .... B-8

B.2 Ordering INFOrMALION ........uiiiiiiiiii e B-8
APPENDIX C
DEVELOPMENT SUPPORT
Cl M68MMDS1632 Modular Development System ..o C-1
C.2 M68MEVB1632 Modular Evaluation Board ...............eeeeeiiiiiiiiiieninnninnnnnnn, C-2
APPENDIX D
REGISTER SUMMARY
D.1 Central Processing UNIt ........ooveiviiiiiiiiiiiii e e e e D-1
D.1.1 Condition Code REQISIEI ......vvviiiiiiiiiii e D-3
D.2 System Integration MOAUIE ...........oeiiiiiiiiiiiii e D-4
D.2.1 SIM Module Configuration RegISter .......cccccvviieeiiiiiiiieeiiicee e D-6
D.2.2 System Integration Test RegiSter ......ccooovvviiiiiiiiiiiiiiiiiie e D-7
D.2.3 Clock Synthesizer Control Register ............cooooiiiiiiiiiiiiiiiiieeeeeeeeeee D-7
D.2.4 Reset StatuUS REQISIEN .......vvvviiiiiiiiiei e e e D-8
D.2.5 System Integration Test Register E ........cooovviiiiiiiiiiiii i D-9
D.2.6 Port E Data REQISIEI ......coooeiiiiiiiiieiciiie et D-9
D.2.7 Port E Data Direction ReQISIEr .........cccoeviiiiiiiiiiiiiiee e D-9
D.2.8 Port E Pin Assignment RegISter .........ccooveeviiiiiiiiiiiiiiiie e D-10
D.2.9 POrt F Data REQISIEN ......cooieiiiiiiiieeeii ettt D-10
D.2.10 Port F Data Direction ReQIStEr ..........ccooviiiiiiieiiiiiiiiiieee e D-11
D.2.11 Port F Pin Assignment RegISter .........ccovviiiiiiiiiiiieiceiie e D-11
D.2.12 System Protection Control Register ............ooooviiiiiiiiiiiiiiiiieeeeeeeeeen D-12
D.2.13 Periodic Interrupt Control RegISter .........coovvvviviiviiiiiiiiiee e, D-13
D.2.14 Periodic Interrupt Timer Register ........ccooovvvviiiiiiiiiiiiie e, D-14
D.2.15 Software Watchdog Service Register ...........oooooiiiiiiiiiiiiiiieeeeeeen D-15
D.2.16 Port C Data REQISIEN .....ovvvviiiiiiiiiee e D-15
D.2.17 Chip-Select Pin Assignment RegiISters .........cccovveevviiiiiie v, D-15
D.2.18 Chip-Select Base Address Register BoOot ............ccccuvvviiiiiiiiiieinnnnnn. D-17
D.2.19 Chip-Select Base Address RegISters ........cccceeeveeiiieeeeieeiieeeeiiiininnnns D-17
D.2.20 Chip-Select Option Register BoOt .........cccovvviiiiiiiiiiiiiiiie e, D-18
D.2.21 Chip-Select Option REQISLEIS ......ccoeveieiiiiiiiiieee e D-18

M68HC16 Z SERIES
USER'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
Paragraph Title Page
D.2.22 Master Shift REQISIEIS .......vuviiiiiiiiiii e e D-22
D.2.23 Test Module Shift Count RegiSter ........ccooevviiiiiiiiiiieiieiee e, D-22
D.2.24 Test Module Repetition Count RegiSter ..........ccccceevviiiiiiiiiiiiinnnnne. D-22
D.2.25 Test Module Control REQISLEN ........uuvviiiiiiieieeeeeeeeeeeeee e D-22
D.2.26 Test Module Distributed Register ........ccccoovvviiiiiiiiiiiiiiin e, D-22
D.3 Standby RAM MOUIE .........ouuiiiiiiiei e D-23
D.3.1 RAM Module Configuration RegiSter ...........cevvviviiiiiiiiiiiiieeeeeeeeeee, D-23
D.3.2 RAM TeSt REQISIEI ..o D-24
D.3.3 Array Base Address Register High ..., D-24
D.3.4 Array Base Address Register LOW .........ccoovvvviviiiiviiiiiiiinieeeeeeeeeeee, D-24
D4 Masked ROM MOAUIE ........uuuiiiiiiiieeeee e D-25
D41 Masked ROM Module Configuration Register .........ccccccceeeeennnnnnns D-25
D.4.2 ROM Array Base Address ReQIStErS ..........oevvvvvevviiiiiiiiiieeeeeeeaneee, D-27
D.4.3 ROM Signature Registers High .........ccoooiiiiiiiii i, D-27
D.4.4 ROM BOOLSIrap WOrdS ......coooiiiiiiiiiiiiiiiiii e D-28
D.5 Analog-to-Digital Converter Module ............oovveiiiiiiiiiiiiee e D-29
D.5.1 ADC Module Configuration Register ..........ccccccvvieiieiiiiiiiiieeeeceiiinnnn. D-30
D.5.2 ADC TeSt REQISIEI oo D-30
D.5.3 Port ADA Data REQISIEI .......uuuiiiiiiieiee e a e D-30
D.5.4 ADC Control REQISEN O ..v.uviiiieiiiiie e D-31
D.55 ADC Control REQISIEr 1 ..ot D-32
D.5.6 ADC Status REQISIEN ....ovvveveiiiiiiiiiiie e e e D-36
D.5.7 Right Justified, Unsigned Result Register ..........cccccovviiiiiiiiiiiieneen, D-36
D.6 Queued Serial MOAUIE .........oooeieiie e D-38
D.6.1 QSM Configuration REQISIEr ........covvveiiiiiiiiiiiiiee e D-38
D.6.2 QSM TeSt REQISIEN ...vuiiiiiiieii e e D-39
D.6.3 QSM Interrupt Level Register/Interrupt Vector Register ................. D-39
D.6.4 SCI CoNntrol REQISLEr ....uiiiiiiei e e e D-40
D.6.5 SCI Control REQISIEr 1 ...covviiii i D-41
D.6.6 SCI StAtUS REGISTEN ....uvviiiiiiiiiiiiiiiei e D-43
D.6.7 SCl Data REQISIEI ..uuuiiiiiiiiie e e et e e e e e e e e e e e eenaaananns D-44
D.6.8 Port QS Data REQISIEN .....coceiiiiiiiee e D-44
D.6.9 Port QS Pin Assignment Register/Data Direction Register ............ D-45
D.6.10 QSPI Control REISLEr O .....ccceeeiiiieiieeeeeeeee e e e D-46
D.6.11 QSPI Control REQISIEr 1 ...cevviiiiiiiiiiie e D-48
D.6.12 QSPI Control REQISIEI 2 ....vveeiiiiiiieieeeeeeeeee e D-49
D.6.13 QSPI Control REQISLEr 3 ... D-50
D.6.14 Receive Data RAM ... D-51
D.6.15 Transmit Data RAM ... D-52
D.6.16 ComMMAN RAM ...ttt D-52
D.7 Multichannel Communication Interface Module .............cccooviiiiiiiiiiinnnnns D-54

M68HC16 Z SERIES
USER’'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
Paragraph Title Page
D.7.1 MCCI Module Configuration RegISter ............cuvvvvvviiiiiiiiiieeeeeeeeeeee, D-54
D.7.2 MCCI TeSt REQISIEI ..ccvvviiiieeieie e D-55
D.7.3 SCI Interrupt Level Register/MCCI Interrupt Vector Register ......... D-55
D.74 MCCI Interrupt Vector RegISter .........ccovviiiiiiiiiiiciciee e D-56
D.7.5 SPI Interrupt Level ReQISter ........ccovvviiiiiiiiiiie e D-56
D.7.6 MCCI Pin AsSignment REQISIEN ........cccuuiiiiiiiiiiiiieeeeeeeeeee e D-57
D.7.7 MCCI Data Direction RegIStEr ........ccceeviiiiiiiieeiiiieee e D-58
D.7.8 MCCI Port Data REQISIEIS .......vviiiiiiiiiiiee e D-59
D.7.9 SCI CoNtrol REGISIEN O ....vviiiiiiieieieieeeeeee s D-59
D.7.11 SCI StatuS REQISIEI ..uviiiiiiiii e e e e e e e e D-62
D.7.12 SCl Data REQISIEl ...oovviiiiiieeeei e D-63
D.7.13 SPI CONrol REGISTET .....uviiiiiiiiiiiieieeee e D-64
D.7.14 SPI Status REQISIEN ...uvviiiiiii i D-65
D.7.15 SPI Data REJISIEN ...covviiiii i D-66
D.8 General-PurpoSe TIMET ........uuiiiiiiiiiiiiiee e D-67
D.8.1 GPT Module Configuration RegISter .........ccccceeveeiiieeeiiieiieieiiiiiiinnnns D-67
D.8.2 GPT TeSt REQISIEN ..ot D-68
D.8.3 GPT Interrupt Configuration RegiSter ............cccccivvvviiiiiiiiiiiiieeeeeennn D-68
D.8.4 Port GP Data Direction Register/Data Register ............ccccceevveenee. D-69
D.8.5 OC1 Action Mask Register/Data Register .........cccccevveeeviviiiiieeenennnn, D-69
D.8.6 Timer Counter REQISTEI .........uuiiiiiiiiiiiiieeei e D-70
D.8.7 Pulse Accumulator Control Register/Counter ........ccceeeeeeeeeeenennnee, D-70
D.8.8 Input Capture Registers 1—3 .......coiiiiiiiiiiii e D-71
D.8.9 Output Compare RegiSters 1—4 ... D-71
D.8.10 Input Capture 4/Output Compare 5 RegiSter ...........ouvvvvvcciiiieeeeennn. D-72
D.8.11 Timer Control Registers 1 and 2 ........ccooeeiiiiiiiiiiii e, D-72
D.8.12 Timer Interrupt Mask Registers 1 and 2 ..........cccccoeeviiiiiiiiiiiiinnnnee, D-72
D.8.13 Timer Interrupt Flag Registers 1 and 2 ..........ccoooovvvvvvviiiiviiiiieeeeenn. D-74
D.8.14 Compare Force Register/PWM Control Register C ..........cccceeenne... D-74
D.8.15 PWM REQISLEIS A/B ..ottt D-76
D.8.16 PWM CoUNt REQISLET ...cevvvvviiiiiiieee e e e e e D-76
D.8.17 PWM Buffer RegQISters A/B ........ooiiiiiiiiiiieeeeeeiie e D-76
D.8.18 GPT PreSCAIEI ..ccoveeeeeeiitiee et e e e e e e e e eeeeaaneees D-77
APPENDIX E
INITIALIZATION AND PROGRAMMING EXAMPLES
E.l INItialization Programs ...t E-1
E.1l.1 EQUATES.ASM .ottt E-2
E.1.2 ORGOOO00.ASM ..ttt ettt eeaeaaaaeaeeas E-6
E.1.3 (@12 {10000 S 3N 1Y SRS E-6
E.14 INITSYS.ASM Lo E-11

M68HC16 Z SERIES
USER'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)

Paragraph Title Page
E.1.5 INITRAM.ASM .ottt E-11
E.1.6 INITSCLASM .ot E-12
E.2 Programming EXampIEs ... E-12
E.2.1 SIM Programming EXamples ...........oooevvuiiiiiiiiiieiieeeee e E-13
E.2.1.1 Example 1 -Using PortsEand F .........cccooeeiiiiiiiieicceeeei, E-13
E.2.1.2 Example 2 - Using Chip-Selects ........cccccccveiiiiiiiiiiiiiiiiiiiee, E-14
E.2.1.3 Example 3 - Changing Clock Frequencies .........cccccccvvvvvvvnnnnn. E-16
E.2.14 Example 4 - Software Watchdog, Periodic Interrupt,

and AUtOVECTIOr DEIMO ....oovviiiiiiiiiieee e E-18
E.2.2 CPU16 Programming EXample ...........ooeviiiiiiiiiiiniieeeeeeeeeeeeeeeiiiianns E-23
E.2.2.1 Example 5 - Indexed and Extended Addressing .........c.......... E-23
E.2.3 QSM/SCI Programming Example ... E-24
E.2.3.1 Example 6 - Using an SCI POrt .......ccccceeeiiiiiiieieeieieeeeeeeiiiie E-24
E.24 GPT Programming EXample ... E-25
E.24.1 Example 7 - Basic GPT FUNCLiONS ..........coooeviiiiiiiiiiiiiee E-25

M68HC16 Z SERIES
USER’'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

M68HC16 Z SERIES
USER'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Figure

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

3-5

3-6
3-7
3-8
3-9
3-10
3-11

3-12
3-13
3-14

3-15
3-16

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

5-1
5-2
5-3
5-4
5-5
5-6
S5-7
5-8
5-9
5-10
5-11

Freescale Semiconductor, Inc.

LIST OF ILLUSTRATIONS

Title Page
MC68HC16Z1/CK16Z1/CM16Z1 Block Diagram .........ccccccceeeeeeeieniiininiiiinnns 3-4
MCB68HC162Z2/Z3 BIOCK Diagram ...........ccuuvvuuuiiiiiiiieeeeeeeeeeee e 3-5
MCG68HC16Z4/CK16Z4 BIOCK DIiagram ............ceeeeiieeeeeeeeieeeeeeeeiiiiiiieea e 3-6
MC68HC16Z1/CKZ1/CMZ1/22/Z3 Pin Assignments
fOr 132-PiN PACKAQJE .....evvvviiiiiiiii e 3-7
MC68HC16Z21/CKZ1/CMZ1/Z2/Z3 Pin Assignments
fOr 144-PiN PACKAGE ...cooviiiiiiiiiiiiee ettt 3-8
MC68HC16Z4/CKZ4 Pin Assignments for 132-Pin Package ......................... 3-9
MC68HC1624/CKZ4 Pin Assignments for 144-Pin Package ...........cccccoe.... 3-10
MCG68HC16Z1/CKZ1/CMZ1 AdAress Map .........ceeeeeeeeeeeeiiiiieeeeeaaaaaaannnnianns 3-17
MCBBHCL16Z2/Z3 AAAreSS MaP ...ccoeeiiiiiiiiiiiiiiiieee ettt 3-18
MCB68HC16Z4/CKZA AdAreSSs Map ....ccovveviiiiiiiiiiiiiieae e 3-18
MC68HC16Z1/CKZ1/CMZ1 Combined Program
and Data SPACE MaAP .....cccoiiiiiieeee e a e 3-20
MC68HC1622/Z23 Combined Program and Data Space Map ..........cccceeenn... 3-21
MC68HC16Z4/CKZ4 Combined Program and Data Space Map ................. 3-22
MC68HC16Z1/CKZ1/CMZ1 Separate Program
and Data SPACE MAP ...oooeeeeieiieeeeeeee e 3-23
MC68HC1622/Z3 Separate Program and Data Space Map ...............oeeeee 3-24
MC68HC16Z4/CKZ4 Separate Program and Data Space Map ................... 3-25
CPUL6 RegIStEr MOUEI ...ttt 4-2
Condition Code REQISIEI ......ccoiieeieieiiciei e e e e e e e e e e 4-4
Data Types and Memory Organization .............ccccooeoeeeeeeeeeeeeeeeeeiiiiiiiinne e 4-8
BasiC INSruCtion FOIMALS .......cccoeeeiiiiiiiiieieiee e 4-34
Instruction Execution Model ... 4-35
Exception Stack Frame FOrmat ..........coooviiiiiiiiiiiiiiieeee e 4-38
BDM Serial I/O BIOCK DIiagram ..........oooioiuimiiiiiiiiiiieiieie e 4-44
BDM CONNECLOr PINOUL ...cooiiiiiiiiieie ittt 4-45
System Integration Module Block Diagram ...........coooovviiiiiiiiiiiiiiiiiieieeeeeeeeen 5-2
System Clock BIOCK Diagram ...........euuueiiiiiiiiiiiccccceeeeeeeess e 5-4
Slow Reference Crystal CirCUIL ..........uueeiiiiiiiee e 5-5
Fast Reference Crystal CirCUIT ..........oooiiiiiiiiiiiiiiiie e 5-5
System Clock Filter NEtWOIKS .........vvuueiiiiiiiei e 5-7
SIM LPSTOP FIOWCRAIT ..o 5-22
SIML LPSTOP FIOWCRHAIT ...coeiieieeeeiieie e e e 5-23
YY) (=T 0 I o (0 (=T o 1o o SRS 5-24
Periodic Interrupt Timer and Software Watchdog Timer ...........cccccceeieennn. 5-27
MCU BASIC SYSIEM ...ttt 5-30
Operand BYte OFUEN ......ccceeeiiiieeeeee e e e e e e e e e e eeees 5-34

M68HC16 Z SERIES
USER’'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Figure

5-12
5-13
5-14
5-15
5-16
5-17
5-18
5-19
5-20
5-21
5-22
5-23

8-1
8-2

8-4
8-5

8-7
8-8
8-9
8-10

9-1
9-2
9-3
9-4
9-5
9-6
9-7
9-8
9-9
9-10
9-11

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

Freescale Semiconductor, Inc.

LIST OF ILLUSTRATIONS

(Continued)
Title Page
Word Read Cycle FIOWCNAIT .........oooiiiiiiiiiee e 5-38
Write Cycle FIOWCHAIt .........oveiiiiiii i 5-39
CPU Space Address ENCOAING .....uuuuiiiiiiiiieeeeeeieeeeeiiiiiie e eeeeeeeees 5-41
Breakpoint Operation FIOWChart ..ot 5-42
LPSTOP Interrupt Mask LeVEel ..........oooviiiiiiicieii e 5-43
Bus Arbitration Flowchart for Single Request ..........ccccooeeiiiiiiiiiiiiiiiiicn, 5-47
Preferred Circuit for Data Bus Mode Select Conditioning ............cc.oooevinee 5-50
Alternate Circuit for Data Bus Mode Select Conditioning ..............cccceeeeeennn. 5-51
POWEI-ON RESEL ... e eeeeees 5-56
BaASIC MCU SYSIEM ..ottt 5-62
Chip-Select Circuit BIOCK Diagram ............ccoooiiiiiiiiiiiiiiiiiess e e e eeeeeeeeenaannns 5-63
CPU Space Encoding for Interrupt Acknowledge .........ccccoeeeeiiiiiiiiiiiiiiiiniinn, 5-68
P\ IO =] (o Tox 1 B = o | = 1 [N 8-2
8-Bit CoNVErsioN TIMING ...ccooiiiiiiiiiiiiiiea et e e e e e e e eeeees 8-12
10-Bit CONVEISION TIMING ..evveeiiiiiiiiiiieeeee e e e e e e e e e e e e e e 8-13
ANAIOG INPUL CIFCUILIY et e e e e e e e e e e e e e e 8-15
Errors Resulting from ClIpPING .....ooooiiiiiiie e 8-16
Star-Ground at the Point of Power Supply Origin .......cccccuvvviiiiiiiiiiiiiiiieeeeeen 8-17
Input Pin Subjected to Negative StreSS ..........uviiiiiiiiiiiieeeeeeeeeeeeen 8-18
Voltage Limiting Diodes in a Negative Stress CirCuit ..........cccoeeeevviiiiiieeennnns 8-19
External Multiplexing of Analog Signal SOUICES ...........cvvviiiiiiiiiiiiiiiiiiis 8-20
Electrical Model of an A/D INPUL PiN .......oooviiiiiiiiiiiee e 8-21
QSM BIOCK DIGGIAIM ...ttt e e e e e e e e as 9-1
QSPI BIOCK DIaQram .......cccooiiiiiiiiieiiiiiis s a e e e e e e e e e 9-5
(@ 1] I AN 1 PP 9-7
Flowchart of QSPI Initialization OPeration ............cccceeeeeeeiiiiieieieeininiens 9-10
Flowchart of QSPI Master Operation (Part 1) .......cccccoeeeeeeiiiiiiieieii, 9-11
Flowchart of QSPI Master Operation (Part 2) ........cccccoeeeeeeiiiiiiiiiiiiiiinnn 9-12
Flowchart of QSPI Master Operation (Part 3) ... 9-13
Flowchart of QSPI Slave Operation (Part 1) ......ccccoeeeiiieeiiiiiiiiee, 9-14
Flowchart of QSPI Slave Operation (Part 2) ..., 9-15
SCI Transmitter BIOCK DIiagram .........cceeiiiiieiieiiiiiiiiiiiiiiiineee e 9-22
SCI Receiver BIOCK Diagram .............eciiiiiiiieeeeeeeeeeeeeeeesss e e e e e e e e e e aaeeee 9-23
MCCI BIOCK DIAQIAM ...ceiiiiiiiiieieeeeie ettt 10-1
Y o I =] (oo [ B I T= To | = o ¢ USSP 10-5
CPHA = 0 SPI Transfer FOrMAL ..........uoiiiiiiie e 10-9
CPHA =1 SPI Transfer FOrMAL ..........uuiiiiiiieieeeeeeeeeeeeeeeene e e e e 10-10
SCI Transmitter BIOCK Diagram ...........cccoeeiiiieieeeeiiiieeeeeeees e 10-14

M68HC16 Z SERIES
USER'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Figure

10-6

11-1
11-2
11-3
11-4
11-5
11-6

A-1

A-2

A-3

A-4

A-5

A-6

A-7

A-8

A-9

A-10
A-11
A-12
A-13
A-14
A-15
A-16
A-17
A-18
A-19
A-20
A-21
A-22
A-23
A-24
A-25
A-26
A-27
A-28
A-29
A-30
A-31
A-32

Freescale Semiconductor, Inc.

LIST OF ILLUSTRATIONS

(Continued)
Title Page
SCI Receiver BIOCK DIagram .........eeeeeeiiiiiiiieeaaeai e 10-15
(€1 I =] (o Tod 1 B = To | =11 ISR 11-2
Prescaler BIOCK DIiagram .........cooooiiiiiiiiiiiiiiiiiie ettt 11-9
Capture/Compare Unit Block Diagram ............cccoovviiiiiiiiiiiiiiiiiieee e 11-11
Input Capture TiMiNg EXamMPple ... 11-13
Pulse Accumulator BIOCK Diagram ..........cccccuviviiiiiiiiiiiiieeeeeeee e 11-15
PWM BIOCK DIGQIam ........uuiiiiiiiieeeeeieeeeeeeeess s s e e e e e e e e e e eee s 11-17
CLKOUT Output Timing DIagram ........cccoooeiieeiiiiiiiiiiiiiiiiiieeeeeeee e e A-28
External Clock Input Timing Diagram ..............cceeeeiiiieiieieeeeeeeeeeeeeevnn A-28
ECLK Output Timing Diagram ..........coeiiiiiiiiiiiiiiieaeee e A-28
Read Cycle Timing DIagram ........oooooiiiiiiiiiiiiiiiiiiie e A-29
Write Cycle Timing DIiagram ..........cccooiiiiiiiiiiiiiiieee e e A-30
Fast Termination Read Cycle Timing Diagram ...........cccceevevviiiiiiiiiiiinnnnnnnn. A-31
Fast Termination Write Cycle Timing Diagram ...........cccccccoeeieiiiininiiiiiiinnns A-32
Bus Arbitration Timing Diagram — Active Bus Case ........ccccccvvvvvvvvvvvcennnnn. A-33
Bus Arbitration Timing Diagram — Idle Bus Case ..........ccccovvvviiiiiiinnininnnnnn. A-34
Show Cycle TimiNg DIAgram .........eeeeeiiiiiiiieieeeeie e A-35
Chip-Select TImiNg DIagram ..........uuiiiiiiiieeeeeeeeeeeeeeeess s e e e e e e e eeeeaannns A-36
Reset and Mode Select Timing Diagram ...........cccceeeeeeiiieeeeieiiieeeeeeiiiiin A-36
Background Debug Mode Timing Diagram (Serial Communication) ............ A-39
Background Debug Mode Timing Diagram (Freeze Assertion) .................... A-39
ECLK TiMING DIAGIAM ..uuuiiiiiieiee et e e A-44
QSPI Timing — Master, CPHA = 0 ...uoiiiiiiiii e A-47
QSPI Timing — Master, CPHA = 1 ..., A-47
QSPITImMING — Slave, CPHA = 0 ..o A-48
QSPITIMING — Slave, CPHA = 1 ..o A-48
SPI Timing — Master, CPHA = 0 ... A-51
SPITIiming — Master, CPHA = 1 ..o A-51
SPITIMINg — Slave, CPHA = 0 oo e e A-52
SPITImIiNg — Slave, CPHA = 1 ... A-52
Input Signal Conditioner TIMING .....oooiiiiiii e A-53
Pulse Accumulator — Event Counting Mode (Leading Edge) .............ccene A-54
Pulse Accumulator — Gated Mode (Count While Pin High) ...........ccccceen... A-55
Pulse Accumulator — Using TOF as Gated Mode ClockK ...............veeiennnn. A-56
PWMx (PWMx Register = 01, Fast MOdE) ..........euuveeiiiiiiiiiiiiiiiiiiiiiiiene A-56
Output Compare (Toggle Pin State) .......cccooeeeiiiiiiiiiecciieee e A-57
Input Capture (Capture on RiSINg EAQE) .....cevvviviiiiiiiiiieen A-58
General-PurpoSe INPUL ... A-59
General-Purpose Output (Causes Input Capture) ........cccceeeeeeeeeeeeeeereeeeenennnn, A-60

M68HC16 Z SERIES
USER’'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Figure

A-33
A-34
A-35
A-36
A-37

B-1

Freescale Semiconductor, Inc.

LIST OF ILLUSTRATIONS

(Continued)
Title Page

Force Compare (CLEAR) ..ottt A-61
Low Voltage 8-Bit ADC CoNVErSion ACCUIACY .....coceeeeeeeeeeeeeerieeeeeriesinnnnneens A-68
8-Bit ADC CONVEISION ACCUIACY ..vvvruuuieiaaeeeeeeeeeeeeeeeiitttnnnnnaaaaaaeaaaaseeeseeennnns A-69
Low Voltage 10-Bit ADC CONVErSION ACCUIACY ......vvvrrrrriieieieieeaaeaanaasnnnaninens A-70
10-Bit ADC CONVEISION ACCUIACY ..ceevvvrriiiiiiiieaaaeeeeeeeeaeeeeeesrsssssnnaseaaaaaaaees A-71
MC68HC16Z21/CKZ1/CMZ1/22/Z3 Pin Assignments

fOr 132-PiN PACKAQJE .....evvvviiiiiiiii e B-2
MC68HC1624/CKZ4 Pin Assignments for 132-Pin Package ............cccceeeene. B-3
Case 831A-01 — 132-Pin Package DImMENSIONS .......cccccuvvviiiiiiiiiiiiiiieeeeeeeeenn B-4
MC68HC16Z21/CKZ1/CMZ1/22/Z3 Pin Assignments

fOr 144-PiN PACKAJE ...covvviiiiiiiiiiee et B-5
MC68HC16Z4/CKZ4 Pin Assignments for 144-Pin Package ................ccceee B-6
Case 918 — 144-Pin Package DIMENSIONS ..........ccovvviiiviiiiiiiiiiieeeeeeeeeeeeeeennnns B-7
CPUL6 RegISter MOUEI ...t D-2

M68HC16 Z SERIES
USER'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Table

1-1
1-2

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

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

5-1
5-2
5-3
5-4
5-5
5-6
5-7
5-8
5-9
5-10
5-11
5-12
5-13
5-14
5-15
5-16
5-17
5-18
5-19
5-20
5-21
5-22
5-23
5-24

Freescale Semiconductor, Inc.

LIST OF TABLES
Title Page
MBBHCL16 Z-SerieS MCUS.......cciii i e e e e e 1-1
Z-Series MCU Reference FreqQUENCIES ..........cooevviivvviiiiiiiiee e 1-2
M68HC16 Z-Series Pin CharacCteriStiCS.........uuuuuriiiiiiniieeeeeeeeeeeeeeeeiiiiins 3-11
MB8B8HC16 Z-SerieS DIVEr TYPES ....ccoiiiiieieeeeeeisee e 3-12
M68HC16 Z-Series Power CONNECLIONS ........uuuuruiiiiieeieeeeeeeeeeeeeeeeiiiinies 3-13
M68HC16 Z-Series Signal CharacteristiCS.........vviiiiieiieeeeeeeeiieeeeeeiiiin 3-13
M68HC16 Z-Series Signal FUNCLION..............ovviiiiiiieie e 3-15
AdAreSSING MOUES........cooiiiiiiiie e 4-9
INSLrUCLION SEt SUMMIANY ....uuiiiiiii e 4-12
Instruction Set Abbreviations and SymboOIS.........cccooviiiieiiiiin 4-30
CPU16 Implementation of M6BHC11 CPU INStructionS ...........cceeevvvvvvvvvnnnnnns 4-32
Exception VEector Table ........ccoooii i 4-38
IPIPEOQ/IPIPEL ENCOING ..ceiiiiiiieeeeee ittt e e e e e e e e e e e 4-41
COoMMANG SUMIMATY ...ttt e e e reeaeaeeeeas 4-43
Show Cycle ENabIe BitS ........coooiiiiiiiii e 5-3
16.78-MHz Clock Control MUltipliers ..........ooooiiiiiiiiiiiieeeeee e 5-9
20.97-MHz Clock Control MURIPHErS ......cccoeeeeiiiie e 5-11
25.17-MHz Clock Control MURIPHErS ......ccoooeiiiiiiie e 5-13
16.78-MHz System CloCK FreqUENCIES .........cooviiiiiiiiiiiiiiiiiiieeeeeeeee e 5-15
System Clock Frequencies for a 20.97-MHz System...........cccceeeeeiiviiiiininnn, 5-17
System Clock Frequencies for a 25.17-MHz System..........ccccccveeieeiiiiiiiennn. 5-19
=0 RS\ (o] a1 (o gl =4 o o 5-25
MODCLK Pin and SWP Bit DUring ReSEt ..........cccceviiiiiiiieeieeiieeeeeein, 5-26
Software Watchdog Divide RatiO.........cooueiiiiiiiiiiiiiiiiiiii e 5-27
MODCLK Pin and PTP Bit at RESEl .......cccvvvviiiiiiiiiieiee e 5-28
PeriodiC INterrupt Priority .......ccoooiei e 5-29
Size Signal ENCOING .....coooiiiiiiieee e 5-32
Address Space ENCOAING ......ccooiiiiiiiiiiiiiiie ettt 5-32
Effect of DSACK SIgNalS ......cccoooiiieieicieeee e 5-34
Operand AIGNMENT ........ooo i e e e e e e eees 5-36
DSACK, BERR, and HALT Assertion RESUIS .........ccoevveiiiiiiiiiiieeieeeeee, 5-44
ReESEt SOUICE SUMMAIY ...cuuiiiiiiiiiiiiie et e e e eaa s 5-49
Reset MOdE SEIECHON ......ueiiii s 5-49
MOdUule PinN FUNCHONS ......uuiiiiiieiee e e e 5-53
SIM PiN RESEE STAES ...ttt 5-54
Chip-Select Pin FUNCHONS ........coouiiiiiiiiiae e 5-64
Pin Assignment Field ENCOAING...........oooiiiiiiiiiiiiiiiiii e 5-64
BIOCK SiZ€ ENCOING.....uuuuiiiiieiii e e e 5-65

M68HC16 Z SERIES
USER’'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Table

5-25
5-26

6-2

7-1
7-2

8-2
8-3

8-5
8-6

8-8
8-9
8-10
8-11

9-1
9-2
9-3
9-4
9-5

10-1
10-2
10-3
10-4
10-5
10-6
10-7

11-1
11-2
11-3

A-1

Freescale Semiconductor, Inc.

LIST OF TABLES
(Continued)
Title Page
Chip-Select Base and Option Register Reset Values ..........cccccvvvveeiiiiiinnnnnnn. 5-69
CSBOOT Base and Option Register Reset Values.........ccccceevveeeeeeeiiiiieeninnn, 5-70
SRAM CONIQUIATION ...ttt e e e e eas 6-1
SRAM Array AddreSs SPAcCE TYPE ...vuuuruuiiiiieeeeeeeeeeeeeeeeeei e e e e e e e e e e aaaeeees 6-2
ROM Array SPace Field ..o 7-2
Wat STALES FIeIU ....eeeiiiiiiiiiieee e 7-3
e A T (o ST (= o 1o o P 8-4
Multiplexer Channel SOUICES .........cooiviiiiieiiee e 8-5
PresSCaler OQULPUL .......eeiiiieiee et e e e e e e as 8-7
TS Field SEIECHON ... e e e e e e e e e e e e e eeeeennnne 8-7
Conversion Parameters Controlled by ADCTLL........oovvviiiiiiiiiiiieeeeeeeeeeeeeeiines 8-8
ADC CONVEISION MOUES ......uuuiiiiiieeiee e 8-8
Single-Channel Conversions (MULT = 0)....cccooiiiiiiiiiiiiiiiiiiiiiieeeeeeeee e 8-10
Multiple-Channel Conversions (MULT = 1) ....uuiiiiiiiieiieeeeeeeeeeeeeee 8-11
Result RegiSter FOMMALS. ......coouiiiei e 8-14
External Circuit Settling Time (10-Bit CONVEISIONS) ......covvvviiiiiiiiiiiiiiiiiiis 8-23
Error Resulting From Input Leakage (IOFF).......cccoooiviiiiiiiiiiii, 8-23
Effect of DDRQS on QSM Pin FUNCLON ........uuuiiiiiiieiee e 9-4
(@ 1] o I T PP 9-8
BitS Per TranSTer ..cooeeiiiieiiiee s 9-18
Serial Frame FOrMALS........ccooiiiiiieeiiiiieis e e e e e e e e e e e e 9-26
Effect of Parity Checking on Data Size ...........cccceeeeiieiiiiieeiieieen 9-27
MCCH INEEITUPE VECTOIS ... 10-3
PiN ASSIGNIMENTS....coiiiiiiieice e e e e e e e e e e e e e e e eas 10-4
SPIPIN FUNCHONS ...ttt e e e e e e e e 10-7
SCK FIEOUEBNCIES ...ttt e e e e e e e e 10-11
SCI PINS it 10-17
Serial Frame FOrMALS.........oooiiiiiiiieiiir e 10-18
Effect of Parity Checking on Data Size ...........cccuvviiiiiiiiiiiiiiieee 10-19
GPT STAtUS FIAGS et e e e e e e 11-5
GPT INtEITUPL SOUICES ...ttt e e e 11-6
PWM FrequenCy RANGES ......ccuuiiiiiiiiiiiiii ettt a et e et e enans 11-18
MaXIMUM RATINGS ...ttt A-1
Typical Ratings, 2.7 to 3.6V, 16.78-MHz Operation ..............ccccovvvvvverrvnnnnnnnnnn. A-2

M68HC16 Z SERIES
USER'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Table

A-4
A-5

A-7
A-8

A-10
A-11
A-12
A-13
A-14
A-15
A-16
A-17
A-18
A-19
A-20
A-21
A-22
A-23
A-24
A-25
A-26
A-27
A-28
A-29
A-30
A-31
A-32
A-33
A-34
A-35
A-36
A-37
A-38

B-1

D-1
D-2

Freescale Semiconductor, Inc.

LIST OF TABLES
(Continued)
Title Page
Typical Ratings, 5V, 16.78-MHz Operation .............ccccovvviiiiiiiiiiiiiiiieeeeeeeeeee A-3
Typical Ratings, 20.97-MHz Operation ...............ouuuuuiiiiiiiiiiee e eeeeeeeeeeiinnans A-3
Typical Ratings, 25.17-MHZ .......uuuuiiiiii e A-4
Thermal CharacCteriStCS ........uuuuuuiiiiiiiiee e e e e e e e e e e e e e eeeeeeennne A-5
Low Voltage Clock Control TimMiNg ........ccevvviiuiiiiiiiiieee e A-6
16.78-MHz Clock Control TIMING ....ceuveueieeiiiinieeee e A-7
20.97-MHz Clock CoNtrol TIMING ......eeeeeiiiiiiiiiieeeeeeeee e A-8
25.17-MHz Clock Control TIMING .....vveeeiiiieiiie e e e e A-9
Low Voltage 16.78-MHz DC CharacteriStiCS .........ccouuiiiieeeiiiiiiiiiiiiiiiiiinnn A-10
16.78-MHZ DC CharaCteriStiCS .......uvvvurireriiiiiiiiaei e e e e eeee e e e e e e e e A-12
20.97-MHZ DC CharacCteriStCS ......uuuuiiiiiiiiaieeeeeee it e e A-14
25.17-MHZ DC CharaCteriStCS .....uuuuuuuiaiaeeeeeeeeeeeeeeeeeiiiiiiiesa s e e e e e e e e e e eeeeeeeeens A-16
Low Voltage 16.78-MHZz AC TiMING .....coooiiiiiiiiiiiiiiiiiiieee e A-19
16.78-MHZ AC TIMNG ..ttttiiiiiiiiiiiiiieie e e e e e e e e e e e e e e e e e e e e e A-21
20.97-MHZ AC TIMING 1o o e oo e e e e e e e eeees A-23
25.17-MHZ AC TiMINQG ..ot e e e e e e e e e e e e s s eeeeraeaeeeas A-25
Low Voltage 16.78-MHz Background Debug Mode Timing ..........ccccceeeeeennn. A-37
16.78-MHz Background Debug Mode Timing .........ccoovvriiiiiiiiiiiiiiiaeeeeeeeeeeen A-37
20.97-MHz Background Debug Mode Timing ..........cccoccuiviviiiiiiiiiiiiiieeeeeeeenn A-38
25.17-MHz Background Debug Mode Timing .............viiiiiiiiiieeeeeeeeeeeeeeiiinnns A-38
Low Voltage ECLK BUS TIMING ...ccooiiiiiiiiiiieiiiiiiiiee e A-40
16.78-MHZ ECLK BUS TiMING ..eeviiiiiiieeieeeee et e e e e e e e e e e e e e e A-41
20.97-MHZ ECLK BUS TIMINQ .eevvviiiiiiiiiiiiieeeeeeeee e a e e e e e e e e aaaeeees A-42
25.17-MHZ ECLK BUS TIMING ..utttiiiiiiiiiiiiiiiieeeeeeeeeeeeeesssssseesseeeeeeeeeeeeeeeeas A-43
Low Voltage QSPI TiMING ..cccooviiiiiiiiiiiiiiiiiiee ettt A-45
(@ 1] o I T 411 T OSSP A-46
Low Voltage SPI TIMING ....uuiiiiiiieeee e A-49
T o I 10 011 o TP PPPPPPPPPP A-50
General-Purpose Timer AC CharacteristiCS ..........ocuvvviiviiiiiiiiieeeeeeeeeeeeeeniinnns A-53
ADC Maximum RaATINGS ....eeeueenniaaa ettt e e e e e e e e e eeeeeeeeeeennnans A-62
Low Voltage ADC DC Electrical Characteristics (Operating) ..............cooeeueee A-63
Low Voltage ADC AC Characteristics (Operating) ..........cccovvvvveeerrieivnnninnnnn. A-63
5V ADC DC Electrical Characteristics (Operating)..........cceeeeeeeeeeeeeeeeeeeeeennnnns A-64
ADC AC Characteristics (OPerating) .......ccccuvurrrrrmrrirerriireeeeeeeeeeeeeeassssnsnennes A-65
Low Voltage ADC Conversion Characteristics (Operating)...........cccceeeeeeennn. A-66
ADC Conversion Characteristics (Operating).......cccceeeeeeeeeeeeeieeeeeeiiiiiieninns A-67
M68HC16 Z-Series Ordering Information............ccccceeeeeeeiiiiiiieiiccecee e B-8
Module AArESS MAP ....oeviiiiiiiiieeii e D-1
SIM AAAIrESS IMAP ..eeuieeii et e e e e e et a e e e e aaaeaaaes D-4

M68HC16 Z SERIES
USER’'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Table

D-4
D-5

D-7
D-8

D-10
D-11
D-12
D-13
D-14
D-15
D-16
D-17
D-18
D-19
D-20
D-21
D-22
D-23
D-24
D-25
D-26
D-27
D-28
D-29
D-30
D-31
D-32
D-33
D-34
D-35
D-36
D-37
D-38
D-39
D-40
D-41
D-42
D-43

Freescale Semiconductor, Inc.

LIST OF TABLES
(Continued)
Title Page
Show Cycle ENADIE BItS ........uuuiiiiiiiiiiiiiiiiiiee e D-6
POrt E PiN ASSIGNMENTS....uuiiiiiiie e e et D-10
POrt F PiN ASSIGNMENTS .....uuiiiiiiiieee e D-11
Software Watchdog DiVide RaAtiO.........cceiiiiiiieiiiiiiiiiiiiiiieeeeee e D-12
Bus Monitor TIme-Out Period............ooiiiiiiiiiiiiiiiieieeeeeee e D-13
Pin Assignment Field ENCOAING.........cooiiiiiiiiiiiiiiiiie e D-16
CSPARO Pin ASSIGNIMENTS .....uuiiiiiiiiiiiiiiiiiie e e e e e D-16
CSPARL Pin ASSIgNMENLS ....ceeeieiiiiiiiiiie s e e e e e e e e e e e e e e e aaaeees D-17
Reset Pin FUNCLION Of CS[L0:6] ......coviiiiiiiiiiiiiiieie e D-17
Block Size Field Bit ENCOAING...........ooiiiiiiiiiiiiiiiiie e D-18
BYTE Field Bit ENCOAING ......coiiiiieieiicceeeeeeee e D-19
Read/Write Field Bit ENCOAING ........oooiiiiiiiiiiiiiiiii e D-19
DSACK Field ENCOAING ...coviiiiiiiiiiiiiiiiiiciiie ettt D-20
Memory Access Times at 16.78, 20.97, and 25.17 MHz..............cccccceeeeeennnn. D-20
Address Space Bit ENCOINGS .. cooiiiiiiiiiiiiieeieeiiiie e D-21
Interrupt Priority Level Field ENCOdiNg ........cccuvviiiiiiiiiiiiiiceeeeeeeeeeeeee e D-21
SRAM AAArESS MAP ... .o eeeeeei e e e e e e e e e e e e e eees D-23
SRAM Array AJdreSs SPacCe TYPE ....uuuiiiiiieieeeeieieeeeeeeiiiiiaa s e e e e e eeeeeeeens D-23
MRM AQAIESS IMBP ...ttt e e D-25
ROM Array Space Field .......cccooiiiiiiiiieee e D-26
Walit States FIeld .. ..o D-26
ADC Module AdAreSS Map ......ccooiiiiiiiiiiiie et D-29
Freeze ENCOUING ....ooovviiiiiiiie e e e e e e e D-30
Sample TiMe SeleCtioN .........oooiiiiiiii e D-31
Prescaler OQULPUL ......... et D-32
ADC COoNVErSION MOE........ccoeiiiiiiieiiic ettt D-33
Single-Channel Conversions (MULT = 0).......cooiiiiiiiiiiiiiiiiiiine e D-34
Multiple-Channel Conversions (MULT = 1) ........uuuiiiiiiiiiiiiiieiieeeeeee e D-35
QSM AAArESS MAP ... e e e e e e e D-38
Examples of SCI Baud RAtES..........ccooiiiiiiiiiiiiieiieee e D-41
PQSPAR Pin ASSIGNMENTS.....coiiiiiiiiiiiiiii ettt D-45
Effect of DDRQS on QSM Pin FUNCLION .........uuiiiiiiiiiiiie e D-46
BitS Per TranSTEr ...ccoeeiiiieeeiee s D-47
Examples of SCK FreQUENCIES .........oooiviiiiiiiiiiiiiiiiie et D-48
1Y (@@ Y [ [ =TS 1Y = T o LSO D-54
INTEITUPL VECLOIr SOUICES ...ttt e et e e e eeea e e e e eennes D-56
MPAR Pin ASSIONMENTS ...ooiiiiiiiiiiiiiii ittt e e D-57
Effect of MDDR on MCCI Pin FUNCHON .........uuiiiiiiiiiiiiiiiiiiieeeeee e D-58
Examples of SCI Baud RAtES..........ccooiiiiiiiiiiiiiiiee e D-60
GPT AJAIESS MaAP ...ttt e e e e e eeas D-67
GPT INTEITUPE SOUICES ..vvuiiiii ettt e e aanas D-69

M68HC16 Z SERIES
USER'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

LIST OF TABLES
(Continued)

Table Title

D-44 PAMOD and PEDGE EffeCtS.........ccovvviiiiiiiiiiiiiiii e
D-45  PACLKJ[L:0] EffECtS..cceiiiiiiiiiiiieeeeeeeeeee e
D-46  OM/OL[5:2] EffeCtS...ccciiiiiiii i
D-47  EDGE[4:1] EffECtS cooviiiiiiiiiiii e
D-48 CPR[2:0]/Prescaler Select Field.........cccccoovviiiiiiiiiiiiiiiiieeeeeii,
D-49  PPRI2:0] FIeld ...coeieeeeeeiee e
D-50 PWM FrequenCy RANGES .........ccooiiiiiiiiiiiiiiiiiiiias e e e eeeeeeneennnens

M68HC16 Z SERIES
USER’'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

M68HC16 Z SERIES
USER'S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

SECTION 1
INTRODUCTION

M68HC16 Z-series microcontrollers (including the MC68HC16Z1, MC68CM1671,
MC68CK16Z1, MC68HC16Z2, MC68HC16Z3, MC68HC16Z4, and MC68CK16Z4)
are high-speed 16-bit control units that are upwardly code compatible with M68HC11
controllers. All are members of the M68HC16 Family of modular microcontrollers.

M68HC16 microcontroller units (MCUSs) are built from standard modules that interface
via a common internal bus. Standardization facilitates rapid development of devices
tailored for specific applications.

M68HC16 Z-series MCUs incorporate a number of different modules. Refer to Table
1-1 for information on the contents of a specific Z-series MCU. (x) indicates that the
module is used in the MCU. All of these modules are interconnected by the intermod-
ule bus (IMB).

Table 1-1 M68HC16 Z-Series MCUs

MC68HC16Z1
Modules MC68CK16Z11 | MC68HC16Z2 | MCEBHCI6Z3 | \faoricr ooy
MC68CM16Z1%
Central Processor Unit (CPU16) X X X —
Low-Power Central Processor . . . X
Unit (CPU16L)
System Integration Module (SIM) X X X —
Low-Power System Integration . . . X
Module (SIML)
Standby RAM (SRAM) 1 Kbyte 2 Kbytes 4 Kbytes 1 Kbyte
Masked ROM Module (MRM) — 8 Kbytes 8 Kbytes —
Analog-to-Digital Converter (ADC) X X X X
Queued Serial Module (QSM) X X X —
Multichannel Communication . . . X
Interface (MCCI)
General-Purpose Timer (GPT) X X X X

NOTES:
1. “C” designator indicates a 2.7V to 3.6V part; “M” indicates a fast reference frequency and “K” indicates a slow
reference frequency. “HC” stands for HCMOS.

The maximum system clock for M68BHC16 Z-series MCUs can be either 16.78 MHz,
20.97 MHz, or 25.17 MHz. An internal phase-locked loop circuit synthesizes the sys-
tem clock from a slow (typically 32.768 kHz) or fast (typically 4.194 MHz) reference, or
uses an external frequency source. Refer to Table 1-2 for information on which refer-
ence frequency is applied to a particular MCU. (x) indicates the reference frequency
applicable to the MCU.

M68HC16 Z SERIES INTRODUCTION
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Table 1-2 Z-Series MCU Reference Frequencies

Nominal Reference Frequency !
MCU Slow Fast
(32.768 kHz) (4.194 MHz)

MC68HC1671 X —
MC68CM16Z1 — X
MC68CK16Z1 X —
MC68HC16Z2 — X
MC68HC16Z3 — X
MC68HC16Z4 X —
MC68CK16Z4 X —

NOTES:
1. The nominal slow reference frequency is 32.768 kHz, but can range from
20 to 50 kHz. The nominal fast reference frequency is 4.194 MHz, but can
range from 1MHz to 6.25 MHz.

System hardware and software allow changes in clock rate during operation. Because
the MCUs are a fully static design, register and memory contents are not affected by
clock rate changes.

High-density complementary metal-oxide semiconductor (HCMOS) architecture
makes the basic power consumption low. Power consumption can be minimized by
stopping the system clocks. The M68HC16 instruction set includes a low-power stop
(LPSTOP) command that efficiently implements this capability. Individual stop bits in
each module allow for selective power reduction.

Documentation for the Modular Microcontroller Family follows the modular construc-
tion of the devices in the product line. Each device has a comprehensive user’'s man-
ual that provides sufficient information for normal operation of the device. The user’s
manual is supplemented by module reference manuals that provide detailed informa-
tion about module operation and applications. Refer to Freescale publication Advanced
Microcontroller Unit (AMCU) Literature (BR1116/D) for a complete list of documenta-
tion to supplement this manual.
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SECTION 2
NOMENCLATURE

The following tables show the nomenclature used throughout the M68HC16 Z-series

manual.

2.1 Symbols and Operators

Symbol

Function

Addition

Subtraction (two’s complement) or negation

Multiplication

Division

Greater

Less

Equal

Equal or greater

Equal or less

Not equal

AND

Inclusive OR (OR)

Exclusive OR (EOR)

‘I:ID-‘HI/\IVII/\V\*'+

zZ
o
3

Complementation

Concatenation

Transferred

Exchanged

Sign bit; also used to show tolerance

Sign extension

Binary value

Hexadecimal value
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2.2 CPU16 Register Mnemonics

Mnemonic Register
A Accumulator A
AM Accumulator M
B Accumulator B
CCR Condition code register
D Accumulator D
E Accumulator E
EK Extended addressing extension field
HR MAC multiplier register
IR MAC multiplicand register
IX Index register X
Y Index register Y
1z Index register Z
K Address extension register
PC Program counter
PK Program counter extension field
SK Stack pointer extension field
SP Stack pointer
XK Index register X extension field
YK Index register Y extension field
ZK Index register Z extension field
XMSK Modulo addressing index register X mask
YMSK Modulo addressing index register Y mask
S LPSTOP mode control bit
MV AM overflow flag
H Half carry flag
EV AM extended overflow flag
N Negative flag
z Zero flag
\% Two’s complement overflow flag
C Carry/borrow flag
P Interrupt priority field
SM Saturation mode control bit
NOMENCLATURE
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2.3 Register Mnemonics

Mnemonic Register
ADCMCR ADC Module Configuration Register
ADCTEST ADC Test Register
ADCTLI[0:1] ADC Control Registers [0:1]
ADCSTAT ADC Status Register
CFORC GPT Compare Force Register
CREG SIM Test Module Control Register
CRJ[0:F] QSM Command RAM [0:F]
CSBARBT SIM Chip-Select Base Address Register Boot
CSBARJ[0:10] SIM Chip-Select Base Address Registers [0:10]
CSORBT SIM Chip-Select Option Register Boot
CSOR[0:10] SIM Chip-Select Option Registers [0:10]
CSPARJ[0:1] SIM Chip-Select Pin Assignment Registers [0:1]
DDRE SIM Port E Data Direction Register
DDRF SIM Port F Data Direction Register
DDRGP GPT Port GP Data Direction Register
DDRM MCCI Data Direction Register
DDRQS QSM Port QS Data Direction Register
DREG SIM Test Module Distributed Register
GPTMCR GPT Module Configuration Register
GPTMTR GPT Module Test Register
ICR GPT Interrupt Configuration Register
ILSCI MCCI SCI Interrupt Register
ILSPI MCCI SPI Interrupt Register
LISRR[0:7] ADC Left-Justified Signed Result Registers [0:7]
LJURR[O:7] ADC Left-Justified Unsigned Result Registers [0:7]
MIVR MCCI Interrupt Vector Register
MMCR MCCI Module Configuration Register
MPAR MCCI Pin Assignment Register
MRMCR Masked ROM Module Configuration Register
MTEST MCCI Test Register
OC1D GPT Output Compare 1 Action Data Register
OC1M GPT Output Compare 1 Action Mask Register
PACNT GPT Pulse Accumulator Counter Register
PACTL GPT Pulse Accumulator Control Register
PEPAR SIM Port E Pin Assignment Register
PFPAR SIM Port F Pin Assignment Register
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Mnemonic

Register

PICR

SIM Periodic Interrupt Control Register

PITR

SIM Periodic Interrupt Timer Register

PORTADA

ADC Port ADA Data Register

PORTC

SIM Port C Data Register

PORTE

SIM Port E Data Register [0:1]

PORTF

SIM Port F Data Register [0:1]

PORTGP

GPT Port GP Data Register

PORTMC

MCCI Port Data Register

PORTMCP

MCCI Port Pin State Register

PORTQS

QSM Port QS Data Register

PQSPAR

QSM Port QS Pin Assignment Register

PRESCL

GPT Prescaler Register

PWMA

GPT PWM Control Register A

PWMB

GPT PWM Control Register B

PWMBUFA

GPT PWM Buffer Register A

PWMBUFB

GPT PWM Buffer Register B

PWMC

GPT PWM Control Register C

PWMCNT

GPT PWM Counter Register

QILR

QSM Interrupt Level Register

QIVR

QSM Interrupt Vector Register

QSMCR

QSM Module Configuration Register

QTEST

QSM Test Register

RAMBAH

RAM Array Base Address Register High

RAMBAL

RAM Array Base Address Register Low

RAMMCR

RAM Module Configuration Register

RAMTST

RAM Test Register

RJURR[0:7]

ADC Right-Justified Unsigned Result Registers [0:7]

ROMBAH

ROM Array Base Address Register High

ROMBAL

ROM Array Base Address Register Low

ROMBSI[0:3]

ROM Bootstrap Word Registers [0:3]

RR[0:F]

QSM Receive Data RAM [0:F]

RSR

SIM Reset Status Register

SCCRI0:1]

QSM SCI Control Registers [0:1]

SCCRO[A:B]

MCCI SCIA/B Control Registers 0 [A:B]

SCCR1[A:B]

MCCI SCIA/B Control Registers 1 [A:B]

SCDR

QSM SCI Data Register

SCDR[A:B]

MCCI SCIA/B Data Registers [A:B]
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Mnemonic Register
SCSR QSM SCI Status Register
SCSR[A:B] MCCI SCIA/B Status Registers [A:B]
SIGHI ROM Signature Register High
SIGLO ROM Signature Register Low
SIMCR SIM Module Configuration Register
SIMTR SIM Test Register
SIMTRE SIM Test Register E
SPCR MCCI SPI Control Register
SPCRJ[0:3] QSM SPI Control Registers [0:3]
SPDR MCCI SPI Data Register
SPSR QSM SPI Status Register
SPSR MCCI SPI Status Register
SWSR SIM Software Watchdog Service Register
SYNCR SIM Clock Synthesizer Control Register
SYPCR SIM System Protection Control Register
TCNT GPT Timer Counter Register
TCTL[1:2] GPT Timer Control Registers [1:2]
TFLG[1:2] GPT Timer Flag Registers [1:2]
T14/05 GPT Timer Input Capture 4/Output Compare 5 Register
TIC[1:3] GPT Timer Input Capture Registers [1:3]
TMSK[1:2] GPT Timer Mask Register [1:2]
TOCI1:4] GPT Timer Output Compare Registers [1:4]
TR[O:F] QSM Transmit RAM [0:F]
TSTMSRA SIM Test Module Master Shift Register A
TSTMSRB SIM Test Module Master Shift Register B
TSTRC SIM Test Module Repetition Count Register
TSTSC SIM Test Module Shift Count Register
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2.4 Conventions
Logic level one is the voltage that corresponds to a Boolean true (1) state.

Logic level zero is the voltage that corresponds to a Boolean false (0) state.
Set refers specifically to establishing logic level one on a bit or bits.
Clear refers specifically to establishing logic level zero on a bit or bits.

Asserted means that a signal is in active logic state. An active low signal changes
from logic level one to logic level zero when asserted, and an active high signal chang-
es from logic level zero to logic level one.

Negated means that an asserted signal changes logic state. An active low signal
changes from logic level zero to logic level one when negated, and an active high sig-
nal changes from logic level one to logic level zero.

A specific mnemonic within a range is referred to by mnemonic and number. A15 is
bit 15 of accumulator A; ADDRY7 is line 7 of the address bus; CSORO is chip-select op-
tion register 0. A range of mnemonics s referred to by mnemonic and the numbers
that define the range. VBR[4:0] are bits four to zero of the vector base register;
CSORJ0:5] are the first six chip-select option registers.

Parentheses are used to indicate the content of a register or memory location, rather
than the register or memory location itself. For example, (A) is the content of accumu-
lator A. (M : M + 1) is the content of the word at address M.

LSB means least significant bit or bits. MSB means most significant bit or bits. Refer-
ences to low and high bytes are spelled out.

LSW means least significant word or words. MSW means most significant word or
words.

ADDR is the address bus. ADDR[7:0] are the eight LSB of the address bus.
DATA is the data bus. DATA[15:8] are the eight MSB of the data bus.

NOMENCLATURE M68HC16 Z SERIES

2-6 For More Information On This Product, USER'S MANUAL

Go to: www.freescale.com



Freescale Semiconductor, Inc.

SECTION 3
OVERVIEW

This section provides general information on M68HC16 Z-series MCUs. It lists fea-
tures of each of the modules, shows device functional divisions and pin assignments,
summarizes signal and pin functions, discusses the intermodule bus, and provides
system memory maps. Timing and electrical specifications for the entire microcontrol-
ler and for individual modules are provided in APPENDIX A ELECTRICAL CHARAC-
TERISTICS. Comprehensive module register descriptions and memory maps are
provided in APPENDIX D REGISTER SUMMARY .

3.1 M68HC16 Z-Series MCU Features

The following paragraphs highlight capabilities of each of the MCU modules. Each
module is discussed separately in a subsequent section of this manual.

3.1.1 Central Processor Unit (CPU16/CPU16L)

* 16-bit architecture

* Full set of 16-bit instructions

» Three 16-bit index registers

» Two 16-bit accumulators

* Control-oriented digital signal processing capability

» Addresses up to 1 Mbyte of program memory; 1 Mbyte of data memory

» Background debug mode

* Fully static operation

» Expanded LPSTOP operation on CPU16L (MC68HC16Z4, MC68CK16Z4 only)

3.1.2 System Integration Module (SIM/SIML)

 External bus support

» Programmable chip-select outputs

» System protection logic

» Watchdog timer, clock monitor, and bus monitor

» Two 8-bit dual function input/output ports

* One 7-bit dual function output port

» Phase-locked loop (PLL) clock system

* Expanded LPSTOP operation on SIML (MC68HC16Z4, MC68CK16Z4 only)

3.1.3 Standby RAM (SRAM)

* 1-Kbyte static RAM (MC68HC16Z1/Z4 only)
 2-Kbyte static RAM (MC68HC16Z2 only)

* 4-Kbyte static RAM (MC68HC16Z3 only)

* External standby voltage supply input

M68HC16 Z SERIES OVERVIEW
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3.1.4 Masked ROM Module (MRM) — (MC68HC1622/Z3 Only)

» 8-Kbyte array, accessible as bytes or words
» User-selectable default base address
 User-selectable bootstrap ROM function

» User-selectable ROM verification code

3.1.5 Analog-to-Digital Converter (ADC)

* Eight channels, eight result registers
* Eight automated modes
* Three result alignment modes

3.1.6 Queued Serial Module (QSM)

* Enhanced serial communication interface
» Queued serial peripheral interface
* One 8-bit dual function port

3.1.7 Multichannel Communication Interface (MCCI) — (MC68HC16Z4/CKZ4 Only)

» Two channels of enhanced SCI (UART)
* One channel of SPI

3.1.8 General-Purpose Timer (GPT)

» Two 16-bit free-running counters with prescaler
* Three input capture channels

* Four output compare channels

» One input capture/output compare channel

* One pulse accumulator/event counter input

» Two pulse width modulation outputs

» Optional external clock input

3.2 Intermodule Bus

The intermodule bus (IMB) is a standardized bus developed to facilitate the design of
modular microcontrollers. It contains circuitry that supports exception processing, ad-
dress space partitioning, multiple interrupt levels, and vectored interrupts. The stan-
dardized modules in M68HC16 Z-series MCUs communicate with one another via the
IMB. Although the full IMB supports 24 address and 16 data lines, M68BHC16 Z-series
MCUSs use only 20 address lines. ADDR[23:20] follow the state of ADDR19.

3.3 System Block Diagram and Pin Assignment Diagrams

Figure 3-1 is a functional diagram of the MC68HC16Z1/CKZ1/CMZ1 MCU. Refer to
Figure 3-2 for a functional diagram of the MC68HC1622/Z3 MCU. Figure 3-3 is a
functional diagram of the MC68HC16Z4/CKZ4 MCU. Although diagram blocks repre-
sent the relative size of the physical modules, there is not a one-to-one correspon-
dence between location and size of blocks in the diagram and location and size of
integrated-circuit modules.

OVERVIEW M68HC16 Z SERIES

For More Information On This Product, USER'S MANUAL

Go to: www.freescale.com



Freescale Semiconductor, Inc.

M68HC16 Z-series microcontrollers are available in both 132- and 144-pin packages.
Figure 3-4 shows an MC68HC16Z1/CKZ1/CMZ1/Z2/Z3 pin assignment drawing
based on a 132-pin plastic surface-mount package. Figure 3-5 shows an
MC68HC16Z1/CKZ1/CMZ1/22/Z3 pin assignment drawing based on a 144-pin plastic
surface-mount package. Figure 3-6 shows an MC68HC16Z4/CKZ4 pin assignment
drawing based on a 132-pin plastic surface-mount package. Figure 3-7 shows an
MC68HC16Z4/CKZ4 pin assignment drawing based on a 144-pin plastic surface-
mount package. Refer to APPENDIX B MECHANICAL DATA AND ORDERING IN-
FORMATION for information on how to obtain package dimensions. Refer to subse-
guent paragraphs in this section for pin and signal descriptions.
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Figure 3-1 MC68HC16Z1/CK16Z1/CM16Z1 Block Diagram
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Figure 3-4 MC68HC16Z1/CKZ1/CMZ1/Z2/Z3 Pin Assignments for 132-Pin Package
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Figure 3-5 MC68HC16Z1/CKZ1/CMZ1/Z2/Z3 Pin Assignments for 144-Pin Package
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AN3/PADA3 [_]47 871 Aﬁﬁ/PEz
AN4/PADA4 []48 86| DSIPE4
AN5/PADA5 [_]49 851 ASIPE5
VRH []50 841 vDD
H N MWD O~ O0ODNDO AN ML OM~00DNDO ANMTL O~ O dAN M
LOOWOWOWOWOWOWOLIWO OO OOOOOOOOMMMMMSMMSMMNSMNSPNSRNSRSOOOW O o
HJOS>JdZ2100000NEEOX OO0 MNOWSTONAO;=~ooW0n
S R RS e g S e
<< X[ X >~ O N = (s) O ALS AT 20 q N A 2 9SS
o> Qu g5 ogux 4 NN
S = > (&) H — o L& 2 Erguae ) D o0
=z = I o a
<< << o = o
o o0 =
[
NOTES:
1. MMMMM = MASK OPTION NUMBER
2. ATWLYYWW = ASSEMBLY TEST LOCATION/YEAR, WEEK HOL6Z4/CK1674 132-PIN QFP

Figure 3-6 MC68HC16Z4/CKZ4 Pin Assignments for 132-Pin Package
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ey 2roespen =R M =z 29
8e QLo il b3 2o 888
3 S5z SRSBREBEELUE Lk (ol pae 8y E8RB 2.
>0 SVEEVEEVEEVEE T o0 rr==MMmMZ2FFLO>>XZ2>>WU>X>S>aAaC>2
O~ OO TONTAODDOM~N OO TOANTAODOSNOUOTONTATODDO~NOLIOSM
vDD [_]109 72 1 VRHP
AS/PES []110 71 [__] AN5/PADAS
BS/PE4 111 70 ] AN4/PADA4
NEore2 112 69 [ AN3/PADA3
DSACRLPEL 113 68 1 AN2/PADA2
D8ACROPE0 114 67 1 AN1/PADAL
ADDRO [_]115 66 [__1 ANO/PADAO
DATA15 [_]116 65 [__1 VSSA
DATA14 [ {117 64 1 VDDA
DATA13 [_]118 63 [__1VsS
DATA12 []119 62 1 vDD
DATA11 [_]120 61 ] ADDR18
DATA10 121 60 [__] ADDR17
vsS[_]122 59 [__1 ADDR16
NC 123 58 ] ADDR15
VDD [_|124 57 _1NC
DATA9 [ 125 MC68HC1674 56 [ ADDR14
DATA8 126 MC68CK1624 55 1 ADDR13
DATA7 [_]127 MMMMMYL 54 ] ADDR12
DATA6 [_|128 ATWLYYWW?2 53 [__] ADDR11
DATA5 [_|129 52 |1 ADDR10
DATA4[_]130 51 |__] ADDR9
NC[]131 50 1 NC
vss [ ]132 49 |1 vss
NC[]133 48 1 NC
DATA3[_|134 47 |__] ADDRS8
DATA2[|135 46 1 ADDRY
DATAL[_|136 45 ] ADDR6
DATAO0 [_|137 44 ] ADDRS
88087 138 43 1 ADDR4
FCoCSa/Pco 139 42 1 ADDR3
vss []140 41 1 Vss
vDD [_]141 40 |__1VvDD
FC1/CSa/PCL 142 39 1 ADDR2
FC2ICS5/PC2 143 38 ] ADDRIL
BRCOJ1s O 37 [ TXDAPMCT
ANt 0o~ add3I0EEI3IZRJNIIILERIIIBISSIISS
S BB 8 Ssa55E2885555558828088828%2
S o azFg 4ag caogoa caogoaoa o
SRBBE S 588 93883 333888 2
R385895 2SS ©° S22 FF B
55588 < SESRS]
aaaa [eeNe
<C<C << §
NOTES:
1. MMMMM = MASK OPTION NUMBER
2. ATWLYYWW = ASSEMBLY TEST LOCATION/YEAR, WEEK HC1624/CK1624 144-PIN QFP

Figure 3-7 MC68HC16Z4/CKZ4 Pin Assignments for 144-Pin Package

OVERVIEW M68HC16 Z SERIES

3-10 USER’S MANUAL

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

3.4 Pin Descriptions

The following tables are a summary of the functional characteristics of M68BHC16 Z-
series MCU pins. Table 3-1 shows all inputs and outputs. Digital inputs and outputs
use CMOS logic levels. An entry in the “Discrete I/O” column indicates that a pin can
also be used for general-purpose input, output, or both. The I/O port designation is giv-
en when it applies. Refer to Figure 3-1 for port organization. Table 3-2 shows types
of output drivers. Table 3-3 shows characteristics of power pins.

Table 3-1 M68HC16 Z-Series Pin Characteristics

Pin Output Input Input Discrete Port
Mnemonic Driver Synchronized Hysteresis Ie] Designation
ADDR23/CS10/ECLK A Y N o} —
ADDR[22:19]/CS[9:6] A Y N 0 PC[6:3]
ADDR][18:0] A Y N — —
AN[7:0]* — Y N I PADA[7:0]
AS B Y Y 110 PE5
AVEC B Y N 110 PE2
BERR B Y N — —
BG/CS1 B — — — —
BGACK/CS2 B Y N — —
BKPT/DSCLK — Y Y — —
BR/CSO B Y N o} —
CLKOUT A — — — —
CSBOOT B — — — —
DATA[15:0]* AW Y N — —
DS B Y Y fe} PE4
DSACK]1:0] B Y N 110 PE[1:0]
DSI/IPIPE1 A Y Y — —
DSO/IPIPEQ A — — — —
EXTAL? — — Special — —
FC[2:0]/CS[5:3] A Y N 0 PC[2:0]
FREEZE/QUOT A — — — —
HALT Bo Y N — —
IC4/0C5 A Y Y Ife} PGP7
IC[3:1] A Y Y 110 PGP[2:0]
IRQ[7:1] B Y Y I/O PF[7:1]
MISO Bo Y Y 110 PQS0
MISO3? Bo Y Y 110 PMCO
MoODCLK! B Y N e} PFO
MOSI Bo Y Y I/0 PQS1
MOSI3 Bo Y Y 110 PMC1
0OC[4:1] A Y Y 110 PGPI[6:3]
PAI* — Y Y | —
M68HC16 Z SERIES OVERVIEW
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Table 3-1 M68HC16 Z-Series Pin Characteristics (Continued)

Pin Output Input Input Discrete Port
Mnemonic Driver Synchronized Hysteresis I/O Designation
PCLK* — Y Y | -
PCS0/SS Bo Y Y I/0 PQS3
PCS[3:1] Bo Y Y I/O PQS[6:4]
PWMA, PWMB® A — — 0 —
R/W A Y N — —
RESET Bo Y Y — —
RXD — N N — —
RXDA® Bo Y Y — PMC6
RXDB3 Bo \'% % — PMC4
sck?® Bo Y Y — PMC2
SCK Bo Y Y /0 PQS2
SIZ[1:0] B Y Y 110 PE[7:6]
ss3 Bo Y Y — PMC3
TSC — Y Y — —
TXD Bo Y Y I/O PQS7
TXDA3 Bo Y Y — PMC7
TXDB3 Bo Y Y — PMC5
XEC2 — — — Special —
XTAL? — — — Special —

NOTES:

1. DATA[15:0] are synchronized during reset only. MODCLK, QSM, MCCI and ADC pins are synchronized

only when

used as input port pins.

2. EXTAL, XFC, and XTAL are clock reference connections.
3. MCCI pins used only on the MC68HC16Z4/CK16Z4.
4. PAl and PCLK can be used for discrete input, but are not part of an /O port.
5. PWMA and PWMB can be used for discrete output, but are not part of an 1/O port.

Table 3-2 M68HC16 Z-Series Driver Types

Type 1/0 Description
A (0] Three-state capable output signals
Aw (0] Type A output with weak p-channel pull-up during reset
B o Three-state o_utp_ut th_at includes circuitry to pull up output before high impedance is established,
to ensure rapid rise time
Bo (0] Type B output that can be operated in an open-drain mode
OVERVIEW M68HC16 Z SERIES
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Table 3-3 M68HC16 Z-Series Power Connections

Pin Mnemonic Description
VsTRY Standby RAM power
Vbpsyn Clock synthesizer power
Vppa/Vssa A/D converter power
VrH/VRL A/D reference voltage
Vss/Vpp Microcontroller power

3.5 Signal Descriptions

The following tables define the M68HC16 Z-series MCU signals. Table 3-4 shows sig-
nal origin, type, and active state. Table 3-5 describes signal functions. Both tables are
sorted alphabetically by mnemonic. MCU pins often have multiple functions. More
than one description can apply to a pin.

Table 3-4 M68HC16 Z-Series Signal Characteristics

Signal MCU Signal Active

Name Module Type State
ADDR[23:0] SIM Bus —

AN[7:0] ADC Input —

AS SIM Output 0
AVEC SIM Input 0
BERR SIM Input 0

BG SIM Output 0

BGACK SIM Input 0
BKPT CPU16 Input 0
BR SIM Input 0
CLKOUT SIM Output —
CS[10:0] SIM Output 0
CSBOOT SIM Output 0
DATA[15:0] SIM Bus —
DS SIM Output 0
DSACK[1:0] SIM Input
DSCLK CPU16 Input Serial Clock

DSl CPU16 Input Serial Data

DSO CPU16 Output Serial Data
EXTAL SIM Input —
FC[2:0] SIM Output —

FREEZE SIM Output 1
HALT SIM Input/Output 0
IC[4:1] GPT Input —
IPIPEO CPU16 Output —
IPIPE1 CPU16 Output —
IRQ[7:1] SIM Input 0
M68HC16 Z SERIES OVERVIEW

USER'S MANUAL For More Information On This Product, 3-13
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Table 3-4 M68HC16 Z-Series Signal Characteristics (Continued)

Signal MCU Signal Active
Name Module Type State
MISO QSM Input/Output —
Miso? MCCI Input/Output —
MODCLK SIM Input —
MOSI QsSM Input/Output —
MOSIt MCCI Input/Output —
0OC[5:1] GPT Output —
PADA[7:0] ADC Input —
PAI GPT Input —
PC[6:0] SIM Output —
PE[7:0] SIM Input/Output —
PF[7:0] SIM Input/Output —
PGP[7:0] GPT Input/Output —
PQSI[7:0] QSM Input/Output —
PCLK GPT Input —
PCS[3:0] QSM Input/Output —
PWMA, PWMB GPT Output —
PMC[7:0]* MCCI Input/Output —
QuUOT SIM Output —
R/W SIM Output 1/0
RESET SIM Input/Output 0
RXD QSM Input —
RXDA! MCCI Input —
RXDB! MCCI Input —
SCK QsSM Input/Output —
sck! MCCI Input/Output —
SIZ[1:0] SIM Output 1/0
SS QSM Input 0
Sst MCCI Input 0
TSC SIM Input
TXD QSM Output —
TXDA! MCCI Output —
TXDB! MCCI Output —
XFC SIM Input —
XTAL SIM Output —
NOTES:

1. Used only in the MC68HC16Z4/CK16Z4.

OVERVIEW M68HC16 Z SERIES
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Table 3-5 M68HC16 Z-Series Signal Function

Mnemonic Signal Name Function
ADDR[19:0] Address Bus 20-bit address bus used by CPU16
AN[7:0] ADC Analog Input Inputs to ADC multiplexer
AS Address Strobe Indicates that a valid address is on the address bus
AVEC Autovector Requests an automatic vector during interrupt acknowledge
BERR Bus Error Indicates that a bus error has occurred
BG Bus Grant Indicates that the MCU has relinquished the bus
BGACK Bus Grant Indicates that an external device has assumed bus mastership
Acknowledge
BKPT Breakpoint Signals a hardware breakpoint to the CPU
BR Bus Request Indicates that an external device requires bus mastership
CLKOUT System Clockout System clock output
CS[10:0] Chip-Selects Select external devices at programmed addresses
CSBOOT Boot Chip Select Chip select for external boot start-up ROM
DATA[15:0] Data Bus 16-bit data bus
o During a read cycle, indicates that an external device should
DS Data Strobe place valid data on the data bus. During a write cycle, indicates
that valid data is on the data bus.
DSACK[1:0] Data and Size Provide asynchronous data transfers and dynamic bus sizing
Acknowledge
DSIS(I:DS(O gi\t/]eggz:(em Serial In, Serial 1/0 and clock for background debug mode
EXTAL, XTAL | Crystal Oscillator ;Zsr;r;te:rt;]c;r;i ;(();ri@?()crkc?;nélejz(ge(; circuit reference a crystal or
FC[2:0] Function Codes Identify processor state and current address space
FREEZE Freeze Indicates that the CPU has entered background mode
HALT Halt Suspend external bus activity
IRQ[7:1] Interrupt Request Level | Provides an interrupt priority level to the CPU
IPIPE[1:0] Instruction Pipeline Indicate instruction pipeline activity
MISO Master In Slave Out chglli:lgg;to QSPI in master mode; serial output from QSPI in
MISOL Master In Slave Out 323?::5;; to SPI in master mode; serial output from SPI in
MODCLK Clock Mode Select Selects the source and type of system clock
MOSI Master Out Slave In chzlls]létg)gt from QSPI in master mode; serial input to QSPI in
MosI Master Out Slave In chzlrzzzpeut from SPI in master mode; serial input to SPI in
PADA[7:0] Port ADA ADC digital input port signals
PAI Pulse Accumulator Input | Input to the GPT pulse accumulator
PCLK Auxiliary Timer Clock GPT external clock input
PC[6:0] Port C Port C digital output port signals
PCSJ[3:0] Peripheral Chip Select QSPI peripheral chip-selects
PE[7:0] Port E Port E digital 1/0 port signals

M68HC16 Z SERIES
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Table 3-5 M68HC16 Z-Series Signal Function (Continued)

Mnemonic Signal Name Function
PF[7:0] Port F Port F digital 1/0O port signals
PGP[7:0] Port GP GPT digital I/O port signals
PQS[7:0] Port QS QSM digital I/0 port signals
PWMA, PWMB | Pulse Width Modulation | Output for PWM
QUOT Quotient Out Provides the quotient bit of the polynomial divider
R/W Read/Write Indicates the direction of data transfer on the bus
RESET Reset System reset
RXD Receive Data (SCI) Serial input to the SCI
RXDA! SCI A Receive Data Serial input from SCI A
RXDB! SCI B Receive Data Serial input from SCI B
SCK Serial Clock (QSPI) gg)\;::;%tg);t from QSPI in master mode; clock input to QSPI in
sckl Serial Clock (SPI) g::\;::rcr)lt;tg;t from SPI in master mode; clock input to SPI in
SIZ[1:0] Size Icr;((j:ilcgates the number of bytes to be transferred during a bus
S5 [smveSokot(qspy | Cavses setl natamisson e QSP1 s slave e
S [sme sacrismy | Causes seuanmson when he 5P n e e
TSC Three-State Control Places all output drivers in a high-impedance state
TXD SCI Transmit Data Serial output from the SCI
TXDAL SCI A Transmit Data Serial output from SCI A
TXDB! SCI B Transmit Data Serial output from SCI B
XFC External Filter Capacitor | Connection for external phase-locked loop filter capacitor
NOTES:

1. MCCI signals present only in MC68HC1624/CK16Z4.

3.6 Internal Register Map

In Figures 3-8, 3-9, and 3-10, IMB ADDR[23:20] are represented by the letter Y. The
value represented by Y determines the base address of MCU module control regis-
ters. Y is equal to M111, where M is the logic state of the module mapping (MM) bit in
the system integration module configuration register (SIMCR). Since the CPU16 uses
only ADDR[19:0], and ADDR[23:20] follow the logic state of ADDR19 when CPU driv-
en, the CPU cannot access IMB addresses from $080000 to $F7FFFF. In order for the
MCU to function correctly, MM must be set (Y must equal $F). If M is cleared, internal
registers are mapped to base address $700000, and are inaccessible until a reset oc-
curs. The SRAM array is positioned by a base address register in the SRAM CTRL
block. Unimplemented blocks are mapped externally.
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$000000
$YFF700

SYFF73F

$YFF900

$YFFI3F
$YFFA0O

$YFFATF
$YFFBOO

$YFFBO7
$YFFC00

$YFFDFF
$FFFFFF

Freescale Semiconductor, Inc.

ADC
64 BYTES

GPT
64 BYTES

SIM
128 BYTES

SRAM CONTROL
8 BYTES

QSM
512 BYTES

1K SRAM ARRAY

(MAPPED TO 1K BOUNDARY)

HC16Z1/CKZ1/CMZ1 ADDRESS MAP

Figure 3-8 MC68HC16Z1/CKZ1/CMZ1 Address Map
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$000000
$YFF700

$YFF73F
$YFF820

$YFF83F
$YFF900

$YFFI3F
$YFFA0O

$SYFFATF
$YFFB0O

$YFFBO7
$YFFC00

$YFFDFF
$FFFFFF

$000000
$YFF700

$SYFF73F

$YFF900

$YFFI3F
$YFFAQO

SYFFATF
$YFFBOO

$YFFBO7
$YFFCO0

$YFFC3F

$FFFFFF

Freescale Semiconductor, Inc.

ADC
64 BYTES

ROM CONTROL
32 BYTES

GPT
64 BYTES

SIM
128 BYTES

SRAM CONTROL
8 BYTES

QSM
512 BYTES

8K ROM ARRAY
(MAPPED TO 8K BOUNDARY)

2K SRAM ARRAY
(MAPPED TO 2K BOUNDARY)
Z2 ONLY

4K SRAM ARRAY
(MAPPED TO 4K BOUNDARY)
Z3 ONLY

Figure 3-9 MC68HC1622/Z3 Address Map

ADC
64 BYTES

GPT
64 BYTES

SIML
128 BYTES

SRAM CONTROL
8 BYTES

MCCI
64 BYTES

1K SRAM ARRAY

(MAPPED TO 1K BOUNDARY)

HC16Z2/Z3 ADDRESS MAP

HC16Z4/CKZ4 ADDRESS MAP

Figure 3-10 MC68HC1624/CKZ4 Address Map
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3.7 Address Space Maps

Figures 3-11 through 3-16 show CPU16 address space for M68HC16 Z-series MCUS.
Address space can be split into physically distinct program and data spaces by decod-
ing the MCU function code outputs.

Figures 3-11, 3-12, and 3-13 show the memory map of a system that has combined
program and data spaces. Figures 3-14 , 3-15, and 3-16 show the memory map when
MCU function code outputs are decoded.

Reset and exception vectors are mapped into bank 0 and cannot be relocated. The
CPU16 program counter, stack pointer, and Z index register can be initialized to any
address in pseudolinear memory, but exception vectors are limited to 16-bit address-
es. To access locations outside of bank O during exception handler routines (including
interrupt exceptions), a jump table must be used. Refer to SECTION 4 CENTRAL
PROCESSOR UNIT for more information concerning memory management, extend-
ed addressing, and exception processing. Refer to SECTION 5 SYSTEM INTEGRA-
TION MODULE for more information concerning function codes, address space types,
resets, and interrupts.

M68HC16 Z SERIES OVERVIEW
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VECTOR |VECTOR TYPE OF
A $000000 [ERE ADDRESS | NUMBER EXCEPTION
0000 0 RESET — INITIAL ZK, SK, AND PK
RESETOSSTE));CSEPT'ON 0002 RESET — INITIAL PC
A gggg RESET REnSwETTuE :g I(TlalﬁaLEScPT PAGE)
$010000  [gank 0008 7 BKPT (BREAKPOINT)
000A 5 BERR (BUS ERROR)
000C 6 SWI (SOFTWARE INTERRUPT)
$020000 BANK2 Tl 000E 7 ILLEGAL INSTRUCTION
0010 8 DIVISION BY ZERO
0012-001C| _9-E UNASSIGNED, RESERVED
_________________ 001E F UNINITIALIZED INTERRUPT
$030000  [ganks 0020 10 UNASSIGNED, RESERVED
512 KBYTE 0022 11| LEVEL 1 INTERRUPT AUTOVECTOR
0024 12| LEVEL 2 INTERRUPT AUTOVECTOR
----------------- 0026 13| LEVEL 3 INTERRUPT AUTOVECTOR
$040000 gt 0028 14| LEVEL 4INTERRUPT AUTOVECTOR
002A 15 | LEVEL 5 INTERRUPT AUTOVECTOR
002C 16 | LEVEL 6 INTERRUPT AUTOVECTOR
$050000 [gaks™ "7 002E 17| LEVEL 7 INTERRUPT AUTOVECTOR
0030 18 SPURIOUS INTERRUPT
0032-006E | 19-37 UNASSIGNED, RESERVED
$060000 [gyis” -~ |- 0070-01FE| 38-FF USER-DEFINED INTERRUPTS
PROGRAM
$070000 [gagky™ " ANDDATA ™~~~ "]
SPACE
Y $07FFFF
A $080000 UNDEFINED
UNDEFINED?
$YFF700
Y $FTFFFF ADC
A $F80000 |Banks $YFF73F
$FI0000 [gake ™ """ T T T T
$FA0000 B-AﬁK-lo -------------- $YFF900
GPT
$YFFI3F
$FBO000 [gankis ~ "7 "7
512 KBYTE $YFFAQO
................. SIM
$FC0000 [ gank1z
$YFFATF
$FDO000 [gankizs ~ =~ 7|7 T T SRAM $YFFBOO
(CONTROL) $YFFBO7
$FE0000 [:,5s "~ "7
BANK S $YFFC00
$FFO000 [gankis — ~ W """ """ 7] QSM
INTERNAL REGISTERS $YFFDFF
Y SFFFFFF
NOTE:

1. THE ADDRESSES DISPLAYED IN THIS MEMORY MAP ARE THE FULL 24-BIT IMB ADDRESSES. THE CPU16
ADDRESS BUS IS 20 BITS WIDE, AND CPU16 ADDRESS LINE 19 DRIVES IMB ADDRESS LINES [23:20]. THE
BLOCK OF ADDRESSES FROM $080000 TO $F7FFFF MARKED AS UNDEFINED WILL NEVER APPEAR ON THE
IMB. MEMORY BANKS 0 TO 15 APPEAR FULLY CONTIGUOUS IN THE CPU16'S FLAT 20-BIT ADDRESS SPACE.
THE CPU16 NEED ONLY GENERATE A 20-BIT EFFECTIVE ADDRESS TO ACCESS ANY LOCATION IN THIS RANGE.

$000000

$0001FE

HC16Z1/CK/CM MEM MAP (C)

Figure 3-11 MC68HC16Z1/CKZ1/CMZ1 Combined Program and Data Space Map
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VECTOR |VECTOR TYPE OF
ADDRESS | NUMBER EXCEPTION
A $000000 [EANKO 0000 0 RESET — INITIAL ZK, SK, AND PK_| $000000
RESET AND EXCEPTION
VECTORS 0002 RESET — INITIAL PC
1 0004 RESET — INITIAL 5P
---------------- 0006 RESET — INITIAL IZ (DIRECT PAGE)
$010000  [gank 0008 7 BKPT (BREAKPOINT)
000A 5 BERR (BUS ERROR)
000C 6 SWI (SOFTWARE INTERRUPT)
$020000 BANK2 Tl 000E 7 ILLEGAL INSTRUCTION
0010 8 DIVISION BY ZERO
0012-001C| _9-E UNASSIGNED, RESERVED
_________________ 001E F UNINITIALIZED INTERRUPT
$030000  [ganks 0020 10 UNASSIGNED, RESERVED
512 KBYTE 0022 11| LEVEL 1 INTERRUPT AUTOVECTOR
0024 12| LEVEL 2 INTERRUPT AUTOVECTOR
----------------- 0026 13| LEVEL 3INTERRUPT AUTOVECTOR
$040000 gt 0028 14| LEVEL 4INTERRUPT AUTOVECTOR
002A 15 | LEVEL 5 INTERRUPT AUTOVECTOR
002C 16 | LEVEL 6 INTERRUPT AUTOVECTOR
002E 17| LEVEL 7 INTERRUPT AUTOVECTOR
$050000 [gaks™ "7
0030 18 SPURIOUS INTERRUPT
0032-006E| 19-37 UNASSIGNED, RESERVED $0001FE
_________________ 0070-01FE| 36-FF USER-DEFINED INTERRUPTS
$060000  [ganks
PROGRAM
$070000 [gagky™ " ANDDATA ™~~~ "]
SPACE
Y $07FFFF
A $080000 UNDEFINED
UNDEFINED?
$YFF700
Y $FTFFFF ADC
A $F80000 |Banks $YFF73F
$YFF820
$FI0000 [gake ™ """ T T T T ROM
(CONTROL)
SYFF83F
FA00OOO [gamkie =~ " 7|7~ "~~~ ""1
$ BANK 1 . $YFF900
PT
$YFFI3F
$FBO000 [ gank1i
512 KBYTE $YFFAQO
................. SIM
$FC0000 [ gank1z
$YFFATF
$FDO000 [gankizs ~ =~ 7|7 T T SRAM $YFFBOO
CONTROL
( ) $YFFBO7
$FE0000 [:,5s "~ "7
BANK 14
$YFFCO00
$FFO000 [gankss Y ~ " """ QSM
INTERNAL REGISTERS $YEFDFF
Y SFFFFFF
NOTE:
1. THE ADDRESSES DISPLAYED IN THIS MEMORY MAP ARE THE FULL 24-BIT IMB ADDRESSES. THE CPU16
ADDRESS BUS IS 20 BITS WIDE, AND CPU16 ADDRESS LINE 19 DRIVES IMB ADDRESS LINES [23:20]. THE
BLOCK OF ADDRESSES FROM $080000 TO $F7FFFF MARKED AS UNDEFINED WILL NEVER APPEAR ON THE
IMB. MEMORY BANKS 0 TO 15 APPEAR FULLY CONTIGUOUS IN THE CPU16'S FLAT 20-BIT ADDRESS SPACE.
THE CPU16 NEED ONLY GENERATE A 20-BIT EFFECTIVE ADDRESS TO ACCESS ANY LOCATION IN THIS RANGE. HC16 22123 MEM MAP (©)

Figure 3-12 MC68HC1622/Z3 Combined Program and Data Space Map
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A $000000
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BANKY RESET AND EXCEPTION
VECTORS
$010000 [gaii” A
$020000 fgis T
$030000 iz~ T
512 KBYTE
$040000 [gaica™ """l
$050000 o T
$060000 fgwis™ T
PROGRAM
$070000 [gic; ™~ ANDDATA ™ =~~~ 1
SPACE
vy  SO7FFFF
“ $080000 UNDEFINED
UNDEFINED?
Yy  $FTFFFF
A $F80000 |Banks
$F90000 [owica™ """
$FA0000 [guiis """
$FBO000 [gauces "~ """ "7
512 KBYTE
$FCO000 [gacs =~ 71" 777 T
$FDO000 [guicis |7~ 1
$FE0000 [ges ~ " 717 777777
$FF0000 famws """ ¥ ~ """ 1
INTERNAL REGISTERS
Y SFFFFFF
NOTE:

VECTOR [ VECTOR TYPE OF
ADDRESS | NUMBER EXCEPTION
0000 0 RESET — INITIAL ZK, SK, AND PK
0002 RESET — INITIAL PC
0004 RESET — INITIAL SP
0006 RESET — INITIAL 1Z (DIRECT PAGE)
0008 4 BKPT (BREAKPOINT)
000A 5 BERR (BUS ERROR)
000C 6 SWI (SOFTWARE INTERRUPT)
000E 7 ILLEGAL INSTRUCTION
0010 8 DIVISION BY ZERO
0012-001C| 9-E UNASSIGNED, RESERVED
001E F UNINITIALIZED INTERRUPT
0020 10 UNASSIGNED, RESERVED
0022 11 LEVEL 1 INTERRUPT AUTOVECTOR
0024 12 LEVEL 2 INTERRUPT AUTOVECTOR
0026 13 LEVEL 3 INTERRUPT AUTOVECTOR
0028 14 LEVEL 4 INTERRUPT AUTOVECTOR
002A 15 LEVEL 5 INTERRUPT AUTOVECTOR
002C 16 LEVEL 6 INTERRUPT AUTOVECTOR
002E 17 LEVEL 7 INTERRUPT AUTOVECTOR
0030 18 SPURIOUS INTERRUPT
0032-006E [ 19-37 UNASSIGNED, RESERVED
0070-01FE| 38-FF USER-DEFINED INTERRUPTS

$YFF700

ADC
$YFF73F
= $YFF900
$YFFO3F
$YFFAQO

SIML
$YFFATF
SRAM $YFFBOO
(CONTROL™ | svrrao7
$YFFCO0

MCCl
$YFFC3F
$YFFDFF

1. THE ADDRESSES DISPLAYED IN THIS MEMORY MAP ARE THE FULL 24-BIT IMB ADDRESSES. THE CPU16
ADDRESS BUS IS 20 BITS WIDE, AND CPU16 ADDRESS LINE 19 DRIVES IMB ADDRESS LINES [23:20]. THE
BLOCK OF ADDRESSES FROM $080000 TO $F7FFFF MARKED AS UNDEFINED WILL NEVER APPEAR ON THE
IMB. MEMORY BANKS 0 TO 15 APPEAR FULLY CONTIGUOUS IN THE CPU16'S FLAT 20-BIT ADDRESS SPACE.
THE CPU16 NEED ONLY GENERATE A 20-BIT EFFECTIVE ADDRESS TO ACCESS ANY LOCATION IN THIS RANGE.

$000000

$0001FE

HC16Z4/CKZ4 MEM MAP (C)

Figure 3-13 MC68HC16Z4/CKZ4 Combined Program and Data Space Map
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VECTOR | VECTOR TYPE OF
ADDRESS | NUMBER EXCEPTION
A $000000  [BAvko 0000 0 RESET — INITIAL ZK, SK, AND PK BANK 0 $000000
$000008 A 0002 1 RESET — INITIAL PC EXCEPTION VECTORS $000008
0004 2 RESET — INITIAL 5P yy
$010000 [gank:” ~ "~ "7 "7 0006 3 | RESET— INITIAL IZ (DIRECT PAGE) ST TR $010000
$020000 [gank2” """ VECTOR | VECTOR TYPE OF A $020000
ADDRESS | NUMBER EXCEPTION
0008 4 BKPT (BREAKPOINT)
................. 000A 5 BERR (BUS ERROR)
$030000  [ganks 000C 5 SWI (SOFTWARE INTERRUPT) BANK 3 $030000
512 KBYTE 000E 7 ILLEGAL INSTRUCTION
0010 8 DIVISION BY ZERO
----------------- 0012-001C| O-F UNASSIGNED, RESERVED R
$040000 | gaic 001E F UNINITIALIZED INTERRUPT BANK 4 $040000
0020 10 UNASSIGNED, RESERVED
0022 11| LEVEL 1INTERRUPT AUTOVECTOR
$050000 [gamks” """ T T T 0024 12| LEVEL 2 INTERRUPT AUTOVECTOR BANKS T[T T T T T $050000
0026 13| LEVEL 3INTERRUPT AUTOVECTOR
0028 14| LEVEL 4 INTERRUPT AUTOVECTOR
_________________ 002A 15| LEVEL5INTERRUPT AUTOVECTOR [ A
$060000 | ganks 002C 16| LEVEL 6 INTERRUPT AUTOVECTOR BANK 6 $060000
PROGRAM 002E 17 LEVEL 7 INTERRUPT AUTOVECTOR DATA
SPACE 0030 18 SPURIOUS INTERRUPT SPACE
----------------- 0032-006E| 19-37 UNASSIGNED, RESERVED L ]
$070000 |BaNk7 0070-01FE| 38-FF USER-DEFINED INTERRUPTS BANK7 $070000
Yy SO7FFFF $O07FFFF
A $080000 UNDEFINED UNDEFINED $080000 T
UNDEFINED! UNDEFINED!
$YFF700
Yy SFIFFFF ADC $FTFFFF l
A $FB0000 |BANKS $YFF73F BANK 8 $F80000
$F90000 [ganko " [T T T A $F90000
$FAO000 [ganko | T 77T $YFF900 ek | ] $FA0000
GPT
_________________ $YFFI3F ]
$FB0O000  [Bank 11 BANK 11 $FB0000
512 KBYTE $YFFAQ0
$FCO000 [guiczy ~ " [ 77T SIM AR $FC0000
SYFFATF
$FDO000 [gakss |~ 777 $YFFBOO SRAM ek | ] $FD0000
svrrgo7 | (CONTROL)
$FE0000 ([gank1a ~~ "7 "7 T BANK14 | T T T T $FE0000
$YFFCO0
$FFO000 [sanks |77 QSM S $FF0000
$YFFDFE INTERNAL REGISTERS
Y SFFFFFF y y $FFFFFF
NOTE:

1. THE ADDRESSES DISPLAYED IN THIS MEMORY MAP ARE THE FULL 24-BIT IMB ADDRESSES. THE CPU16
ADDRESS BUS IS 20 BITS WIDE, AND CPU16 ADDRESS LINE 19 DRIVES IMB ADDRESS LINES [23:20]. THE

BLOCK OF ADDRESSES FROM $080000 TO $F7FFFF MARKED AS UNDEFINED WILL NEVER APPEAR ON THE
IMB. MEMORY BANKS 0 TO 15 APPEAR FULLY CONTIGUOUS IN THE CPU16'S FLAT 20-BIT ADDRESS SPACE.

THE CPU16 NEED ONLY GENERATE A 20-BIT EFFECTIVE ADDRESS TO ACCESS ANY LOCATION IN THIS RANGE. HCI6ZL/CKICM MEM MAP (5)

Figure 3-14 MC68HC16Z1/CKZ1/CMZ1 Separate Program and Data Space Map
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VECTOR | VECTOR TYPE OF
ADDRESS | NUMBER EXCEPTION
A $000000  [EAvko 0000 0 RESET — INITIAL ZK, SK, AND PK BANKO $88888g
$000008 A 0002 1 RESET — INITIAL PC EXCEPTION VECTORS $
0004 2 RESET — INITIAL 5P
$010000 [gank: """ 0006 3| RESET — INITIAL IZ (DIRECT PAGE) okl T | EEEEEEEE $010000
$020000 fganke " T T VECTOR | VECTOR TYPE OF N $020000
ADDRESS | NUMBER EXCEPTION
0008 4 BKPT (BREAKPOINT)
................. 000A 5 BERR (BUS ERROR
$030000 [ ganks 000C 5 SWI (SOFTV(\IARE INTERI%UPT) BANK 3 $030000
512 KBYTE 000E 7 ILLEGAL INSTRUCTION
0010 B DIVISION BY ZERO
----------------- 0012-00IC| O-E UNASSIGNED, RESERVED R
3040000 1 gacs 001E F UNINITIALIZED INTERRUPT BANK 4 $040000
0020 10 UNASSIGNED, RESERVED
0022 11| LEVEL 1INTERRUPT AUTOVECTOR
$050000 [ganks™ T T T T T T 0024 12| LEVEL 2 INTERRUPT AUTOVECTOR BANKS T[T T T T T $050000
0026 13| LEVEL 3INTERRUPT AUTOVECTOR
0028 14| LEVEL 4INTERRUPT AUTOVECTOR
_________________ 0027 15| LEVEL5INTERRUPT AUTOVECTOR [ A
$060000 | gank’s 002C 16| LEVEL 6 INTERRUPT AUTOVECTOR BANK 6 $060000
PROGRAM 002E 17 LEVEL 7 INTERRUPT AUTOVECTOR DATA
SPACE 0030 18 SPURIOUS INTERRUPT SPACE
----------------- 0032-006E| 19-37 UNASSIGNED, RESERVED [ g
$070000 | BaNK7 0070-01FE| 38-FF USER-DEFINED INTERRUPTS BANK7 $070000
Y $O7FFFF $O07FFFF
A $080000 UNDEFINED UNDEFINED $080000 T
UNDEFINED! UNDEFINED!
$YFF700
Yy SFIFFFF ADC $F7FEFF l
A $FB0000 |BANKS $YFF73F BANK 8 $F80000
_________________ $YFF820
$F90000 ROM $F90000
BANK 9 (CONTROL) BANK 9
$YFF83F
$FA0000 [pako | 7T 7] $YFF900 gk | ] $FA0000
GPT
_________________ $YFFI3F ]
$FB0O000  |Bank 11 BANK 11 $FB0000
512 KBYTE $YFFAQ0
$FC0000 [guwzy ~ """ TT T SIM sk [T $FC0000
SYFFATF
$FDO000 [ganks | 777 $YFFBOO SRAM ek | ] $FD0000
svrrpo7 | (CONTROL)
$FE0000 |gankia ~ " 7| T T T T BANK14 | T T T T $FE0000
$YFFCO00
$FF0000 [eankis [ 77T QSM I $FF0000
$YFFDFE INTERNAL REGISTERS
Y $FFFFFF y L $FFFFFF
NOTE:
1. THE ADDRESSES DISPLAYED IN THIS MEMORY MAP ARE THE FULL 24-BIT IMB ADDRESSES. THE CPU16
ADDRESS BUS IS 20 BITS WIDE, AND CPU16 ADDRESS LINE 19 DRIVES IMB ADDRESS LINES [23:20]. THE
BLOCK OF ADDRESSES FROM $080000 TO $F7FFFF MARKED AS UNDEFINED WILL NEVER APPEAR ON THE
IMB. MEMORY BANKS 0 TO 15 APPEAR FULLY CONTIGUOUS IN THE CPU16'S FLAT 20-BIT ADDRESS SPACE.
THE CPU16 NEED ONLY GENERATE A 20-BIT EFFECTIVE ADDRESS TO ACCESS ANY LOCATION IN THIS RANGE. T,
Figure 3-15 MC68HC1622/Z3 Separate Program and Data Space Map
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VECTOR | VECTOR TYPE OF
ADDRESS | NUMBER EXCEPTION
A $000000 [ganko 0000 0 RESET — INITIAL ZK, SK, AND PK BANK 0 $000000
$000008 7\ 0002 1 RESET — INITIALPC EXCEPTION VECTORS $000008
0004 2 RESET — INITIAL SP ry
$010000 [gankt ~~ " [ T T 0006 3 RESET — INITIAL IZ (DIRECT PAGE) B;\N'Ki """"""" $010000
$020000 [gae2 " T VECTOR | VECTOR TYPE OF T $020000
ADDRESS | NUMBER EXCEPTION
0008 7 BKPT (BREAKPOINT)
.................. 000A 5 BERR (BUS ERROR)
$030000  [ganks 000C 6 SWI (SOFTWARE INTERRUPT) BANK 3 $030000
512 KBYTE 000E 7 ILLEGAL INSTRUCTION
0010 8 DIVISION BY ZERO
----------------- 0012-001C| o SSIGNED, RES
$040000  aavcs l0015l FE Sn’n/:uleLlrzEEDD :::\FI'ETQRR\{JEFEI' BANK 4 $040000
0020 0 UNASSIGNED, RESERVED
0022 11| LEVEL 1INTERRUPT AUTOVECTOR
$050000 [ganks™ " T[T T T 0024 12| LEVEL 2 INTERRUPT AUTOVECTOR BANKs T[T $050000
0026 13| LEVEL 3INTERRUPT AUTOVECTOR
0028 14| LEVEL 4INTERRUPT AUTOVECTOR
_________________ 002A 15| LEVEL 5 INTERRUPT AUTOVECTOR [ I
$060000 [ ganks 002C 16| LEVEL 6 INTERRUPT AUTOVECTOR BANK 6 $060000
PROGRAM 002E 17 [ LEVEL 7 INTERRUPT AUTOVECTOR DATA
SPACE 0030 18 SPURIOUS INTERRUPT SPACE
----------------- 0032-006E | 19-37 UNASSIGNED, RESERVED [ et
$070000 | BANK7 0070-01FE| 38-FF USER-DEFINED INTERRUPTS BANK7 $070000
Y S$O7FFFF $O7FFFF
A $080000 UNDEFINED UNDEFINED $080000 T
UNDEFINED! UNDEEINED!
$YFF700
Y SFTFFFF ADC $F7FFFF
A S$F80000 |Banks $YFF73F BANKS $F80000
$F90000 [ganks " T T T ke 7T $F90000
$FA0000  [gank 10 $YFF900 BANK 10 $FA0000
GPT
_________________ $YFFI3F
$FB0000  [ank 11 BANK 11 $FB0000
512 KBYTE $YFFAQ0
----------------- SIML
$FC0000  [gank 12 BANK 12 $FC0000
SYFFATF
$FD0000 [gais | 77T $YFFBOO SRAM ks | ] $FD0000
$vrrao7 | (CONTROL)
$FE0000 [gank14a ~~ " | T T T T A $FE0000
$YFFC00
MCCI
$FFO000 |eankis | C 77 $YFFC3F BaNKs | T T T T $FF0000
$YEFDFE INTERNAL REGISTERS
Y SFFFFFF A Y $FFFFFF
NOTE:

1. THE ADDRESSES DISPLAYED IN THIS MEMORY MAP ARE THE FULL 24-BIT IMB ADDRESSES. THE CPU16
ADDRESS BUS IS 20 BITS WIDE, AND CPU16 ADDRESS LINE 19 DRIVES IMB ADDRESS LINES [23:20]. THE

BLOCK OF ADDRESSES FROM $080000 TO $F7FFFF MARKED AS UNDEFINED WILL NEVER APPEAR ON THE
IMB. MEMORY BANKS 0 TO 15 APPEAR FULLY CONTIGUOUS IN THE CPU16'S FLAT 20-BIT ADDRESS SPACE.

THE CPU16 NEED ONLY GENERATE A 20-BIT EFFECTIVE ADDRESS TO ACCESS ANY LOCATION IN THIS RANGE. HC1624/CKZ4 MEM MAP (5)

Figure 3-16 MC68HC1624/CKZ4 Separate Program and Data Space Map
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SECTION 4
CENTRAL PROCESSOR UNIT

This section is an overview of the central processor unit (CPU16). For detailed infor-
mation, refer to the CPU16 Reference Manual (CPU16RM/AD).

4.1 General

The CPU16 provides compatibility with the M68HC11 CPU and also provides addition-
al capabilities associated with 16- and 32-bit data sizes, 20-bit addressing, and digital
signal processing. CPU16 registers are an integral part of the CPU and are not ad-
dressed as memory locations.

The CPUL16 treats all peripheral, I/O, and memory locations as parts of a linear one
Megabyte address space. There are no special instructions for I/O that are separate
from instructions for addressing memory. Address space is made up of sixteen 64-
Kbyte banks. Specialized bank addressing techniques and support registers provide
transparent access across bank boundaries.

The CPUL16 interacts with external devices and with other modules within the micro-
controller via a standardized bus and bus interface. There are bus protocols used for
memory and peripheral accesses, as well as for managing a hierarchy of interrupt
priorities.

4.2 Register Model

Figure 4-1 shows the CPU16 register model. Refer to the paragraphs that follow for a
detailed description of each register.
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20

16

15 8|7

XK

YK

ZK

SK

SP

PK

PC

CCR

PK

EK XK

YK

ZK

SK

HR

AM

AM

XMSK

YMSK

BIT POSITION

ACCUMULATORS A AND B
ACCUMULATOR D (A:B)

ACCUMULATOR E

INDEX REGISTER X

INDEX REGISTER Y

INDEX REGISTER Z

STACK POINTER SP

PROGRAM COUNTER PC

CONDITION CODE REGISTER CCR
PC EXTENSION FIELD PK

ADDRESS EXTENSION REGISTER K

STACK EXTENSION FIELD SK

MAC MULTIPLIER REGISTER HR

MAC MULTIPLICAND REGISTER IR

MAC ACCUMULATOR MSB([35:16] AM
MAC ACCUMULATOR LSB[15:0] AM

MAC XY MASK REGISTER

CPU16 REGISTER MODEL

Figure 4-1 CPU16 Register Model
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4.2.1 Accumulators

The CPU16 has two 8-bit accumulators (A and B) and one 16-bit accumulator (E). In
addition, accumulators A and B can be concatenated into a second 16-bit double ac-
cumulator (D).

Accumulators A, B, and D are general-purpose registers that hold operands and re-
sults during mathematical and data manipulation operations.

Accumulator E, which can be used in the same way as accumulator D, also extends
CPU16 capabilities. It allows more data to be held within the CPU16 during operations,
simplifies 32-bit arithmetic and digital signal processing, and provides a practical 16-
bit accumulator offset indexed addressing mode.

4.2.2 Index Registers

The CPU16 has three 16-bit index registers (IX, 1Y, and 1Z). Each index register has
an associated 4-bit extension field (XK, YK, and ZK).

Concatenated registers and extension fields provide 20-bit indexed addressing and
support data structure functions anywhere in the CPU16 address space.

IX and IY can perform the same operations as M68HC11 registers of the same names,
but the CPU16 instruction set provides additional indexed operations.

IZ can perform the same operations as IX and 1Y. I1Z also provides an additional in-
dexed addressing capability that replaces M68HC11 direct addressing mode. Initial I1Z
and ZK extension field values are included in the RESET exception vector, so that
ZK:1Z can be used as a direct page pointer out of reset.

4.2.3 Stack Pointer

The CPUL16 stack pointer (SP) is 16 bits wide. An associated 4-bit extension field (SK)
provides 20-bit stack addressing.

Stack implementation in the CPU16 is from high to low memory. The stack grows
downward as it is filled. SK:SP are decremented each time data is pushed on the
stack, and incremented each time data is pulled from the stack.

SK:SP point to the next available stack address rather than to the address of the latest
stack entry. Although the stack pointer is normally incremented or decremented by
word address, it is possible to push and pull byte-sized data. Setting the stack pointer
to an odd value causes data misalignment, which reduces performance.

4.2.4 Program Counter

The CPU16 program counter (PC) is 16 bits wide. An associated 4-bit extension field
(PK) provides 20-bit program addressing.

CPU16 instructions are fetched from even word boundaries. Address line 0 always
has a value of zero during instruction fetches to ensure that instructions are fetched
from word-aligned addresses.

M68HC16 Z SERIES CENTRAL PROCESSOR UNIT

USER’S MANUAL 4-3

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

4.2.5 Condition Code Register

The 16-bit condition code register is composed of two functional blocks. The eight
MSB, which correspond to the CCR on the M68HC11, contain the low-power stop con-
trol bit and processor status flags. The eight LSB contain the interrupt priority field, the
DSP saturation mode control bit, and the program counter address extension field.

Figure 4-2 shows the condition code register. Detailed descriptions of each status in-
dicator and field in the register follow the figure.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
|S|MV|H|EV|N|Z|V|C| IP[2:0] |SM| PK[3:0]

Figure 4-2 Condition Code Register

S — STOP Enable
0 = Stop clock when LPSTOP instruction is executed.
1 = Perform NOP when LPSTOP instruction is executed.

MV — Accumulator M overflow flag
MV is set when an overflow into AM35 has occurred.

H — Half Carry Flag
H is set when a carry from A3 or B3 occurs during BCD addition.

EV — Accumulator M Extension Overflow Flag
EV is set when an overflow into AM31 has occurred.

N — Negative Flag
N is set under the following conditions:
* When the MSB is set in the operand of a read operation.
* When the MSB is set in the result of a logic or arithmetic operation.

Z — Zero Flag
Z is set under the following conditions:
* When all bits are zero in the operand of a read operation.
* When all bits are zero in the result of a logic or arithmetic operation.

V — Overflow Flag
V is set when a two’s complement overflow occurs as the result of an operation.

C — Carry Flag
C is set when a carry or borrow occurs during an arithmetic operation. This flag is also
used during shift and rotate to facilitate multiple word operations.

IP[2:0] — Interrupt Priority Field
The priority value in this field (0 to 7) is used to mask interrupts.

CENTRAL PROCESSOR UNIT M68HC16 Z SERIES

For More Information On This Product, USER'S MANUAL
Go to: www.freescale.com

4-4



Freescale Semiconductor, Inc.

SM — Saturate Mode Bit
When SM is set and either EV or MV is set, data read from AM using TMER or TMET
IS given maximum positive or negative value, depending on the state of the AM sign
bit before overflow.

PK[3:0] — Program Counter Address Extension Field
This field is concatenated with the program counter to form a 20-bit address.

4.2.6 Address Extension Register and Address Extension Fields

There are six 4-bit address extension fields. EK, XK, YK, and ZK are contained by the
address extension register (K), PK is part of the CCR, and SK stands alone.

Extension fields are the bank portions of 20-bit concatenated bank:byte addresses
used in the CPUL16 linear memory management scheme.

All extension fields except EK correspond directly to a register. XK, YK, and ZK extend
registers IX, 1Y, and 1Z. PK extends the PC; and SK extends the SP. EK holds the four
MSB of the 20-bit address used by the extended addressing mode.

4.2.7 Multiply and Accumulate Registers

The multiply and accumulate (MAC) registers are part of a CPU submodule that per-
forms repetitive signed fractional multiplication and stores the cumulative result. These
operations are part of control-oriented digital signal processing.

There are four MAC registers. Register H contains the 16-bit signed fractional multipli-
er. Register | contains the 16-bit signed fractional multiplicand. Accumulator M is a
specialized 36-bit product accumulation register. XMSK and YMSK contain 8-bit mask
values used in modulo addressing.

The CPU16 has a special subset of signal processing instructions that manipulate the
MAC registers and perform signal processing calculations.

4.3 Memory Management

The CPU16 provides a 1-Mbyte address space. There are 16 banks within the address
space. Each bank is made up of 64 Kbytes addressed from $0000 to $FFFF. Banks
are selected by means of the address extension fields associated with individual
CPU16 registers.

In addition, address space can be split into discrete 1-Mbyte program and data spaces
by externally decoding the MCU's function code outputs. When this technique is used,
instruction fetches and reset vector fetches access program space, while exception
vector fetches (other than for reset), data accesses, and stack accesses are made in
data space.

M68HC16 Z SERIES CENTRAL PROCESSOR UNIT
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4.3.1 Address Extension

All CPU16 resources used to generate addresses are effectively 20 bits wide. These
resources include the index registers, program counter, and stack pointer. All address-
ing modes use 20-bit addresses.

Twenty-bit addresses are formed from a 16-bit byte address generated by an individ-
ual CPU16 register and a 4-bit address extension contained in an associated exten-
sion field. The byte address corresponds to ADDR[15:0] and the address extension
corresponds to ADDR[19:16].

4.3.2 Extension Fields

Each of the six address extension fields is used for a different type of access. All but
EK are associated with particular CPU16 registers. There are several ways to manip-
ulate extension fields and the address map. Refer to the CPU16 Reference Manual
(CPU16RM/AD) for detailed information.

4.4 Data Types
The CPU16 uses the following types of data:

* Bits

* 4-bit signed integers

« 8-bit (byte) signed and unsigned integers

* 8-bit, 2-digit binary coded decimal (BCD) numbers
* 16-bit (word) signed and unsigned integers

* 32-bit (long word) signed and unsigned integers

* 16-bit signed fractions

* 32-bit signed fractions

* 36-bit signed fixed-point numbers

* 20-bit effective addresses

There are eight bits in a byte and 16 bits in a word. Bit set and clear instructions use
both byte and word operands. Bit test instructions use byte operands.

Negative integers are represented in two’s complement form. Four-bit signed integers,
packed two to a byte, are used only as X and Y offsets in MAC and RMAC operations.
32-bit integers are used only by extended multiply and divide instructions, and by the
associated LDED and STED instructions.

BCD numbers are packed, two digits per byte. BCD operations use byte operands.

Signed 16-bit fractions are used by the fractional multiplication instructions, and as
multiplicand and multiplier operands in the MAC unit. Bit 15 is the sign bit, and there
is an implied radix point between bits 15 and 14. There are 15 bits of magnitude. The
range of values is —1 ($8000) to 1 — 271> ($7FFF).

Signed 32-bit fractions are used only by the fractional multiplication and division in-
structions. Bit 31 is the sign bit. An implied radix point lies between bits 31 and 30.
There are 31 bits of magnitude. The range of values is —1 ($80000000) to 1 — 231
($7FFFFFFF).
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Signed 36-bit fixed-point numbers are used only by the MAC unit. Bit 35 is the sign bit.
Bits [34:31] are sign extension bits. There is an implied radix point between bits 31 and
30. There are 31 bits of magnitude, but use of the extension bits allows representation
of numbers in the range —16 ($800000000) to 15.999969482 ($7FFFFFFFF).

4.5 Memory Organization

Both program and data memory are divided into sixteen 64-Kbyte banks. Addressing
is linear. A 20-bit extended address can access any byte location in the appropriate
address space.

A word is composed of two consecutive bytes. A word address is normally an even
byte address. Byte 0 of a word has a lower 16-bit address than byte 1. Long words and
32-bit signed fractions consist of two consecutive words, and are normally accessed
at the address of byte 0 in word 0.

Instruction fetches always access word addresses. Word operands are normally ac-
cessed at even byte addresses, but can be accessed at odd byte addresses, with a
substantial performance penalty.

To permit compatibility with the M68HC11, misaligned word transfers and misaligned
stack accesses are allowed. Transferring a misaligned word requires two successive
byte transfer operations.

Figure 4-3 shows how each CPU16 data type is organized in memory. Consecutive
even addresses show size and alignment.
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Address Type
$0000 BIT |BIT | BIT|BIT | BIT |BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT
1514|113 |12 (11|10 | 9 8 7 6 5 4 3 2 1 0
$0002 BYTEO BYTE1l
$0004 + X OFFSET + Y OFFSET + X OFFSET + Y OFFSET
$0006 BCD1 BCDO BCD1 BCDO
$0008 WORD 0
$000A WORD 1
$000C MSW LONG WORD 0
$000E LSW LONG WORD 0
$0010 MSW LONG WORD 1
$0012 LSW LONG WORD 1
$0014 + |0 (Radix Point) 16-BIT SIGNED FRACTION 0O
$0016 + |0 (Radix Point) 16-BIT SIGNED FRACTION 1
$0018 + |0 (Radix Point) MSW 32-BIT SIGNED FRACTION O
$001A LSW 32-BIT SIGNED FRACTION O | 0
$001C + | O (Radix Point) MSW 32-BIT SIGNED FRACTION 1
$001E LSW 32-BIT SIGNED FRACTION 1 | 0
MAC Data Types
35 32| 31 16
+ | « | « | « | « | O (Radix Point) MSW 32-BIT SIGNED FRACTION
15 0
LSW 32-BIT SIGNED FRACTION
+ | 0 (Radix Point) 16-BIT SIGNED FRACTION
Address Data Type
19 16|15 0

4-Bit Address Extension

16-Bit Byte Address

Figure 4-3 Data Types and Memory Organization

4.6 Addressing Modes

The CPU16 uses nine types of addressing. There are one or more addressing modes

within each type. Table 4-1 shows the addressing modes.
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Table 4-1 Addressing Modes

Mode Mnemonic Description
E,X Index register X with accumulator E offset
Accumulator Offset E,Y Index register Y with accumulator E offset
E.Z Index register Z with accumulator E offset
EXT Extended
Extended EXT20 20-bit extended
. IMM8 8-bit immediate
Immediate — -
IMM16 16-bit immediate

INDS8, X Index register X with unsigned 8-bit offset
Indexed 8-Bit INDS8, Y Index register Y with unsigned 8-bit offset
INDS, Z Index register Z with unsigned 8-bit offset

IND16, X Index register X with signed 16-bit offset

Indexed 16-Bit IND16, Y Index register Y with signed 16-bit offset

IND16, Z Index register Z with signed 16-bit offset

IND20, X Index register X with signed 20-bit offset

Indexed 20-Bit IND20, Y Index register Y with signed 20-bit offset

IND20, Z Index register Z with signed 20-bit offset

Inherent INH Inherent
) REL8 8-bit relative
Relative - -
REL16 16-bit relative

All modes generate ADDR[15:0]. This address is combined with ADDR[19:16] from an
operand or an extension field to form a 20-bit effective address.

NOTE

Access across 64-Kbyte address boundaries is transparent. AD-
DR[19:16] of the effective address are changed to make an access
across a bank boundary. Extension field values will not change as a
result of effective address computation.

4.6.1 Immediate Addressing Modes

In the immediate modes, an argument is contained in a byte or word immediately fol-
lowing the instruction. For IMM8 and IMM16 modes, the effective address is the ad-
dress of the argument.

There are three specialized forms of IMM8 addressing.

» The AIS, AIX, AlY, AlZ, ADDD, and ADDE instructions decrease execution time
by sign-extending the 8-bit immediate operand to 16 bits, then adding it to an ap-
propriate register.

* The MAC and RMAC instructions use an 8-bit immediate operand to specify two
signed 4-bit index register offsets.

* The PSHM and PULM instructions use an 8-bit immediate mask operand to indi-
cate which registers must be pushed to or pulled from the stack.
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4.6.2 Extended Addressing Modes

Regular extended mode instructions contain ADDR[15:0] in the word following the op-
code. The effective address is formed by concatenating the EK field and the 16-bit byte
address. EXT20 mode is used only by the JMP and JSR instructions. These instruc-
tions contain a 20-bit effective address that is zero-extended to 24 bits to give the in-
struction an even number of bytes.

4.6.3 Indexed Addressing Modes

In the indexed modes, registers IX, 1Y, and 1Z, together with their associated extension
fields, are used to calculate the effective address.

For 8-bit indexed modes an 8-bit unsigned offset contained in the instruction is added
to the value contained in an index register and its extension field.

For 16-bit modes, a 16-bit signed offset contained in the instruction is added to the val-
ue contained in an index register and its extension field.

For 20-bit modes, a 20-bit signed offset (zero-extended to 24 bits) is added to the val-
ue contained in an index register. These modes are used for JMP and JSR instructions
only.

4.6.4 Inherent Addressing Mode

Inherent mode instructions use information directly available to the processor to deter-
mine the effective address. Operands, if any, are system resources and are thus not
fetched from memory.

4.6.5 Accumulator Offset Addressing Mode

Accumulator offset modes form an effective address by sign-extending the content of
accumulator E to 20 bits, then adding the result to an index register and its associated
extension field. This mode allows use of an index register and an accumulator within
a loop without corrupting accumulator D.

4.6.6 Relative Addressing Modes

Relative modes are used for branch and long branch instructions. If a branch condition
is satisfied, a byte or word signed two’s complement offset is added to the concatenat-
ed PK field and program counter. The new PK : PC value is the effective address.

4.6.7 Post-Modified Index Addressing Mode

Post-modified index mode is used by the MOVB and MOVW instructions. A signed 8-
bit offset is added to index register X after the effective address formed by XK : IX is
used.
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4.6.8 Use of CPU16 Indexed Mode to Replace M68HC11 Direct Mode

In M6BHC11 systems, the direct addressing mode can be used to perform rapid ac-
cesses to RAM or I/0O mapped from $0000 to $00FF. The CPU16 uses the first 512
bytes of bank O for exception vectors. To provide an enhanced replacement for the
M68HC11's direct addressing mode, the ZK field and index register Z have been as-
signed reset initialization vectors. By resetting the ZK field to a chosen page and using
indexed mode addressing, a programmer can access useful data structures anywhere
in the address map.

4.7 Instruction Set

The CPU16 instruction set is based on the M68HC11 instruction set, but the opcode
map has been rearranged to maximize performance with a 16-bit data bus. Most
M68HC11 code can run on the CPU16 following reassembly. The user must take into
account changed instruction times, the interrupt mask, and the changed interrupt stack
frame (refer to Transporting M68HC11 Code to M68HC16 Devices,Freescale Pro-
gramming Note M68HC16PNO1/D, for more information).

4.7.1 Instruction Set Summary

Table 4-2 is a quick reference to the entire CPU16 instruction set. Refer to the CPU16
Reference Manual (CPU16RM/AD) for detailed information about each instruction, as-
sembler syntax, and condition code evaluation. Table 4-3 provides a key to the table
nomenclature.
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Table 4-2 Instruction Set Summary

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode |Operand |Cycles B 44\/ }-I I*EV N |Z }/ F
ABA Add Bto A (A)+(B)O A INH 370B — 2 — — A — A A A A
ABX Add B to IX (XK :1X) +(000:B) O XK:IX INH 374F — 2 - = == - - —
ABY Add B to IY (YK:1Y)+(000:B) O YK:IY INH 375F — 2 - = == - = —
ABZ Add B to I1Z (ZK:1Z)+(000:B) 0O ZK:1Z INH 376F — 2 - = == - - =
ACE Add E to AM (AM[31:16]) + (E) O AM INH 3722 — 2 A — A |l— — — —
ACED Add E : D to AM (AM) + (E: D) 0 AM INH 3723 — 4 A — A |l— — — —
ADCA Add with Carry to A A)+M)+COA IND8, X 43 ff 6 — A —|A A A A
INDS8, Y 53 ff 6
IND8, Z 63 ff 6
IMM8 73 ii 2
IND16, X 1743 0999 6
IND16, Y 1753 gggg 6
IND16, Z 1763 0999 6
EXT 1773 hh Il 6
E, X 2743 — 6
E, Y 2753 — 6
E, Z 2763 — 6
ADCB Add with Carry to B B)+M)+CO B IND8, X C3 ff 6 — A —|A A A A
IND8, Y D3 ff 6
IND8, Z E3 ff 6
IMM8 F3 ii 2
IND16, X 17C3 [s[e[os] 6
IND16, Y 17D3 gggg 6
IND16, Z 17E3 [s[e[o]s] 6
EXT 17F3 hhll 6
E, X 27C3 — 6
E, Y 27D3 — 6
E, Z 27E3 — 6
ADCD Add with Carry to D DO)y+(M:M+1)+C0O D IND8, X 83 ff 6 — — —|&a A A A
IND8, Y 93 ff 6
IND8, Z A3 ff 6
IMM16 37B3 ii Kk 4
IND16, X 37C3 [s[e[o]s] 6
IND16, Y 37D3 gggg 6
IND16, Z 37E3 [s[e[o]s] 6
EXT 37F3 hhll 6
E, X 2783 — 6
E, Y 2793 — 6
E, Z 27A3 — 6
ADCE Add with Carry to E (E)y+(M:M+1)+COE IMM16 3733 ji kk 4 — — —|A A A A
IND16, X 3743 gggg 6
IND16, Y 3753 9999 6
IND16, Z 3763 gggg 6
EXT 3773 hh Il 6
ADDA Add to A A)+MDO A IND8, X 41 ff 6 — A —|A A A A
IND8, Y 51 ff 6
INDS8, Z 61 ff 6
IMM8 71 ii 2
IND16, X 1741 9999 6
IND16, Y 1751 0999 6
IND16, Z 1761 9999 6
EXT 1771 hhll 6
E, X 2741 — 6
E, Y 2751 — 6
E,Z 2761 — 6
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode |Operand |Cycles B 44\/ }-I I*EV N |Z }/ F
ADDB Add to B (B)+(M)O B INDS8, X c1 ff 6 — — A —|A A A A
INDS, Y D1 ff 6
INDS8, Z E1l ff 6
IMM8 F1 ii 2
IND16, X 17C1 gggg 6
IND16, Y 17D1 0999 6
IND16, Z 17E1 gggg 6
EXT 17F1 hhll 6
E, X 27C1 — 6
E Y 27D1 — 6
E, Z 27E1 — 6
ADDD Add to D D)y+M:M+1)0 D INDS8, X 81 ff 6 — — — — A A A A
IND8, Y 91 ff 6
INDS8, Z Al ff 6
IMM8 FC ii 2
IMM16 37B1 ji Kk 4
IND16, X 37C1 9999 6
IND16, Y 37D1 gggg 6
IND16, Z 37E1 09999 6
EXT 37F1 hhll 6
E, X 2781 — 6
E Y 2791 — 6
E Z 27A1 — 6
ADDE Addto E E)y+M:M+1)0 E IMM8 7C ii 2 — — — — A A A A
IMM16 3731 ji Kk 4
IND16, X 3741 9999 6
IND16, Y 3751 gggg 6
IND16, Z 3761 9999 6
EXT 3771 hhll 6
ADE Add D to E (E)+(D)0 E INH 2778 — 2 — — — —|A A A A
ADX Add D to IX (XK : IX) + (20 « D) 01 INH 37CD — 2 - = - — |- = = =
XK IX
ADY Add D to IY (YK : 1Y) + (20 « D) O INH 37DD — 2 - = - - - =
YK: 1Y
ADZ AddDto IZ (ZK :1Z) + (20 «D) O INH 37ED — 2 L [ ——
ZK :1Z
AEX Add E to IX (XK : IX) + (20 «E) O INH 374D — 2 _ - = - |- - = —
XK IX
AEY Add E to IY (YK : 1Y) + (20 < E) O INH 375D — 2 - - - - - =
YK: 1Y
AEZ AddEto1Z (ZK :1Z) + (20 <E) O INH 376D — 2 - = - — |- ===
ZK: 1z
AIS Add Immediate Data | (SK:SP) + (20 « IMM) O IMM8 3F ii 2 _ - = == = = =
to Stack Pointer SK:SP IMM16 373F ji kk 4
AIX Add Immediate Value | (XK : IX) + (20 « IMM) O IMM8 3C i 2 - — — —|— A — —
to IX XK : IX IMM16 373C ji kk 4
AlY Add Immediate Value | (YK : 1Y)+ (20 « IMM) O IMM8 3D ii 2 - = = — = A — —
tolY YK: 1Y IMM16 373D il kk 4
AlZ Add Immediate Value | (ZK :1Z) + (20 « IMM) O IMM8 3E i 2 — — — — |- A — —
to 1Z ZK :1Z IMM16 373E ji Kk 4
ANDA AND A A MOA IND8, X 46 ff 6 - — — — A A 0 —
INDS8, Y 56 ff 6
IND8, Z 66 ff 6
IMM8 76 ii 2
IND16, X 1746 0999 6
IND16, Y 1756 gggg 6
IND16, Z 1766 9999 6
EXT 1776 hhll 6
E, X 2746 — 6
E Y 2756 — 6
E, Z 2766 — 6
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode |Operand |Cycles B 44\/ }-I I*EV N |Z }/ F
ANDB AND B (B)s (M)O B IND8, X C6 ff 6 — — — —|a o 0 —
INDS, Y D6 ff 6
INDS8, Z E6 ff 6
IMM8 F6 ii 2
IND16, X 17C6 gggg 6
IND16, Y 17D6 0999 6
IND16, Z 17E6 gggg 6
EXT 17F6 hhll 6
E, X 27C6 — 6
E Y 27D6 — 6
E, Z 27E6 — 6
ANDD AND D (D) (M:M+1)0 D IND8, X 86 ff 6 — — — —|A A 0 —
IND8, Y 96 ff 6
INDS, Z A6 ff 6
IMM16 37B6 ji Kk 4
IND16, X 37C6 gggg 6
IND16, Y 37D6 09999 6
IND16, Z 37E6 gggg 6
EXT 37F6 hhll 6
E, X 2786 — 6
E, Y 2796 — 6
E, Z 27A6 — 6
ANDE AND E (E)s M:M+1)0 E IMM16 3736 ji Kk 4 — — — —|A A 0 —
IND16, X 3746 0999 6
IND16, Y 3756 gggg 6
IND16, Z 3766 0999 6
EXT 3776 hhll 6
ANDPl AND CCR (CCR) « IMM160 CCR IMM16 373A jl kk 4 A A A A|A A A A
ASL Arithmetic Shift Left INDS8, X 04 ff 8 — — — — A A A A
~ = ) IND8, Y 14 ff 8
- LTI LF IND8, Z 24 ff 8
IND16, X 1704 0999 8
IND16, Y 1714 gggg 8
IND16, Z 1724 9999 8
EXT 1734 hhll 8
ASLA Arithmetic Shift Left A INH 3704 — 2 — — — — A A A A
IEH T TTTTT] b0
ASLB Arithmetic Shift Left B INH 3714 — 2 — — — — A A A A
[ SEEEEEEE L
ASLD Arithmetic Shift Left D INH 27F4 — 2 — — — — A A A A
ASLE Arithmetic Shift Left E INH 2774 — 2 _ = = —
ASLM Arithmetic Shift Left INH 27B6 — 4 — — —_ —
AM —
EMIT---TL
ASLW Arithmetic Shift Left IND16, X 2704 9999 8 —_ = = —
Word — IND16, Y 2714 9999 8
BRI --ITF¢ | IND16,Z | 2724 9999 8
EXT 2734 hhll 8
ASR Arithmetic Shift Right IND8, X 0D ff 8 - - — —
1 = . INDS8, Y 1D ff 8
L"—|—|—|—|—|—: et INDS8, Z 2D ff 8
IND16, X 170D 0999 8
IND16, Y 171D 9999 8
IND16, Z 172D 0999 8
EXT 173D hhll 8
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Mnemonic Operation Description nddress Instruction Condition Codes
Mode Opcode |Operand |Cycles B 44\/ }-I I*EV N |Z }/ F
ASRA | Arithmetic Shift Right INH 370D — 2 - - - =
A 2 . A &l
ASRB Arithmetic Shift Right INH 371D — 2 _ - = —
° e
ASRD Arithmetic Shift Right INH 27FD — 2 —_ = = =
D "
LrT---THm
ASRE Arithmetic Shift Right INH 277D — 2 _ = = =
E "
LrT---THm
ASRM Arithmetic Shift Right INH 27BA — 4 _ = - —
AM i
T --THE
ASRW Arithmetic Shift Right IND16, X 270D 9999 8 —_ = = —
Word 1 i IND16, Y 271D 0999 8
L"—'—L - - Ll IND16,Z | 272D 9999 8
EXT 273D hhll 8
BCC2 Branch if Carry Clear If C =0, branch RELS8 B4 rr 6,2 - = = — = — —
BCLR Clear Bit(s) (M) (Mask) O M IND8, X 1708 mm ff 8 — — — —|A 0o —
INDS8, Y 1718 mm ff 8
INDS, Z 1728 mm ff 8
IND16, X 08 mm gggg 8
IND16, Y 18 mm gggg 8
IND16, Z 28 mm gggg 8
EXT 38 mm hhll 8
BCLRW | Clear Bit(s) in a Word (M:M+1)e (Mask) O IND16, X 2708 0999 10 - — — —|A 0o —
M:M+1 mmmm
IND16, Y 2718 9999 10
mmmm
IND16, Z 2728 9999 10
mmmm
EXT 2738 hh Il 10
mmmm
BCS2 Branch if Carry Set If C =1, branch REL8 B5 s 6,2 —- = — — |- —_ —
BEQ2 Branch if Equal If Z=1, branch REL8 B7 r 6,2 e — —
BGE2 Branchif Greater Than IfN OV =0, branch REL8 BC s 6,2 - = — —|— —- —
or Equal to Zero
BGND Enter Background If BDM enabled, INH 37A6 — — e — —
Debug Mode begin debug;
else, illegal instruction trap
BGT? Branchif Greater Than | IfZ 0 (N O V) =0, branch REL8 BE s 6,2 _ —_- = == - -
Zero
BHI? Branch if Higher IfC 0Z=0, branch REL8 B2 rr 6,2 - = — — = — —
BITA Bit Test A (A) * (M) IND8, X 49 ff 6 — — — —|a 0 —
INDS8, Y 59 ff 6
INDS, Z 69 ff 6
IMM8 79 ii 2
IND16, X 1749 gggg 6
IND16, Y 1759 9999 6
IND16, Z 1769 0999 6
EXT 1779 hhll 6
E, X 2749 — 6
E, Y 2759 — 6
E, Z 2769 — 6
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode |Operand |Cycles B 44\/ }-I I*EV N |Z }/ F
BITB Bit Test B B)+ (M) IND8, X Cc9 ff 6 - — — — Ao A 0 —
IND8, Y D9 ff 6
INDS8, Z E9 ff 6
IMM8 F9 ii 2
IND16, X 17C9 gggg 6
IND16, Y 17D9 0999 6
IND16, Z 17E9 gggg 6
EXT 17F9 hhll 6
E, X 27C9 — 6
E, Y 27D9 — 6
E,Z 27E9 — 6
BLE? BranchifLess Thanor | IfZO (N O V) =1, branch REL8 BF s 6,2 - = - — |- - - =
Equal to Zero
BLS2 Branch if Lower or IfC O0Z=1, branch REL8 B3 s 6,2 - - - - - - =
Same
BLT2 Branch if Less Than IfN OV =1, branch REL8 BD 1y 6,2 - = = == - = =
Zero
BMI? Branch if Minus If N =1, branch REL8 BB s 6,2 - = = == = = =
BNEZ2 Branch if Not Equal IfZ =0, branch REL8 B6 s 6,2 - = = — |- - - =
BPL? Branch if Plus IfN =0, branch REL8 BA s 6,2 _—_- = == - - -
BRA Branch Always If 1 =1, branch RELS8 BO rr 6 - - - - = - =
BRCLR? Branch if Bit(s) Clear | If (M) (Mask) =0, branch IND8, X CB mm ff rr 10,12 [— — — —|— — — —
INDS, Y DB mm ffrr 10, 12
INDS8, Z EB mm ffrr 10, 12
IND16, X 0A mm gggg 10, 14
rrrr
IND16, Y 1A mm gggg 10, 14
rrrr
IND16, Z 2A mm gggg 10, 14
rrrr
EXT 3A mm hhll | 10, 14
rrer
BRN Branch Never If 1 =0, branch RELS8 B1 rr 2 _ V— = == = = —
BRSET? Branch if Bit(s) Set If (M) « (Mask) = 0, branch IND8, X 8B mm ff rr 10,12 [— — — —|— — — —
INDS, Y 9B mm ffrr 10, 12
INDS8, Z AB mm ff rr 10, 12
IND16, X 0B mm gggg 10, 14
rrer
IND16, Y 1B mm gggg 10, 14
rrer
IND16, Z 2B mm gggg 10, 14
rrer
EXT 3B mm hhll | 10, 14
rrer
BSET Set Bit(s) (M) O (Mask) O M IND8, X 1709 mm ff 8 — — — — A A 0 A
IND8, Y 1719 mm ff 8
INDS8, Z 1729 mm  ff 8
IND16, X 09 mm gggg 8
IND16, Y 19 mm gggg 8
IND16, Z 29 mm gggg 8
EXT 39 mm hhll 8
BSETW Set Bit(s) in Word (M: M+ 1) 0 (Mask) IND16, X 2709 9999 10 — — — —|A A 0 A
OM:M+1 mmmm
IND16, Y 2719 gggg 10
mmmm
IND16, Z 2729 gggg 10
mmmm
EXT 2739 hhll 10
mmmm
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Table 4-2 Instruction Set Summary (Continued)
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Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode |Operand |Cycles B 44\/ }-I I*EV N |Z }/ F
BSR Branch to Subroutine (PK:PC)-20 PK:PC RELS8 36 rr 10 _ — = == = = —
Push (PC)
(SK:SP)-20 SK:SP
Push (CCR)
(SK:SP)-20 SK:SP
(PK: PC) + Offset 0 PK:PC
BvC2 Branch if Overflow If V =0, branch REL8 B8 s 6,2 - (= — |- - - =
Clear
BVS?2 Branch if Overflow Set If V =1, branch REL8 B9 s 6,2 - = == - - —
CBA Compare Ato B (A) - (B) INH 371B — 2 —_ = = A
CLR Clear a Byte in $000 M IND8, X 05 ff 4 — — — |0 1 0 O
Memory INDS8, Y 15 ff 4
INDS8, Z 25 ff 4
IND16, X 1705 gggg 6
IND16, Y 1715 0999 6
IND16, Z 1725 gggg 6
EXT 1735 hhll 6
CLRA Clear A $000 A INH 3705 — 2 — — — |0 1 0 O
CLRB Clear B $000 B INH 3715 — 2 — — — |0 1 0 O
CLRD Clear D $0000 0 D INH 27F5 — 2 — — — |0 1 0 O
CLRE Clear E $0000 0 E INH 2775 — 2 — — — |0 1 0 O
CLRM Clear AM $000000000 O AM[35:0] INH 27B7 — 2 o — 0 |- — — —
CLRW Clear a Word in $00000 M:M+1 IND16, X 2705 9999 6 — — — |0 1 0 O
Memory IND16, Y 2715 0999 6
IND16, Z 2725 gggg 6
EXT 2735 hhll 6
CMPA Compare A to Memory (A) - (M) IND8, X 48 ff 6 — — —|A A A A
INDS8, Y 58 ff 6
INDS8, Z 68 ff 6
IMM8 78 ii 2
IND16, X 1748 9999 6
IND16, Y 1758 gggg 6
IND16, Z 1768 9999 6
EXT 1778 hhll 6
E, X 2748 — 6
E Y 2758 — 6
E, Z 2768 — 6
CMPB Compare B to Memory (B) - (M) IND8, X Cc8 ff 6 — — —|A A A A
INDS8, Y D8 ff 6
INDS8, Z E8 ff 6
IMM8 F8 ii 2
IND16, X 17C8 9999 6
IND16, Y 17D8 gggg 6
IND16, Z 17E8 9999 6
EXT 17F8 hhll 6
E, X 27C8 — 6
E Y 27D8 — 6
E, Z 27E8 — 6
COM One’s Complement | $FF-(M)J M,orMO M | IND8, X 00 ff 8 — — —|a & 0 1
INDS, Y 10 ff 8
INDS, Z 20 ff 8
IND16, X 1700 0999 8
IND16, Y 1710 9999 8
IND16, Z 1720 0999 8
EXT 1730 hh Il 8
COMA One’s Complement A | $FF-(A)O A,orM O A INH 3700 — 2 — — —|Aa A 0 1
COMB | One's ComplementB | $FF-(B) O B,orB 0 B INH 3710 - 2 — — —|a o 0 1
COMD One’s Complement D |$FFFF - (D)J D,orD O D INH 27F0 — 2 — — —|A A 0 1
COME One’s Complement E | $FFFF - (E) 0 E,orEO E INH 2770 — 2 — — —|A A 0 1
COMW One’s Complement $FFFF-M:M+10 IND16, X 2700 9999 8 — — —|a A 0 1
Word M:M+1l,or(M:M+1)0 IND16, Y 2710 9999 8
M:M+1 IND16, Z 2720 gggg 8
EXT 2730 hhll 8
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode |Operand |Cycles B 44\/ }-I I*EV N |Z }/ F
CPD Compare D to Memory D)-M:M +1) INDS8, X 88 ff 6 — — — — A A A A
IND8, Y 98 ff 6
INDS8, Z A8 ff 6
IMM16 37B8 ji Kk 4
IND16, X 37C8 9999 6
IND16, Y 37D8 0999 6
IND16, Z 37E8 9999 6
EXT 37F8 hhll 6
E, X 2788 — 6
E, Y 2798 — 6
E, Z 27A8 — 6
CPE Compare E to Memory E)-(M:M +1) IMM16 3738 jikk 4 — — — —|A A A A
IND16, X 3748 [s[e[o]s] 6
IND16, Y 3758 gggg 6
IND16, Z 3768 [s[e[o]s] 6
EXT 3778 hhll 6
CPS Compare Stack (SP)-(M: M +1) IND8, X 4F ff 6 — — — —|A A A A
Pointer to Memory INDS8, Y 5F ff 6
INDS8, Z 6F ff 6
IMM16 377F ji Kk 4
IND16, X 174F gggg 6
IND16, Y 175F [s[e[o]s] 6
IND16, Z 176F gggg 6
EXT 177F hhll 6
CPX Compare IX to (IX)-(M:M+1) INDS8, X 4c ff 6 — — — — A A A A
Memory INDS, Y 5C ff 6
INDS8, Z 6C ff 6
IMM16 377C ji Kk 4
IND16, X 174C 0999 6
IND16, Y 175C gggg 6
IND16, Z 176C 9999 6
EXT 177C hhll 6
CPY Compare IY to )y-mM:M+1) IND8, X 4D ff 6 — — — —|A A A A
Memory INDS, Y 5D ff 6
INDS8, Z 6D ff 6
IMM16 377D i kk 4
IND16, X 174D 0999 6
IND16, Y 175D 9999 6
IND16, Z 176D 0999 6
EXT 177D hhll 6
CPZ Compare IZ to 312)-(M: M +1) IND8, X 4E ff 6 — — — —
Memory INDS, Y 5E ff 6
INDS8, Z 6E ff 6
IMM16 377E ji Kk 4
IND16, X 174E 9999 6
IND16, Y 175E 0999 6
IND16, Z 176E 9999 6
EXT 177E hhll 6
DAA Decimal Adjust A (A)10 INH 3721 — 2 — — — —|A A U A
DEC Decrement Memory (M)-$010 M IND8, X 01 ff 8 — — — —|aA —
IND8, Y 11 ff 8
INDS, Z 21 ff 8
IND16, X 1701 [s[e[os] 8
IND16, Y 1711 gggg 8
IND16, Z 1721 [s[e[os] 8
EXT 1731 hhll 8
DECA Decrement A (A)-$010 A INH 3701 — 2 — — — — A A A —
DECB Decrement B (B)-$010 B INH 3711 — 2 - — — — A A A —
DECW Decrement Memory (M: M+ 1) - $0001 IND16, X 2701 [s[e[os] 8 — — — —|a A A —
Word OM:M+1 IND16, Y 2711 gggg 8
IND16, Z 2721 0999 8
EXT 2731 hh Il 8
EDIV Extended Unsigned (E : D)/ (IX) INH 3728 — 24 — — — —|a a A &
Integer Divide Quotient O IX
Remainder 0 D
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode |Operand |Cycles B 44\/ }-I I*EV N |Z }/ F
EDIVS Extended Signed (E: D)/ (IX) INH 3729 - 38 — — — —|a Ao A &
Integer Divide Quotient O IX
Remainder O D
EMUL Extended Unsigned (E)O(MD)0 E:D INH 3725 — 10 — — — —|A A — A
Multiply
EMULS Extended Signed (E)0MD)0 E:D INH 3726 — 8 - — — — A A — A
Multiply
EORA Exclusive OR A ADOMOA INDS8, X 44 ff 6 — — — —|A A 0 —
INDS, Y 54 ff 6
INDS8, Z 64 ff 6
IMM8 74 ii 2
IND16, X 1744 9999 6
IND16, Y 1754 9999 6
IND16, Z 1764 9999 6
EXT 1774 hhll 6
E, X 2744 — 6
E, Y 2754 — 6
E, Z 2764 — 6
EORB Exclusive OR B ®)0M)O B INDS8, X c4 ff 6 — — — —|A A 0O —
INDS8, Y D4 ff 6
INDS, Z E4 ff 6
IMM8 F4 ii 2
IND16, X 17C4 0999 6
IND16, Y 17D4 gggg 6
IND16, Z 17E4 0999 6
EXT 17F4 hhll 6
E, X 27C4 — 6
E, Y 27D4 — 6
E, Z 27E4 — 6
EORD Exclusive OR D (D)OM:M+1)0 D INDS8, X 84 ff 6 — — — —|[a o 0 —
INDS8, Y 94 ff 6
INDS, Z A4 ff 6
IMM16 37B4 ji kk 4
IND16, X 37C4 0999 6
IND16, Y 37D4 9999 6
IND16, Z 37E4 0999 6
EXT 37F4 hh Il 6
E, X 2784 — 6
E, Y 2794 — 6
E, Z 27A4 — 6
EORE Exclusive OR E E)YOM:M+1)0E IMM16 3734 ji kk 4 — — — —|[a o 0 —
IND16, X 3744 gggg 6
IND16, Y 3754 9999 6
IND16, Z 3764 gggg 6
EXT 3774 hh Il 6
FDIV Fractional D)/ (IX) O IX INH 372B — 22 —- — — —|— A A A
Unsigned Divide Remainder O D
FMULS Fractional Signed (E) O(D) O E:D[31:1] INH 3727 — 8 — — — —|A A A A
Multiply 00 D[O]
IDIV Integer Divide D)/ (1X) O 1X INH 372A — 22 — — — —|[— a 0 &
Remainder 0 D
INC Increment Memory (M)+$010 M IND8, X 03 ff 8 - — — — (A A A —
INDS8, Y 13 ff 8
IND8, Z 23 ff 8
IND16, X 1703 gggg 8
IND16, Y 1713 0999 8
IND16, Z 1723 gggg 8
EXT 1733 hhll 8
INCA Increment A (A)+$010 A INH 3703 — 2 - — — — A A A —
INCB Increment B (B)+$010 B INH 3713 — 2 - — — —|Aa A A —
INCW Increment Memory (M: M+ 1)+ $0001 IND16, X 2703 9999 8 — — — —|A A A —
Word OM:M+1 IND16, Y 2713 gggg 8
IND16, Z 2723 09999 8
EXT 2733 hhll 8
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode |Operand |Cycles B 44\/ }-I I*EV N |Z }/ F
JMP Jump [@éal0 PK:PC EXT20 7A zb hhll 6 - = - - = - —
IND20, X 4B zg 9999 8
IND20, Y 5B zg 9999 8
IND20, Z 6B zg g9gg 8
JSR Jump to Subroutine Push (PC) EXT20 FA zb hhll 10 - = = — |- = = =
(SK: SP)-$0002 0 SK:SP | IND20, X 89 79 9999 12
Push (CCR) IND20, Y 99 zg 9999 12
(SK:SP)-$0002 0 SK:SP | IND20, Z A9 79 9ggg 12
[eald PK:PC
LBCC? Long Branch if Carry If C =0, branch REL16 3784 rrrr 6,4 - = - - = - =
Clear
LBCS? Long Branch if Carry If C =1, branch REL16 3785 rrer 6,4 - - - — |- - - =
Set
LBEQ? Long Branch if Equal If Z =1, branch REL16 3787 reer 6,4 - - - - = - =
to Zero
LBEV? Long Branch if EV Set If EV =1, branch REL16 3791 rrer 6,4 - Y - - - = =
LBGE2 |LongBranchif Greater If N OV =0, branch REL16 378C rrrr 6,4 - - - - = = =
Than or Equal to Zero
LBGT2 |LongBranchifGreater | If Z O (N O V) =0, branch REL16 378E reer 6,4 _ —- = == - = =
Than Zero
LBHI 2 Long Branch if Higher IfC O Z=0, branch REL16 3782 reer 6,4 - - - - = =
LBLE? Long Branch if Less IfZ0O (N OV)=1, branch REL16 378F rerr 6,4 _ - = == = = =
Than or Equal to Zero
LBLS? Long Branch if Lower IfCOZ=1, branch REL16 3783 reer 6,4 - - = - = - =
or Same
LBLT? Long Branch if Less If N OV =1, branch REL16 378D rrer 6,4 - Y - - - = =
Than Zero
LBMI? Long Branch if Minus If N =1, branch REL16 378B reer 6,4 - - - - = =
LBMV2 |Long Branch if MV Set If MV = 1, branch REL16 3790 rerr 6,4 - - = == - = =
LBNEZ2 Long Branch if Not If Z =0, branch REL16 3786 rrrr 6,4 - = = — |- = = =
Equal to Zero
LBPL2 Long Branch if Plus If N =0, branch REL16 378A rrrr 6,4 - = = — |- - - =
LBRA Long Branch Always If 1 =1, branch REL16 3780 rrrr 6 —_ - = == = = =
LBRN Long Branch Never If 1 =0, branch REL16 3781 rrrr 6 - = = — |- = = =
LBSR Long Branch to Push (PC) REL16 27F9 rrrr 10 - = = — |- = - =
Subroutine (SK:SP)-20 SK: SP
Push (CCR)
(SK:SP)-20 SK: SP
(PK : PC) + Offset U
PK:PC
LBVC? Long Branch if If V =0, branch REL16 3788 rrrr 6,4 - - - — |- - = =
Overflow Clear
LBVS?2 Long Branch if If V=1, branch REL16 3789 reer 6,4 - - - - = - =
Overflow Set
LDAA Load A mo A IND8, X 45 ff 6 - — — — A