A Freescale Semiconductor, Inc.

MCG68HC16Y3/
MC68HC916Y3
USER’'S MANUAL

PRELIMINARY

THIS DOCUMENT IS PRODUCED FOR ON-LINE
DISTRIBUTION ONLY. IT IS NOT AVAILABLE AT
THE MOTOROLA LITERATURE DISTRIBUTION CENTER.
ORDERING INFORMATION IS NOT INCLUDED.

PLEASE DIRECT ANY QUESTIONS CONCERNING THIS
DOCUMENTATION TO A REPRESENTATIVE AT YOUR LOCAL
MOTOROLA SALES OFFICE OR MOTOROLA DISTRIBUTOR.

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding the suitability
of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and
all liability, including without limitation consequential or incidental damages. "Typical" parameters can and do vary in different applications. All operating parameters, including
"Typicals" must be validated for each customer application by customer's technical experts. Motorola does not convey any license under its patent rights nor the rights of others.
Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications intended to
support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury or death may occur. Should Buyer
purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries,
affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal
injury or death associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
MOTOROLA and I are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

© MOTOROLA, INC. 1997

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




Freescale Semiconductor, Inc.

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

SECTION 1INTRODUCTION

SECTION 2NOMENCLATURE

2.1 SYmDOIS aNd OPEIALOIS ......uvuiiiiiiiiiiiiiiie e 2-1
2.2 CPU16 Register MNEMONICS ......cccvvvuuiiiiiiiiiaseeeeeeeeeeeeeeeeeearennns e e e e eeeaaaes 2-2
2.3 Pin and Signal MNEMONICS ........iiiiiiiiiiiii e 2-3
2.4 REQISTEr MNEIMONICS ...ooiiiiiiiiieieee et e e e e e 2-5
2.5 (O] 01V7=T o1 1 o] E- TP 2-9

SECTION 30VERVIEW

3.1 MCB8HC16Y3/916Y3 MCU FEAtUIES ....ccevvvviiiiiiiiiieie e 3-1
3.1.1 Central Processing Unit (CPULB) .........ccovvviviiiiiiiiiiiiieiee e eeeeeeeeeeininnns 3-1
3.1.2 Single-Chip Integration Module 2 (SCIM2) ......ccooovvviiiiiiieiiiiiiieeeeeees 3-1
3.1.3 Standby RAM (SRAM) ..o 3-1
3.14 Masked ROM Module (MRM) — MC68HC16Y3 Only ...........cccuueeee 3-2
3.15 Flash EEPROM Module (FLASH) — MC68HC916Y3 Only .............. 3-2
3.1.6 TPU Flash EEPROM Module (TPUFLASH) — MC68HC916Y3 Only 3-2
3.1.7 Analog-to-Digital Converter (ADC) .......ouviiiiiiiiieeeeeeeeeeeeeeev 3-2
3.1.8 Queued Serial Module (QSM) ..o 3-2
3.1.9 Multichannel Communication Interface (MCCI) ........ccceeeiiiiiiiiiiiinnnne 3-2
3.1.10 General Purpose Timer (GPT) ..ccoooeeeiiiiiieeeiiee e 3-2
3.1.11 Time Processor Unit 2 (TPU2) ..o 3-2
3.2 INEErMOAUIE BUS ... e e e e e s 3-3
3.3 System Block Diagram and Pin Assignment Diagrams ..........cccceeeeeeeeeennn. 3-3
3.4 PiN DESCIIPLIONS ...t e e e e e e e 3-8
3.5 SIgNaAl DESCIIPLIONS ...ttt eaaeaeeeas 3-12
3.6 CPUL16 Memory Mapping ....cccoevvveeuiiiiiiiiiieee e e e eeeeeeeeeeeeeeannsns e e e e e e e eaeeeaes 3-17
3.7 Internal RegIStEr MapS .......coooiiiiiiiiii et 3-18
3.8 AdAress SPACE MEAPS ..ovvevverriiiiiiiiiiieeee e e e e e ee et eeeeasiarrr e e e e e e eaeaeaeeererraana. 3-21

SECTION 4 CENTRAL PROCESSOR UNIT

4.1 GENEIAL ... 4-1
4.2 REGISIEN MOUEI .. 4-1
421 ACCUMUIALOIS ...ttt 4-3
4.2.2 INAEX REQISIEIS ..ooviiiiiieiei e 4-3
4.2.3 Y= (o o[ ] (= S 4-3
4.2.4 Program COUNTET .......cuuiiiiiiieeie et e e eaans 4-3
4.2.5 Condition Code REQISIEN .....ccevviiiieiieice e 4-4
4.2.6 Address Extension Register and Address Extension Fields ............. 4-5
MC68HC16Y3/916Y3 MOTOROLA
USER’S MANUAL ii

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
4.2.7 Multiply and Accumulate RegiSters .........oovvvvviiivviiiiiiiiiieeeeeeeeeeeeeeinenns 4-5
4.3 Memory ManagemeENt ........oiiiiiiiiiiii e 4-5
43.1 AdAress EXIENSION ....coooiiiiiiieieeiirs e e e e e e 4-6
4.3.2 EXENSION FIEldS ...ooooiiiiiiieeeee e 4-6
4.4 D F 1= B 1Y 01 TP 4-6
4.5 MemOory OrganiZation ............oooooiiiiiiiiiiiiiii e e e e e 4-7
4.6 AdAresSiNg MOUES ........oovvviiiiiiiiiie et e e e e e e e e e e e e e eeeeaaanne 4-8
4.6.1 Immediate Addressing MOdES .........cooovviiiiii i 4-9
4.6.2 Extended ADdressing MOOES ........cccuuviiiiiiiiiiiiiieieeee e 4-10
4.6.3 Indexed AdAressing MOAES ...........ceeiieiiieeeeieeeeeeee e 4-10
4.6.4 Inherent ADdressing MOde .........ouvueiiiiiiiiie e 4-10
4.6.5 Accumulator Offset Addressing Mode ...........cccceeeeieiiiiiniiiis 4-10
4.6.6 Relative Addressing MOAES .........ccceiiiiiiiieiiiieieeeeee e 4-10
4.6.7 Post-Modified Index Addressing Mode ............cooeveiiiiiiiiiiineeeeeeeeee, 4-10
4.6.8 Use of CPU16 Indexed Mode to Replace M68HC11 Direct Mode ..4-11
4.7 INSTFUCHION ST ..vvviiiiiiiiiiiiiiiee e e e 4-11
4.7.1 INSErUCtioN Set SUMMANY .......uuiiiiiiiiiiiiiiiiie e 4-11
4.8 Comparison of CPU16 and M68HC11 CPU Instruction Sets .................. 4-31
4.9 INSLrUCION FOIMAL ....ooeiiiiiiiiiie e 4-33
4.10 EXeCUtioN MOAEL ..o 4-34
4.10.1 1Yo o TS U =] o o ] S 4-35
4.10.2 INStruction PIpeline ........ooovviiiiiiii e 4-35
4.10.3 EXECULION UNIL ..o e e e e 4-35
411 EXECULION PIOCESS ...ooiiiiiiiiiiiiiee ettt 4-36
4.11.1 Changes in Program FIOW ...........ccooviiiiiiiiiiiii e, 4-36
412 INSTFUCTION TIMING .eeeiiiiiiiiiiiie e e e e e e e e e e e 4-36
4.13 o =T o] (0] 1S SRR PPPPUUPR 4-37
4.13.1 EXCEPLiON VECIOIS ... 4-37
4.13.2 Exception Stack Frame ... 4-38
4.13.3 Exception Processing SEQUENCE .......ccceeeeeeeieiieeieeiiiiiee e e e e e 4-39
4.13.4 TYpeS Of EXCEPLIONS ....coeiieieieieieeeeee e 4-39
4134.1 ASYNchronous EXCEPLIONS .......covviiiiiiiieiiiiiieeeeeeiiieeeeee 4-39
4.13.4.2 Synchronous EXCEPLIONS .........cciveiiiiiieeiiiieeeeeecere e 4-39
4.13.5 Multiple EXCEPLIONS ....coeeiiiieiiiiiiee e 4-40
4.13.6 e I I 1 53 {0 o 1o o 4-40
4.14 DevelopmeNnt SUPPOIT .......vieeccee e e e e e e e e e 4-40
4.14.1 Deterministic Opcode TracCKing ........ccccevereeemereriiieeiieeeeeeaaeeaaannannns 4-40
414.1.1 IPIPEO/IPIPEL MURIPIEXING .evvviviiiiiiiiiieeeeeieeeeeeeiiiieee 4-41
4.14.1.2 Combining Opcode Tracking with Other Capabilities .............. 4-41
4.14.2 BreakpOiNtS ......oooiiiiiiiiiiee e 4-41
4.14.3 Opcode Tracking and Breakpoints ..............eeeeiiiiieneeeeeeneeeeneeeeennnnnns 4-42
MOTOROLA MC68HC16Y3/916Y3
iv USER’S MANUAL

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
4.14.4 Background Debug Mode ...........ccoiiiiiiiiie e 4-42
4.14.5 ENabling BDM ... e 4-42
4.145.1 BDM SOUICES ...ouiiiiie ettt e e e e eaans 4-42
4.145.2 ENtering BDM .....ouuiiiiii e e e 4-43
4.14.5.3 BDM COMMANAS ...ovviiiiiiiiiiiiie e 4-43
4.14.5.4 Returning from BDM .........uiiiiiiiiiiiieeeeeeeeeeeee e 4-44
4.145.5 BDM Serial INnterface ..........ccooovviviiiiiiciiee e 4-44
4.15 Recommended BDM CONNECLION ........ccooeviiiiiiiiieiiiiice e 4-45
4.16 Digital Signal ProCeSSING ......ccooviiiiiiiiiiiiiiiiitiee e 4-46

SECTION 5 SINGLE-CHIP INTEGRATION MODULE 2

5.1 GENEIAL ... 5-1
5.2 System CONFIGUIALION .......uuiiiiiiiiiiiiiii e 5-2
5.2.1 MOdUIE MAPPING ...ceeeeeeeeeeeeeiiieie e e e e e e e e e e e e e e e 5-3
5.2.2 Interrupt ArDItration ... 5-3
5.2.3 Single-Chip Operation SUPPOIT ......cooviiiiiiiiiiiiie e 5-3
5.24 Show INternal CYCIES ........uuveiiiiiie e 5-4
525 REQISTEI ACCESS ..uuiiiiiiiiii ettt e e e e e eeeaeaes 5-4
5.2.6 Freeze OPeration ...t 5-4
5.3 YA (= 1. 1O [T 5-4
5.3.1 ClOCK SOUICES ...t e e e e eeeaeeeees 5-5
5.3.2 Clock Synthesizer Operation .............ooooiiiiiiiiiiiiiiiiieeeeee e 5-6
5.3.3 External BUuS CIOCK .......coooiiiiiiiiiiiiie et 5-14
5.34 LOW-POWEr OPEratioN ........ccuuvuuuiniiiiiieee et 5-14
5.4 SYSIEM PrOtECHION ...ttt 5-16
54.1 RESEE STALUS ...t 5-16
5.4.2 =10 RS 1Y [ 1 (o SRS 5-16
5.4.3 [ F= 1L 1Y, o T 71 (o P 5-17
5.4.4 Spurious INterrupt MONILOL .........ccooeeiiiiiiiiiecce e 5-17
5.4.5 Software WatChdog .........eeeeeiiiiiiiiiiiii e 5-17
5.4.6 PeriodiC INterrupt TIMEN ......ovvvieeiiiiei e e e e e e 5-19
5.4.7 Interrupt Priority and VECtOring .........ccovvvviiiieiiiiiiiie e 5-20
5.4.8 Low-Power STOP OPEration .........ccccuvuvurimiiiiiiiieieeeeeeeeeeeee e 5-21
5.5 External BUS INEITACE ........cooiiiiiiiiii et 5-21
55.1 Bus Control Signals .........cooiiiiiiiii e 5-23
55.1.1 AdAreSS BUS ..o 5-23
55.1.2 AdAress SIrODE ......iiiiiiiiiiiiiieee e 5-23
5.5.1.3 Data BUS ... 5-23
55.14 Data SIrODE ....oeveiiiiiiieie e 5-23
5.5.1.5 Read/Write SIgnal .........cccooeeiiiiiiiiieeecer e 5-24
5.5.1.6 SIZE SIGNAIS ..o 5-24
MC68HC16Y3/916Y3 MOTOROLA
USER’S MANUAL v

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
55.1.7 FUNCLION COUES ...ttt 5-24
55.1.8 Data Size Acknowledge Signals .........cccccoeiiiiiiiiiiiiic v, 5-24
5.5.1.9 BUS Error Signal ... 5-25
5.5.1.10 Halt SIgnal .....coovvveiieie e 5-25
5.5.1.11 AULOVECTOr SIgNAl ...covveiiiiiic e 5-25
5.5.2 DynamicC BUS SIZING .....coooeiiiiiiiiiiiiiiiir et 5-25
5.5.3 Operand AIGNMENT ........uiiiiiiiee e e e 5-27
554 Misaligned Operands ..........cooeuuiiiiiiiiiiiiii e 5-27
5.5.5 Operand TranSfer CASES ......ccuuiiiiiiiiieeeii e 5-27
5.6 BUS OPEratiON .....ccoiiiiiiiiiiiiice et e e e e e e e e e e e e e e e anaaaaaa 5-28
5.6.1 Synchronization t0 CLKOUT ... 5-29
5.6.2 Regular BUS CYCIE ......oooiiiiiiiiieeitt ettt 5-29
5.6.2.1 REAA CYCIE ..o 5-30
5.6.2.2 WIEE CYCIE .. 5-30
5.6.3 Fast Termination CYCIES .........ooooiiiiiiiiiiiiiiieee e 5-31
5.6.4 CPU SPACE CYCIES ....oeeveeiiiiiiie et 5-32
5.6.4.1 Breakpoint Acknowledge Cycle ... 5-33
5.6.4.2 LPSTOP Broadcast CYCle ...........oovvvvveieiiiiiiiiieeeee e 5-34
5.6.5 Bus Exception Control CycCles .........coooviiiiiiiiiiiiiieiee e 5-35
5.6.5.1 BUS EITOIS oo 5-36
5.6.5.2 Double BUS FaUILS .........uuiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee 5-37
5.6.5.3 Halt Operation .........cccoooiiiiiiiii e 5-37
5.6.6 External Bus Arbitration ............eeeiioiiiiiieeece e 5-38
5.6.6.1 Y 0 A Y [ 5-39
5.7 RSB e 5-40
5.7.1 Reset EXCeption ProCeSSING .....cccccuiiiiiiiiiiiiiiieieeee e 5-40
5.7.2 Reset CoNtrol LOGIC ......ovvvvveiiiiiiiiie e e e e e e 5-40
5.7.3 Operating Configuration Out of ReSet ........cccoovveiiiiiiiiiiiiiiiiieeeeeee, 5-41
5.7.3.1 Address and Data Bus Pin FUNCLIONS ......ccccoovviviieeiiiiiiiciiiiees 5-42
5.7.3.2 Data Bus Mode SeleCtion ..........cccccviieeeeeiiiiiiiieseiiiiiieeee 5-43
5.7.3.3 16-Bit Expanded Mode ..........oooiiiiiiiiiiiiieiee e 5-45
5.7.3.4 8-Bit Expanded MOdEe ...........ooooiiiiiiiiiiiiiiieeeeeee e 5-47
5.7.3.5 Single-Chip MOde .......ooovviicceee e 5-48
5.7.3.6 Clock Mode Selection ..........ueeiiiiiiiieeeeieeeee e 5-48
5.7.3.7 Breakpoint Mode Selection .........cccccoeeieiiiiiiiiiiiiiiiee 5-49
5.7.3.8 Emulation Mode Selection .........cccccooveiiiiiiiiiiiiiiiiiiiie 5-49
5.7.4 MCU Module Pin Function During ReSet .........cccccciiiiiiiiniiiiiiiiine 5-50
5.7.5 Pin State DUMNG RESEL .......cevvvviiiiiiieee e 5-51
5.75.1 Reset States of SCIM2 PiNS .......ccooiiiiiiiiiiiiiiii e 5-51
5.75.2 Reset States of Pins Assigned to Other MCU Modules .......... 5-52
5.7.6 RESEE TIMING ..o e e e e e e e eeees 5-52
MOTOROLA MC68HC16Y3/916Y3
Vi USER’S MANUAL

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
5.7.7 POWEr-ON RESEL ... 5-53
5.7.8 Use of the Three-State Control Pin ... 5-54
5.7.9 Reset Processing SUMMATY .......cccccuviiiiiiiiiiiiiiieeee e 5-54
5.7.10 Reset Status REQISIEN .......cvvvviiiiiiiii e 5-55
5.8 LY =T A LU o ] £ PP 5-55
5.8.1 Interrupt EXCepPtion ProCESSING ...evvvvieiiiiiiiiieeeeeeeieeeeeieeiieeeeee 5-56
5.8.2 Interrupt Priority and ReCOgNition .............cccovvvvviiiiiiiiiiiiiiiie e eeeeee, 5-56
5.8.3 Interrupt Acknowledge and Arbitration ............ccccceeeiiiiiiiiineeiinnnn, 5-57
584 Interrupt Processing SUMMAIY .........eeeeiiiiiiiiieeeeeeeeeeeceeiieieeeeeee 5-58
5.8.5 Interrupt Acknowledge Bus CYCIeS ..........cccoeviviiiiiiiiiiiiiiieee e, 5-59
5.9 CRIP-SEIECES ..o 5-60
5.9.1 Chip-SeleCt REQISTEIS .....covviiiiiiiiieeeeeeee s 5-63
5.9.1.1 Chip-Select Pin Assignment RegiSters .........cccoccceeeiieiieeeeeeenn. 5-63
5.9.1.2 Chip-Select Base Address RegiISters ..........coeuvvvveiciiiinieeeeeennnn. 5-64
5.9.1.3 Chip-Select Option REGISLEIS .......cccoiiviiiiiiiiiiiiiieeeeeeeee e 5-65
5914 PORTC Data REQISIEN ....ccceeeeeieeeeeeeeeeee e 5-66
5.9.2 Chip-Select OPEration ..o 5-67
5.9.3 Using Chip-Select Signals for Interrupt Acknowledge ..................... 5-67
594 Chip-Select Reset Operation ............ceeieeviiiiiiisi e eeeans 5-69
5.10  General Purpose INPUI/OULPUL ........uuviiiiiiiiiiiiiiieeeee e 5-70
5.10.1 POMS A @Nd B ..o 5-71
5.10.2 PO E ottt a e e e e e e e e e e e 5-71
5.10.3 0 P PEEEUURURRPRRR 5-72
5.10.4 PO G ottt 5-74
5.10.5 PO H e 5-74
5.11 FACIONY TEST oo 5-75

SECTION 6STANDBY RAM MODULE

6.1 SRAM REQISLEr BIOCK .....ccceeeeeiiieeeeeeeie ettt e e e e 6-1
6.2 SRAM Array Address MappinNg ......coeeeeeeeriiiieeeeieiiie e enaaan 6-1
6.3 SRAM Array Address Space TYPE ...ocoooeeieiiiiiiiiiiiiiiee et 6-2
6.4 NOIMEAL ACCESS ..ttt e e e e e e e e e e e e e e e 6-2
6.5 Standby and Low-Power Stop Operation ..........ccccoeveeviiiiiiiieeeeiiiineeeeeeiinan, 6-2
6.6 RS e 6-2

SECTION 7TMASKED ROM MODULE

7.1 MRM Register BIOCK ........ccoiiiiiiii e 7-1
7.2 MRM Array ADdress Mapping ........coooooccummmmmimiiiiriiiieeee e e e e e 7-1
7.3 MRM Array Address SPace TYPE ....cccovvvveeeeeiiiiiiiiiaseee e e e e e eeeeeeeeveeennns 7-2
7.4 NOIMAI ACCESS ...ttt e e e e e e e e e e e bbb s 7-2
MC68HC16Y3/916Y3 MOTOROLA
USER’S MANUAL vii

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
7.5 Low-Power Stop Mode Operation ...............uuevvuiiiiiiiieeeeeeeeeeeeeeeeininnnnns 7-3
7.6 ROM SIGNALUIE ..uuiiiieiiie e e e e e e e e e e e e 7-3
7.7 RS e 7-3

SECTION 8FLASH EEPROM MODULE

8.1 Flash EEPROM Control BIOCK ... 8-1
8.2 FIash EEPROM AITAY ....ooooiiiiiiiiii ettt 8-2
8.3 Flash EEPROM OPEration ........cccceeeeiiiiiiiieiiiiiiiisss s e e e e e e eeeeeeeeevannannnne s 8-2
8.3.1 RESEt OPEIratiON ... e eae 8-2
8.3.2 BOOLSIrap OPEration .........coooiiiiiiiiiiiiiiiiiii e 8-3
8.3.3 NOrmal OPEratioN ..........ccovuuiuiiiiiiieiee e e e e e e e e e e e e e e e e e eeeeaaannns 8-3
8.34 Program/Erase OPeration ..........cccccoeuuiiiieiiiiiiiisieeeeeiiin e e e e eeeans 8-3
8.3.5 Programming .......ooooiiioiiioi e 8-4
8.3.5.1 EFQSUIE ... e 8-6

SECTION 9TPU FLASH EEPROM MODULE

9.1 L@ Y= V= 9-1
9.2 TPUFLASH CoNtrol BIOCK ........uuviiiiiiiiiiiiiiiiiiiieeeeeee e 9-1
9.3 TPUFLASH AITAY ittt e e e e e e e e eeeanaeee 9-2
9.4 TPUFLASH OPEIatiON ...ccciiiiiiiiiiiiiiieie ettt 9-2
9.4.1 ReSEet OPEration .........coovviiiiiiiiiiiiii e e e e e e e e e e e e e e eeeaanenns 9-2
9.4.2 Bootstrap OPEeration ...........ccoouuuiiiiieiiiiiiiie e 9-3
9.4.3 NOrmal OPEIatiON ......cooiiiieiiiiii e 9-3
9.4.4 TPU Mode OPEration ........ccceeiiiiiiieeiiiiiiieese e e e 9-3
9.4.5 Program/Erase OPeration ..........cccooeeeeeeiiieiiiiiiiiiiiiians e e e e e eeeeeeeeeanenns 9-4
9.45.1 Programming SEQUENCE .........oeeviiiiiiiiiiiiieeeeeeeseeeiiee e 9-5
9.45.2 Erasure SEQUENCE ......ccuuiiiiiiiiiiiiii et 9-7

SECTION 10ANALOG-TO-DIGITAL CONVERTER

10.1 (CT=T 01T - | R 10-1
10.2 External CONNECHIONS .......cooviiiiiiii it 10-1
10.2.1 ANAIOG INPUL PINS ..eei e 10-2
10.2.2 Analog Reference PINS ........ooooiiiiiiiiiiiiieeeeeee e 10-3
10.2.3 ANnalog SUPPIY PINS ..o 10-3
10.3 Programmer’'s MOEel .........coooviiiiiiiii e 10-3
10.4  ADC BUS INterface UNIt .......cooieeieeeiiiiiiiiceeiiiiis e 10-3
10.5 Special Operating MOAES .........ooevviiiiiiiiiii e 10-3
10.5.1 LOW-PoWer StOP MOAE .......ouviiiiiiiiiiieee e 10-4
10.5.2 Freeze MOE ......ocooo i e e 10-4
MOTOROLA MC68HC16Y3/916Y3
viii USER’S MANUAL

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
10.6  ANAlog SUDSYSIEM ....ooveiiiiiii e 10-4
10.6.1 MURIPIEXEE .. 10-5
10.6.2 Sample Capacitor and Buffer Amplifier ...........ccccciiiiiiiiiiiiiineenn. 10-5
10.6.3 RC DAC AITAY eeiiiiiiiiieeee ettt a e e e e e e e e e e 10-6
10.6.4 (O70] 0] o= T =1 (o] PPN 10-6
10.7 Digital Control SUDSYSIEM ..o 10-6
10.7.1 Control/Status REQISIEIS ......ciiiiiii e e e e e e e 10-6
10.7.2 Clock and Prescaler Control ..o 10-6
10.7.3 SAMPIE TIME s 10-7
10.7.4 RESOIULION e 10-7
10.7.5 Conversion CoNtrol LOGIC ......oooeeiieeiieiiieieeeiiiiiie e 10-7
10.7.5.1 CoNVversion Parameters ........cccceveeoeeeeeeeeeeeeeeeeiisiinnee e e e eeeeeees 10-8
10.7.5.2 ConVersion MOAES .......cooovvieeiiiiieeeeeec e 10-8
10.7.6 CoNVErsioN TIMING ...ooeuueiiiiiiee e e e e e eeeeeeeeeaane 10-12
10.7.7 Successive Approximation Register ..........ccccocvviviiiiiiiiiiiiiiieeeeeenn 10-13
10.7.8 RESUIt REQISIEIS ... 10-13
10.8 PiN CONSIAEIAtIONS ...oeviiiiiiiiiiiiiees ettt e e e e e e e e e e e eeeeaeeeennne 10-14
10.8.1 Analog Reference PiNS ........ooovviveiiiiicicien e 10-14
10.8.2 ANAlog POWET PINS ..o 10-14
10.8.3 Analog Supply Filtering and Grounding ...........cceeeeveieieiinnnniiininns 10-16
10.8.4 Accommodating Positive/Negative Stress Conditions ................... 10-18
10.8.5 Analog Input Considerations .......cccooovvviiiiiieeeiiiii e 10-20
10.8.6 ANAIOG INPUE PINS oo 10-22
10.8.6.1 Settling Time for the External Circuit ............coovvvvviiiiiiinnnnnn. 10-23
10.8.6.2 Error Resulting from Leakage .........coooovvvviiiiiieiiiiiiiieeeeeeeiin, 10-24
SECTION 11
QUEUED SERIAL MODULE
11.1 GENETAL . 11-1
11.2 QSM Registers and AdAressS Map ....ccocovevviiiiiiiiiiiiiie e 11-2
11.2.1 QSM GIobal REQISIEIS .....ceviiiiiiiiiiieeeeeee e 11-2
11.2.1.1 Low-Power Stop Mode Operation .........cccccceeeeeeeeeeeeeeeveeeeennnnnns 11-2
11.2.1.2 Freeze OPeration ..........ciiiiiiiiiiiiii e 11-3
11.2.1.3 QSM INLEITUPLES . 11-3
11.2.2 QSM Pin Control REQISIEIS .....ccceeeiiieeeeeeeeecs e e 11-4
11.3 Queued Serial Peripheral Interface ...........ccoocooviiiiiiiiiiiii e 11-5
11.3.1 QSPI REQISIEIS ...ttt 11-7
11.3.1.1 (7o) o1 i fo] I 2 L=To 1S (= < 11-7
11.3.1.2 StatUS REQISIEN ... 11-7
11.3.2 QSPIRAM L. 11-8
11.3.2.1 RECEIVE RAM .. 11-8
MC68HC16Y3/916Y3 MOTOROLA

USER’S MANUAL

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

iX



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
11.3.2.2 TransSMIt RAM ..oovviiiiiiiieieeeeee e 11-8
11.3.2.3 Command RAM ... 11-9
11.3.3 QSPI PINS <. 11-9
11.3.4 (0 1] 2 IO 01T = 11 0] o USRS 11-9
11.3.5 QSPI Operating MOUES .......uuiiiiiiiiiiie e 11-10
11.35.1 AV = Ty (=T Y/ o T [ PP UPUURPR 11-17
11.3.5.2 Master Wrap-Around Mode ..............eviiiiiiiiiieeeeeeeeeeeeeiiiinns 11-20
11.3.5.3 SIAVE MOAE ..o 11-21
11.3.54 Slave Wrap-Around MOde .........ooooiiiiiiiiiiiiiiiieeieeeeeeee e 11-22
11.3.6 Peripheral Chip-Selects ..........cccciiiiiiiiii e, 11-22
114 Serial Communication INterface ..........ccccceeieiiiiiiiiieiiiiiee e 11-22
11.4.1 SCIREQISIEIS .ttt 11-23
11.4.1.1 Control REQISIEIS ....cciiiiieeeeecee e 11-23
11.4.1.2 StatuS REQISIEN ... 11-26
11.4.1.3 Data REQISIEI .....coiiiiieeieee e 11-26
11.4.2 SCI PINS et 11-26
11.4.3 SClOPEIALION ...ttt 11-26
11431 Definition Of TEIMS ......eiiiiiiiiiiiiiii e 11-26
11.4.3.2 Serial FOrMALS .....ooooiiiiieee e 11-27
11.4.3.3 Baud ClOCK ... 11-27
11.4.3.4 Parity ChecCKing ......ccccooviiiiiiiiiiiier e 11-28
11.4.35 Transmitter OPeration ...........ccccovieeviiiiiiii e 11-28
11.4.3.6 Receiver OPeration .............ceeeeeeeiiiiiiieeee e 11-30
11.4.3.7 [dle-Line DEteCiON ...........cuviiiiiiiiiiiiiiiieiee e 11-31
11.4.3.8 Receiver WaKe-Up ........ccoouuiiiiiiiiiiiii e 11-31
11.4.3.9 Internal Loop MOdEe ..........ouviiiiiiiiiiiiiiiiieeee e 11-32

SECTION 12 MULTICHANNEL COMMUNICATION INTERFACE

12.1 GENETAL . 12-1
12.2 MCCI Registers and AddreSS Map ......coooevvvviiiiiieeiiiiiiieeeeeeeie e 12-2
12.2.1 MCCI Global REQISIEIS .....ccoeiiiiieiiiiit e 12-2
12.2.1.1 Low-Power Stop MOdE ........ccooviiiiiiieecieee e 12-2
12.2.1.2 Privilege LEVEIS .......uuiiiiiiii i 12-3
12.2.1.3 MCCH INEEITUPLS v 12-3
12.2.2 Pin Control and General-Purpose /O .........ccoovvvviiiiiiiiiiieeeeeeeeee 12-4
12.3 Serial Peripheral Interface (SPI) ......viiiiiiiii e 12-4
12.3.1 SPIREQISIEIS ..ottt 12-6
12.3.1.1 SPI Control Register (SPCR) ....ccooviiieieiieiieeeeiiee e 12-6
12.3.1.2 SPI Status Register (SPSR) .....coviiiiiiiiii e 12-6
12.3.1.3 SPI Data Register (SPDR) ......ooooiiiiiiiiiiiiiiiieeeeeeeeeeee e 12-6
12.3.2 SPI PN ettt a s 12-7
MOTOROLA MC68HC16Y3/916Y3
X USER’S MANUAL

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
12.3.3 SPI Operating MOUES .......coeiiiiiie et e e e e e e 12-7
12.3.3.1 MASEEI MOOE ..o 12-7
12.3.3.2 SIAVE MOUE ..o 12-8
12.3.4 SPI Clock Phase and Polarity Controls ..........ccccceeveiiiiieeiiiniiieeeiiinns 12-9
12.3.4.1 CPHA =0 Transfer FOrmat ...........cccceeiiiiiiiiiiiiiiiiiiee e 12-9
12.3.4.2 CPHA =1 Transfer Format .........cccccoeeeeeeeiiiiieeieeiiiicene e 12-10
12.35 SPI Serial Clock Baud Rate ............coooviiiiiiiiiiiiiiiiiiiieeeeeeeeeee e 12-11
12.3.6 Wired-OR Open-Drain OULPULS .......oviieiiiiiiiee e 12-12
12.3.7 Transfer Size and DIr€CHION .........ovvvvviiiiiiiiiee e 12-12
12.3.8 WIite COllISION ..o 12-12
12.3.9 MOde FauUlt ... 12-12
12.4  Serial Communication Interface (SCI) ........ooooiiiiiiiiiiiiiiie e 12-13
12.4.1 SCIREQISIEIS ...t e e e e e e e e e e 12-13
12411 SCI CoNntrol REQISIEIS ...covviiiiiiiiiiieee e 12-14
12.4.1.2 SCI Status REGISTEN .....cooveeiieiieieeee e 12-17
12.4.1.3 SCl Data REQISIEr .....ccoevieeeeiieeceee e 12-17
12.4.2 SCI PINS e ————————————————————— 12-17
12.4.3 Receive Data Pins (RXDA, RXDB) ......cccovviiiiiieiiiiienee e eee e 12-18
12.4.4 Transmit Data Pins (TXDA, TXDB) ..cocovveiiiiiiiiiiceiiie e 12-18
12.4.5 SClOPEIALION ...ttt e 12-18
12.45.1 Definition Of TEIMS ......uiiiiiiiiiiiiiii e 12-18
12.4.5.2 Serial FOrMALS ....oooooiiiie e 12-19
12.4.5.3 Baud ClOCK ..o 12-19
12.4.5.4 Parity ChecCKing ......ccccooiiiiiiiiiiiiere e 12-20
12.455 Transmitter OPeration ...........ccccovieeiiiiiiiii e 12-20
12.4.5.6 Receiver OPeration ...............eeeeeeeeiiiiiiieieeeeeee e 12-21
12.45.7 [dle-Line DeteCtioN ...........cevvviiiiiiiiiiiiiieieee e 12-22
12.4.5.8 Receiver Wake-Up ..ot 12-23
12.4.5.9 INtErNal LOOP ...oooiiie e 12-23
12.5 MCCIH INIGALZATION ...eeiiiiiiiiiiiceeee e 12-24

SECTION 13 GENERAL-PURPOSE TIMER

13.1 GENEIAL ... 13-1
13.2 GPT Registers and AddresSS Map ......cooooeeeiiiiiiiiiiiiiiiiiieee e 13-2
13.3 Special Modes Of OPEeration .............uuuviiiiiiiiieeee e e 13-3
13.3.1 Low-Power Stop MOE .......coovviiiiiiiieeeie e 13-3
13.3.2 Freeze MOE .....coooo oo 13-3
13.3.3 SINGIE-StEP MOUE ..o 13-4
13.3.4 TESEIMOUE ... 13-4
13.4 Polled and Interrupt-Driven OPeration ................eeeeeeeeieeeiiieeeneennnniinnnnens 13-4
13.4.1 Polled OPEeration ..............oouuuiiiiiiiiiiie e e e 13-4
MC68HC16Y3/916Y3 MOTOROLA
USER’S MANUAL Xi

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
13.4.2 GPT INTEITUPTS .t e e 13-5
13.5 PiN DESCIIPLIONS ...t 13-7
135.1 INPUL Capure PINS ...t 13-7
13.5.2 Input Capture/Output Compare Pin ..........cccoovvviveviiiiiiiiieee e, 13-7
13.5.3 Output ComMPAre PINS ....ccoiiiiiiiieceeeei e e eeaes 13-7
13.5.4 Pulse Accumulator INPut Pin ... 13-8
1355 Pulse-Width Modulation ............cooiiiiiiiiiiiiiee e 13-8
13.5.6 Auxiliary Timer CIOCK INPUL .......ovviiiiiiii e 13-8
13.6 GeNeral-PurpoSe /O ........uuiiiiiiiiiiieeeeeeee e 13-8
13.7 PrESCAIBT ...ttt 13-9
13.8 Capture/Compare UNIt .........oooiiiiiiiiiiiiii e 13-11
13.8.1 B I 41T GO0 0] (= 13-11
13.8.2 Input Capture FUNCLIONS .......oovviiiiiccees e 13-11
13.8.3 Output Compare FUNCLONS ........cooiiiiiiiiiiiiiiies e 13-14
13.9 Input Capture 4/0utput COMPAre S .....ccceviiiiiiiiiiiiiiieeeeeee e 13-15
13.10  PUISE ACCUMUIALOT ...uuiiiiiiiiiiiiiiiiiiiiee e a e 13-15
13.11 Pulse-Width Modulation UNit ...........coooiiiiiiiiiiiiiiiii e 13-17
13.11.1 PWM COUNLET ..o e e 13-19
13.11.2 PWM FUNCHON .coiiiiiiiiiiieeeceee ettt 13-19

SECTION 14 TIME PROCESSOR UNIT 2

14.1 (CT=T 01T - | R 14-1
14.2 TPUZ COMPONENTS ...ttt a et e et e e e e e e e eees 14-2
14.2.1 TIME BASES ..ottt 14-2
14.2.2 TIMEr CRaNNEIS ..oueeeiiii s 14-3
14.2.3 SCNEAUIBT . 14-3
14.2.4 1Yot g0 Y] g T L L= SR 14-3
14.2.5 HOSE INTEITACE ... 14-3
14.2.6 Parameter RAM ... 14-3
14.3 TPU OPEIALION ...t e e e e e e e e e e 14-4
14.3.1 EVENT TIMING .oiiiiiiiiiiiiee e 14-4
14.3.2 Channel Orthogonality .........cccccoeeeieeiiiiiiiieee e 14-4
14.3.3 Interchannel ComMmMUNICAION ........uueiiiiiiieie e 14-4
14.3.4 Programmable Channel Service Priority ........cccccccocviiiiiiiniiniiinn, 14-5
14.3.5 (O] 1] =T 0TV RSP RSRRRRR 14-5
14.3.6 EMUIation SUPPOIT ..o 14-5
14.3.7 TPUZ INTEITUPLS e 14-5
14.4 A Mask Set TIme FUNCLONS ......ccoiiiiiiiiiiiiiieiee e 14-6
14.4.1 Discrete Input/Output (DIO) ......cccoiiiiiiiiiiieee e 14-6
14.4.2 Input Capture/Input Transition Counter (ITC) .......cvvvvvviiiiieeieeeeeennnn. 14-7
14.4.3 Output Compare (OC) ...ccoveiiiiieeeeeei e aenns 14-7
MOTOROLA MC68HC16Y3/916Y3
Xii USER’S MANUAL

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
14.4.4 Pulse-Width Modulation (PWM) .....ccoooeiiiiiiiieeeeeire e 14-8
14.4.5 Synchronized Pulse-Width Modulation (SPWM) .......cccccovvviiiieennnnn, 14-8
14.4.6 Period Measurement with Additional Transition Detect (PMA) ....... 14-8
14.4.7 Period Measurement with Missing Transition Detect (PMM) .......... 14-8
14.4.8 Position-Synchronized Pulse Generator (PSP) ........ccccoovveiiiiiiinn. 14-9
14.4.9 Stepper MOtOr (SM) ...uuuiiiiiiieiiie it 14-9
14.4.10 Period/Pulse-Width Accumulator (PPWA) .........ovviiiiiiiiiieieeeeeeee, 14-10
14.4.11 Quadrature Decode (QDEQC) ....coovviiiiiii e 14-10
14.5 G Mask Set Time FUNCLONS ........coovviiiiiiiiiiiinie e 14-11
14.5.1 Table Stepper Motor (TSM) ....ooovvvviiiiiiiiieee e 14-11
14.5.2 New Input Capture/Transition Counter (NITC) ......cccceeiiieiiiieeinnnee. 14-11
14.5.3 Queued Output Match (QOM) ...ccooviiiiiiiiiiiii e 14-11
14.5.4 Programmable Time Accumulator (PTA) ....oovvvviviiiiiiiiieeeeeeeeeee, 14-12
14.5.5 Multichannel Pulse-Width Modulation (MCPWM) ........cceeeeeeeeeee. 14-12
14.5.6 Fast Quadrature Decode (FQD) .......ccccuurimiiiiiiiiiiiiieeeeee e 14-12
14.5.7 Universal Asynchronous Receiver/Transmitter (UART) ................ 14-13
14.5.8 Brushless Motor Commutation (COMM) ........ccevvviiiiiiiiiiinnniininnn, 14-13
14.5.9 Frequency Measurement (FQM) .......ccoooiriiiiiiiiiiiiiiiiein e 14-13
14.5.10 Hall Effect Decode (HALLD) ......ovviiiiiiiiiiie e 14-13
14.6 Host Interface REQISTEIS .......coooiiiiiiiiii e 14-14
14.6.1 System Configuration REQISLErS .........ccevvvvvviiiiiiiiieeee e 14-14
14.6.1.1 Prescaler Control for TCRL ......coooviiiiiiiiiiiiiiee e 14-14
14.6.1.2 Prescaler Control for TCR2 .......ooovviiiiiiiiiiiiieee e 14-15
14.6.1.3 Emulation CoNntrol ............uuuiiiiiiiiiiiiiiieeeeee e 14-16
14.6.1.4 Low-Power Stop Control .........ccoevviiiiiieiiieiiie e, 14-16
14.6.2 Channel Control REQISTErS .......coooiiiiiiiiiiie e 14-16
14.6.2.1 Channel Interrupt Enable and Status Registers .................... 14-17
14.6.2.2 Channel Function Select Registers ...........ccovviiiiiieviiiininenn, 14-17
14.6.2.3 Host Sequence ReQIStErS .........oiiiiiiiiiiiii 14-18
14.6.2.4 HosSt Service REQISLEIS ........ccoovvvvieiiiiiciee e 14-18
14.6.2.5 Channel Priority RegISters ........cccoooviieiiiiiiiiiiiiiiiiiiiceee e 14-18
14.6.3 Development Support and Test RegISters .......cccccoevveeeieiiiiiiinnnnns 14-18

APPENDIX A ELECTRICAL CHARACTERISTICS
APPENDIX B MECHANICAL DATA AND ORDERING INFORMATION

B.1 Obtaining Updated MC68HC16Y3/916Y3 MCU Mechanical Information B-5
B.2 Ordering INFOrMALION ........uueiiiiiiiiiiiiiee e B-5

APPENDIX C DEVELOPMENT SUPPORT

MC68HC16Y3/916Y3 MOTOROLA
USER’'S MANUAL Xiii

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
C.l M68MMDS1632 Modular Development System ..........cccccevvvvveeiviviinnnnn. C-1
C.2 M6BMEVB1632 Modular Evaluation Board ...........ccccceevieiiiiiiiiiiicccei, C-1

APPENDIX D REGISTER SUMMARY

D.1 Central Processing UNit .......ccoooiviiiiiiiiiiiiieie e e e e e D-1
D.1.1 Condition Code REQISIEI .....ccvvuiiiieiiiiiie e D-3
D.2 Single-Chip Integration Module 2 ... D-4
D.2.1 SCIM Configuration REQISIEr ..........cceoviiiiiieeiiiicee e e e D-5
D.2.2 SCIM TSt REQISIEN ..cvvvviiiiiiiiiie e eeaaes D-7
D.2.3 Clock Synthesizer Control RegiSter ..........cccccovviiiiiiiiiiiiiieeeeeee e D-7
D.2.4 Reset Status REQISIEN .......ovvviiiiiiiiii e D-9
D.2.5 SCIM TeSt REQISIEI E ....eveiiieiie e D-9
D.2.6 Port A and B Data REQISTEIS ........ccccuviiiiiiiiiiiiiieieeeeeee e D-9
D.2.7 Port G and H Data REQISLEIS ......ccccovvieeiiiiiieeeeeeeee e D-10
D.2.8 Port G and H Data Direction RegiSters ...........coeuuvuvviiiiiiniieeeeeneenn. D-10
D.2.9 Port E Data REgISIEr ......coooiiiiiiiiiiiiiiitie et D-10
D.2.10 Port E Data Direction ReQIStEr .........cccoeeeiiiiiiiiiiiiicees e D-11
D.2.11 Port E Pin Assignment REgISTer ........cooooeiiiiiiiiiiiiiee e D-11
D.2.12 POrt F Data REQISIEN .....cooeiiiiiiiieeeiii ettt D-12
D.2.13 Port F Data Direction REQIStEr .......ccccoeeeeiiiiiiiiiiiicceen e D-12
D.2.14 Port F Pin Assignment REQISTEr ...........uuviiiiiiiiiiiiiiiiiieeeieeeeeeeeee D-12
D.2.15 System Protection Control RegiSter ..........ccvveeeeiiiiieieeeeieeeeeeeeeiiiians D-13
D.2.16 Periodic Interrupt Control Register ........ccooovvviiiiiiiiiiiiiieeeeiee, D-15
D.2.17 Periodic Interrupt Timer ReQISIEr ..........uuviiiiiiiiiiiiiiiiiiieeeeeeeee D-15
D.2.18 Software Watchdog Service RegiSter ........cccveeeiiiiiiiieeeiieeeeeeeiiiiiens D-16
D.2.19 Port F Edge-Detect Flag Register ........ccoooovviiiiiiiiiiiiiiiiiiceerei, D-16
D.2.20 Port F Edge-Detect Interrupt VECIOr .........uvveiieiiiiiiiiiiiiiiieeeeiie D-17
D.2.21 Port F Edge-Detect Interrupt Level .........coooovvvvviiiiiiiiiiiiiieeeeeeeeeee D-17
D.2.22 Port C Data REQISIEI ......uiieiiiiiiie e D-17
D.2.23 Chip-Select Pin Assignment RegISters ........cccccuvvvviiriiiiiiiiiiiiieeeeeenn. D-18
D.2.24 Chip-Select Base Address Register BOOt .........ccccceeeiiiieeeiiiiiieeeiinnn, D-20
D.2.25 Chip-Select Base Address RegISters ........ccccvviiieiiiiiiiiiieeeeiiieeea, D-20
D.2.26 Chip-Select Option Register BOOt ...........cccccciiiiviiiiiiiiiiiiiieceeeeeeen D-21
D.2.27 Chip-Select Option REQISLEIS .......cccovviiiiiiiiiiiieieee e D-21
D.2.28 Master Shift REQISIEIS ......couuiiiiiiiiiiiee e D-23
D.2.29 Test Module Shift Count RegiSter ........ccccoveveiiiiiiiiiiiiivii D-24
D.2.30 Test Module Repetition Count Register ..........ccceevvvvvveviviiiiicieeennn. D-24
D.2.31 Test Module Control RegISter ..........uuuviiiiiiieiieeeeeeeeeeee e D-24
D.2.32 Test Module Distributed REQISIEN .......ccovviiiiiiiiiiiiiiiiie D-24
D.3 Standby RAM MOAUIE .......coooiiiiice e D-25
D.31 RAM Module Configuration REgISter ...........eeeviiiiiiiiiiiiiiiiiiiiis D-25
MOTOROLA MC68HC16Y3/916Y3
Xiv USER’S MANUAL

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
D.3.2 RAM TeSt REQISIEI ...coiiiieeeeeeiiie e e e e e e e D-26
D.3.3 Array Base Address ReQISIErS .....ccoiovvviiiiiiiieiiiiice e D-26
D.4 Masked ROM MOAUIE ........uuuuuiiiiiiiee e e e e eeeeeeanenes D-27
D.4.1 Masked ROM Module Configuration Register .........ccccceeveeeeeeeeeenn.. D-27
D.4.2 ROM Array Base Address RegISters ........ccovvviiiiiiiviiiiiiieeeeeiiiieee D-29
D.4.3 ROM Signature REQISIEIS ......cccoiiiiiiiiiiiiiiee et D-29
D.4.4 ROM BOOtStrap WOIAS .....coovvviiiiiiiiiiee et a e D-30
D.5 Flash EEPROM MOAUIE ........ccoooiiiiiiiiiiiiiieeeeeeee e D-31
D51 Flash EEPROM Module Configuration Register ...........ccccccooevinnee D-32
D.5.2 Flash EEPROM Test REQISIEN ......ciiiiiiiiieeeieeeeeeeeees e D-34
D.5.3 Flash EEPROM Base Address Registers ...........cvcvveiiiiiniieeeeeennnn. D-34
D.5.4 Flash EEPROM Control REQISLEr ..........uuuuiiiiiiiiiiiiiiiiieeieeeeeeeeeees D-35
D.6 Analog-to-Digital Converter Module .............ooooviiiiiiiiiiie e, D-37
D.6.1 ADC Module Configuration RegISter ...........coovviiiiiiiiiiiiiieeeeeeeeeeeee D-38
D.6.2 ADC TeSt REQISIEI ..ot D-38
D.6.3 Port ADA Data REQISLEr ........uuuuiiiiiiiiii e D-38
D.6.4 ADC Control REGISIEr O ...t D-39
D.6.5 ADC Control RegiSter 1 .......ccoovvviiiiiiiiiiiiie e D-40
D.6.6 ADC Status REQISIEI ...cooviiiiiiieeee e D-44
D.6.7 Right Justified, Unsigned Result RegiSter .........ccccccceeiiiiiiiiiininnns D-44
D.7 Queued Serial ModUIE ..........ooiiiie e D-46
D.7.1 QSM Configuration RegISter ..........uiiiiiiiiiiiiiiieeieeiiis e D-46
D.7.2 QSM TSt REQISTEN ....vtiiiiiiiiiiiiieee e D-47
D.7.3 QSM Interrupt Level Register/Interrupt Vector Register ................. D-47
D.7.4 SCI Control REJISIEN ...vveiiiieeeie e D-48
D.7.5 SCI CoNtrol REGISIEN 1 ..o D-49
D.7.6 SCI StatuS REQISIEN ....vvviiiiiiiiiie e e e e e e, D-51
D.7.7 SCl Data REQISIEl ...covvviiieieiecee e D-52
D.7.8 Port QS Data REQISTEN ......coooiiiiiiiiiiiie et D-52
D.7.9 Port QS Pin Assignment Register/Data Direction Register ............ D-53
D.7.10 QSPI Control REQISLEr O ....cooeeiieeieeiieeeeeeeiii e D-54
D.7.11 QSPI Control REGISTEr 1 .....coviiiiiiiiiieeeeeee e D-56
D.7.12 QSPI Control REQISLEr 2 .....cciieieeeeeeeeeeeeeree e, D-57
D.7.13 QSPI Control REQISLEr 3 ... D-58
D.7.14 Receive Data RAM .......ooooiiiiiiiiiiee et e e e D-59
D.7.15 Transmit Data RAM ...t D-59
D.7.16 CommMANT RAM ...t D-60
D.8 Multichannel Communication Interface Module (MCCI) .........cccceevvvnnnene D-62
D.8.1 MCCI Module Configuration Register ..........cccceeeveiiiiiiiiiieeeeiiieee, D-62
D.8.2 MCCI TeSt REQISIEN ..ot D-63
D.8.3 SCI Interrupt Level Register/MCCI Interrupt Vector Register ......... D-63
MC68HC16Y3/916Y3 MOTOROLA
USER’S MANUAL XV

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
D.8.4 MCCI Interrupt Vector REQISEr ......ccooeeeeeeiiieeieeeeeee e D-64
D.8.5 SPI Interrupt Level ReQIStEr ......cooovvvviiiiiiiieeie e D-64
D.8.6 MCCI Pin ASSIgNMeENt REQISIEN ..........uuiiiiiiiiiiiiiiiieieeeeeee e D-65
D.8.7 MCCI Data Direction RegISTEr ......cccoeveieieiiiiiiieeeeicee e D-66
D.8.8 MCCI Port Data REQISIEIS .....ccuvuiiiiiiiiiiie e D-67
D.8.9 SCI Control REQISIEN O ....eveieeiiieiiieeeeeeeee e D-67
D.8.11 SCI StatuS REQISIEN ....vvvveiiiiiiiiee e e e e e, D-70
D.8.12 SCl Data REQISIEl ...cooviiiiieeeeie e D-71
D.8.13 SPI CONrol REGISTEN ... D-72
D.8.14 SPI Status REQISIEN ....evvvveiiiiiiiee e e e e e e e e e, D-73
D.8.15 SPI Data REQISTEN ....eviieiiiiiiie e D-74
D.9 General-Purpose Timer (GPT) oo D-75
D.9.1 GPT Module Configuration RegiSter ...........cccceeeeviiieiieeeiieiieeeiiiinnnns D-75
D.9.2 GPT TeSt REQISTEN ..o D-76
D.9.3 GPT Interrupt Configuration RegiSter ..........ccccuvvvviiiiiiiiiiiiiiiieeeeeenn. D-76
D.9.4 Port GP Data Direction Register/Data Register ..........cccccceeeeeeeennn. D-77
D.9.5 OC1 Action Mask Register/Data RegiSter ..........cccccuveeiiieeeiiieieneenn. D-77
D.9.6 Timer Counter REQISIEN ......ccoviviieeeiiiie e D-78
D.9.7 Pulse Accumulator Control Register/Counter ..........cccceeveeevevivnnnnnnn. D-78
D.9.8 Input Capture REgISIErS 1-3 .......oiiiiiiiiiiiiiieeeeee e D-79
D.9.9 Output Compare Registers 1-4 .......oooovvviiiviiiiiiiiiieee e e eeeeeeeeeeeaninanns D-79
D.9.10 Input Capture 4/Output Compare 5 Register ........ccocevvvvviiiieerinnnnnn. D-80
D.9.11 Timer Control Registers 1 and 2 .........cccooeeiiieiiiiiiii D-80
D.9.12 Timer Interrupt Mask Registers 1 and 2 ...........cccoevvvvvvevvviiinieneeenn. D-80
D.9.13 Timer Interrupt Flag Registers 1 and 2 ..........ccveiveeiviiiiiiee e, D-82
D.9.14 Compare Force Register/PWM Control Register C ............ccceevueeee D-82
D.9.15 PWM REQISIEIS A/B ...ttt e e D-84
D.9.16 PWM Count REQISIEN ....ovviiieiiiiiie e D-84
D.9.17 PWM Buffer RegiSters A/B ...ttt D-84
D.9.18 GPT PreSCaAlET ...uvviiiiiiiiiiiiiiiiieeee e D-85
D.10  Time Processor UNit 2 (TPU2) ...coooiiiiiiiiiieeeee e D-86
D.10.1 TPU2 Module Configuration Register ..........ccccovviviiiiiiiiiiiiiiiiin D-87
D.10.2 TPU2 Test Configuration RegISter ........cccceeveiieeeiiiiiiiieeiiieeeeenn D-89
D.10.3 Development Support Control Register ...........coeuuviieiiiiiiieeeeeeeeeee, D-89
D.10.4 Development Support Status RegiSter ..........ccccceviiiiiiiiiiiiiiiiiins D-90
D.10.5 TPU2 Interrupt Configuration Register ...........ccccevvvviiiiiiiiiiiiiieeennn. D-91
D.10.6 Channel Interrupt Enable Register ............ccccociiiiiiiiiiiiiiiieeeeeen D-91
D.10.7 Channel Function Select RegiSters ..........ouvuiiiiiiieiiieeeeeeeeeeeeiiiienns D-92
D.10.8 Host Sequence REeQISLErS .........uuiiiiiiiiiicecceee e D-92
D.10.9 Host Service Request REQISIEIS ...........uviiiiiiiiiiiiiiiiiieeeeeeeeeeee D-93
D.10.10 Channel Priority REQISEIS ......cccoieeieeiiiiieeeeiceee e D-93
MOTOROLA MC68HC16Y3/916Y3
XVi USER’S MANUAL

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



Freescale Semiconductor, Inc.

TABLE OF CONTENTS

(Continued)
D.10.11 Channel Interrupt Status RegiSter ............uuvveiiiiiiiieeeeeeeeeeeeeeeiiiinens D-94
D.10.12 LINK REQGISIEI ..o D-94
D.10.13 Service Grant Latch Register ... D-94
D.10.14 Decoded Channel Number Register ..........ooovvvviiiiiiiiiiiiiieiieeeeeeee, D-94
D.10.15 TPUMCR2 Module Configuration Register 2 ...........cccccveeeveeveennnnnn. D-94
D.10.16 TPU2 Parameter RAM ..o D-96
D.11  TPU Flash EEPROM Module (TPUFLASH) ......ccccciiiiiiiiiiiiiiiicceieeeeeenn D-98
D.11.1 TPUFLASH Module Configuration Register ............ccoovvviiiieeieinnnnnn. D-98
D.11.2 TPUFLASH TeSt REQISTEI .....uuviiiiiiiiiiiiiiiiieeceeeeee e D-101
D.11.3 TPUFLASH Base Address RegiSters .........ccccceevvvvvveeeiviiniiiiineenn. D-101
D.114 TPUFLASH Control RegISter ........cuuuueiiiiiiiieeeeeeiiieeeeeiii e D-101
D.115 TPUFLASH Bootstrap WOrdS .........covvviiiiiiiiiiiieeiiieee D-103
MC68HC16Y3/916Y3 MOTOROLA
USER’S MANUAL XVii

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



Freescale Semiconductor, Inc.
LIST OF ILLUSTRATIONS

Figure Title

3-1 MCG8HC16Y3 Block Diagram ...........ccoooeeiiiiiviriiiiiiiiiieeeeeeeeeeeeen
3-2 MCG68HC916Y3 Block Diagram ............ccoovvvveeiiiiiiiiiiiieieeeeeeeeeeee
3-3 MC68HC16Y3 Pin Assignment for 160-Pin Package ..................
3-4 MC68HC916Y3 Pin Assignment for 160-Pin Package ................
3-5 Address Bus Connections Between the CPU16 and IMB ...........
3-6 MCG8HCL16Y3 AdAress Map ........ocooveeiiiiiiiiiiiiiiieeeeeeeeee e
3-7 MC68HCO16Y3 AdAress Map .........ccooeveeeciniiiiiiiiieeeeeeeee e
3-8 MC68HC16Y3 Combined Program and Data Space Map ..........
3-9 MC68HC16Y3 Separate Program and Data Space Map ............
3-10 MC68HC916Y3 Combined Program and Data Space Map

3-11 MC68HC916Y3 Separate Program and Data Space Map ..........
4-1 CPUL16 Register MOdel ..........uuuviiiiiiiiiiiiiiieeeeeeee e
4-2 Condition Code ReQISIEr ........ccovviiiiiiiiiiiieee e
4-3 Data Types and Memory Organization ...........cccceeevvevvviiieeeeeennnnnn.
4-4 Basic INStruction FOrMALtS .......cccoovviieiieiiiiiiiieeiiin e
4-5 Instruction Execution Model ...
4-7 BDM Serial I/0 Block Diagram ...........ccoeieeviiiiiiiiieeeeeiiieee e,
4-8 BDM CONNECLOr PINOUL ......uvueiiiiiiieee e et e e e e
5-1 SCIM2 BIOCK Diagram ..........cccooviiiiiiiiiiiiiiiiiiaeee e e e e e eeeeeeeeeeseennnnnes
5-2 System Clock Block Diagram ............ceuuvviiiiiiiiiiiieeeeeieeeeeiiiiiiens
5-3 Slow Reference Crystal CirCUIt .........ccovvviiieieiiiiiiiiiiiiieee
5-4 Fast Reference Crystal CirCuit ............cccoovvvviiiiiiiiiiiii e
5-5 System Clock Filter NetWOrks .........ooovviviiiiiiiiiiiiiee e
5-6 LPSTOP FIOWChAIT ...
5-7 SYStem ProteCtioN ......ccooeiiiiieiiiiiieeeeeees e
5-8 Periodic Interrupt Timer and Software Watchdog Timer .............
5-9 MCU BaSIC SYSIEM ...coviiiiiiiiiiieee e
5-10  Operand Byte Order ........ccooiviiiiiiiiiiiiiiee e
5-11  Word Read Cycle Flowchart ............ccuuuiiiiiiiiiiiiieeeeee
5-12  Write Cycle FIOWChart .........cooovviiiiiiiiiie e
5-13  CPU Space Address Encoding ........ccooeevviiiiiiiiiiiiiiiiii e
5-14  Breakpoint Operation FIOWChart .............oeviiiiiiiiiiiiiiiiiii,
5-15  LPSTOP Interrupt Mask LEVEl ..........cceeeiiiiiiiiiiiiiiiieeeee e
5-16 Bus Arbitration Flowchart for Single Request ..........cccccoeeeeveennnnnn.
5-17  Preferred Circuit for Data Bus Mode Select Conditioning ...........
5-18  Alternate Circuit for Data Bus Mode Select Conditioning ............
5-19 POWEr-ON RESEL ...
5-20  BaSIC MCU SYSIEM ..cooiiiiiiiiiiiii et
5-21  Chip-Select Circuit Block Diagram ..........ccccceeevveiivieeiiiiiiiiieeeenn
5-22  CPU Space Encoding for Interrupt Acknowledge ...........ccccceen....
5-23  Port F BlOCK Diagram ..........cooooiiiiiiiiiiiiiiiiiieieeeeeeeee e
MC68HC16Y3/916Y3

USER’S MANUAL

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

MOTOROLA
XViii



Freescale Semiconductor, Inc.

LIST OF ILLUSTRATIONS

(Continued)

Figure Title

8-1 Programming FIOW ...
8-2 Erasure FIOW ..........cueeiiiiiiiiiiiiiiee e
9-1 TPUFLASH Programming FIOW ........cccoooiiiiiiiiiiiiee
9-2 TPUFLASH Erasure FIOW .........cuuvviiiiiiiiiieeeeeeeeeeeeeeeeine e
10-1  ADC Block Diagram ..........uuueiiiiiiiiieeeeeeeeeeeeeeeee e
10-2  8-Bit CoNVErsion TIMING ......eeeeeemiiieiiiiiiieeaeeeeeae e
10-3  10-Bit Conversion TiMING ........eeeeeeeeeiiiiiiieeeeeeae e
10-4  Analog INpUt CirCUILNY .....vvvveiiiieeie e
10-5  Errors Resulting from CHPPINg .....coovvviiiiiiiiiiiie
10-6  Star-Ground at the Point of Power Supply Origin ..............cco.......
10-7 Input Pin Subjected to Negative StreSs ........cceeeveevviiviiiieeeceeiinnnn,
10-8  Voltage LImiting Diodes in a Negative Stress Circuit ..................
10-9  External Multiplexing Of Analog Signal Sources ...............ccc.......
10-10 Electrical Model of an A/D Input Pin .........ccoooviiiiiiiiiiiiiiee e,
11-1  QSM BIOCK DIi@Qram ..........ceeeeeeemieeiiiiiiiieaaeeee e
11-2  QSPIBIoCK Diagram .........uuueiiiiiiiiieeeeeeceeeeeees e
11-3  QSPIRAM Lt
11-4  Flowchart of QSPI Initialization Operation ..............ccccccvvvvvvnnnnee.
11-5  Flowchart of QSPI Master Operation (Part 1) .......ccccccoeeeeeeenrenne.
11-6 Flowchart of QSPI Master Operation (Part 2) .........cccoeeeeeeeeiieene.
11-7  Flowchart of QSPI Master Operation (Part 3) ...........cccccvvvvvrnnnnn.
11-8  Flowchart of QSPI Slave Operation (Part 1) .......ccccceevveeeieeennnn...
11-9 Flowchart of QSPI Slave Operation (Part 2) ........ccccceveeeeeeeinnnnne.
11-10 SCI Transmitter BIOCK Diagram .........cccccceeeeeiiiiiiiniiiiiiiieeeee
11-11 SCI Receiver Block Diagram ...........ccccooivviiiiiiiiiiiiicic e
12-1 MCCI BIOCK DIaQram ..........eeeeieiiiieeeeeeeeeieeeeeeeiiiiinns e e e e e e
12-2  SPI BIOCK DIiagram ...........ceuueemimiiiiiiiiiiiieaaeee e
12-3 CPHA =0 SPI Transfer FOrmat ............uuueiiiiiiiiieeeeeeieeeeeeeiiiiiinns
12-4  CPHA =1 SPI Transfer Format ............ccovvvriiiiiiiiiiiieee e
12-5  SCI Transmitter Block Diagram ..........cccccvvveeiivviiiiiiiiinie e eeeeeeeee
12-6  SCI Receiver Block Diagram ..........ccccvveiiieiiiiiiiiieeeeeiieee e
13-1  GPT BIOCK DIaQram ..........ccuuuumimmiiiiiiiiieeaaaaeee e
13-2  Prescaler Block Diagram ........ccccooviieiiiiiiiiiieiiicse e
13-3  Capture/Compare Unit Block Diagram .........cccceeeeeeviiiiiiieeerennnnnnn.
13-4 Input Capture Timing EXample ........cccccociiiiiiii
13-5  Pulse Accumulator Block Diagram .............ccevvvvviiiiiiiiiieeeeeeeeee,
13-6 PWM BIOCK DIiagQram ......ccccoviiiiiiiiieeiiiiiie e
14-1  TPU2 BIOCK DI@Qram ...........eeeeeemieiiiiiiiiieiaeeeeeeeeeee e
14-2  TCRI1 Prescaler CoNtrol ...........eeeeeiiiiiiiiiiiiieieeeeiiiiveee
14-3  TCR2 Prescaler Control ...
A-1 CLKOUT Output Timing Diagram .........ccccceeeeeeniiiniiiiiiiivineeee
MC68HC16Y3/916Y3

USER’S MANUAL

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

MOTOROLA
XiX



Freescale Semiconductor, Inc.

LIST OF ILLUSTRATIONS

(Continued)

Figure Title Page

A-2 External Clock Input Timing Diagram .............eeeeeeeiiiiiiiiiieen e A-11
A-3 ECLK Output Timing Diagram ..........ccooeiiiiiiiiiiiiiiieies e e A-11
A-4 Read Cycle Timing DIagram ... A-12
A-5 Write Cycle Timing DIagram ........coooiiiiiiiiiiiiiiiiie e A-13
A-6 Fast Termination Read Cycle Timing Diagram ............ccccovvvvvviiiiiiviiiieeeeennn. A-14
A-7 Fast Termination Write Cycle Timing Diagram ..........cccccccoviiiiiiiiiiiiciiiinnnee, A-15
A-8 Bus Arbitration Timing Diagram — Active Bus Case ...........ccccoeeviiivvinnnnnn. A-16
A-9 Bus Arbitration Timing Diagram — Idle Bus Case .........cccccvvvvvivvvvviiiieennennn. A-17
A-10  Show Cycle Timing DIagram .......ccoooiiiiiiiiiiiiiiiiiei e e e A-18
A-11  Chip-Select TiMiNg DIiagram ......ccccooeeeeeeiiiiiieieiiieens e e e e e e e e e e eeeeeeeeeneen A-19
A-12  Reset and Mode Select Timing Diagram ..........cccoeeeviiiiiiiiiceeiiiis e A-19
A-13  Background Debug Mode Timing Diagram (Serial Communication) ............ A-20
A-14  Background Debug Mode Timing Diagram (Freeze Assertion) .................... A-21
A-15  ECLK Timing DIAgram ........coiiiiiiiiiieieeieiiie et e e e e e e e A-22
A-16 QSPI Timing — Master, CPHA = 0 ..o A-24
A-17  QSPITiming — Master, CPHA = 1 ... A-24
A-18 QSPITiming — Slave, CPHA = 0 ..ot A-25
A-19 QSPITImMING — Slave, CPHA = 1 ..o A-25
A-20  SPITiming — Master, CPHA = 0 ...cooooiiiiieeeeeeeeise e A-27
A-21  SPITIiming — Master, CPHA = 1 ... A-27
A-22 SPITImIiNg — Slave, CPHA = 0 oo e e e A-28
A-23  SPITIMINg — Slave, CPHA = 1 ...t A-28
A-24  Input Signal Conditioner TIMING ....ccoeeeeiiiiiiiieiee e A-29
A-25  Pulse Accumulator — Event Counting Mode (Leading Edge) ...................... A-30
A-26  Pulse Accumulator — Gated Mode (Count While Pin High) ....................... A-31
A-27  Pulse Accumulator — Using TOF as Gated Mode ClocK ..............ccceeeiiinnne A-32
A-28 PWMx (PWMx Register = 01, Fast MOAE) ........ccccuvviiiiiiiiiiiiiiiiieeeeeee e A-32
A-29  Output Compare (Toggle Pin State) ............ooovviiiiiiiiiiiieee e A-33
A-30 Input Capture (Capture on RiSINg EAQE) ......cccccuvviiiiiiiiiiiiiiiieeeeeeeeeeee e A-34
A-31  General-PurpoSe INPUL .........uuueiiiiiiie e e e e A-35
A-32  General-Purpose Output (Causes Input Capture) ........ccoeeevvevviiiiieeeeeiinineenn, A-36
A-33  Force Compare (CLEAR) ....oooiiiiiiiii ettt A-37
A-34  8-Bit ADC CONVEISION ACCUIACY ..uiiiiieeeeeeeeeieeeeeeeusiisnnasaeaeeeaaaaaaeeesessnnnnnnnnnns A-41
A-35  10-Bit ADC CONVErSIiON ACCUIACY ....cccevvuiieeeiiiiiiiieeeseeaiinaeeseeasinseeseeassnnaeaes A-42
A-36  Programming Voltage ENVEIOPE ..........coooiiiiiiiiiiiiiiieeeeeeeeeeee e A-44
A-37  Vepg Conditioning CirCUIL ........ccoooiiiiiiiiiiii i A-44
B-1 MC68HC16Y3 Pin Assignment for 160-Pin Package ..............cccoocciiiiivninnnee. B-2
B-2 MC68HC916Y3 Pin Assignment for 160-Pin Package ..........ccccccvvvvvviceeennnn. B-3
B-3 160-Pin Package DIMENSIONS .......ooiiiiiiiiiiiiiiiaee et e e e e e e B-4
D-1 CPUL6E REQISIEr MOUEI ...ttt D-2
MOTOROLA MC68HC16Y3/916Y3
XX USER’S MANUAL

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



Freescale Semiconductor, Inc.

LIST OF TABLES

Table Title

1-1 MCG68HC16Y3/916Y3 MOAUIES ...
3-1 MC68HC16Y3/MC68HC916Y3 Pin Characteristics .....................
3-2 MCG68HC16Y3/MC68HCOL16Y3 Driver TYPES.....uuuveiaiiieeeeeeeeaeeene.
3-3 MCG68HC16Y3/MC68HCO16Y3 Pin FUNCLIONS ........cvevieeeeeeeeeenn.
4-2 INStruction Set SUMMANY .......uuiiiiiiie e
4-3 Instruction Set Abbreviations and SymbolS..........ccccceevveieiieinnnn.
4-4 CPU16 Implementation of M6BHC11 CPU Instructions...............
4-5 Exception Vector Table .........cccooeiiiiiiiiiiiiiiiee e
4-6 IPIPEOQ/IPIPEL ENCOAING ...eiviiieeeeeeee e
4-7 CommaNd SUMMATY .....ooeeieieeeieeieceeeeeeeis e e e e e e e e e e e eeeeeaeeennnnes
5-1 Show Cycle Enable BitS .......cooooiiiiiiiiieciieiee e
5-2 16.78 MHz Clock Control MUultipliers ...........ccccoiiiiiiiiiiieeeeeeeeeen
5-3 16.78 MHz System Clock Frequencies .........cccoeeeeeeeeeiieieeeiennnnnnns
5-4 BUS MONItOr PeriOd........cvviiiiiiiiiiieeeee e
5-5 MODCLK Pin and SWP Bit During ReSet ..........cccvveivieeiieiiiinnnnnn.
5-6 Software Watchdog Divide Ratio............c.ccceeeeieiiiiiieeieeiiieeeeeiiiiiinnns
5-7 MODCLK Pin and PTP Bit at ReSet ..........ccoovviiiviiiiiiinieeeeeeeeeee
5-8 Periodic INterrupt Priority .........ooooeeiiiiiiii e
5-9 Size Signal ENCOAING .....ccooeieiiiiiiiieeeeees et
5-10  Address Space ENCodiNg ........cccuuuiiiiimiiiiiiiieee e
5-11 Effect of DSACK SIgNalS ........uuiiiiiiiiiieiiieei e
5-12 Operand AlIGNMENT ......oooiiiiiiiiiii e
5-13  DSACK, BERR, and HALT Assertion Results...................ceeeenne
5-14 Reset SoUurce SUMMAIY ..o
5-15  Basic Configuration OPtIONS.........cccuuuviiiiiiiiiiiiiieeeeeeeeeeeeeee e e
5-16  Bus and Port Configuration OptionS...........cceeeeevviivvveiiiiiiciee e
5-17 16-Bit Expanded Mode Reset Configuration...............cceevvvvvvnnnnens
5-18  8-Bit Expanded Mode Reset Configuration ............cccceeeeeeeiiiiinnnns
5-19  Single-Chip Mode Reset Configuration..............cccevvvvvvviivciennennn.
5-20 Module Pin FUNCLIONS..........uuuiiiiiiieeeeeeecceeeeeeeeii e
5-21  SCIM2 Pin RESEt STAteS.......cooiiiiiiiiiiiiiiiiiie e
5-22  Chip-Select Pin FUNCLONS .......cccooiiiiiiiiicccceie e
5-23  Pin Assignment Field ENCOAING...........uuuiiiiiiiiiiiiiiiiiiiiieeieeees
5-24  BIOCK Siz€ ENCOAING......ccceieiiiiiiieiiiiiiiee e
5-25  Chip-Select Base and Option Register Reset Values...................
5-26  CSBOOT Base and Option Register Reset Values............cc........
5-27  General-Purpose 1/O POIS.......ccccciiiiiiiiiiiiiiiieeeeeeeee e
5-28  Port E Pin ASSIQNMENTS.........ooviiiiiiiiiiiiiie e
5-29 Port F Pin ASSINMENTS .......uuuiiiiiiiee e
5-30 PFPAR Pin FUNCHUONS.......uviiiiiiieiiee e e e e e e e
6-1 SRAM Array Address SPace TYPE ......cvuvvvveiiiiiiiiieeeeeeeeeeeeeenennnnnnns
MC68HC16Y3/916Y3

USER’S MANUAL

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

MOTOROLA
XXi



Freescale Semiconductor, Inc.

LIST OF TABLES
(Continued)

Table Title
7-1 ROM Array Space Field ...
7-2 Wait States Field ...
9-1 Bootstrap Vector ASSIQNMENTS ........cooevviiieiiiiiiiiiiieee e
9-2 TPUFLASH Erase Operation Address Ranges......................
10-1  FRZ Field SelecCtion.............ueeviviiiiiiiiiiieiieeeeeeeiiieeeee
10-2  Multiplexer Channel SOUICES ...........ccoovviiiiiiiiiiiiiiiiiieeee
10-3  Prescaler OULPUL .........uuuiiiiiiiiiiiiiiiieee e
10-4  Sample Time SeleCtion ........ccccoeeeiiiiieiiiiiiieer e,
10-5  Conversion Parameters Controlled by ADCTLL.............oeeee.e.
10-6  ADC CoNVersion MOUES.........cuuiiiiiiiieeieeeieeeeeee i
10-7  Single-Channel Conversions (MULT = 0)......cccvvvviiieiiviiiinnnnnn.
10-8  Multiple-Channel Conversions (MULT = 1) .......cccccvvvvvvrnnennen.
10-9  Result Register FOrMatS.......cccooveeiiieeeiiiieeeeeeeee e
10-10 External Circuit Settling Time (10-Bit Conversions) ...............
10-11 Error Resulting From Input Leakage (IOFF)..........ccccvvvvvveeeee.
11-1 Effect of DDRQS on QSM Pin Function..............ccoovvvvieeeeennn,
11-2  QSPIPINS ..
11-3 BitS Per Transfer ... e
11-4  Serial Frame FOIMALS..........uvviiiiiiiiiiiiieeeeeeeeeeseeevieeeeeee
11-5 Effect of Parity Checking on Data Size ..........ccccceeeiiiiinenennnnn.
12-1 MCCI INtEITUPL VECTOIS. ...t
12-2  Pin ASSIQNMENTS......coeiiiiiiiiiiciie e e e e e
12-3  SPIPIN FUNCLONS......coiiiiiiiiiiiieeee e
12-4  SCK FreQUENCIES ......uutiiiiiiiiiiiiiiiiiie e
12-5  SCIPINS oo
12-6  Serial Frame FOrmMatS.........uuiiiiiiiiiieieeeieeeeeeiiii e
12-7  Effect of Parity Checking on Data Size ............ccccccvvvvvivinnennee.
14-1  TCR1 Prescaler Control BitS ........cccoeeeeeiiiiiiiiiiiiiiiiiiiieeeee
14-2  TCR2 Counter CloCK SOUICE........ccoeviiiiiiiiiiiiiiieee e
14-3  TCR2 Prescaler CONtrol ...
14-4  TPU2 Function ENcCodingsS.........ccciiiiiiiiiiiiiieiecciiieeeee e
14-5  Channel Priority ENCOAINGS .....covvviiiiiiaiiiiiiiiieiiiieee
A-1 MaxXimum RatiNgS.......ccuuuuriiiiiiieeeieeeeeeee e e e e e e
A-2 Typical RatiNgS ...ccvviiiiiiiiici e
A-3 Thermal CharacteristiCS ...........uvviviiiiiiiiiee e
A-4 Clock Control TIMING ...coooeeeee e,
A-5 DC CharacteriStiCS ......cuuuuuuriiiiiiee e
A-6 AC THMING ettt e e e
A-7 16.78 MHz Background Debug Mode Timing .............cc.........
A-8 ECLK BUS TIMING .ceiiiiiiiiiiiiiiie et
A-9 QSPITIMING .o
MOTOROLA
XXii

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

MC68HC16Y3/916Y3
USER’'S MANUAL



Freescale Semiconductor, Inc.

LIST OF TABLES
(Continued)

Table Title

A-10  SPITIMING oot e e
A-11  General Purpose Timer AC CharacteristiCS .........ccceeeeiiieeeeeeneeenne.
A-12  ADC Maximum RatiNgS .....cuuruummiiniieeeee it e e
A-13  ADC DC Electrical Characteristics (Operating) ...........ccccccevveeeeennn.
A-14  ADC AC Characteristics (Operating) ..........cceevvuvvrreiiiiiiieeeeeeeeeeee,
A-15  ADC Conversion Characteristics (Operating)........cccceeveeeeeeeeeeenene.
A-16  TPUFLASH/Flash EEPROM Module Specifications.....................
A-17  TPUFLASH/Flash EEPROM Module Life........ccccccuuiiiiiieeiiiiinnnnnn.
D-1 Module ADAreSS Map ......coovviiiiiiiiiiiiie e
D-2 SCIM2 AdAreSS MaP ...uuiieeieeee e e e e e e e e e e e eeeaeeaannees
D-3 Show Cycle Enable BitS .......cooooiiiiiiiiieciieiee e
D-4 Port E PiN ASSIQNMENTS.......cooiiiiiiiiiiiieieeeeiiiee e
D-5 Port F Pin ASSINMENTS.......uuuiiiiiiiii e a e
D-6 Software Watchdog Divide Ratio...........ccccceeeeiiiiiiiiiiiiicciiiie e
D-7 Bus Monitor Timeout Period............ccceeevviveeiiiiiiiiiieiee e
D-8 Pin Assignment Field Encoding...........cccoovvviiiiiiiiiiiiiiiiieeeeeeeeeeee
D-9 CSPARQO Pin ASSINMENTS .....iiiiiiiiiie e e e
D-10 CSPARL Pin ASSIGNMENTS ....eviiiiiiiiiiiiiieeeae e
D-11  Reset Pin Function of CS[10:6].........cccovviiiiiiiiiiiiiiiicee e
D-12  Block Size Field Bit ENCOAING.....cccooeeiiiiiiiiiieiiiiiiiciee e
D-13  BYTE Field Bit ENCOAING ....vvvvvviiiiiiiiiiiiiieeeeeeeeee e
D-14 Read/Write Field Bit ENCOAING .........ccoooviiiiiiiiiicceee e
D-15 DSACK Field ENCOING ....vvvtiiiiiiiiiiiiiiiiiieeeeeee e
D-16  Address Space Bit ENCOAINGS ....ccovvveiiiiiiiiiiiiiiiiieee e
D-17  Interrupt Priority Level Field Encoding ............oooeviiiiiiiiiiiiiinee,
D-18  SRAM AdAresS Map.......cuuuuuuiiiiiiiiiieeeeeeeeeeeeeetrs s e e e e e e
D-19 SRAM Array Address Space TYPE ......ccovveeeeriiiiiiiiiiiiiieeeee
D-20 MRM AdAreSS Map.......uuuuuiiiiiiiiiiiiiiiiiiiiaaaee e e e e e
D-21 ROM Array Space Field ........ccccoeeiiiiiiiiiiiiiese e,
D-22  Wait StateS Field ........cooviiiiiiiiiiiei e
D-23  Flash EEPROM AdAress Map........ccoeeeeviiiiieeeiiiiiiiieineeeeeeeeeeeeee
D-24  Array Space ENCOAiNg......ccccovviiiiiiiiiiiiiiiii e
D-25  Wait State ENCOAING ........cuuvummiiiiiiiiiiiiiiiieee e
D-26  BOOtStrap WOIAS........covveiiiiiiiiiiieei e e et a e e e e e e eeees
D-27 ADC Module ADdress Map........ccevieriiiiiiiiieeeieiieeeee et
D-29  Sample Time SeleCtion ...........ueeeiiiiiiiiiiiiiiiie e
D-30  Prescaler OULPUL .......coevvveiiiiiiiee e e et e e e e e e e eees
D-31  ADC Conversion MOE............iiiiiiieeeeieiieeeeeeiiiiie e
D-32  Single-Channel Conversions (MULT = 0).........coooeiiiiiiiiviiniiinene.
D-33  Multiple-Channel Conversions (MULT = 1) ....coiciiiiiiiiieeeeeeeee
D-34  QSM AdAreSS Map ....cceveuiiiiiiiiiiaeaee ettt e e
MC68HC16Y3/916Y3

USER’S MANUAL

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

MOTOROLA
XXiii



Freescale Semiconductor, Inc.

LIST OF TABLES
(Continued)

Table Title Page

D-35 Examples of SCI Baud RAES.........ccooviiiiiiiiiiiiiiiiiie et D-49
D-36  PQSPAR PiN ASSIGNMENTS. .. uuuuiiiiiiii e eeee e e e e e e e e e e e e e eeeeann s D-53
D-37  Effect of DDRQS 0n QSM Pin FUNCLON .........uuuuiiiiiiieieeeeeiceeeeeeiiiiiee e D-54
D-38  BitS Per TranSler .....cooveeiieiiiiiiiee e e e D-55
D-39 Examples of SCK FreqQUENCIES .......cccceeiiiiiiieeeeicee e D-56
D-40  MCC] ACAIrESS IMBP ...uuiiiiiiiiiiieeiie ettt e e e e e e e e e e e e e e aeeeeeas D-62
D-41  INtErrupt VECIOI SOUICES .....vuuiiiiiiiieeee ettt D-64
D-42  MPAR Pin ASSIGNMENTS ...oviiiiiiiiiiiie e eeeeeeeeeeeee s e e e e e e e e e e e ee e annann s D-65
D-43  Effect of MDDR on MCCI Pin FUNCLON ........covvvviiiiiiiiiieeeee e D-66
D-44  Examples of SCl Baud RAteS..........cccceeiiiiiiieiiiiiiccie e e D-68
D-45  GPT AdAreSS Map ... ciiiiiiiiiiiiiiiiii ettt e e e et e e e e e et e e e aeees D-75
D-46  GPT INtEITUPL SOUICES ....ooviiiiiiiieie et D-77
D-47 PAMOD and PEDGE EffECES......cccuiiiiiiiiiiiiiiiiieeee et D-79
D-48  PACLK[L:0] EffECLS...uuuuiiiiiiiiiiiiiiiiiiiiieeee e e e e e e e e D-79
D-49  OM/OL[S:2] EffECES .. .uuuiiiiiiiiiieiiieiiie ettt e e e e e e e D-80
D-50  EDGE[4:1] EffECLS ...uuuuiiiiiiiiiiiiiiiiiiieite et e e e e e e e D-80
D-51 CPR[2:0]/Prescaler Select Field..........cccoooiiiiiiiiii e D-81
D-52  PPRI2:0] FIEld ...ttt a e e e e e D-83
D-54  TPU2 REQISIEr MAP ...cciiiiiiiiiiiiiiii i e e ettt e e e e e e e e e e e e e eeeann s D-86
D-55 TCR1 Prescaler Control BitS .........coooeiiiiiiiiiiiiiiiiiiiii e D-87
D-56 TCR2 Prescaler Control BitS .........cccooeiiiiiiiiiiiiiiiiiiiee e e e D-88
D-57  FRZ[1:0] ENCOAING ..coeeeiieiiiiiiiiiiie e e e e e ettt e e e e e e e e e e e e e e eeennaann s D-90
D-58  Breakpoint ENaDIE BitS .........uuuiiiiiiii e D-90
D-59  Channel PriOrti©S .....ccvveeiiiiiiiiiiieee ettt e e e e e e e e e e e s D-94
D-60 Entry Table Bank LOCAtION ........ccoiiiiiieeieiiicieeeeeeiic e D-95
D-61  System Clock Frequency/Minimum Guaranteed Detected Pulse ................. D-96
D-62 Parameter RAM AdAreSS Map .....ccooiiiiiiiiiiiiiiiiiiiiie et D-97
D-63  TPUFLASH AdAreSS MaAp ....cceviiiiiiiiiiiieieeeeee ettt a e e e e D-98
D-64  Array SPace ENCOUING......uuuumiiiiiiiiiiiieiieee e D-100
14-7  TPUFLASH Erase Operation Address Ranges........c.ccceeeeeevvvevveeeevvvnnnnnnnnnn D-102
MOTOROLA MC68HC16Y3/916Y3
XXiV USER’S MANUAL

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



Freescale Semiconductor, Inc.

SECTION 1INTRODUCTION

The MC68HC16Y3 and the MC68HC916Y3 microcontrollers are high-speed 16-bit
control units that are upwardly code compatible with M68HC11 controllers. Both are
members of the M68HC16 Family of modular microcontrollers.

M68HC16 microcontroller units (MCUS) are built up from standard modules that inter-
face via a common internal bus. Standardization facilitates rapid development of de-
vices tailored for specific applications.

MC68HC16Y3 and the MC68HC916Y3 MCUs incorporate a number of different mod-
ules. Refer to Table 1-1 for information on the contents of a particular MCU. (x) indi-
cates that the module is used in the MCU. All of these modules are interconnected by
the intermodule bus (IMB).

Table 1-1 MC68HC16Y3/916Y3 Modules

Modules MC68HC16Y3 | MC68HC916Y3

Central Processor Unit (CPU16) X X
Single-Chip Integration Module 2 (SCIM2) X X
Standby RAM (SRAM) 4K 2K

Masked ROM Module (MRM) 96K —
Analog-to-Digital Converter (ADC) X X
Queued Serial Module (QSM) X X
Multichannel Communication Interface (MCCI) X X
General Purpose Timer (GPT) X X

Time Processor Unit 2 (TPU2) X X

TPU Flash EEPROM (TPUFLASH) — 4K

Flash EEPROM Module (FLASH) — 96K

The maximum system clock for MC68HC16Y 3 and the MC68HC916Y3 MCUs is 16.78
MHz. An internal phase-locked loop circuit synthesizes the system clock from either a
slow (typically 32.768 kHz) or fast (typically 4.194 MHz) reference, or uses an external
frequency source. System hardware and software support changes in clock rate dur-
ing operation. Because the MCUs are a fully static design, register and memory con-
tents 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 clock. The M68HC16 instruction set includes a low-power stop
(LPSTOP) command that efficiently implements this capability.
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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 Motorola publication Advanced
Microcontroller Unit (AMCU) Literature (BR1116/D) for a complete list of documenta-
tion to supplement this manual.
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SECTION 2NOMENCLATURE
The following tables show the nomenclature used throughout the MC68HC16Y 3/

916Y3 User's 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)

‘DD"H»I/\IVII/\V\D'+

Exclusive OR (EOR)

pd
@]
3

Complementation

Concatenation

Transferred

Exchanged

Sign bit; also used to show tolerance

Sign extension

Binary value

Hexadecimal value

MC68HC16Y3/916Y3
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2.2 CPU16 Register Mnemonics

MOTOROLA
2-2

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
IP Interrupt priority field
SM Saturation mode control bit

For More Information On This Product,
Go to: www.freescale.com
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2.3 Pin and Signal Mnemonics

Mnemonic Register
ADDR[23:0] Address bus
AN[7:0] ADC Analog inputs
AS Address strobe
BERR Bus error
BG Bus grant
BGACK Bus grant acknowledge
BKPT Breakpoint
BR Bus request
CLKOUT System clock
CS[10:5], CS3 Chip-selects
CSBOOT Boot ROM chip-select
CSE Emulation chip-select
CSM Module chip-select
DATA[15:0] Data bus
DS Data strobe
DSACK[1:0] Data and size acknowledge
DSCLK Development serial clock
DSl Development serial input
DSO Development serial output
ECLK 6800 Bus clock
EXTAL External crystal oscillator connection
FASTREF Fast/slow reference select
FC[2:0] Function codes
FREEZE Freeze
HALT Halt
IC[3:1] GPT Input capture
IPIPE[1:0] Instruction pipeline MUX
IRQ[7:1] Interrupt request
MISO Master in slave out
MOSI Master out slave in
0OC[5:1] GPT Output compare
PA[7:0] SCIM2 1/O port A
PADA[7:0] ADC /0 port A
PAI GPT Pulse accumulator input
PB[7:0] SCIM2 1/O port B
PCI[6:0] SCIM2 I/O port C
PCLK GPT External clock input
PCS[2:0] QSPI Peripheral chip-selects
PE[7:0] SCIM2 1/0 port E
PF[7:0] SCIM2 I/O port F
PG[7:0] SCIM2 I/O port G
MC68HC16Y3/916Y3 MOTOROLA
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Mnemonic Register
PGP[7:0] GPT I/O port
PHI[7:0] SCIM2 1/O port H
PQSI5:0] QSM 1/O port
PWMA PWM Output A
PWMB PWM Output B
QuUOT Quotient out
R/W Read/Write
RESET Reset
RXDA SCI A Receive Data
RXDB SCI B Receive Data
SCK Serial clock (SPI)
SIZ[1:0] Size
SS Slave-select
TSC Three-state control
TXDA SCI A Transmit Data
TXDB SCI B Transmit Data
Vppa/Vssa A/D Converter power
Vppsyn/MODCLKVgsgyn Clock synthesizer power
VEepe Flash EEPROM/TPU Flash EEPROM program/erase power
Vru/VRL A/D Reference voltage
Vss/Vbp Microcontroller power
VsTRY Standby RAM power
XFC External filter capacitor connection
XTAL External crystal oscillator connection

MOTOROLA
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Mnemonic Register
ADCMCR ADC Module Configuration Register
ADTEST ADC Test Register
ADCTL[0:1] ADC Control Registers [0:1]
ADSTAT ADC Status Register
CFORC GPT Compare Force Register
CFSR[0:3] TPU2 Channel Function Selection Registers [0:3]
CIER TPU2 Channel Interrupt Enable Register
CISR TPU2 Channel Interrupt Status Register
CPR[0:1] TPU2 Channel Priority Registers [0:1]
CREG SCIM2 Test Module Control Register
CRJ[0:F] QSM Command RAM [0:F]

CSBARBT SCIM2 Chip-Select Base Address Register Boot ROM
CSBARJ[0:10] SCIM2 Chip-Select Base Address Registers [0:10]
CSORBT SCIM2 Chip-Select Option Register Boot ROM
CSOR[0:10] SCIM2 Chip-Select Option Registers [0:10]

CSPARJ[0:1] SCIM2 Chip-Select Pin Assignment Registers [0:1]
DCNR TPU2 Decoded Channel Number Register
DDRAB SCIM2 Port A/B Data Direction Register
DDRE SCIM2 Port E Data Direction Register
DDRF SCIM2 Port F Data Direction Register
DDRG SCIM2 Port G Data Direction Register
DDRGP GPT Port GP Data Direction Register
DDRH SCIM2 Port H Data Direction Register
DDRM MCCI Data Direction Register
DDRQS QSM Port QS Data Direction Register
DREG SCIM2 Test Module Distributed Register
DSCR TPU2 Development Support Control Register
DSSR TPU2 Development Support Status Register

FEE[1:3]BAH

Flash EEPROM Base Address High Registers [1:3]

FEE[1:3]BAL

Flash EEPROM Base Address Low Registers [1:3]

FEE[1:3]BS[0:3]

Flash EEPROM [1:3] Bootstrap Words [0:3]

FEE[1:3]CTL

Flash EEPROM Control Registers [1:3]

FEE[1:3]MCR Flash EEPROM Module Configuration Registers [1:3]
FEE[1:3]TST Flash EEPROM Test Registers [1:3]
GPTMCR GPT Module Configuration Register
GPTMTR GPT Module Test Register
HSQRJ0:1] TPU2 Host Sequence Register [0:1]
HSRR[0:1] TPU2 Host Service Request Register [0:1]
ICR GPT Interrupt Configuration Register
ILSCI MCCI SCI Interrupt Level Register
ILSPI MCCI SPI Interrupt Level Register
MC68HC16Y3/916Y3 MOTOROLA
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Mnemonic Register
LR TPU2 Link 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 SCIM2 Port E Pin Assignment Register
PFIVR SCIM2 Port F Edge Detect Interrupt Vector
PFLVR SCIM2 Port F Edge Detect Interrupt Level
PFPAR SCIM2 Port F Pin Assignment Register
PICR SCIM2 Periodic Interrupt Control Register
PITR SCIM2 Periodic Interrupt Timer Register
PORTA SCIM2 Port A Data Register
PORTADA ADC Port ADA Data Register
PORTB SCIM2 Port B Data Register
PORTC SCIM2 Port C Data Register
PORTEJ0:1] SCIM2 Port E Data Registers [0:1]
PORTF[0:1] SCIM2 Port F Data Registers [0:1]
PORTG SCIM2 Port G Data Register
PORTGP GPT Port GP Data Register
PORTH SCIM2 Port H Data Register
PORTF SCIM2 Port F Data Register
PORTFE SCIM2 Port F Edge Detect Flag
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

MOTOROLA
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Mnemonic Register
QTEST QSM Test Register
RAMBAH RAM Array Base Address High Register
RAMBAL RAM Array Base Address Low Register
RAMMCR RAM Module Configuration Register
RAMTST RAM Test Register
RJURRJ[0:7] ADC Right-Justified Unsigned Result Registers [0:7]
ROMBAH ROM Base Address High Register
ROMBAL ROM Base Address Low Register
ROMBSJ[0:3] ROM Bootstrap Words [0:3]
RR[0:F] QSM Receive Data RAM [0:F]

RSR SCIM2 Reset Status Register
SCCR[0:1] QSM SCI Control Registers [0:1]
SCCRJ[0:1] SCI Control Registers [0:1]

SCDR QSM SCI Data Register

SCSR QSM SCI Status Register
SCIM2CR SCIM2 Module Configuration Register

SCIM2TR SCIM2 Test Register

SCIM2TRE SCIM2 Test Register (ECLK)

SIGHI ROM Signature High Register

SIGLO ROM Signature Low Register
SCCRO[A:B] MCCI SCI Control 0 Registers [A:B]
SCCR1[A:B] MCCI SCI Control 1 Registers [A:B]
SCDRIA:B] MCCI SCI Data Registers [A:B]

SCDR QSM SCI Data Register
SCSR[A:B] MCCI SCI Status Registers [A:B]

SGLR TPU2 Service Grant Latch Register

SPCR MCCI SPI Control Register

SPDR MCCI SPI Data Register

SPSR QSM SPI Status Register

SPSR MCCI SPI Status Register

SWSR SCIM2 Software Watchdog Service Register

SYNCR SCIM2 Clock Synthesizer Control Register

SYPCR SCIM2 System Protection Control Register

TCNT GPT Timer Counter Register

TCR TPU2 Test Configuration Register

TCTL[1:2] GPT Timer Control Registers [1:2]
TFBAH TPUFLASH Base Address Register High
TFBAL TPUFLASH Base Address Register Low
TFBS[0:3] TPUFLASH Bootstrap Word [0:3]
TFCTL TPUFLASH Control Register
TFLG[1:2] GPT Timer Flag Registers [1:2]
TFMCR TPUFLASH Module Configuration Register
TFTST TPUFLASH Test Register
MC68HC16Y3/916Y3 MOTOROLA
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Mnemonic Register
T14/05 GPT Timer Input Capture 4/Output Compare 5 Register
TIC[1:3] GPT Timer Input Capture Registers [1:3]
TICR TPU2 Interrupt Configuration Register
TMSK[1:2] GPT Timer Mask Register [1:2]
TOC[1:4] GPT Timer Output Compare Registers [1:4]
TPUMCR TPU2 Module Configuration Register
TPUMCR2 TPU Module Configuration Register 2
TR[O:F] QSM Transmit RAM [0:F]
TSTMSRA SCIM2 Test Master Shift Register A
TSTMSRB SCIM2 Test Master Shift Register B
TSTRC SCIM2 Test Repetition Count Register
TSTSC SCIM2 Test Shift Count Register
MOTOROLA MC68HC16Y3/916Y3
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2.5 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; ADDRY is line 7 of the address bus; CSORO is chip-select
option register 0. A range of mnemonics is 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.
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SECTION 30VERVIEW

This section provides general information on MC68HC16Y3 and MC68HC916Y3
MCUs. It lists features of each of the modules, shows device functional divisions and
pinouts, summarizes signal and pin functions, discusses the intermodule bus, and pro-
vides system memory maps. Timing and electrical specifications for the entire micro-
controller and for individual modules are provided in APPENDIX A ELECTRICAL
CHARACTERISTICS. Comprehensive module register descriptions and memory
maps are provided in APPENDIX D REGISTER SUMMARY.

3.1 MC68HC16Y3/916Y3 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 Processing Unit (CPU16)

* 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

3.1.2 Single-Chip Integration Module 2 (SCIM2)

* Single-chip and expanded operating modes

 External bus support in expanded mode

* Nine programmable chip-select outputs

» Phase-locked loop system clock with user-selectable fast or slow reference
» Watchdog timer, clock monitor, and bus monitor

* Address and data bus provide 32 discrete 1/O lines in single-chip mode

* Enhanced reset controller

3.1.3 Standby RAM (SRAM)

* 4-Kbyte SRAM used by the MC68HC16Y3

» 2-Kbyte SRAM used by the MC68HC916Y3

« Standby voltage (Vstgy) input for low-power standby operation

» Power-down status flag denotes loss of Vgtgy during low-power standby opera-

tion
MC68HC16Y3/916Y3 MOTOROLA
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3.1.4 Masked ROM Module (MRM) — MC68HC16Y3 Only

» 96-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 Flash EEPROM Module (FLASH) — MC68HC916Y3 Only
*» 96 Kbytes, divided into three 32-Kbyte blocks

3.1.6 TPU Flash EEPROM Module (TPUFLASH) — MC68HC916Y3 Only

» 4-Kbytes
* Block-erasable; can be used for micro-ROM emulation or normal operation

3.1.7 Analog-to-Digital Converter (ADC)

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

3.1.8 Queued Serial Module (QSM)

» Queued serial peripheral interface
e Dual function I/O ports

3.1.9 Multichannel Communication Interface (MCCI)
» Two channels of enhanced SCI (UART)

3.1.10 General Purpose Timer (GPT)

» Two 16-bit free-running counters with one eight-stage prescaler
 Three input capture channels

* One input capture/output compare channel

* Four output compare channels

» One pulse accumulator/event counter input

» Two pulse width modulation outputs

* External clock input

3.1.11 Time Processor Unit 2 (TPU2)

* Sixteen channels, each associated with a pin

» Each channel can perform any time function

» Each channel can be programmed to perform match or capture operations with
one or both of the two 16-bit free running timer count registers (TCR1 and TCR2)

» Resolution is one-half that of the system clock period
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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 MC68HC16Y3 and MC68HC916Y3 MCUs communicate with
one another and external components via the IMB. Although the full IMB supports 24
address and 16 data lines, MC68HC16Y3 and MC68HC916Y3 MCUs use only 20 ad-
dress lines. Because the CPU16 uses only 20 address lines. ADDR[23:20] follow the
state of ADDR19.

3.3 System Block Diagram and Pin Assignment Diagrams

Figures 3-1 and 3-2 show functional block diagrams of MC68HC16Y3 and
MC68HC916Y3 MCUs. Although diagram blocks represent the relative size of the
physical modules, there is not a one-to-one correspondence between location and
size of blocks in the diagram and location and size of integrated-circuit modules.

Figures 3-3 and 3-4 show MC68HC16Y3 and MC68HC916Y 3 pin assignments based
on a 160-pin plastic surface-mount package. Refer to APPENDIX B MECHANICAL
DATA AND ORDERING INFORMATION for information on how to obtain package
dimensions. Refer to subsequent paragraphs in this section for pin and signal
descriptions.
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NOTES:
1. MMMMM = MASK OPTION NUMBER
2. ATWLYYWW = ASSEMBLY TEST LOCATION/YEAR, WEEK MCBSHGH6Y 160PIN QFP
Figure 3-3 MC68HC16Y3 Pin Assignment for 160-Pin Package
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Figure 3-4 MC68HC916Y3 Pin Assignment for 160-Pin Package
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3.4 Pin Descriptions

Freescale Semiconductor, Inc.

Table 3-1 summarizes pin characteristics of the MC68HC16Y3 and MC68HC916Y3
MCUs. Entries in the “Associated Module” column indicate to which module individual
pins belong. For MCU pins that can be outputs, the “Driver Type” column lists which
output driver type is used. Table 3-2 briefly describes the four primary driver types. A
“—" in the “Driver Type” column indicates either that the pin is an input only, and thus
does not have a driver, or that the pin has a special driver, like the XTAL pin. Entries
in the “Synchronized Input” and “Input Hysteresis” columns denote whether MCU pins
that can be inputs are synchronized to the system clock and if they have hysteresis.
Pins that are outputs only or that have special characteristics, like the EXTAL pin, have

a “—”"in these columns.
Table 3-1 MC68HC16Y3/MC68HC916Y3 Pin Characteristics
Pin Pin Associated Driver Synchronized Input
Mnemonic(s) Number(s) Module Type Input Hysteresis
ADDRO 100
ADDR1 12 SCIM2 A — —
ADDR2 13
ADDR3/PBO 14
ADDR4/PB1 15
ADDR5/PB2 16
ADDRG6/PB3 17
ADDR7/PB4 18 SCIM2 A Y Y
ADDRS8/PB5 19
ADDR9/PB6 20
ADDR10/PB7 21
ADDR11/PAO 23
ADDR12/PA1 24
ADDR13/PA2 25
ADDR14/PA3 28
ADDR15/PA4 29 SCIM2 A Y Y
ADDR16/PA5 30
ADDR17/PA6 31
ADDR18/PA7 32
ADDR19/CS6/PC3 131
ADDR20/CS7/PC4 132
ADDR21/CS8/PC5 133 SCIM2 A o o
ADDR22/CS9/PC6 134
ADDR23/CS10/ECLK 135 SCIM2 A — —
ANO/PADAO 7
AN1/PADA1 6
AN2/PADA2 5
AN3/PADA3 4
— 1
AN4/PADA4 3 ADC Y Y
AN5/PADAS 2
ANG6/PADA6 159
AN7/PADA7 158
AS/PE5 92 SCIM2 B Y Y
BERR 78 SCIM2 — Y2 N
BG/CSM 124 SCIM2 B — —
BGACK/CSE 125 SCIM2 B Y N
MOTOROLA MC68HC16Y3/916Y3
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Table 3-1 MC68HC16Y3/MC68HC916Y3 Pin Characteristics

Pin Pin Associated Driver Synchronized Input
Mnemonic(s) Number(s) Module Type Input Hysteresis
BKPT/DSCLK 139 CPU16 — Y Y

BR/CSO 123 SCIM2 B Y N
CLKOUT 74 SCIM2 A — —
CSBOOT 122 SCIM2 B — —
DATAO/PHO 119
DATA1/PH1 118
DATA2/PH2 117
DATAS3/PH3 116
3
DATA4/PH4 115 SCIM2 Aw Y Y
DATAS5/PH5 114
DATA6/PH6 113
DATA7/PH7 112
DATAS8/PGO 111
DATA9/PG1 110
DATA10/PG2 109
DATA11/PG3 106
3
DATAL2/PG4 105 SCIM2 Aw Y Y
DATA13/PG5 104
DATA14/PG6 103
DATA15/PG7 102
DS/PE4 93 SCIM2 B Y Y
DSACKO/PEO 99
DSACK1/PE1 98 SCIM2 B Y N
EXTAL* 68 SCIM2 — — —
FASTREF/PFO 88 SCIM2 B yl Y
FCO0/CS3/PCO 126 SCIM2 A — —
FC1/CS4/PC1° 127 SCIM2 A — —
FC2/CS5/PC2 128 SCIM2 A — —
FREEZE/QUOT 79 CPU16 A — —
IC4/0C5/0C1/PGP7 148 GPT A Y Y
IC3/PGP2 153
IC2/PGP1 154 GPT A Y Y
IC1/PGPO 155
HALT 77 SCIM2 Bo Y2 N
IPIPEO/DSO 141 CPU16 A — —
IPIPE1/DSI 140 CPU16 A Y Y
IRQ1/PF1 87
IRQ2/PF2 86
IRQ3/PF3 85
IRQ4/PF4 84 SCIM2 B Y Y
IRQ5/PF5 83
IRQ6/PF6 82
IRQ7/PF7 81
MISO/PQS0 35 QsSM Bo yl
MOSI/PQS1 34 QSM Bo '
MC68HC16Y3/916Y3 MOTOROLA
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Table 3-1 MC68HC16Y3/MC68HC916Y3 Pin Characteristics

Pin Pin Associated Driver Synchronized Input
Mnemonic(s) Number(s) Module Type Input Hysteresis
OC4/0C1/PGP6 149
OC3/0C1/PGP5 150
OC2/0C1/PGP4 151 GPT A v v
OC1/PGP3 152
PAI® 147 GPT — Y Y
PCLK® 144 GPT — Y Y
PCS2/PQS2 96
PCS1/PQS1 97 QSM o Y Y
PWMA’ 146
PWMB? 145 GPT — Y Y
R/IW 89 SCIM2 A — —
RESET 76 SCIM2 Bo Y Y
RXDA/PMC6 38 1
RXDB/PMC4 42 MCCI Bo Y Y
SS/PCS0/PQS3 33 QSM Bo Y Y
SCK/PQS2 36 QSM Bo vl Y
SIZ0/PE6 91
SIZ1/PE7 90 SCIM2 B Y Y
T2CLK 63 TPU2 — Y Y
TPUCHO 43
TPUCH1 44
TPUCH2 45
TPUCH3 46
TPUCH4 49
TPUCH5 50
TPUCH®6 51
TPUCH? 52
TPUCHS 53 TPU2 A Y Y
TPUCH9 54
TPUCH10 55
TPUCH11 56
TPUCH12 59
TPUCH13 60
TPUCH14 61
TPUCH15 62
TSC 80 SCIM2 — Y Y
TXDA/PMC7 37
1
TXDB/PMC5 39 MCC Bo Y v
MOTOROLA MC68HC16Y3/916Y3
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Table 3-1 MC68HC16Y3/MC68HC916Y3 Pin Characteristics

Freescale Semiconductor, Inc.

Pin
Mnemonic(s)

Pin
Number(s)

Associated
Module

Driver
Type

Synchronized
Input

Input
Hysteresis

10
26
40
47
57
70
Vbp ;é — — — —
108
120
130
136
143
157

Vbpa 9 ADC — _ _

Vppsyn/MODCLK 67 SCIM2 — — —

VEpEL 64 TPUFLASH — _ _

FLASH1
FLASH2 — — —
FLASH3

VepE2 138

VRH 1

1 160 ADC o o o

11
21
27
41
48
58
73
75

101
107
121
129
137
142
156

Vssa 8 ADC — — _

VsssyN 69 SCIM2 — _ _

VsTtRY 65 SRAM — — —

XFC? 71 SCIM2 — _ _

XTAL4 66 SCIM2 — — _

NOTES:

1. AN[7:0)/PADA[7:0], FASTREF/PF0, MISO/PQS0, MOSI/PQS1, SCK/PQS2, SS/PQS3, RXDB/PMC4, TXDB/
PMC5, RXDA/PMCB6, and TXDA/PMCY7 inputs are only synchronized when used as discrete general purpose
inputs.

2. BERR is only synchronized when executing retry or late bus cycle operations. HALT is only synchronized when
executing retry or single-step bus cycle operations. These uses of HALT and BERR are only supported on the
CPU32 and not the CPU16.

MC68HC16Y3/916Y3 MOTOROLA
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3. DATA[15:8]/PG[7:0] and DATA[7:0])/PH[7:0] are only synchronized during reset and when being used as discrete
general purpose inputs.

4. EXTAL, XFC, and XTAL are clock connections.

5. CS4 is used only on the MC68HC16Y3.

6. PAI and PCLK can be used for discrete input, but are not part of an I/O port.

7. PWMA and PWMB can be used for discrete input, but are not part of an 1/O port.

Table 3-2 MC68HC16Y3/MC68HC916Y3 Driver Types

Type 110 Description
A (0] Three-state capable output signals
Aw (0] Type A output with weak p-channel pullup during reset
B o Three-state oytpgt 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

3.5 Signal Descriptions

Table 3-3 summarizes pin functions of the MC68HC16Y3 and MC68HC916Y3 MCUs.
Entries in the “Active State(s)” column denote the polarity of each MCU pin in its active
state. Some MCU pins have multiple functions and thus have multiple entries in the
“Active State(s)” column. For example, the ADDR23/CS10/ECLK pin can be pro-
grammed to be either address line 23 (ADDR23), chip-select output 10 (CS10), or the
M6800 bus clock (ECLK). Its entry in the “Active State(s)” column is “—/0/—" which
indicates the following:

* When programmed as ADDR23, the pin has no active state (“—"); it conveys in-
formation when driven by the MCU to logic O or logic 1.

* When programmed as CS10, the pin is active when driven to logic 0 (“0”) by the
MCU. When driven to logic 1, the chip-select function is inactive.

* When programmed as ECLK, the pin has no active state (“—"). M6800 bus de-
vices drive or prepare to latch an address when ECLK is logic 0 and drive or pre-
pare to latch data when ECLK is logic 1.

The “Discrete I/0O Use” column indicates whether each pin can be used as a general
purpose input, output, or both. Those pins that cannot be used for general purpose I/
O will have a “—” in this column.

MOTOROLA MC68HC16Y3/916Y3
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Table 3-3 MC68HC16Y3/MC68HC916Y3 Pin Functions

Pin Pin Active | Associated . Discrete
Mnemonic(s) Number(s) | State(s) Module Description I/0O Use
ADDRO 100
ADDR1 12 — SCIM2 Address lines [2:0]. —
ADDR2 13
ADDR3/PB0 14
ADDR4/PB1 15
ADDR5/PB2 16
ADDRG6/PB3 17 Address lines [10:3] or digital I/O port B
ADDR7/PB4 18 —= SCIM2 [7:0]. Vo
ADDRS8/PB5 19
ADDR9/PB6 20
ADDR10/PB7 21
ADDR11/PAO 23
ADDR12/PA1 24
ADDR13/PA2 25
ADDR14/PA3 28 Address lines [18:11] or digital I/O port
ADDR15/PA4 29 —= SCIMZ | [7:0]. Vo
ADDR16/PA5 30
ADDR17/PA6 31
ADDR18/PA7 32
ADDR19/CS6/PC3 131
ADDR20/CS7/PC4 132 10— SCIM2 Address lines [22:19], chip-select out- o
ADDR21/CS8/PC5 133 puts [9:6], or digital output port C [6:3].
ADDR22/CS9/PC6 134
Address line 23, chip-select output 10,
ADDR23/CS10/ECLK 135 —/0/— SCIM2 or E clock output for M6800 bus devic- —
es.
ANO/PADAO 7
AN1/PADA1 6
AN2/PADA2 5
AN3/PADA3 4 i ADC Analog inputs to ADC multiplexer or |
AN4/PADA4 3 digital input port ADA [7:0].
AN5/PADAS 2
ANG6/PADAG6 159
AN7/PADA7 158
— Indicates that a valid address is on the
ASIPES 92 0= SCIM2 address bus or digital 1/0 port E5. Vo
BERR 78 0 SCIM2 Requests a bus error exception. —
BG/CSM 124 0/0 SCIM2 Bus gr.anted output or emulation mem- .
ory chip-select output.
o — Bus grant acknowledge input or .
BGACK/CSE 125 0/0 SCIM2 SCIM2 emulation chip-select output.
Hardware breakpoint input or back-
BKPT/DSCLK 139 0/— CPU16 ground debug mode serial data clock —
input.
BR/CSO 123 0/0 SCIM2 g)us request input or chip-select output .
CLKOUT 74 — SCIM2 System clock output. —
CSBOOT 122 0 SCIM2 sstot memory device chip-select out- .
MC68HC16Y3/916Y3 MOTOROLA
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Table 3-3 MC68HC16Y3/MC68HC916Y3 Pin Functions

Pin Pin Active | Associated . Discrete
Mnemonic(s) Number(s) | State(s) Module Description I/0O Use
DATAO/PHO 119
DATA1/PH1 118
DATA2/PH2 117
DATA3/PH3 116 Data bus lines [7:0] or digital I/O port H
DATA4/PH4 115 —= SCIM2 [7:0]. Vo
DATA5/PH5 114
DATA6/PH6 113
DATAT7/PH7 112
DATA8/PGO 111
DATA9/PG1 110
DATA10/PG2 109
DATA11/PG3 106 Data bus lines [15:8] or digital /0 port
DATA12/PG4 105 —= SCIMZ- g [7:0] Vo
DATA13/PG5 104
DATA14/PG6 103
DATA15/PG7 102
Indicates that an external device
should place valid data on the bus dur-
DS/PE4 93 0/— SCIM2 ing a read cycle, that valid has been I/O
placed on the bus during a write cycle,
or digital 1/0 port E4.
DSACKO/PEO 99 Data size and acknowledge inputs or
DSACK1/PE1 98 0= SCIM2 digital 1/0 ports E [1:0]. Vo
EXTAL 68 . SCIM2 IC;L?t/stal oscillator or external clock in- .
Phase-locked loop reference select in-
FASTREF/PFO 88 1/— SCIM2 put or digital /0 port FO. I/0
FCO/CS3/PCO 126 —0— SCIM2 Function codc_e c_>utput 0, chip-select o
output 3, or digital output port CO.
Function code output 1, chip-select
FC1/CS4/PC1 127 —/— SCIM2 output 4 (MC68HC16Y3 only), or digi- ¢}
tal output port C1.
—— Function code output 2, chip-select
FC2/CSSIPC2 128 —/0— SCIM2 output 5, or digital output port C2. o
Indicates that the CPU16 has entered
background debug mode or provides
FREEZE/IQUOT ” V= CPULG e quotient bit of the polynomial divid- -
er in test mode.
IC4/0C5/0C1/PGP7 148 . GPT Input capture 4, output capture 5, out- o,
put capture 1, or port GP 7.
IC3/PGP2 153
IC2/PGP1 154 — GPT Input capture [3:1], or port GP [2:0]. I/0
IC1/PGPO 155
HALT 77 0 SCIM2 Suspends bus activity. —
Instruction pipeline state output O or
IPIPEO/DSO 141 —— CPU16 background debug mode serial data —
output.
Instruction pipeline state output 1 or
IPIPE1/DSI 140 —/— CPU16 background debug mode serial data —
input.
MOTOROLA MC68HC16Y3/916Y3
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Table 3-3 MC68HC16Y3/MC68HC916Y3 Pin Functions

Pin Pin Active | Associated . Discrete
Mnemonic(s) Number(s) | State(s) Module Description I/0O Use
IRQ1/PF1 87
IRQ2/PF2 86
IRQ3/PF3 85 . : .
IRQ4/PF4 84 0/— SCIM2 Ef;?r?gl 'Ir/'toe”gfttFre[g‘ﬁSI inputs [7:1] 110
IRQ5/PF5 83 9 P =
IRQ6/PF6 82
IRQ7/PF7 81
SPI master input/slave output data or
MISO/PMCO 35 —— MCCI digital 1/0 port MCO. I/0
SPI master output/slave input data or
MOSI/PMC1 34 —/— MCCI digital /O port MCL. I/O
0OC4/0C1/PGP6 149
OC3/0C1/PGP5 150 o GPT Output compare [4:1], output compare o
OC2/0C1/PGP4 151 1, or port GP [6:3].
OC1/PGP3 152
PAI 147 — GPT Pulse accumulator input |
PCLK 144 — GPT Auxiliary timer clock |
PCS2/PQS2 96 . QSM Peripheral chip selects [2:1], or port 10
PCS1/PQS1 97 Qs [2:1].
PWMA 146 . . )
PWMB 145 — GPT Pulse width modulation [A:B] (0]
RIW 89 1/0 SCIM2 Indicates a data bgs read when high .
and a data bus write when low.

RESET 76 0 SCIM2 System reset. —
RXDA/PMC6 38 i MCCI SCI A and B receive data inputs or dig- e
RXDB/PMC4 42 ital I/O ports MC6 and MC4.

SPI serial clock input/output or digital I/
SCK/PQS2 33 —/— MCCI O port MC2. I/O
SIZ0/PE6 Data transfer size outputs or digital I/O
SIZ1/PE7 36 —= SCIM2 ports E [7:6]. Vo
SS/PCSO/PQS3 33 0/— QSM gl;lgslave select input or digital I/O port e
T2CLK 63 — TPU2 TPU clock input —
TPUCHO 43
TPUCH1 44
TPUCH2 45
TPUCH3 46
TPUCH4 49
TPUCH5 50
TPUCH®6 51
TPUCH7 52 .
TPUCHS 53 — TPU2 TPU channels [15:0] —
TPUCH9 54
TPUCH10 55
TPUCH11 56
TPUCH12 59
TPUCH13 60
TPUCH14 61
TPUCH15 62
TSC 80 1 SCIM2 Three-state control —
MC68HC16Y3/916Y3 MOTOROLA
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Table 3-3 MC68HC16Y3/MC68HC916Y3 Pin Functions

Pin Pin Active | Associated . Discrete
Mnemonic(s) Number(s) | State(s) Module Description I/0O Use

TXDA/PMC7 52 e MCCI SCI A and B transmit data outputs or
TXDB/PMC5 54 digital 1/0 ports MC7 and MC5.
10
26
40
47
57
70
72 . .
Vbbb 95 — — Digital supply voltage inputs. —
108
120
130
136
143
157

110

Vppa 9 — ADC ADC analog supply voltage input. —

Clock synthesizer power supply input.

Vppsyn/MODCLK 67 n SCIM2 If Vppsyn is grounded, the MCU-WI” .
operate at the frequency of the signal

input on the EXTAL pin.
Block-erasable flash EEPROM pro-

V — _
FPEL 64 TPUFLASH gram/erase supply voltage input.

FLASH1
Vepes 138 . FLASH? Flash EEPROM program/erase supply .

FLASH3 voltage inputs.

VRH 1 . ADC Analog-to-digital converter high and o
VgL 160 low voltage reference inputs.
11
21
27
41
48
58
73
75 .
Vss 94 — — Digital ground reference. —
101
107
121
129
137
142
156

Vssa 8 — ADC ADC analog ground reference. —

VsssyN 69 — SCIM2 Clock synthesizer ground reference. —

Vstey 65 — SRAM SRAM standby voltage supply input. —
XFC 71 — SCIM2 Clock synthesizer filter connection. —
XTAL 66 — SCIM2 Crystal oscillator output. —

MOTOROLA MC68HC16Y3/916Y3

3-16 . . USER’S MANUAL
For More Information On This Product,

Go to: www.freescale.com



Freescale Semiconductor, Inc.

3.6 CPU16 Memory Mapping

Each member of the M68HC16 family is comprised of a set of modules connected by
the intermodule bus (IMB). The full IMB has a 16-bit data bus, a 24-bit address bus,
and three function code lines, and ideally provides eight distinct memory maps, each
with 16 megabytes of address space. In practice, only four of these memory maps are
available for user code and data. Three are inaccessible because the function codes
lines are never driven to states that allow them to be decoded, and one is devoted ex-
clusively to control information not associated with normal read and write bus cycles.

The total amount of addressable memory is further limited on the CPU16. While the
CPU32 can operate in both the user and supervisor modes denoted by the function
code lines, the CPU16 operates only in supervisor mode. Excluding the CPU space
memory map used for special bus cycles, the CPU16 can access only the supervisor
program space and supervisor data space memory maps. The CPU16 also has only
20 address lines. This limits the total address space in each of the two memory maps
to one megabyte.

Although the CPU16 has only 20 addresses lines, it still drives all 24 IMB address
lines. IMB address lines [19:0] follow CPU address lines [19:0], and IMB address lines
[23:20] follow the state of CPU address line 19 as shown in Figure 3-5. This causes
an address space discontinuity to appear on the IMB when the CPU16 address bus
rolls over from $7FFFF to $80000.

CPU ADDRO

IMB ADDRO

IMB ADDR20
IMB ADDR21
IMB ADDR22
IMB ADDR23

CPU ADDR1 > IMB ADDR1
CPU ADDR? > MB ADDR2
CPU ADDR3 > IMB ADDR3
CPU ADDR4 > MB ADDR4
CPU ADDR5 > IMB ADDR5
CPU ADDR6 > MB ADDR6
Lo CPU ADDR? > IMB ADDR?
~— CPU ADDRS > MB ADDRS
- CPU ADDRS > IMB ADDR9
CPU ADDR10 > IMB ADDR10
(a1 CPU ADDR11 > MB ADDR11
O CPU ADDR12 > IMB ADDR12
CPU ADDR13 > IMB ADDR13
CPU ADDR14 > IMB ADDR14
CPU ADDR15 > VB ADDR15
CPU ADDR16 > IMB ADDR16
CPU ADDR17 > IMB ADDR17
CPU ADDR18 > |MB ADDR18
CPU ADDR19 > IMB ADDR19

CPU16 ADDRESS CONNECTIONS

Figure 3-5 Address Bus Connections Between the CPU16 and IMB
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Each address space boundary condition is outlined by the statements that follow. Con-
sider Figure 3-5 and the relationship between CPU address line 19 and IMB address
lines [23:20] when examining these boundary conditions. The first boundary condition
occurs when the CPU16 drives $7FFFF onto its address bus and is derived as follows.

1. If CPU ADDR[19:0] = $7FFFF = %0111 1111 1111 1111 1111

2. Then CPU ADDR19 = %0 and IMB ADDR19 = %0

3. Consequently, IMB ADDR[23:20] = %0000 = $0

4. Thus IMB ADDR[23:0] = $07FFFF = %0000 0111 1111 1111 121111111

The second boundary condition occurs when the CPU16 drives $80000 onto its ad-
dress bus and is derived as follows.

1. If CPU ADDR[19:0] = $80000 = %1000 0000 0000 0000 0000,

2. Then CPU ADDR19 = %1 and IMB ADDR19 = %1

3. Consequently, IMB ADDR[23:20] = %1111 = $F,

4. Thus IMB ADDR[23:0] = $F80000 = %1111 1000 0000 0000 0000 0000

As the above boundary conditions illustrate, addresses between $080000 and
$F7FFFF will never be seen on the IMB of a CPU16 derivative. At no time will IMB ad-
dress lines [23:19] be driven to states opposite that of CPU address line 19.

It is important to note that this gap is present on the IMB only. The CPU16 simply sees
a flat one megabyte memory map from $00000 to $FFFFF, and user software need
only generate 20-bit effective addresses to access any location in this range.

3.7 Internal Register Maps

In Figures 3-6 and 3-7, IMB address lines [23:20] are represented by the letter Y. The
value of Y is equal to %6M111, where M is the logic state of the module mapping (MM)
bit in the single-chip integration module configuration register (SCIMCR).

NOTE

MM must remain set to logic 1 on all CPU16 derivatives in order for
MCU control registers to remain accessible.

As discussed in 3.6 CPU16 Memory Mapping, CPU16 address lines [19:0] drive IMB
address lines [19:0] and CPU16 address line 19 drives IMB address lines [23:20]. For
this reason, addresses between $080000 and $F7FFFF will never be seen on the IMB.
Setting MM to logic 0 on the MC68HC16R1 and MC68HC916R1 would map the con-
trol registers from $7FF700 to $7FFC3F where they would be inaccessible until a reset
occurs.

As long as MM is set to logic 1, MCU control registers will be accessible, and the
CPU16 need only generate 20-bit effective addresses to access them. Thus to access
SCIMCR, which is mapped at IMB address $YFFAQO, the CPU16 must generate the
20-bit effective address $FFAQO.
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$000000
$YFF400

$YFF5FF
$YFF700

$YFF73F
$YFF820

SYEFSSF
YFF840

$YFF85F
$YFF900

$YFFI3F
$YFFAQO

$YFFATF

$YFFBOO

$YFFBO7
$YFFC00

$YFFC3F

$YFFEOQO

SFFFFFF

MC68HC16Y3/916Y3
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QSM
512 BYTES

ADC
64 BYTES

64 KBYTE ROM CONTROL
32BYTES

32 KBYTE ROM CONTROL
32BYTES

ROM ARRAY
64 KBYTES

GPT
64 BYTES

SCIM2
128 BYTES

UNUSED

SRAM CONTROL
8 BYTES

\i

ROM ARRAY
32 KBYTES

MCCI
64 BYTES

TPU2
512 BYTES

Y

SRAM ARRAY
4 KBYTES

Figure 3-6 MC68HC16Y3 Address Map
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$000000
$YFF400

$YFF5FF
$YFF700

$YFF73F
$YFF800

SYFF81F
$YFF820

gYFF83F
YFF840

$YFF85F
$YFF860

$YFF87F
$YFF900

$YFFI3F
$YFFAQO

$YFFA7F

$YFFBOO

$YFFBO7
$YFFC00

$YFFC3F
$YFFEOQO

$FFFFFF

Freescale Semiconductor, Inc.

QSM
512 BYTES

ADC
64 BYTES

16 KBYTE FLASH
EEPROM CONTROL
32 KBYTES

48 KBYTE FLASH
EEPROM CONTROL
32 KBYTES

\i

FLASH EEPROM ARRAY
16 KBYTES

32 KBYTE FLASH
EEPROM CONTROL
32 KBYTES

Y

FLASH EEPROM ARRAY
48 KBYTES

TPU FLASH
EEPROM CONTROL
32 KBYTES

Y

FLASH EEPROM ARRAY
32 KBYTES

GPT
64 BYTES

SCIM2
128 BYTES

UNUSED

SRAM CONTROL
8 BYTES

Y

TPUFLASH EEPROM ARRAY
4 KBYTES

MCCI
64 BYTES

TPU2
512 BYTES

Y

SRAM ARRAY
2 KBYTES

Figure 3-7 MC68HC916Y3 Address Map
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3.8 Address Space Maps

Figures 3-8 and 3-9 show CPU16 address space for the MC68HC16Y3 MCU.
Figures 3-10 and 3-11 show CPU16 address space for the MC68HC916Y3 MCU.
Address space can be split into physically distinct program and data spaces by
decoding the MCU function code outputs. Figures 3-8 and 3-10 show the memory
map of a system that has combined program and data spaces. Figures 3-9 and 3-11
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 memory, but exception vectors are limited to 16-bit addresses. To access
locations outside of bank 0 during exception handler routines (including interrupt ex-
ceptions), a jump table must be used. Refer to SECTION 4 CENTRAL PROCESSOR
UNIT for more information concerning extended addressing and exception process-
ing. Refer to SECTION 5 SINGLE-CHIP INTEGRATION MODULE 2 for more informa-
tion concerning function codes, address space types, resets, and interrupts.
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VECTOR |VECTOR TYPE OF
$000000 F ADDRESS | NUMBER EXCEPTION $000000
A BANK 0 0000 0 RESET — INITIAL ZK, SK, AND PK
HESETOE‘@T%CSEPT'ON 0002 RESET — INITIAL PC
A gggg RESET RE|ﬁl|ETT|A_|. :gl(T[;T\RLEScF; PAGE)
$010000  [ank 0008 7 BKPT (BREAKPOINT)
000A 5 BERR (BUS ERROR)
000C 6 SWI (SOFTWARE INTERRUPT)
$020000 gz """ "1 """ 000E 7 ILLEGAL INSTRUCTION
0010 8 DIVISION BY ZERO
0012-001C] _9-E UNASSIGNED, RESERVED
________________ 001E F UNINITIALIZED INTERRUPT
$030000  [ank3 0020 10 UNASSIGNED, RESERVED
0022 11| LEVEL 1 INTERRUPT AUTOVECTOR
512 KBYTE 0024 12__| LEVEL 2 INTERRUPT AUTOVECTOR
$040000 fpinxs " """ 1" """""°- 0026 13| LEVEL 3 INTERRUPT AUTOVECTOR
BANK 4 0028 14| LEVEL 4 INTERRUPT AUTOVECTOR
002A 15| LEVEL 5 INTERRUPT AUTOVEGTOR
002C 16| LEVEL 6 INTERRUPT AUTOVECTOR
$050000 fgamks """ "1 """ ° 002E 17| LEVEL 7 INTERRUPT AUTOVECTOR
0030 18 SPURIOUS INTERRUPT
0032-006E | 19-37 UNASSIGNED, RESERVED FE
$060000 fgmks ~ "1 777" 0070-0TFE| 38-FF |  USER-DEFNED INTERRUPTS | $0001
PROGRAM
$070000 [gani; -~ ANDDATA = -~ - -
SPACE
Y
A $080000 UNDEFINED
$YFF400
UNDEFINED' QsM
$YFF5FF
$YFF700
y S$F7FFFF ADC
A $F80000 |[BAnKs $YFF73F
64K ROM $YFF820
$F90000 [apics ™"~ "1 """ CONTROL * | svFFasF
SFAO000 [ginkio™ """ 17" " CONTROL ' | svFrers
$YFF900
________________ GPT
$FBO000  'gank 71 $YFFO3F
512 KBYTE $YFFA0O
................ SCIM2
FC0000
$ BANK 12 $YFFATF
$YFFBOO
________________ SRAM
$FD0000  [aank 13 CONTROL
$YFFBO7
$YFFCO00
$FE0000 fpakis "~ 717 """ " °° MCCI
$YFFC3F
________________ $YFFEOO
$FF0O000 [Bank s Y TPU2
INTERNAL REGISTERS $YFFFFF
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. 16Y3 MEM MAP (€)

Figure 3-8 MC68HC16Y3 Combined Program and Data Space Map
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A $000000 BANK 0
$000008 7\
$010000 fewi; """ 1" --"----
$020000 fganicz ™"~ " Tt
$030000 ez~ -1 - -
512 KBYTE
$040000 fgrnii~ """ttt
$050000 fganks ™ """t
$060000 fganks ™ """
PROGRAM
SPACE
$070000 [eank? ="~ "] " """
Y
A $080000 UNDEFINED
UNDEFINED!
Y _SF7FFFF
A $F80000 [BAnKs
$F90000 [yryes """ "7
SFA000 [wigery™ """ """
$FB0000 [smksi ~ """ """
512 KBYTE
O A
$FDO000 [aniis™ "~ "7 """ """
$FE0000 .B:&NR 1-4 ----------
$FF0000 femiss™ """ """ 7"
Y SFFFFFF Y

UNDEFINED'

VECTOR | VECTOR TYPE OF
ADDRESS | NUMBER EXCEPTION e $000000
0000 0 RESET — INITIAL ZK, SK, AND PK
0002 [ RESET — INITIAL PC EXCEPTION VECTORS $000008
0004 2 RESET — INITIAL SP ]
0006 3 | RESET — INITIAL IZ (DIRECT PAGE) [T T $010000
VECTOR | VECTOR TYPE OF e $020000
ADDRESS | NUMBER EXCEPTION
0008 4 BKPT (BREAKPOINT)
000A 5 BERRBUSERROR) | | b -----ccoooooo
000C 5 SWI (SOFTV(VARE INTERF)%UPT) BANK 3 $030000
000E 7 TLLEGAL INSTRUCTION
0010 8 DIVISION BY ZERO
0012-001C] _9-E UNASSIGNED, RESERVED I it Ry $040000
001E F UNINITIALIZED INTERRUPT
0020 10 UNASSIGNED, RESERVED
0022 71| LEVEL 1INTERRUPT AUTOVECTOR
0024 12| LEVEL 2 INTERRUPT AUTOVECTOR [Banks ~ """ T $050000
0026 13| LEVEL 3INTERRUPT AUTOVECTOR
0028 14| LEVEL 4 INTERRUPT AUTOVEGTOR
0027 15| LEVEL5INTERRUPTAUTOVEGTOR|| b = o o oo oo oo oo oo 2
002C 16| LEVEL 6 INTERRUPT AUTOVEGTOR BANK 6 $060000
002E 17| LEVEL 7 INTERRUPT AUTOVECTOR DATA
0030 18 SPURIOUS INTERRUPT SPACE
0032-006E| 19-37 UNASSIGNED, RESERVED | Fmmm == mm e e e = e = = = $070000
0070-01FE| 38-FF USER-DEFINED INTERRUPTS BANK7
UNDEFINED $080000 T
$YFF400
QSM
$YFF5FF
$YFF700
ADC $F7FFFF
$YFF73F BANK 8 $F80000
SYFF820 [ 64k ROM
$YFF83F CONTROL N $F90000
$YFFars | CONTROL AR R $FA0000
$YFF900
GPT |\l
$YFFI3F BANK 11 $FB0000
$YFFA00
111 I A
FC0000
SYFFA7F BANK 12 $
$YFFB0OO
seam | bl
CONTROL BANK 13 $FD0000
$YFFBO7
$YFFCOO | \ [ 1
MCCI BANK 14 $FE0000
$YFFC3F
$YFFEOO [ o | o\ Lo
TPU2 BANK 15 $FF0000
$YFFFFF INTERNAL REGISTERS
Y $FFFFFF

OTE:

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.

16Y3 MEM MAP (S)

Figure 3-9 MC68HC16Y3 Separate Program and Data Space Map
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VECTOR |VECTOR TYPE OF
$000000 [T ADDRESS | NUMBER EXCEPTION $000000
A 0000 0 RESET — INITIAL ZK, SK, AND PK
HESETOE&%’;%EPT'ON 0002 RESET — INITIAL PC
T 0004 RESET — INITIAL 5P
---------------- 0006 RESET — INITIAL IZ (DIRECT PAGE
$010000  [ank 0008 7 BKPT (BREAL((POINT) )
000A 5 BERR (BUS ERROR)
000C 6 SWI (SOFTWARE INTERRUPT)
$020000 femikz =" "1 " 000E 7 ILLEGAL INSTRUCTION
0010 8 DIVISION BY ZERO
0012-001C| _o-E UNASSIGNED, RESERVED
________________ 001E F UNINITIALIZED INTERRUPT
$030000  [ank3 0020 10 UNASSIGNED, RESERVED
0022 11__| LEVEL 1 INTERRUPT AUTOVECTOR
512 KBYTE 0024 12| LEVEL 2 INTERRUPT AUTOVECTOR
$040000 fpinxs " """ 1" """""°- 0026 13| LEVEL 3 INTERRUPT AUTOVECTOR
BANK 4 0028 14| LEVEL 4 INTERRUPT AUTOVECTOR
002A 15| LEVEL 5 INTERRUPT AUTOVEGTOR
002C 16| LEVEL 6 INTERRUPT AUTOVECTOR
$050000 fgamks """ "1 """ ° 002E 17| LEVEL 7 INTERRUPT AUTOVECTOR
0030 18 SPURIOUS INTERRUPT
0032-006E| 19-37 UNASSIGNED, RESERVED FE
$060000 fgmks ~ "1 777" 0070-0TFE| 38-FF |  USER-DEFNED INTERRUPTS | $0001
PROGRAM
$070000 [gzi; - ANDDATA - - - - - o SYFF400
SPACE SYFF5FF
Y $YFF700
A $080000 UNDEFINED ADC
$YFF73F
UNDEFINED' 16K FLASH || $YFF800
CONTROL SYFES1F
Y $F7FFFF 48K FLASH || SYFF820
A $F80000 |[Banks CONTROL SYFF83F
32K FLASH || SYFF840
$F90000 fgmks """ "1° """ """ CONTROL SYFESF5
TPUFLASH | SYFF860
$FA0000 [emnikio™ "~ "1 """~~~ CONTROL SYFF860
$YFF900
$FBO000 fgwici "~ "1 """"""" GPT
$YFFO3F
512 KBYTE $YFFA0O
$FCO000 fgakie =" 1" """~ °° SCIM2
$YFFA7F
$YFFBOO
$FDO000 ey ™77 CONTROL
$YFFBO7
________________ $YFFC00
$FE0000 [ gk 14 MCCI
$YFFC3F
________________ $YFFEO00
$FF0O000 [Bank s Y TPU2
INTERNAL REGISTERS $YFFFFF
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. 916Y3 MEM MAP (C)

Figure 3-10 MC68HC916Y3 Combined Program and Data Space Map
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VECTOR | VECTOR TYPE OF
ADDRESS | NUMBER EXCEPTION
0000 0 RESET — INTIAL ZK, 5K, AND PK
0002 i RESET — INTIALPC
0004 2 RESET — INTIAL 5P
A $000000 [5es 0006 3| RESET — INITIAL IZ (DIRECT PAGE) — $000000
$000008 1 EXCEPTION VECTORS $000008
................. VECTOR | VECTOR TYPE OF I W
$010000  [eank i ADDRESS | NUMBER EXCEPTION BANK 1 $010000
0008 1 BKPT (BREAKPOINT)
000A 5 BERR (BUS ERROR)
----------------- 000C B SWI(SOFTWARE INTERRUPT, PRI R
8020000 Feinic 000E 7 II.(LEGAL INSTRUCTION ) BANK2 §020000
0010 8 DIVISION BY ZERO
0072-001C] € UNASSIGNED, RESERVED | | | ooooo oo oo
$030000 feamks """l - 001E F UNINTIALIZED INTERRUPT BANK 3 $030000
512KBYTE W52 | i1 TEVEL T NIERRUT AUTOVECTOR
040000 i+~ I sot0000
0028 12| LEVEL 4INTERRUPT AUTOVECTOR
002A 15| LEVEL 5 INTERRUPT AUTOVEGTOR
----------------- 002C 16| LEVEL 6 INTERRUPT AUTOVECTOR A R
8050000 g5 002E 17| LEVEL 7 INTERRUPT AUTOVEGTOR BANKS §050000
0030 18 SPURIOUS INTERRUPT
_________________ 0032-006E|_19-37 UNASSIGNED, RESERVED I
$060000  [aank s 0070-01FE| 38-FF | _ USER-DEFINED INTERRUPTS BANK 6 $060000
PROGRAM DATA
SPACE VEFA00 SPACE
$070000 f[sank7 ="~ """ 77 $ QSM L2 $070000
SYFFSFF
y $YFF700
A $080000 [ pernen SYFF73F ADC UNDEFINED $080000 T
1
UNDEFINED SYFF800 [T 1o FLAsH UNDEFINED'
SYFF81F CONTROL l
y SF7FFFF SYFF820 [k FLASH SFTFFFF
A $F80000 |BANKs SYFF83F CONTROL BANK 8 $F80000
_________________ SYFF840 [= 3ok FLASH
$F90000 [aanks SYFF8FS CONTROL BANKS $F90000
_________________ $YFF860 [=Tpy FLASH
$FA0000 [aank 10 SYFF860 CONTROL BANK 10 $FA0000
$YFF900
$FBO000 [k ~ " 7T p—— GPT S R $FB0000
512 KBYTE $YFFAQD
SFCO000. [y 7T e LS rtAAR $FC0000
7|
_________________ $YFFBOO Y
$FDO000  [gank 1 COSI\?'{:\F,;AOL BANK 13 $FDO000
$YFFBO7
_________________ $YFFCO00 Y
$FE0000  [mAnk 14 MCCl BANK 14 $FE0000
$YFFC3F
_________________ $YFFEOO I
$FF0000  [ank 15 TPU2 BANK 15 $FF0000
$YFFFFF INTERNAL REGISTERS
Y SFFFFFF Y Y $FFFFFF

OTE:

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. 916Y3 MEM MAP (5)

Figure 3-11 MC68HC916Y3 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, /0, and memory locations as parts of a linear 1
Megabyte address space. There are no special instructions for 1/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 CPU16 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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PK
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CCR

PK
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ZK
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HR
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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. 1Z also provides an additional in-
dexed addressing capability that replaces M68HC11 direct addressing mode. Initial 1Z
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.
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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 11 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.
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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 CPU16 linear memory management scheme.

All extension fields except EK correspond directly to a register. XK, YK, and ZK extend
registers IX, 1Y, and I1Z. 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 CPUL16 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
CPUL16 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.
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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
manipulate 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 8 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. 4-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 — 2% ($7FFF).

Signed 32-bit fractions are used only by the fractional multiplication and division
instructions. 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 — 2-31
($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 O.

Instruction fetches always access word addresses. Word operands are normally
accessed 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
15|14 (13|12 |11|10| 9 |8 | 7|6 | 5|4 |3|2|1]0
$0002 BYTEO BYTE1
$0004 | + | XOFFSET | + | YOFFSET | + | XOFFSET | + | Y OFFSET
$0006 BCD1 BCDO BCD1 BCDO
$0008 WORD 0
$000A WORD1
$000C MSW LONG WORD 0
$000E LSW LONG WORD 0
$0010 MSW LONG WORD 1
$0012 LSW LONG WORD 1
$0014 | + |O (Radix Point) 16-BIT SIGNED FRACTION 0
$0016 | + |O (Radix Point) 16-BIT SIGNED FRACTION 1
$0018 | + |O (Radix Point) MSW 32-BIT SIGNED FRACTION 0
$001A LSW 32-BIT SIGNED FRACTION 0 | 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
INDS8, 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
Post-Modified Index IXP Signed 8-bit _offset added_to index register
X after effective address is used
] RELS8 8-bit relative
Relative - -
REL16 16-hit 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
following the instruction. For IMM8 and IMM16 modes, the effective address is the
address of the argument.

There are three specialized forms of IMM8 addressing.

* The AIS, AlX, 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
appropriate register.

» The MAC and RMAC instructions use an 8-bit immediate operand to specify two
signed 4-bit index register offsets.
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* The PSHM and PULM instructions use an 8-bit immediate mask operand to
indicate which registers must be pushed to or pulled from the stack.

4.6.2 Extended Addressing Modes

Regular extended mode instructions contain ADDR[15:0] in the word following the
opcode. 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
instructions contain a 20-bit effective address that is zero-extended to 24 bits to give
the instruction 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
value 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.

MOTOROLA MC68HC16Y3/916Y3
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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
accesses to RAM or I/O 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
MC68HC11's direct addressing mode, the ZK field and index register Z have been
assigned reset initialization vectors. By resetting the ZK field to a chosen page and us-
ing indexed mode addressing, a programmer can access useful data structures any-
where 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 Motorola Programming Note M68HC16PNO01/D, Transporting
M68HC11 Code to M6BHC16 Devices, 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,
assembler 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 | S |MV| H | EV | N | z | \% | C
ABA Add Bto A (A)+(B)O A INH 370B — 2 — — —
ABX Add B to IX (XK :1X) +(000:B) O XK:IX INH 374F — 2 _ - - == = = —
ABY AddBto IY (YK:1Y)+(000:B) O YK:IY INH 375F — 2 _ - == = = —
ABZ AddBto I1Z (ZK:1Z)+(000:B) O zZK:1Z INH 376F — 2 _ - - |- - - —
ACE Add E to AM (AM[31:16]) + (E) O AM INH 3722 — 2 — A — A |- — — —
ACED Add E : D to AM (AM) +(E: D)0 AM INH 3723 — 4 — A — A |- — — —
ADCA Add with Carry to A A+My+COA IND8, X 43 ff 6 — — A —|A A A A
INDS8, Y 53 ff 6
IND8, Z 63 ff 6
IMM8 73 i 2
IND16, X 1743 9999 6
IND16, Y 1753 0999 6
IND16, Z 1763 9999 6
EXT 1773 hhll 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 i 2
IND16, X 17C3 [o[s]e]s] 6
IND16, Y 17D3 gggg 6
IND16, Z 17E3 [o[s]e]s] 6
EXT 17F3 hhll 6
E, X 27C3 — 6
E, Y 27D3 — 6
E, Z 27E3 — 6
ADCD Add with Carry to D D)+M:M+1)+C0OD IND8, X 83 ff 6 — — — —|A A A A
IND8, Y 93 ff 6
INDS8, Z A3 ff 6
IMM16 37B3 ji kk 4
IND16, X 37C3 9999 6
IND16, Y 37D3 9999 6
IND16, Z 37E3 0999 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)+CO E IMM16 3733 ji kk 4 — — — —|A A A A
IND16, X 3743 gggg 6
IND16, Y 3753 gggg 6
IND16, Z 3763 gggg 6
EXT 3773 hhll 6
ADDA Add to A A)+MOA IND8, X 41 ff 6 — — A —|A A A A
IND8, Y 51 ff 6
IND8, Z 61 ff 6
IMM8 71 i 2
IND16, X 1741 0999 6
IND16, Y 1751 0999 6
IND16, Z 1761 9999 6
EXT 1771 hh i 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 | S |MV| H | EV | N | z | \% | C
ADDB Add to B (B)+(M)0O B IND8, X c1 ff 6 — — A — A A A A
IND8, Y D1 ff 6
INDS8, Z El ff 6
IMM8 F1 ii 2
IND16, X 17C1 0999 6
IND16, Y 17D1 9999 6
IND16, Z 17E1 0999 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 IND8, X 81 ff 6 — — — —|A A A A
INDS8, Y 91 ff 6
INDS8, Z Al ff 6
IMM8 FC ii 2
IMM16 37B1 jj kk 4
IND16, X 37C1 9999 6
IND16, Y 37D1 9999 6
IND16, Z 37E1 9999 6
EXT 37F1 hh i 6
E, X 2781 — 6
E, Y 2791 — 6
E, zZ 27A1 — 6
ADDE Add to E E)+(M:M+1)0 E IMM8 7C ii 2 — — — —|A A A A
IMM16 3731 jj kk 4
IND16, X 3741 0999 6
IND16, Y 3751 9999 6
IND16, Z 3761 g9gg 6
EXT 3771 hh i 6
ADE AddDto E (E)+ (D)0 E INH 2778 — 2 — — — — A A A B
ADX Add D to IX (XK : IX) + (20 « D) O INH 37CD — 2 _— = == - - =
XK :IX
ADY Add D to IY (YK : 1Y) + (20 « D) [ INH 37DD — 2 e
YK :IY
ADZ Add D to 1Z (ZK - 1Z) + (20 « D) [ INH 37ED — 2 - = - — |- = = =
ZK: 1z
AEX Add E to IX (XK : 1X) + (20 < E) 01 INH 374D — 2 - — = — |- ==
XK IX
AEY Add E to IY (YK : 1Y) + (20 «E) 0] INH 375D — 2 - — - = |- == =
YK:IY
AEZ Add E to 1Z (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 jj kk 4
AlX Add Immediate Value | (XK : 1X) + (20 « IMM) O IMM8 3C ii 2 —_ = — — |- 7 - —
to IX XK 11X IMM16 373C i kk 4
AlY Add Immediate Value | (YK : 1Y)+ (20 « IMM) O IMM8 3D i 2 - = = —|=— A — —
toly YK: 1Y IMM16 373D ji kk 4
AlZ Add Immediate Value | (ZK :12) + (20 « IMM) O IMM8 3E ii 2 _ = — — |- 37 - —
to 1z ZK:1Z IMM16 373E jj kk 4
ANDA AND A (A)ys (M)O A IND8, X 46 ff 6 — — — —|Aa b 0 —
INDS8, Y 56 ff 6
INDS8, Z 66 ff 6
IMM8 76 ii 2
IND16, X 1746 9999 6
IND16, Y 1756 [o[s]e]s] 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 | S |MV| H | EV | N | z | \% | C
ANDB AND B (B)+ (M)O B IND8, X c6 ff 6 — — — — A A 0 —
IND8, Y D6 ff 6
IND8, Z E6 ff 6
IMM8 F6 ii 2
IND16, X 17C6 0999 6
IND16, Y 17D6 9999 6
IND16, Z 17E6 0999 6
EXT 17F6 hhll 6
E, X 27C6 — 6
E, Y 27D6 — 6
E, Z 27E6 — 6
ANDD AND D D)s(M:M+1)0 D IND8, X 86 ff 6 — — — —|A A 0 —
INDS8, Y 96 ff 6
IND8, Z A6 ff 6
IMM16 37B6 i kk 4
IND16, X 37C6 gggg 6
IND16, Y 37D6 9999 6
IND16, Z 37E6 gggg 6
EXT 37F6 hh i 6
E, X 2786 — 6
E, Y 2796 — 6
E, Z 27A6 — 6
ANDE AND E (E)eM:M+1)0 E IMM16 3736 i Kk 4 — — — —|A b 0 —
IND16, X 3746 9999 6
IND16, Y 3756 9999 6
IND16, Z 3766 9999 6
EXT 3776 hhll 6
ANDP! AND CCR (CCR) « IMM160 CCR IMM16 373A jl kk 4 A A A A
ASL Arithmetic Shift Left IND8, X 04 ff 8 —_ = - — A
— IND8, Y 14 ff 8
CHIITIITTR® | NDs,z 24 ff 8
IND16, X 1704 9999 8
IND16, Y 1714 fsfe[s[e] 8
IND16, Z 1724 9999 8
EXT 1734 hhll 8
ASLA Arithmetic Shift Left A INH 3704 — 2 — — — —|A A A A
-
C{TTTTTTT ko
b7 [
ASLB Arithmetic Shift Left B INH 3714 — 2 — — — —|A A A A
-
CTTTTTT ko
b7 bo
ASLD Arithmetic Shift Left D INH 27F4 — 2 — — — —|A A A A
-
ASLE Arithmetic Shift Left E INH 2774 — 2 — — — —|A A A A
-—
ASLM Arithmetic Shift Left INH 27B6 — 4 — A — A |A — — A
AM ——
ASLW Arithmetic Shift Left IND16, X 2704 9999 8 — — — —|A A A A
Word ——— IND16, Y 2714 9999 8
GATT---ITk° | IND16,Zz | 2724 9999 8
EXT 2734 hhll 8
ASR Arithmetic Shift Right INDS8, X oD ff 8 — — — —|A A A A
e —— IND8, Y 1D ff 8
“-..- L] INDS, Z 2D ff 8
IND16, X 170D gggg 8
IND16, Y 171D [e[s]e[s] 8
IND16, Z 172D [s[e[e[s] 8
EXT 173D hh i 8
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
ASRA Arithmetic Shift Right INH 370D — 2 — — — —|A A A A
A e —
K EEmEaEn
3 Y
ASRB Arithmetic Shift Right INH 371D — 2 — — — —|A A A A
B e
L
b7 b0
ASRD Arithmetic Shift Right INH 27FD — 2 — — — —|A A A A
D —
ASRE Arithmetic Shift Right INH 277D — 2 — — — —|A A A A
E e
ASRM Arithmetic Shift Right INH 27BA — 4 — — — A |A — — A
AM e —
ASRW [ Arithmetic Shift Right IND16, X | 270D gggg 8 — — — —|a A A A
Word — IND16, Y 271D 9999 8
bor- -~ IND16,Z | 272D 9999 8
EXT 273D hhll 8
BCC2 Branch if Carry Clear If C =0, branch REL8 B4 r 6,2 _ = = == = = —
BCLR Clear Bit(s) (M) « (Mask) O M IND8, X 1708 mm ff 8 — — — — A A 0O —
IND8, Y 1718 mm ff 8
INDS8, 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 9999 10 — — — —|A A 0 —
M:M+1 mmmm
IND16, Y 2718 9999 10
mmmm
IND16, Z 2728 9999 10
mmmm
EXT 2738 hhll 10
mmmm
BCS Branch if Carry Set If C =1, branch REL8 B5 r 6,2 _ = = == = = —
BEQ Branch if Equal If Z=1, branch REL8 B7 m 6, 2 _ - = — = = - —
BGE Branch if Greater Than IfN OV =0, branch REL8 BC r 6,2 _ - - == = = —
or Equal to Zero
BGND Enter Background If BDM enabled, INH 37A6 — — _ = = == = = —
Debug Mode begin debug;
else, illegal instruction trap
BGT Branchif Greater Than | If Z 0 (N O V) =0, branch REL8 BE r 6,2 - (= = — |- = = —
Zero
BHI Branch if Higher If C O Z=0, branch REL8 B2 m 6,2 e
BITA Bit Test A (A) » (M) IND8, X 49 ff 6 — — — —|A A 0O —
INDS8, Y 59 ff 6
IND8, Z 69 ff 6
IMM8 79 i 2
IND16, X 1749 9999 6
IND16, Y 1759 9999 6
IND16, Z 1769 9999 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)

Freescale Semiconductor, Inc.

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
BITB Bit Test B (B)* (M) INDS8, X c9 ff 6 — — — — A A 0 —
IND8, Y D9 ff 6
IND8, Z E9 ff 6
IMM8 F9 ii 2
IND16, X 17C9 0999 6
IND16, Y 17D9 9999 6
IND16, Z 17E9 0999 6
EXT 17F9 hhll 6
E, X 27C9 — 6
E, Y 27D9 — 6
E, Z 27E9 — 6
BLE Branchif Less Thanor | IfZ O (N O V) =1, branch REL8 BF r 6,2 - = — = = = —
Equal to Zero
BLS Branch if Lower or If COZ=1, branch REL8 B3 (s 6,2 —_ = = — = = = —
Same
BLT Branch if Less Than If NOV =1, branch REL8 BD m 6, 2 _ - = — = = - —
Zero
BMI Branch if Minus If N =1, branch REL8 BB r 6,2 - - = — |- - - —
BNE Branch if Not Equal If Z=0, branch REL8 B6 r 6,2 —_ - = — |- = = —
BPL Branch if Plus If N =0, branch REL8 BA s 6,2 - - = == = = =
BRA Branch Always If 1 =1, branch REL8 BO s 6 - = = == = = =
BRCLR Branch if Bit(s) Clear | If (M)« (Mask) = 0, branch INDS8, X CcB mm ff rr 10,12 [— — — —|— — — —
INDS8, Y DB mm ffrr 10, 12
IND8, Z EB mm ffrr | 10, 12
IND16, X 0A mmgggg | 10, 14
rrrr
IND16, Y 1A mmgggg | 10, 14
rrrr
IND16, Z 2A mmgggg | 10, 14
rrrr
EXT 3A mm hh ll 10, 14
rrrr
BRN Branch Never If 1 =0, branch REL8 B1 s 2 - = = == = = =
BRSET Branch if Bit(s) Set If (M) « (Mask) = 0, branch IND8, X 8B mm ffrr 10,12 |— — — —|— — — —
INDS8, Y 9B mm ffrr 10, 12
INDS8, Z AB mm ffrr 10, 12
IND16, X 0B mm gggg 10, 14
rrrr
IND16, Y 1B mm gggg 10, 14
rrrr
IND16, Z 2B mm gggg 10, 14
rrrr
EXT 3B mm hh ll 10, 14
rrrr
BSET Set Bit(s) (M) O (Mask) O M IND8, X 1709 mm ff 8 — — — —|a A 0 A
INDS8, Y 1719 mm ff 8
IND8, 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) O (Mask) IND16, X 2709 [e[s[e]s] 10 — — — —|Aa A 0 A
OM:M+1 mmmm
IND16, Y 2719 9999 10
mmmm
IND16, Z 2729 9999 10
mmmm
EXT 2739 hhll 10
mmmm
BSR Branch to Subroutine (PK:PC)-20 PK:PC REL8 36 r 10 - Y - — |- - =
Push (PC)
(SK:SP)-20 SK:SP
Push (CCR)
(SK:SP)-20 SK:SP
(PK: PC) +Offset 0 PK:PC
MOTOROLA MC68HC16Y3/916Y3
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Table 4-2 Instruction Set Summary (Continued)

Freescale Semiconductor, Inc.

For More Information On This Product,
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Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
BVC Branch if Overflow If V =0, branch REL8 B8 m 6, 2 _ - = — = = = —
Clear
BVS 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 [e[s]e]s] 6
IND16, Y 1715 9999 6
IND16, Z 1725 [e[s]e]s) 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 $00000 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 — 0 — 0 |— — — —
CLRW Clear a Word in $00000 M:M+1 IND16, X 2705 9999 6 - — — — |0 1 0 O
Memory IND16, Y 2715 9999 6
IND16, Z 2725 g9gg 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
IND8, Z 68 ff 6
IMM8 78 i 2
IND16, X 1748 9999 6
IND16, Y 1758 0999 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 C8 ff 6 — — — —|a A A A
INDS8, Y D8 ff 6
IND8, Z E8 ff 6
IMM8 F8 i 2
IND16, X 17C8 [o[s]e]s] 6
IND16, Y 17D8 9999 6
IND16, Z 17E8 g9gg 6
EXT 17F8 hhll 6
E, X 27C8 — 6
E, Y 27D8 — 6
E, Z 27E8 — 6
COM One’s Complement | $FF - (M) 0 M,orM O M IND8, X 00 ff 8 — — — —|A A 0 1
IND8, Y 10 ff 8
IND8, Z 20 ff 8
IND16, X 1700 9999 8
IND16, Y 1710 g9gg 8
IND16, Z 1720 9999 8
EXT 1730 hh i 8
COMA One’s ComplementA | $FF-(A)0 A,orMO A INH 3700 — 2 — — — —|a A 0 1
COMB One’s ComplementB | $FF-(B)0 B,orBO B INH 3710 — 2 — — — —|a A 0 1
COMD One’s Complement D [$FFFF - (D)0 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+1,or(M:M+1)0 | IND16,Y 2710 9999 8
M:M+1 IND16, Z 2720 9999 8
EXT 2730 hh i 8
MC68HC16Y3/916Y3 MOTOROLA
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Table 4-2 Instruction Set Summary (Continued)

Freescale Semiconductor, Inc.

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
CPD Compare D to Memory D)-(M:M +1) IND8, 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 0999 6
IND16, Y 37D8 9999 6
IND16, Z 37E8 [o[s]e[s] 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 gggg 6
IND16, Y 3758 [s[e[e[s] 6
IND16, Z 3768 gggg 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
IND8, Z 6F ff 6
IMM16 377F i Kk 4
IND16, X 174F gggg 6
IND16, Y 175F [o[s]e]s] 6
IND16, Z 176F gggg 6
EXT 177F hhll 6
CPX Compare IX to X)-(M: M+ 1) IND8, X 4C ff 6 — — — — A A A A
Memory IND8, Y 5C ff 6
IND8, Z 6C ff 6
IMM16 377C ji kk 4
IND16, X 174C 9999 6
IND16, Y 175C 9999 6
IND16, Z 176C 0999 6
EXT 177C hhll 6
CPY Compare IY to )y-Mm:M+1) IND8, X 4D ff 6 — — — — A A A A
Memory INDS8, Y 5D ff 6
IND8, Z 6D ff 6
IMM16 377D i kk 4
IND16, X 174D 9999 6
IND16, Y 175D 9999 6
IND16, Z 176D 9999 6
EXT 177D hh i 6
CPZz Compare 1Z to (1z)y-M:M+1) IND8, X 4E ff 6 — — — —|A A A A
Memory INDS8, Y 5E ff 6
IND8, Z 6E ff 6
IMM16 377E i Kk 4
IND16, X 174E gggg 6
IND16, Y 175E [o[s]e]s] 6
IND16, Z 176E gggg 6
EXT 177E hhll 6
DAA Decimal Adjust A (Ao INH 3721 — 2 — — — —|A A U A
DEC Decrement Memory M)-$010 M IND8, X 01 ff 8 — — — —|A A —
IND8, Y 11 ff 8
INDS8, Z 21 ff 8
IND16, X 1701 gggg 8
IND16, Y 1711 gggg 8
IND16, Z 1721 [s[e[es] 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 9999 8 — — — —|a A A —
Word OM:M+1 IND16, Y 2711 9999 8
IND16, Z 2721 gggg 8
EXT 2731 hhll 8
EDIV Extended Unsigned (E: D)/ (IX) INH 3728 — 24 — — — —|A A A A
Integer Divide Quotient O IX
Remainder O D
MOTOROLA MC68HC16Y3/916Y3
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
EDIVS Extended Signed (E: D)/ (IX) INH 3729 — 38 — — — — A A A A
Integer Divide Quotient O IX
Remainder 0 D
EMUL Extended Unsigned (E)0MD)0 E:D INH 3725 — 10 — — — —|a & — &
Multiply
EMULS Extended Signed (E)0(MD)0O E:D INH 3726 — 8 — — — —|A A — A
Multiply
EORA Exclusive OR A AYOM)O A IND8, X 44 ff 6 — — — — A A 0 —
INDS8, Y 54 ff 6
INDS8, Z 64 ff 6
IMM8 74 i 2
IND16, X 1744 9999 6
IND16, Y 1754 9999 6
IND16, Z 1764 g9gg 6
EXT 1774 hh i 6
E, X 2744 — 6
E, Y 2754 — 6
E Z 2764 — 6
EORB Exclusive OR B ®) 0 (M) 0 B INDS8, X c4 ff 6 — — — —|a A 0 —
IND8, Y D4 ff 6
INDS8, Z E4 ff 6
IMM8 F4 ii 2
IND16, X 17C4 0999 6
IND16, Y 17D4 9999 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 O)yoM:M+1)0 D IND8, X 84 ff 6 - — — —|A A 0 —
INDS8, Y 94 ff 6
INDS8, Z A4 ff 6
IMM16 37B4 ji kk 4
IND16, X 37C4 9999 6
IND16, Y 37D4 9999 6
IND16, Z 37E4 9999 6
EXT 37F4 hhll 6
E, X 2784 — 6
E, Y 2794 — 6
E, Z 27A4 — 6
EORE Exclusive OR E EBE)YOM:M+1)0E IMM16 3734 i Kk 4 — — — — A A 0 —
IND16, X 3744 9999 6
IND16, Y 3754 9999 6
IND16, Z 3764 0999 6
EXT 3774 hh i 6
FDIV Fractional D)/ (1X) 0 I1X INH 372B — 22 — — — —|— A A A
Unsigned Divide Remainder 0 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) 0 I1X INH 372A — 22 — — — —|— A 0 A
Remainder 0 D
INC Increment Memory M)+$010 M INDS8, X 03 ff 8 — — — —|A A A —
INDS8, Y 13 ff 8
INDS8, Z 23 ff 8
IND16, X 1703 9999 8
IND16, Y 1713 9999 8
IND16, Z 1723 9999 8
EXT 1733 hhll 8
INCA Increment A (A)+3%$010 A INH 3703 — 2 — — — —|A A A —
INCB Increment B (B)+$010 B INH 3713 — 2 — — — —|A A A —
INCW Increment Memory (M: M + 1) + $0001 IND16, X 2703 gggg 8 — — — —|A A A —
Word OM:M+1 IND16, Y 2713 9999 8
IND16, Z 2723 gggg 8
EXT 2733 hh i 8
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Table 4-2 Instruction Set Summary (Continued)

Freescale Semiconductor, Inc.

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
JMP Jump [@ald PK:PC EXT20 7A zb hhll 6 _— = — = = = —
IND20, X 4B zg 9999 8
IND20, Y 5B zg 9999 8
IND20, Z 6B zg 9ggg 8
JSR Jump to Subroutine Push (PC) EXT20 FA zbhhll 10 _ - - — = = = —
(SK:SP)-$0002 O SK:SP | IND20, X 89 zg 9999 12
Push (CCR) IND20, Y 99 zg 9999 12
(SK:SP)-$0002 0 SK:SP | IND20, Z A9 zg 9999 12
[@éall0 PK:PC
LBCC Long Branch if Carry If C =0, branch REL16 3784 rrer 6,4 _ — = == = = —
Clear
LBCS Long Branch if Carry If C =1, branch REL16 3785 rrer 6,4 e
Set
LBEQ Long Branch if Equal If Z=1, branch REL16 3787 rrer 6,4 _ - = — = = — —
to Zero
LBEV Long Branch if EV Set If EV = 1, branch REL16 3791 rrer 6, 4 —_ —_ — == = = —
LBGE Long Branch if Greater If NOV =0, branch REL16 378C rrer 6,4 —_ — = == = = —
Than or Equal to Zero
LBGT LongBranchif Greater | If Z 0 (N O V) =0, branch REL16 378E rrer 6,4 _ - = —|= = = —
Than Zero
LBHI Long Branch if Higher If COZ=0, branch REL16 3782 rrer 6,4 —_ — = == = = —
LBLE Long Branch if Less Ifz0O (N OV)=1, branch REL16 378F rrer 6,4 _ —_ = == = = —
Than or Equal to Zero
LBLS Long Branch if Lower IfC O Z=1, branch REL16 3783 rrer 6,4 - — — = - - —
or Same
LBLT Long Branch if Less If N OV =1, branch REL16 378D reer 6,4 _ Y = == = = —
Than Zero
LBMI Long Branch if Minus If N =1, branch REL16 378B rrer 6,4 _— = — = - = —
LBMV Long Branch if MV Set If MV =1, branch REL16 3790 rreer 6,4 —_ — = == - = —
LBNE Long Branch if Not If Z =0, branch REL16 3786 reer 6, 4 —_— = == - = —
Equal to Zero
LBPL Long Branch if Plus If N =0, branch REL16 378A reer 6,4 - - = — = - = —
LBRA Long Branch Always If 1 =1, branch REL16 3780 reer 6 —_ — = == = = —
LBRN Long Branch Never If 1 =0, branch REL16 3781 reer 6 - = = == = = —
LBSR Long Branch to Push (PC) REL16 27F9 rerr 10 e
Subroutine (SK:SP)-20 SK:SP
Push (CCR)
(SK:SP)-20 SK:SP
(PK : PC) + Offset O
PK: PC
LBVC Long Branch if If V =0, branch REL16 3788 rree 6,4 - - - == = = —
Overflow Clear
LBVS Long Branch if If V =1, branch REL16 3789 rerr 6,4 —_ = = — = = = —
Overflow Set
LDAA Load A mo A IND8, X 45 ff 6 - — — —|A A 0 —
IND8, Y 55 ff 6
INDS8, Z 65 ff 6
IMM8 75 ii 2
IND16, X 1745 9999 6
IND16, Y 1755 gggg 6
IND16, Z 1765 9999 6
EXT 1775 hhll 6
E, X 2745 — 6
E, Y 2755 — 6
E, Z 2765 — 6
MOTOROLA MC68HC16Y3/916Y3
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
LDAB Load B MmO B IND8, X C5 ff 6 — — — —|A A 0 A
IND8, Y D5 ff 6
IND8, Z E5 ff 6
IMM8 F5 i 2
IND16, X 17C5 0999 6
IND16, Y 17D5 9999 6
IND16, Z 17E5 0999 6
EXT 17F5 hhll 6
E, X 27C5 — 6
E, Y 27D5 — 6
E, Z 27E5 — 6
LDD Load D M:M+1)0O D IND8, X 85 ff 6 — — — —|A A 0 —
IND8, Y 95 ff 6
IND8, Z A5 ff 6
IMM16 37B5 ji kk 4
IND16, X 37C5 gggg 6
IND16, Y 37D5 9999 6
IND16, Z 37E5 gggg 6
EXT 37F5 hh i 6
E, X 2785 — 6
E, Y 2795 — 6
E, Z 27A5 — 6
LDE Load E M:M+1)0OE IMM16 3735 ji kk 4 — — — —|A A 0 —
IND16, X 3745 [o[s]es] 6
IND16, Y 3755 9999 6
IND16, Z 3765 0999 6
EXT 3775 hhll 6
LDED Load Concatenated M:M+1)0O E EXT 2771 hhll 8 _ - - — = - - =
E and D M+2:M+3)0 D
LDHI Initialize H and | M:M+1)x O HR INH 27B0 — 8 - (- = —|= - - —
M:M+1)yO IR
LDS Load SP M:M+1)0 SP IND8, X CF ff 6 - — — —|A A 0 —
IND8, Y DF ff 6
IND8, Z EF ff 6
IND16, X 17CF 9999 6
IND16, Y 17DF 9999 6
IND16, Z 17EF 9999 6
EXT 17FF hhll 6
IMM16 37BF ji kk 4
LDX Load IX M:M+1)0 IX IND8, X cC ff 6 - — — —|A A 0 —
IND8, Y DC ff 6
IND8, Z EC ff 6
IMM16 37BC ji kk 4
IND16, X 17CC gggg 6
IND16, Y 17DC [s[e[es] 6
IND16, Z 17EC 9999 6
EXT 17FC hhll 6
LDY Load IY M:M+1)0 IY IND8, X CD ff 6 - — — —|A A 0 —
IND8, Y DD ff 6
IND8, Z ED ff 6
IMM16 37BD jj kk 4
IND16, X 17CD 0999 6
IND16, Y 17DD 0999 6
IND16, Z 17ED 0999 6
EXT 17FD hh i 6
LDZ Load I1Z M:M+1)0 1Z INDS8, X CE ff 6 - — — —|A A 0 —
IND8, Y DE ff 6
INDS8, Z EE ff 6
IMM16 37BE ji kk 4
IND16, X 17CE 9999 6
IND16, Y 17DE 0999 6
IND16, Z 17EE 9999 6
EXT 17FE hhll 6
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
LPSTOP Low Power Stop IfS INH 27F1 — 4,20 _ Y - - - = —
then STOP
else NOP
LSR Logical Shift Right INDS8, X OF ff 8 — — — —|o0o A A A
[ INDS8, Y 1F ff 8
oL LLITT L] IND8, Z 2F ff 8
IND16, X 170F 9999 8
IND16, Y 171F 0999 8
IND16, Z 172F 9999 8
EXT 173F hhll 8
LSRA Logical Shift Right A INH 370F — 2 — — — — |0 A A A
_—
o TTTTTTTH
g 00
LSRB Logical Shift Right B INH 371F — 2 — — — — |0 A A A
_—
o= TTTTTTT]
3 b0
LSRD Logical Shift Right D INH 27FF — 2 — — — — |0 a A A
e
OF_"
LSRE Logical Shift Right E INH 277F — 2 — — — — |0 A A A
_—
o~[IT---T1H@
LSRW Logical Shift Right IND16, X 270F 9999 8 — — — —|o A A A
Word — IND16, Y 271F 9999 8
R B W [ IND16,Z | 272F 9999 8
EXT 273F hhll 8
MAC Multiply and (HR)O(R)O E: D IMM8 7B X0yo 12 — A — A|— — A —
Accumulate (AM) + (E: D)0 AM
Signed 16-Bit Qualified (IX) O IX
Fractions Qualified (1Y) O 1Y
(HR)O 1Z
M:M+1)xO HR
M:M+1)y0IR
MOVB Move Byte My O M, IXP to EXT 30 ff hhll 8 — — — —|A A 0 —
EXT to IXP 32 ffhhll 8
EXT to 37FE hhll hhll 10
EXT
MOVW Move Word M:M+1,)0 M:M+1, [IXPtoEXT 31 ff hhll 8 — — — —|A A 0 —
EXT to IXP 33 ffhhll 8
EXT to 37FF hh 1l hhll 10
EXT
MUL Multiply (A)O®B)0 D INH 3724 — 10 - — — —|[— — — A
NEG Negate Memory $00-(M)O M IND8, X 02 ff 8 — — — —|a A A A
INDS8, Y 12 ff 8
INDS, Z 22 ff 8
IND16, X 1702 9999 8
IND16, Y 1712 9999 8
IND16, Z 1722 9999 8
EXT 1732 hhll 8
NEGA Negate A $00-(A) 0 A INH 3702 —_ 2 — — — —|A A A A
NEGB Negate B $00-(B)O B INH 3712 —_ 2 — — — —|A A A A
NEGD Negate D $0000 - (D) O D INH 27F2 — 2 — — — — A A A A
NEGE Negate E $0000 - (E) O E INH 2772 — 2 — — — — A A A A
NEGW Negate Memory Word $0000 - (M : M +1) IND16, X 2702 0999 8 - — — —|A A A A
OM:M+1 IND16, Y 2712 gggg 8
IND16, Z 2722 0999 8
EXT 2732 hhll 8
NOP Null Operation — INH 274C — 2 - — - — |- - —
MOTOROLA MC68HC16Y3/916Y3
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
ORAA ORA ADOMOA IND8, X 47 ff 6 — — — — A A 0 —
IND8, Y 57 ff 6
IND8, Z 67 ff 6
IMM8 7 ii 2
IND16, X 1747 9999 6
IND16, Y 1757 9999 6
IND16, Z 1767 9999 6
EXT 1777 hhll 6
E, X 2747 — 6
E, Y 2757 — 6
E, Z 2767 — 6
ORAB OR B B)oM OB IND8, X c7 ff 6 — — — —|A A 0 —
INDS8, Y D7 ff 6
IND8, Z E7 ff 6
IMM8 F7 ii 2
IND16, X 17C7 gggg 6
IND16, Y 17D7 9999 6
IND16, Z 17E7 gggg 6
EXT 17F7 hh i 6
E, X 27C7 — 6
E, Y 27D7 — 6
E, Z 27E7 — 6
ORD ORD (D)OM:M+1)0 D IND8, X 87 ff 6 — — — —|a A 0 —
IND8, Y 97 ff 6
IND8, Z A7 ff 6
IMM16 3787 i kk 4
IND16, X 37C7 9999 6
IND16, Y 37D7 9999 6
IND16, Z 37E7 9999 6
EXT 37F7 hh i 6
E, X 2787 — 6
E, Y 2797 — 6
E zZ 27A7 — 6
ORE ORE E)OM:M+1)0 E IMM16 3737 i Kk 4 — — — —|a A 0 —
IND16, X 3747 gggg 6
IND16, Y 3757 gggg 6
IND16, Z 3767 gggg 6
EXT 3777 hhll 6
ORP OR Condition Code (CCR) O IMM16 O CCR IMM16 373B jl kk 4 A A A A|A A A A
Register
PSHA Push A (SK: SP) +$0001 0 SK: SP INH 3708 — 4 _ = = == = = =
Push (A)
(SK: SP) -$0002 O SK: SP
PSHB Push B (SK:SP) +$0001 0 SK: SP INH 3718 — 4 e
Push (B)
(SK: SP) -$0002 O SK: SP
PSHM Push Multiple For mask bits 0 to 7: IMM8 34 ii 442N [— — — —|— — — —
Registers
If mask bit set
Mask bits: Push register N =
0=D (SK:SP)-20 SK:SP number of
1=E registers
2=1IX pushed
3=1Y
4=1Z
5=K
6 =CCR
7 = (Reserved)
PSHMAC | Push MAC Registers MAC Registers O Stack INH 27B8 — 14 - = = == = = —
PULA Pull A (SK:SP) +$0002 O SK: SP INH 3709 — 6 —_ = = == = = —
Pull (A)
(SK: SP)—-$0001 O SK:SP
PULB PullB (SK: SP) +$0002 O SK: SP INH 3719 — 6 - = = —|= = = —
Pull (B)
(SK: SP)—$0001 0 SK:SP
MC68HC16Y3/916Y3 MOTOROLA
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
PULM Pull Multiple Registers For mask bits 0 to 7: IMM8 35 ii 44+2(N+1) (A A A A |A A A A
Mask bits: If mask bit set N=
0 =CCR[15:4] (SK:SP)+20 SK:SP number of
1=K Pull register registers
2=1z pulled
3=1Y
4=1X
5=E
6=D
7 = (Reserved)
PULMAC Pull MAC State Stack 0 MAC Registers INH 27B9 — 16 _ — = == - - -
RMAC Repeating Repeat until (E) <0 IMM8 FB X0yo 6+12 |— A — A |— — — —
Multiply and (AM) + (H) O(I) O AM per
Accumulate Qualified (IX) O 1X; iteration
Signed 16-Bit Qualified (1Y) O 1Y;
Fractions M:M+ 1) 0O H;
M:M+1) 01
(BE)-10 E
Until (E) < $0000
ROL Rotate Left IND8, X oc ff 8 — — — —|A A A A
nog y | 2c i 5
ANEEEEEE INDS8, Z 2c ff 8
IND16, X 170C [e[s]es] 8
IND16, Y 171C 9999 8
IND16, Z 172C 9999 8
EXT 173C hhll 8
ROLA Rotate Left A INH 370C — 2 — — — —|A A A A
H
([ TTTTTT}
] )
ROLB Rotate Left B INH 371C — 2 — — — —|A A A A
H
(T TTTTTT}1
5] b0
ROLD Rotate Left D INH 27FC — 2 — — — —|A A A A
([ [ ---T1T11
bi5 b0
ROLE Rotate Left E INH 277C — 2 — — — —|A A A A
([ [ ---T1T1
b15 )
ROLW Rotate Left Word IND16, X 270C 9999 8 — — — —|A A A A
for—--10d | oz | zv20 | cme | &
L ---11 IND16,Z | 272C 9999 8
EXT 273C hhll 8
ROR Rotate Right Byte INDS8, X OE ff 8 — — — —|A A A A
e — IND8, Y 1E ff 8
LTI L] INDS, Z 2E ff 8
i’
IND16, X 170E 9999 8
IND16, Y 171E g9gg 8
IND16, Z 172E 9999 8
EXT 173E hhll 8
RORA Rotate Right A INH 370E — 2 — — — —|A A A A
H
[ TTTTTTT1
0 B0
RORB Rotate Right B INH 371E — 2 — — — —|A A A A
H
[T T TTTTT]
] )
RORD Rotate Right D INH 27FE — 2 — — — —|A A A A
(1T ---111
b15 bo
RORE Rotate Right E INH 277E — 2 — — — —|a A A A
([T ---111
b15 b0
MOTOROLA MC68HC16Y3/916Y3
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
RORW Rotate Right Word IND16, X 270E gggg 8 — — — — A A A A
,—)ﬁ.—‘ IND16, Y 271E Jgag 8
LI ---11] IND16,Z | 272E 9999 8
EXT 273E hhll 8
RTI3 Return from Interrupt (SK:SP)+20 SK:SP INH 2777 — 12 A A A A|A A A A
Pull CCR
(SK:SP)+2 0 SK:SP
Pull PC
(PK:PC)-60 PK:PC
RTS* Return from Subrou- (SK:SP)+2 0 SK:SP INH 27F7 — 12 _ = = == = = —
tine Pull PK
(SK:SP)+20 SK:SP
Pull PC
(PK:PC)-20 PK:PC
SBA Subtract B from A (A)-B)O A INH 370A — 2 — — — —|A A A A
SBCA Subtract with Carry A-M-CcOA IND8, X 42 ff 6 — — — —|A A A A
from A IND8, Y 52 ff 6
IND8, Z 62 ff 6
IMM8 72 ii 2
IND16, X 1742 9999 6
IND16, Y 1752 [o[s]e]s] 6
IND16, Z 1762 gggg 6
EXT 1772 hhll 6
E, X 2742 — 6
E, Y 2752 — 6
E, Z 2762 — 6
SBCB Subtract with Carry B)-(M)-CUO B IND8, X c2 ff 6 — — — —|A A A A
from B IND8, Y D2 ff 6
IND8, Z E2 ff 6
IMM8 F2 i 2
IND16, X 17C2 9999 6
IND16, Y 17D2 9999 6
IND16, Z 17E2 9999 6
EXT 17F2 hhll 6
E, X 27C2 — 6
E, Y 27D2 — 6
E Z 27E2 — 6
SBCD Subtract with Carry D)-M:M+1)-CO D IND8, X 82 ff 6 — — — —|A A A A
from D IND8, Y 92 ff 6
INDS8, Z A2 ff 6
IMM16 37B2 ji kk 4
IND16, X 37C2 [o[s]e]s] 6
IND16, Y 37D2 gggg 6
IND16, Z 37E2 [o[s]e]s] 6
EXT 37F2 hhll 6
E, X 2782 — 6
E, Y 2792 — 6
E Z 27A2 — 6
SBCE Subtract with Carry | (E)-(M:M+1)-CO E IMM16 3732 ii kk 4 — — — — A A A A
from E IND16, X 3742 0999 6
IND16, Y 3752 9999 6
IND16, Z 3762 9999 6
EXT 3772 hh i 6
SDE Subtract D from E (E)-(D)d E INH 2779 — 2 — — — — A A A A
STAA Store A AOM IND8, X 4A ff 4 — — — —|A A O
INDS, Y 5A ff 4
INDS8, Z 6A ff 4
IND16, X 174A 9999 6
IND16, Y 175A 0999 6
IND16, Z 176A 9999 6
EXT 177A hhll 6
E, X 274A — 4
E, Y 275A — 4
E Z 276A — 4
MC68HC16Y3/916Y3 MOTOROLA
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
STAB Store B B)O M IND8, X CA ff 4 - — — —|A A 0 —
IND8, Y DA ff 4
IND8, Z EA ff 4
IND16, X 17CA 9999 6
IND16, Y 17DA 9999 6
IND16, Z 17EA 9999 6
EXT 17FA hh i 6
E, X 27CA — 4
E, Y 27DA — 4
E, Z 27EA — 4
STD Store D DO)OM:M+1 IND8, X 8A ff 4 — — — —|A A 0 —
IND8, Y 9A ff 4
IND8, Z AA ff 4
IND16, X 37CA gggg 6
IND16, Y 37DA 9999 6
IND16, Z 37EA gggg 6
EXT 37FA hh i 6
E, X 278A — 6
E, Y 279A — 6
E, Z 27AA — 6
STE Store E E)YDM:M+1 IND16, X 374A 0999 6 - — — —|A A 0 —
IND16, Y 375A 9999 6
IND16, Z 376A 9999 6
EXT 377A hh i 6
STED Store Concatenated EBE)ODM:M+1 EXT 2773 hh i 8 - - - |- - - -
Dand E Dd)OM+2:M+3
STS Store Stack Pointer (SP)OM:M+1 IND8, X 8F ff 4 — — — —|A A 0 —
INDS, Y 9F ff 4
IND8, Z AF ff 4
IND16, X 178F 0999 6
IND16, Y 179F 9999 6
IND16, Z 17AF 9999 6
EXT 17BF hhll 6
STX Store IX X))o M:M+1 IND8, X 8C ff 4 - — — —|A A 0 —
INDS, Y 9C ff 4
IND8, Z AC ff 4
IND16, X 178C 0999 6
IND16, Y 179C 9999 6
IND16, Z 17AC 0999 6
EXT 17BC hhll 6
STY Store IY IY)yo M:M+1 IND8, X 8D ff 4 - — — —|A A 0 —
IND8, Y 9D ff 4
IND8, Z AD ff 4
IND16, X 178D [s[e[e]s] 6
IND16, Y 179D 9999 6
IND16, Z 17AD [s[e[es] 6
EXT 17BD hh 1l 6
STZ Store Z (1Z) D M:M+1 IND8, X 8E ff 4 - — — —|A A 0 —
IND8, Y 9E ff 4
IND8, Z AE ff 4
IND16, X 178E 0999 6
IND16, Y 179E 9999 6
IND16, Z 17AE 0999 6
EXT 17BE hh Il 6
SUBA Subtract from A A-MO A IND8, X 40 ff 6 — — — —|A A A A
IND8, Y 50 ff 6
INDS8, Z 60 ff 6
IMM8 70 ii 2
IND16, X 1740 9999 6
IND16, Y 1750 9999 6
IND16, Z 1760 9999 6
EXT 1770 hhli 6
E, X 2740 — 6
E, Y 2750 — 6
E, Z 2760 — 6
MOTOROLA MC68HC16Y3/916Y3
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Table 4-2 Instruction Set Summary (Continued)

For More Information On This Product,
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Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
SUBB Subtract from B B)-MOB IND8, X Cco ff 6 — — — —|A A A A
IND8, Y DO ff 6
INDS8, Z EO ff 6
IMM8 FO ii 2
IND16, X 17CO0 0999 6
IND16, Y 17D0 9999 6
IND16, Z 17E0 0999 6
EXT 17F0 hhll 6
E, X 27C0 — 6
E, Y 27D0 — 6
E, Z 27E0 — 6
SUBD Subtract from D O)y-M:M+1)0 D IND8, X 80 ff 6 — — — —|A A A A
INDS8, Y 90 ff 6
IND8, Z A0 ff 6
IMM16 37B0 i Kk 4
IND16, X 37C0 9999 6
IND16, Y 37D0 [e[s]e]s] 6
IND16, Z 37E0 9999 6
EXT 37F0 hhll 6
E, X 2780 — 6
E, Y 2790 — 6
E, Z 27A0 — 6
SUBE Subtract from E E)-M:M+1)0 E IMM16 3730 jl kk 4 — — — —|A A A A
IND16, X 3740 g9gg 6
IND16, Y 3750 9999 6
IND16, Z 3760 9999 6
EXT 3770 hhll 6
Swi Software Interrupt  |(PK: PC) +$0002 O PK:PC INH 3720 — 16 - - - == - - =
Push (PC)
(SK: SP) - $0002 O SK: SP
Push (CCR)
(SK: SP) - $0002 O SK: SP
$0 0 PK
SWI Vector O PC
SXT Sign Extend B into A IfB7=1 INH 27F8 — 2 —_ - — —|A A — —
then $SFF O A
else $00 O A
TAB Transfer Ato B (A0 B INH 3717 — 2 - — — —|A A 0 —
TAP Transfer A to CCR (A[7:0]) O CCRI[15:8] INH 37FD — 4 A A A A|A A A A
TBA Transfer B to A B)0 A INH 3707 — 2 - — — —|A A 0 —
TBEK Transfer B to EK (B[3:0]) O EK INH 27FA — 2 - (= = — = = = —
TBSK Transfer B to SK (B[3:0]) O SK INH 379F — 2 - = — — = = = —
TBXK Transfer B to XK (B[3:0]) O XK INH 379C — 2 - = - — = = = =
TBYK Transfer B to YK (B[3:0]) O YK INH 379D — 2 _ = — — |- - - —
TBZK Transfer B to ZK (B[3:0]) O zK INH 379E — 2 - — — — = = = =
TDE Transfer D to E (D)0 E INH 277B — 2 — — — —|A A 0 —
TDMSK Transfer D to (D[15:8]) O X MASK INH 372F — 2 - — — — = = = =
XMSK : YMSK (D[7:0]) O Y MASK
TDP Transfer D to CCR (D) O CCR[15:4] INH 372D — 4 A A A DA A A
TED Transfer E to D ()0 D INH 27FB — — — — —|a n 0 —
TEDM Transfer E and D to (E) O AM[31:16] INH 27B1 — — 0 — 0 |— — — —
AM[31:0] (D) O AM[15:0]
Sign Extend AM AM[35:32] = AM31
TEKB Transfer EK to B (EK) O B[3:0] INH 27BB — 2 - = — — = = = =
$0 0 B[7:4]
TEM Transfer E to (E) O AM[31:16] INH 27B2 — 4 — 0 — 0 |— — — —
AM[31:16] $00 O AM[15:0]
Sign Extend AM AM[35:32] = AM31
Clear AM LSB
TMER Transfer Rounded AM Rounded (AM) O Temp INH 27B4 — 6 — A — A |A A — —
to E If (SM « (EV O MV))
then Saturation Value O E
else Temp[31:16] 0 E
MC68HC16Y3/916Y3 MOTOROLA
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Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S | MV| H | EV | N | z | \% | C
TMET Transfer Truncated If (SM « (EV O MV)) INH 27B5 — 2 _- - — — A A — —
AMto E then Saturation Value O E
else AM[31:16] O E
TMXED Transfer AM to AM[35:32] O IX[3:0] INH 27B3 — 6 _ - = — |- = = —
IX:E:D AM35 O 1X[15:4]
AM[31:16] 0 E
AM[15:0] 0 D
TPA Transfer CCR to A (CCR[15:8]) O A INH 37FC — 2 —_ — - — = = - —
TPD Transfer CCR to D (CCR)O D INH 372C — 2 _ — - — = = - —
TSKB Transfer SK to B (SK) O B[3:0] INH 37AF — 2 —_ - = — = - - —
$0 O B[7:4]
TST Test Byte (M) - $00 IND8, X 06 ff 6 — — — —|A A O O
Zero or Minus INDS8, Y 16 ff 6
IND8, Z 26 ff 6
IND16, X 1706 09999 6
IND16, Y 1716 9999 6
IND16, Z 1726 9999 6
EXT 1736 hhll 6
TSTA Test A for (A) — $00 INH 3706 —_ 2 — — — —|A A O O
Zero or Minus
TSTB Test B for (B) - $00 INH 3716 — 2 — — — —|a A 0 O
Zero or Minus
TSTD Test D for (D) — $0000 INH 27F6 — 2 — — — —|A A O O
Zero or Minus
TSTE Test E for (E) — $0000 INH 2776 — 2 — — — —|a A 0 O
Zero or Minus
TSTW Test for (M: M + 1) -$0000 IND16, X 2706 9999 6 — — — —|A A O O
Zero or Minus Word IND16, Y 2716 gggg 6
IND16, Z 2726 9999 6
EXT 2736 hh i 6
TSX Transfer SP to X (SK: SP) +$0002 0 XK :IX INH 274F — 2 - - — = - - —
TSY Transfer SP to Y (SK:SP) +$0002 0 YK:IY INH 275F — 2 _ = = == = = —
TSZ Transfer SP to Z (SK: SP) +$0002 0 ZK: 1Z INH 276F — 2 e
TXKB Transfer XK to B (XK) O B[3:0] INH 37AC — 2 e
$0 O B[7:4]
TXS Transfer X to SP (XK : 1X) —$0002 O SK: SP INH 374E — 2 - - - — = = - —
TXY Transfer X to Y XK:IX)O YK: 1Y INH 275C — 2 B T
TXZ Transfer X to Z XK:IX)O zZK:1Z INH 276C — 2 - — — = - - —
TYKB Transfer YK to B (YK) O B[3:0] INH 37AD — 2 - = — — = - = =
$0 O B[7:4]
TYS Transfer Yto SP [(YK: 1Y) -$0002 O SK:SP INH 375E — 2 _ — = — = = - —
TYX Transfer Y to X (YK:1Y) O XK:IX INH 274D — 2 B e
TYZ Transfer Y to Z (YK:1Y)O zZK:1Z INH 276D — 2 - - - — = = - —
TZKB Transfer ZK to B (ZK) O B[3:0] INH 37AE — 2 - — — = - - —
$0 O B[7:4]
TZS Transfer Z to SP (ZK:1Z) —$0002 O SK: SP INH 376E — 2 —_ = = —|= = — —
TZX Transfer Z to X (ZK:12) O XK:IX INH 274E — 2 - = = == = — —
TZY Transfer Zto Y (ZK:1Z2) O YK:IY INH 275E — 2 e
WAI Wait for Interrupt WAIT INH 27F3 — 8 —_ - = — = = - —
XGAB Exchange A with B (A) = (B) INH 371A — 2 - = = |- - - —
XGDE Exchange D with E (D) = (E) INH 277A — 2 _ — = — = = = —
XGDX Exchange D with IX (D) = (IX) INH 37CC — 2 - = — — = = = =
MOTOROLA MC68HC16Y3/916Y3
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Table 4-2 Instruction Set Summary (Continued)

Mnemonic Operation Description Address Instruction Condition Codes

Mode Opcode | Operand | Cycles | S |MV| H | EV | N | z | \% | C
XGDY Exchange D with 1Y (D) = (1Y) INH 37DC — 2 —_ - - — = = - —
XGDz Exchange D with 1Z (D) = (1Z) INH 37EC — 2 _ - - — = = - —
XGEX Exchange E with IX (E) = (IX) INH 374C — 2 el
XGEY Exchange E with IY (E) = (IY) INH 375C — 2 e
XGEZ Exchange E with 1Z (E) = (12) INH 376C — 2 —_ - - — = = = —
NOTES:

1. CCRJ15:4] change according to the results of the operation. The PK field is not affected.

2. Cycle times for conditional branches are shown in “taken, not taken” order.

3. CCR[15:0] change according to the copy of the CCR pulled from the stack.

4. PK field changes according to the state pulled from the stack. The rest of the CCR is not affected.
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Table 4-3 Instruction Set Abbreviations and Symbols

— Accumulator A

— Accumulator M

— Accumulator B

— Condition code register

— Accumulator D

— Accumulator E

— Extended addressing extension field
— MAC multiplicand register

— MAC multiplier register

— Index register X

— Index register Y

— Index register Z

— Address extension register

— Program counter

— Program counter extension field
— Stack pointer extension field
— Multiply and accumulate sign latch
— Stack pointer

— Index register X extension field
— Index register Y extension field
— Index register Z extension field
— Modulo addressing index register X mask
— Modulo addressing index register Y mask
— Stop disable control bit

— AM overflow indicator

— Half carry indicator

— AM extended overflow indicator
— Negative indicator

— Zero indicator

— Two's complement overflow indicator
— Carry/borrow indicator

— Interrupt priority field

— Saturation mode control bit

— Program counter extension field
— Bit not affected

— Bit changes as specified

— Bit cleared

— Bit set

— Memory location used in operation
— Result of operation

— Source data

— Addition

— Subtraction or negation (two's complement)
— Multiplication

— Division

— Greater

— Less

— Equal

— Equal or greater

— Equal or less

— Not equal

X
M
M +1
M:M+1
(-.)X
()Y
(.)Z
E, X
EY
E Z
EXT
EXT20
IMM8
IMM16
INDS, X
INDS, Y
INDS, Z
IND16, X
IND16, Y
IND16, Z
IND20, X
IND20, Y
IND20, Z
INH
IXP
RELS
REL16

Register used in operation
Address of one memory byte
Address of byte at M + $0001
Address of one memory word

Contents of address pointed to by IX
Contents of address pointed to by IY
Contents of address pointed to by 1Z
IX with E offset
1Y with E offset
1Z with E offset
Extended
20-bit extended
8-bit immediate
16-bit immediate
IX with unsigned 8-bit offset
1Y with unsigned 8-bit offset

1Z with unsigned 8-bit offset

IX with signed 16-bit offset

1Y with signed 16-bit offset

1Z with signed 16-bit offset

IX with signed 20-bit offset

1Y with signed 20-bit offset

1Z with signed 20-bit offset

Inherent
Post-modified indexed
8-bit relative
16-bit relative
4-bit address extension
8-bit unsigned offset
16-bit signed offset
High byte of 16-bit extended address
8-bit immediate data
High byte of 16-bit immediate data
Low byte of 16-bit immediate data
Low byte of 16-bit extended address
8-bit mask
16-bit mask
8-bit unsigned relative offset
16-bit signed relative offset

MAC index register X offset

MAC index register Y offset

4-bit zero extension

AND
Inclusive OR (OR)
Exclusive OR (EOR)
Complementation
Concatenation
Transferred
Exchanged
Sign bit; also used to show tolerance
Sign extension
Binary value
Hexadecimal value
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4.8 Comparison of CPU16 and M68HC11 CPU Instruction Sets

Most M68HC11 CPU instructions are a source-code compatible subset of the CPU16
instruction set. However, certain M6BHC11 CPU instructions have been replaced by
functionally equivalent CPU16 instructions, and some CPU16 instructions with the
same mnemonics as M68HC11 CPU instructions operate differently.

Table 4-4 shows M68BHC11 CPU instructions that either have been replaced by
CPU16 instructions or that operate differently on the CPU16. Replacement instruc-
tions are not identical to M68HC11 CPU instructions. M68HC11 code must be altered
to establish proper preconditions.

All CPU16 instruction execution times differ from those of the M68HC11. Motorola
Programming Note M68HC16PNO01/D, Transporting M68HC11 Code to M68HC16
Devices, contains detailed information about differences between the two instruction
sets. Refer to the CPU16 Reference Manual (CPU16RM/AD) for further details about
CPU operations.
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Table 4-4 CPU16 Implementation of M68HC11 CPU Instructions

M68HC11 Instruction CPU16 Implementation
BHS BCC only
BLO BCS only
BSR Generates a different stack frame
CLC Replaced by ANDP
CLI Replaced by ANDP
CLv Replaced by ANDP
DES Replaced by AIS
DEX Replaced by AIX
DEY Replaced by AlY
INS Replaced by AIS
INX Replaced by AIX
INY Replaced by AlY
JMP IND8 and EXT addressing modes replaced by IND20 and EXT20 modes
ISR IND8 and EXT. addressing modes replaced by IND20 and EXT20 modes
Generates a different stack frame
LSL, LSLD Use ASL instructions®
PSHX Replaced by PSHM
PSHY Replaced by PSHM
PULX Replaced by PULM
PULY Replaced by PULM
RTI Reloads PC and CCR only
RTS Uses two-word stack frame
SEC Replaced by ORP
SEI Replaced by ORP
SEV Replaced by ORP
STOP Replaced by LPSTOP
TAP CPU16 CCR bits d@ffe_r from M68HC11
CPU16 interrupt priority scheme differs from M68HC11
TPA CPU16 _CCR bits d@ffe_r from M68H_Cll
CPU16 interrupt priority scheme differs from M68HC11
TSX Adds 2 to SK : SP before transfer to XK : IX
TSY Adds 2 to SK : SP before transfer to YK : IY
TXS Subtracts 2 from XK : IX before transfer to SK : SP
XY Transfers XK field to YK field
TYS Subtracts 2 from YK : IY before transfer to SK : SP
TYX Transfers YK field to XK field
WAI Waits indefinitgly for interrupt or reset
Generates a different stack frame

NOTES:

1. Motorola assemblers automatically translate ASL mnemonics.

MOTOROLA
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4.9 Instruction Format

CPU16 instructions consist of an 8-bit opcode that can be preceded by an 8-bit prebyte
and followed by one or more operands.

Opcodes are mapped in four 256-instruction pages. Page 0 opcodes stand alone.
Page 1, 2, and 3 opcodes are pointed to by a prebyte code on page 0. The prebytes
are $17 (page 1), $27 (page 2), and $37 (page 3).

Operands can be four bits, eight bits or sixteen bits in length. Since the CPU16 fetches
16-bit instruction words from even-byte boundaries, each instruction must contain an
even number of bytes.

Operands are organized as bytes, words, or a combination of bytes and words.
Operands of four bits are either zero-extended to eight bits, or packed two to a byte.
The largest instructions are six bytes in length. Size, order, and function of operands
are evaluated when an instruction is decoded.

A page 0 opcode and an 8-bit operand can be fetched simultaneously. Instructions that
use 8-bit indexed, immediate, and relative addressing modes have this form. Code
written with these instructions is very compact.

Figure 4-4 shows basic CPU16 instruction formats.
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8-Bit Opcode with 8-Bit Operand

15 | 14 | 13 | 12 | 11 | 10 | 9 | 8 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
Opcode Operand
8-Bit Opcode with 4-Bit Index Extensions
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Opcode | X Extension Y Extension

8-Bit Opcode, Argument(s)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Opcode | Operand
Operand(s)
Operand(s)
8-Bit Opcode with 8-Bit Prebyte, No Argument
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| Prebyte | Opcode
8-Bit Opcode with 8-Bit Prebyte, Argument(s)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Prebyte | Opcode
Operand(s)
Operand(s)

8-Bit Opcode with 20-Bit Argument

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Opcode | $0 | Extension

Operand

Figure 4-4 Basic Instruction Formats

4.10 Execution Model

This description builds up a conceptual model of the mechanism the CPU16 uses to
fetch and execute instructions. The functional divisions in the model do not necessarily
correspond to physical subunits of the microprocessor.

As shown in Figure 4-5, there are three functional blocks involved in fetching, decod-
ing, and executing instructions. These are the microsequencer, the instruction pipe-
line, and the execution unit. These elements function concurrently. All three may be
active at any given time.
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Figure 4-5 Instruction Execution Model

4.10.1 Microsequencer

The microsequencer controls the order in which instructions are fetched, advanced
through the pipeline, and executed. It increments the program counter and generates
multiplexed external tracking signals IPIPEO and IPIPE1 from internal signals that
control execution sequence.

4.10.2 Instruction Pipeline

The pipeline is a three stage first in, first out buffer (FIFO) that holds instructions while
they are decoded and executed. Depending upon instruction size, as many as three
instructions can be in the pipeline at one time (single-word instructions, one held in
stage C, one being executed in stage B, and one latched in stage A).

4.10.3 Execution Unit

The execution unit evaluates opcodes, interfaces with the microsequencer to advance
instructions through the pipeline, and performs instruction operations.
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4.11 Execution Process

Fetched opcodes are latched into stage A, then advanced to stage B. Opcodes are
evaluated in stage B. The execution unit can access operands in either stage A or
stage B (stage B accesses are limited to 8-bit operands). When execution is complete,
opcodes are moved from stage B to stage C, where they remain until the next
instruction is complete.

A prefetch mechanism in the microsequencer reads instruction words from memory
and increments the program counter. When instruction execution begins, the program
counter points to an address six bytes after the address of the first word of the
instruction being executed.

The number of machine cycles necessary to complete an execution sequence varies
according to the complexity of the instruction. Refer to the CPU16 Reference Manual
(CPU16RM/AD) for details.

4.11.1 Changes in Program Flow

When program flow changes, instructions are fetched from a new address. Before ex-
ecution can begin at the new address, instructions and operands from the previous in-
struction stream must be removed from the pipeline. If a change in flow is temporary,
a return address must be stored, so that execution of the original instruction stream
can resume after the change in flow.

When an instruction that causes a change in program flow executes, PK : PC point to
the address of the first word of the instruction + $0006. During execution of the
instruction, PK : PC is loaded with the address of the first instruction word in the new
instruction stream. However, stages A and B still contain words from the old instruction
stream. Extra processing steps must be performed before execution from the new
instruction stream.

4.12 Instruction Timing
The execution time of CPUL16 instructions has three components:

* Bus cycles required to prefetch the next instruction
* Bus cycles required for operand accesses
 Time required for internal operations

A bus cycle requires a minimum of two system clock periods. If the access time of a
memory device is greater than two clock periods, bus cycles are longer. However, all
bus cycles must be an integer number of clock periods. CPU16 internal operations are
always an integer multiple of two clock periods.

Dynamic bus sizing affects bus cycle time. The integration module manages all ac-
cesses. Refer to SECTION 5 SINGLE-CHIP INTEGRATION MODULE 2 for more in-
formation.

The CPU16 does not execute more than one instruction at a time. The total time
required to execute a particular instruction stream can be calculated by summing the
individual execution times of each instruction in the stream.
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Total execution time is calculated using the expression:
(CLy) = (CLp) +(CLp) +(CL)

Where:

(CLy) = Total clock periods per instruction

(CL,) = Clock periods used for internal operation
(CLp) = Clock periods used for program access
(CLp) = Clock periods used for operand access

Refer to the CPU16 Reference Manual (CPU16RM/AD) for more information on this
topic.

4.13 Exceptions

An exception is an event that preempts normal instruction processing. Exception
processing makes the transition from normal instruction execution to execution of a
routine that deals with the exception.

Each exception has an assigned vector that points to an associated handler routine.
Exception processing includes all operations required to transfer control to a handler
routine, but does not include execution of the handler routine itself. Keep the distinc-
tion between exception processing and execution of an exception handler in mind
while reading this section.

4.13.1 Exception Vectors

An exception vector is the address of a routine that handles an exception. Exception
vectors are contained in a data structure called the exception vector table, which is
located in the first 512 bytes of bank 0. Refer to Table 4-5 for the exception vector
table.

All vectors except the reset vector consist of one word and reside in data space. The
reset vector consists of four words that reside in program space. Refer to SECTION 5
SINGLE-CHIP INTEGRATION MODULE 2 for information concerning address space
types and the function code outputs. There are 52 predefined or reserved vectors, and
200 user-defined vectors.

Each vector is assigned an 8-bit number. Vector numbers for some exceptions are
generated by external devices; others are supplied by the processor. There is a direct
mapping of vector number to vector table address. The processor left shifts the vector
number one place (multiplies by two) to convert it to an address.
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Table 4-5 Exception Vector Table

Vector Vector Address Type of
Number Address Space Exception
0 0000 P Reset — Initial ZK, SK, and PK
0002 P Reset — Initial PC
0004 P Reset — Initial SP
0006 P Reset — Initial 1Z (Direct Page)
4 0008 D Breakpoint
5 000A D Bus Error
6 000C D Software Interrupt
7 000E D lllegal Instruction
8 0010 D Division by Zero
9-E 0012 - 001C D Unassigned, Reserved
F 001E D Uninitialized Interrupt
10 0020 D Unassigned, Reserved
11 0022 D Level 1 Interrupt Autovector
12 0024 D Level 2 Interrupt Autovector
13 0026 D Level 3 Interrupt Autovector
14 0028 D Level 4 Interrupt Autovector
15 002A D Level 5 Interrupt Autovector
16 002C D Level 6 Interrupt Autovector
17 002E D Level 7 Interrupt Autovector
18 0030 D Spurious Interrupt
19-37 0032 — 006E D Unassigned, Reserved
38 -FF 0070 - O1FE D User-Defined Interrupts

4.13.2 Exception Stack Frame

During exception processing, the contents of the program counter and condition code
register are stacked at a location pointed to by SK:SP. Unless it is altered during ex-
ception processing, the stacked PK:PC value is the address of the next instruction in
the current instruction stream, plus $0006. Figure 4-6 shows the exception stack

frame.

Low Address

High Address

MOTOROLA
4-38

Condition Code Register

Program Counter

O SP After Exception Stacking

O SP Before Exception Stacking

Figure 4-6 Exception Stack Frame Format
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4.13.3 Exception Processing Sequence

Exception processing is performed in four phases. Priority of all pending exceptions is
evaluated and the highest priority exception is processed first. Processor state is
stacked, then the CCR PK extension field is cleared. An exception vector number is
acquired and converted to a vector address. The content of the vector address is load-
ed into the PC and the processor jumps to the exception handler routine.

There are variations within each phase for differing types of exceptions. However, all
vectors except RESET are 16-bit addresses, and the PK field is cleared during excep-
tion processing. Consequently, exception handlers must be located within bank 0 or
vectors must point to a jump table in bank 0.

4.13.4 Types of Exceptions

Exceptions can be either internally or externally generated. External exceptions, which
are defined as asynchronous, include interrupts, bus errors, breakpoints, and resets.
Internal exceptions, which are defined as synchronous, include the software interrupt
(SWI) instruction, the background (BGND) instruction, illegal instruction exceptions,
and the divide-by-zero exception.

4.13.4.1 Asynchronous Exceptions

Asynchronous exceptions occur without reference to CPU16 or IMB clocks, but excep-
tion processing is synchronized. For all asynchronous exceptions but RESET, excep-
tion processing begins at the first instruction boundary following recognition of an
exception. Refer to 5.8.1 Interrupt Exception Processing for more information concern-
ing asynchronous exceptions.

Because of pipelining, the stacked return PK : PC value for all asynchronous excep-
tions, other than reset, is equal to the address of the next instruction in the current in-
struction stream plus $0006. The RTI instruction, which must terminate all exception
handler routines, subtracts $0006 from the stacked value to resume execution of the
interrupted instruction stream.

4.13.4.2 Synchronous Exceptions

Synchronous exception processing is part of an instruction definition. Exception pro-
cessing for synchronous exceptions is always completed, and the first instruction of
the handler routine is always executed, before interrupts are detected.

Because of pipelining, the value of PK : PC at the time a synchronous exception exe-
cutes is equal to the address of the instruction that causes the exception plus $0006.
Because RTI always subtracts $0006 upon return, the stacked PK : PC must be ad-
justed by the instruction that caused the exception so that execution resumes with the
following instruction. For this reason, $0002 is added to the PK : PC value before it is
stacked.
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4.13.5 Multiple Exceptions

Each exception has a hardware priority based upon its relative importance to system
operation. Asynchronous exceptions have higher priorities than synchronous
exceptions. Exception processing for multiple exceptions is completed by priority, from
highest to lowest. Priority governs the order in which exception processing occurs, not
the order in which exception handlers are executed.

Unless a bus error, a breakpoint, or a reset occurs during exception processing, the
first instruction of all exception handler routines is guaranteed to execute before
another exception is processed. Because interrupt exceptions have higher priority
than synchronous exceptions, the first instruction in an interrupt handler are executed
before other interrupts are sensed.

Bus error, breakpoint, and reset exceptions that occur during exception processing of
a previous exception are processed before the first instruction of that exception’s
handler routine. The converse is not true. If an interrupt occurs during bus error excep-
tion processing, for example, the first instruction of the exception handler is executed
before interrupts are sensed. This permits the exception handler to mask interrupts
during execution.

Refer to SECTION 5 SINGLE-CHIP INTEGRATION MODULE 2 for detailed
information concerning interrupts and system reset. Refer to the CPU16 Reference
Manual (CPU16RM/AD) for information concerning processing of specific exceptions.

4.13.6 RTI Instruction

The return-from-interrupt instruction (RTI) must be the last instruction in all exception
handlers except the RESET handler. RTI pulls the exception stack frame that was
pushed onto the system stack during exception processing, and restores processor
state. Normal program flow resumes at the address of the instruction that follows the
last instruction executed before exception processing began.

RTlis not used in the RESET handler because RESET initializes the stack pointer and
does not create a stack frame.

4.14 Development Support

The CPU16 incorporates powerful tools for tracking program execution and for system
debugging. These tools are deterministic opcode tracking, breakpoint exceptions, and
background debug mode. Judicious use of CPU16 capabilities permits in-circuit emu-
lation and system debugging using a bus state analyzer, a simple serial interface, and
a terminal.

4.14.1 Deterministic Opcode Tracking

The CPU16 has two multiplexed outputs, IPIPEO and IPIPEL, that enable external
hardware to monitor the instruction pipeline during normal program execution. The
signals IPIPEO and IPIPE1 can be demultiplexed into six pipeline state signals that
allow a state analyzer to synchronize with instruction stream activity.
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4.14.1.1 IPIPEO/IPIPE1 Multiplexing

Six types of information are required to track pipeline activity. To generate the six state
signals, eight pipeline states are encoded and multiplexed into IPIPEO and IPIPE1.
The multiplexed signals have two phases. State signals are active low. Table 4-6
shows the encoding scheme.

Table 4-6 IPIPEO/IPIPE1 Encoding

Phase IPIPE1 State IPIPEO State State Signal Name
0 0 START and FETCH
1 0 1 FETCH
1 0 START
1 1 NULL
0 0 INVALID
2 0 1 ADVANCE
1 0 EXCEPTION
1 1 NULL

IPIPEO and IPIPEL1 are timed so that a logic analyzer can capture all six pipeline state
signals and address, data, or control bus state in any single bus cycle. Refer to
APPENDIX A ELECTRICAL CHARACTERISTICS for specifications.

State signals can be latched asynchronously on the falling and rising edges of either
address strobe (AS) or data strobe (DS). They can also be latched synchronously
using the microcontroller CLKOUT signal. Refer to the CPU16 Reference Manual
(CPU16RM/AD) for more information on the CLKOUT signal, state signals, and state
signal demux logic.

4.14.1.2 Combining Opcode Tracking with Other Capabilities

Pipeline state signals are useful during normal instruction execution and execution of
exception handlers. The signals provide a complete model of the pipeline up to the
point a breakpoint is acknowledged.

Breakpoints are acknowledged after an instruction has executed, when it is in pipeline
Stage C. A breakpoint can initiate either exception processing or background debug-
ging mode. IPIPEO/IPIPEL are not usable when the CPU16 is in background debug-
ging mode.

4.14.2 Breakpoints

Breakpoints are set by assertion of the microcontroller BKPT pin. The CPU16 supports
breakpoints on any memory access. Acknowledged breakpoints can initiate either ex-
ception processing or background debug mode. After BDM has been enabled, the
CPU16 will enter BDM when the BKPT input is asserted.

* If BKPT assertion is synchronized with an instruction prefetch, the instruction is
tagged with the breakpoint when it enters the pipeline, and the breakpoint occurs
after the instruction executes.
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« If BKPT assertion is synchronized with an operand fetch, breakpoint processing
occurs at the end of the instruction during which BKPT is latched.

Breakpoints on instructions that are flushed from the pipeline before execution are not
acknowledged. Operand breakpoints are always acknowledged. There is no break-
point acknowledge bus cycle when BDM is entered. Refer to 5.6.4.1 Breakpoint Ac-
knowledge Cycle for more information about breakpoints.

4.14.3 Opcode Tracking and Breakpoints

Breakpoints are acknowledged after a tagged instruction has executed, that is when
the instruction is copied from pipeline stage B to stage C. Stage C contains the opcode
of the previous instruction when execution of the current instruction begins.

When an instruction is tagged, IPIPEO/IPIPEL reflect the start of execution and the ap-
propriate number of pipeline advances and operand fetches before the breakpoint is
acknowledged. If background debug mode is enabled, these signals model the pipe-
line before BDM is entered.

4.14.4 Background Debug Mode

Microprocessor debugging programs are generally implemented in external software.
CPU16 BDM provides a debugger implemented in CPU microcode. BDM incorporates
a full set of debug options. Registers can be viewed and altered, memory can be read
or written, and test features can be invoked. BDM is an alternate CPU16 operating
mode. While the CPU16 is in BDM, normal instruction execution is suspended, and
special microcode performs debugging functions under external control. While in
BDM, the CPU16 ceases to fetch instructions through the data bus and communicates
with the development system through a dedicated serial interface.

4.14.5 Enabling BDM

The CPU16 samples the BKPT input during reset to determine whether to enable
BDM. When BKPT is asserted at the rising edge of the RESET signal, BDM operation
is enabled. BDM remains enabled until the next system reset. If BKPT is at logic level
one on the trailing edge of RESET, BDM is disabled. BKPT is relatched on each rising
transition of RESET. BKPT is synchronized internally and must be asserted for at least
two clock cycles before negation of RESET.

4.14.5.1 BDM Sources

When BDM is enabled, external breakpoint hardware and the BGND instruction can
cause the CPU16 to enter BDM. If BDM is not enabled when a breakpoint occurs, a
breakpoint exception is processed.
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4.14.5.2 Entering BDM

When the CPU16 detects a breakpoint or decodes a BGND instruction when BDM is
enabled, it suspends instruction execution and asserts the FREEZE signal. Once
FREEZE has been asserted, the CPU16 enables the BDM serial communication hard-
ware and awaits a command. Assertion of FREEZE causes opcode tracking signals
IPIPEO and IPIPE1 to change definition and become serial communication signals
DSO and DSI. FREEZE is asserted at the next instruction boundary after the assertion
of BKPT or execution of the BGND instruction. IPIPEO and IPIPE1 change function be-
fore an exception signal can be generated. The development system must use
FREEZE assertion as an indication that BDM has been entered. When BDM is exited,
FREEZE is negated before initiation of normal bus cycles. IPIPEO and IPIPE1 are valid
when normal instruction prefetch begins.

4.145.3 BDM Commands

Commands consist of one 16-bit operation word and can include one or more 16-bit
extension words. Each incoming word is read as it is assembled by the serial interface.
The microcode routine corresponding to a command is executed as soon as the
command is complete. Result operands are loaded into the output shift register to be
shifted out as the next command is read. This process is repeated for each command
until the CPU returns to normal operating mode. The BDM command set is summa-
rized in Table 4-7. Refer to the CPU16 Reference Manual (CPU16RM/AD) for a BDM
command glossary.

Table 4-7 Command Summary

Command Mnemonic Description
Read Registers Read contents of registers specified by command
RREGM .
from Mask word register mask
Write Registers Write to registers specified by command word
WREGM .
from Mask register mask
Read MAC Registers RDMAC Regd contents of entire multiply and accumulate
register set
Write MAC Registers WRMAC Write to entire multiply and accumulate register set
Read PC and SP RPCSP Read contents of program counter and stack pointer
Write PC and SP WPCSP Write to program counter and stack pointer
Read Data Memory RDMEM Read byte from specified 20-bit address in data
space
Write Data Memory WDMEM Write byte to specified 20-bit address in data space
Read Program Memory RPMEM Read word from specified 20-bit address in program
space
Write Program Memory WPMEM Write word to specified 20-bit address in program
space
Execute from Current GO Instruction pipeline flushed and refilled; instructions
PK:PC executed from current PC — $0006
Null Operation NOP Null command performs no operation
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4.14.5.4 Returning from BDM

BDM is terminated when a resume execution (GO) command is received. GO refills
the instruction pipeline from address (PK : PC - $0006). FREEZE is negated before
the first prefetch. Upon negation of FREEZE, the BDM serial subsystem is disabled
and the DSO/DSI signals revert to IPIPEO/IPIPEL functionality.

4.14.5.5 BDM Serial Interface

The BDM serial interface uses a synchronous protocol similar to that of the Motorola
serial peripheral interface (SPI). Figure 4-7 is a diagram of the serial logic required to
use BDM with a development system.

The development system serves as the master of the serial link, and is responsible for
the generation of the serial interface clock signal (DSCLK).

Serial clock frequency range is from DC to one-half the CPU16 clock frequency. If
DSCLK is derived from the CPU16 system clock, development system serial logic can
be synchronized with the target processor.

The serial interface operates in full-duplex mode. Data transfers occur on the falling
edge of DSCLK and are stable by the following rising edge of DSCLK. Data is trans-
mitted MSB first, and is latched on the rising edge of DSCLK.

The serial data word is 17 bits wide, which includes 16 data bits and a status/control
bit. Bit 16 indicates status of CPU-generated messages.

Command and data transfers initiated by the development system must clear bit 16.
All commands that return a result return 16 bits of data plus one status bit.
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Figure 4-7 BDM Serial I/0 Block Diagram

4.15 Recommended BDM Connection

In order to use BDM development tools when an MCU is installed in a system, Motor-
ola recommends that appropriate signal lines be routed to a male Berg connector or
double-row header installed on the circuit board with the MCU. Refer to Figure 4-8.

)

DS |10 02| BERR
GND |30 O 4| BKPT/DSCLK
GND |50 O 6| FREEZE
RESET |70 O 8| IPIPE1/DSI

Vpp (90 ©10 IPIPEODSO

N

BDM CONN

Figure 4-8 BDM Connector Pinout
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4.16 Digital Signal Processing

The CPU16 performs low-frequency digital signal processing (DSP) algorithms in real
time. The most common DSP operation in embedded control applications is filtering,
but the CPU16 can perform several other useful DSP functions. These include auto-
correlation (detecting a periodic signal in the presence of noise), cross-correlation
(determining the presence of a defined periodic signal), and closed-loop control
routines (selective filtration in a feedback path).

Although derivation of DSP algorithms is often a complex mathematical task, the
algorithms themselves typically consist of a series of multiply and accumulate (MAC)
operations. The CPU16 contains a dedicated set of registers that perform MAC
operations. As a group, these registers are called the MAC unit.

DSP operations generally require a large number of MAC iterations. The CPU16
instruction set includes instructions that perform MAC setup and repetitive MAC
operations. Other instructions, such as 32-bit load and store instructions, can also be
used in DSP routines.

Many DSP algorithms require extensive data address manipulation. To increase
throughput, the CPU16 performs effective address calculations and data prefetches
during MAC operations. In addition, the MAC unit provides modulo addressing to
implement circular DSP buffers efficiently.

Refer to the CPU16 Reference Manual (CPU16RM/AD) for detailed information con-
cerning the MAC unit and execution of DSP instructions.
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SECTION 5 SINGLE-CHIP INTEGRATION MODULE 2

This section is an overview of the single-chip integration module 2 (SCIM2). Refer to
the SCIM Reference Manual (SCIMRM/AD) for a comprehensive discussion of SCIM2
capabilities. Refer to D.2 Single-Chip Integration Module 2 for information concerning
the SCIM2 address map and register structure.

5.1 General

The single-chip integration module 2 (SCIM2) consists of six submodules that, with a
minimum of external devices, control system startup, initialization, configuration, and
the external bus. Figure 5-1 shows a block diagram of the SCIM2.

The system configuration block controls MCU configuration and operating mode.

The system clock generates clock signals used by the SCIM2, other IMB modules, and
external devices. In addition, a periodic interrupt generator supports execution of time-
critical control routines.

The system protection block provides bus and software watchdog monitors.

The chip-select block provides five general-purpose chip-select signals and two emu-
lation-support chip-select signals. The general-purpose chip-select signals have asso-
ciated base address registers and option registers.

The external bus interface handles the transfer of information between IMB modules
and external address space.

The system test block incorporates hardware necessary for testing the MCU. It is used
to perform factory tests, and its use in normal applications is not supported.

The SCIM2 has three basic operating modes:

* 16-bit expanded mode, in which the SCIM2 provides a 24-bit external address
bus and a 16-bit external data bus, eight general-purpose chip-select lines, a boot
ROM chip-select line, and seven interrupt request inputs. The bus control pins,
the chip-select pins, and the interrupt request pins can be configured as general
purpose I/O ports. In addition, two emulation chip-select lines are available —
CSE and CSM. The CSE line can be used to select an external port replacement
unit, and the CSM line can be used to select an external ROM-emulation device.

* 8-bit expanded mode, in which the SCIM2 provides a single general purpose 1/0
port, a 24-bit external address bus, an 8-bit external data bus, seven general pur-
pose chip-select lines, a boot ROM chip-select line, and seven interrupt request
lines. The bus control pins, the chip-select pins, and the interrupt request pins can
be configured as general purpose I/O ports.
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* Single-chip mode, in which the SCIM2 provides seven general purpose 1/O ports,
no external address or data buses, one general purpose chip-select line, and a
boot ROM chip-select line.

Although the full IMB supports 24 address and 16 data lines, MC68HC16Y3/916Y3
MCUs use only 20 address lines. Because the CPU16 uses only 20 address lines.
ADDR][23:20] follow the state of ADDR19.

Operating mode is determined by the logic states of specific MCU pins during reset.
Refer to 5.7.3 Operating Configuration Out of Reset for more detailed information.

SYSTEM CONFIGURATION
> XTAL
> CLKOUT
CLOCK SYNTHESIZER . EXTAL
~————————MODCLK
SYSTEM PROTECTION

CHIP SELECTS ) CHIP SELECTS
EXTERNAL BUS INTERFACE

<™ RESET

|l —————
FACTORY TEST TSC
> FREEZEIQUOT

S(C)IM BLOCK

Figure 5-1 SCIM2 Block Diagram

5.2 System Configuration

The MCU can operate as a stand-alone device (single-chip mode), with a 20-bit
external address bus and an 8-bit external data bus, or with a 20-bit external address
bus and a 16-bit external data bus. SCIM2 pins can be configured for use as I/O ports
or programmable chip select signals. Refer to 5.9 Chip-Selects and 5.10 General Pur-
pose Input/Output for more information. System configuration is determined by setting
bits in the SCIM2 configuration register (SCIMCR), and by asserting MCU pins during
reset. The following paragraphs describe those configuration options controlled by
SCIMCR.
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5.2.1 Module Mapping

Control registers for all the modules in the microcontroller are mapped into a 4-Kbyte
block. The state of the module mapping (MM) bit in SCIMCR determines where the
control register block is located in the system memory map. When MM = 0, register
addresses range from $7FF000 to $7FFFFF; when MM = 1, register addresses range
from $FFFO00 to $FFFFFF.

In MC68HC16Y3/916Y3 MCUs, ADDR[23:20] follow the logic state of ADDR19 unless
externally driven. MM corresponds to IMB ADDR23. If MM is cleared, the SCIM2 maps
IMB modules into address space $7FF000 — $7FFFFF, which is inaccessible to the
CPU16. Modules remain inaccessible until reset occurs. The reset state of MM is one,
but the bit can be written once. Initialization software should make certain MM remains
set.

5.2.2 Interrupt Arbitration

Each module that can request interrupts has an interrupt arbitration (IARB) field. Arbi-
tration between interrupt requests of the same priority is performed by serial conten-
tion between IARB field bit values. Contention will take place whenever an interrupt
request is acknowledged, even when there is only a single request pending. For an
interrupt to be serviced, the appropriate IARB field must have a non-zero value. If an
interrupt request from a module with an IARB field value of %0000 is recognized, the
CPU16 processes a spurious interrupt exception.

Because the SCIM2 routes external interrupt requests to the CPU16, the SCIM2 IARB
field value is used for arbitration between internal and external interrupts of the same
priority. The reset value of IARB for the SCIM2 is %1111, and the reset IARB value for
all other modules is %0000, which prevents SCIM2 interrupts from being discarded
during initialization. Refer to 5.8 Interrupts for a discussion of interrupt arbitration.

5.2.3 Single-Chip Operation Support

The SCIMCR contains three bits that support single-chip operation. Setting the CPU
development support disable bit (CPUD) disables (places in a high impedance state)
the instruction tracking pins whenever the FREEZE signal is not asserted. The instruc-
tion tracking pins on CPU16-based MCUs are IPIPE1 and IPIPEO. When CPUD is
cleared to zero, the instruction tracking pins operate normally.

Setting the address bus disable bit (ABD) disables ADDR[2:0] by placing the pins in a
high-impedance state. During single-chip operation, the ADDR[23:3] pins are config-
ured for discrete output or input/output, and ADDR[2:0] should normally be disabled.

Setting the R/W disable bit (RWD) disables the R/W pin. This pin is not normally used
during single-chip operation.

The reset state of each of these three bits is one if BERR is held low during reset (con-
figuring the MCU for single-chip operation) or zero if BERR is held high during reset.
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5.2.4 Show Internal Cycles

A show cycle allows internal bus transfers to be monitored externally. The SHEN field
in SCIMCR determines what the external bus interface does during internal transfer
operations. Table 5-1 shows whether data is driven externally, and whether external
bus arbitration can occur. Refer to 5.6.6.1 Show Cycles for more information.

Table 5-1 Show Cycle Enable Bits

SHEN[1:0] Action
00 Show cycles disabled, external arbitration enabled
01 Show cycles enabled, external arbitration disabled
10 Show cycles enabled, external arbitration enabled
11 Show cycle_s_en_abled, external arbitration enabled;
internal activity is halted by a bus grant

5.2.5 Register Access

MC68HC16Y3/916Y3 MCUs always operates at the supervisor level. The state of the
SUPV bit has no meaning.

5.2.6 Freeze Operation

The FREEZE signal halts MCU operations during debugging. FREEZE is asserted in-
ternally by the CPU16 if a breakpoint occurs while background mode is enabled. When
FREEZE is asserted, only the bus monitor, software watchdog, and periodic interrupt
timer are affected. The halt monitor and spurious interrupt monitor continue to operate
normally. Setting the freeze bus monitor (FRZBM) bit in SCIMCR disables the bus
monitor when FREEZE is asserted. Setting the freeze software watchdog (FRZSW)
bit disables the software watchdog and the periodic interrupt timer when FREEZE is
asserted.

5.3 System Clock

The system clock in the SCIM2 provides timing signals for the IMB modules and for an
external peripheral bus. Because the MCU is a fully static design, register and memory
contents are not affected when the clock rate changes. System hardware and software
support changes in clock rate during operation.

The system clock signal can be generated from one of three sources. An internal
phase-locked loop (PLL) can synthesize the clock from a fast reference, a slow refer-
ence, or the clock signal can be directly input from an external frequency source.

NOTE

Whether the PLL can use a fast or slow reference is determined by
the device. A particular device cannot use both a fast and slow
reference.
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The fast reference is typically a 4.194 MHz crystal; the slow reference is typically
32.768 kHz crystal. Each reference frequency may be generated by sources other
than a crystal. Keep these sources in mind while reading the rest of this section. Refer
to APPENDIX A ELECTRICAL CHARACTERISTICS for clock specifications.

Figure 5-2 is a block diagram of the clock submodule.

(MODCLK) (EXTAL) (XTAL) XFC |vDDSYN| |cu<om|

CRYSTAL P
128 PHASE LOW-PASS
OSCILLATOR COMPARATOR [ FILTER B veo [

-
’

W
FEEDBACK DIVIDER 2
* Y ¢
> SYSTEM CLOCK CONTROL [x]

—»SYSTEM
CLOCK

NOTES:
1.+ 128 IS PRESENT ONLY ON DEVICES WITH A FAST REFERENCE OSCILLATOR.

PLL BLOCK

Figure 5-2 System Clock Block Diagram

5.3.1 Clock Sources

The state of the clock mode (MODCLK) pin during reset determines the system clock
source. When MODCLK is held high during reset, the clock synthesizer generates a
clock signal from an external reference frequency. The clock synthesizer control reg-
ister (SYNCR) determines operating frequency and mode of operation. When
MODCLK is held low during reset, the clock synthesizer is disabled and an external
system clock signal must be driven onto the EXTAL pin.

The input clock, referred to as f,ef, can be either a crystal or an external clock source.
The output of the clock system is referred to as fss. Ensure that f,f and fg,, are within
normal operating limits.

To generate a reference frequency using the crystal oscillator, a reference crystal
must be connected between the EXTAL and XTAL pins. Typically, a 32.768 kHz crys-
tal is used for a slow reference, but the frequency may vary between 25 kHz to 50 kHz.
Figure 5-3 shows a typical circuit.
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C1

. Ri
22 pF 330K
XTAL
R2
_ITI_ 10M
} . . > EXTAL
c2
22 pF*
= Vg

* RESISTANCE AND CAPACITANCE BASED ON A TEST CIRCUIT CONSTRUCTED WITH A DAISHINKU DMX-38 32.768-KHZ CRYSTAL.
SPECIFIC COMPONENTS MUST BE BASED ON CRYSTAL TYPE. CONTACT CRYSTAL VENDOR FOR EXACT CIRCUIT.

32 OSCILLATOR

Figure 5-3 Slow Reference Crystal Circuit

A 4.194 MHz crystal is typically used for a fast reference, but the frequency may vary
between 1 MHz to 6 MHz. Figure 5-4 shows a typical circuit.

Ci
8 R1
27 PF Rl
XTAL
R2
_IT_ MQ

} . . > EXTAL
c2
27 PF*

= Vg

* RESISTANCE AND CAPACITANCE BASED ON A TEST CIRCUIT CONSTRUCTED WITH A KDS041-18 4.194 MHz CRYSTAL.
SPECIFIC COMPONENTS MUST BE BASED ON CRYSTAL TYPE. CONTACT CRYSTAL VENDOR FOR EXACT CIRCUIT.

16 OSCILLATOR 4M

Figure 5-4 Fast Reference Crystal Circuit

If a fast or slow reference frequency is provided to the PLL from a source other than a
crystal, or an external system clock signal is applied through the EXTAL pin, the XTAL
pin must be left floating.

5.3.2 Clock Synthesizer Operation

Vppsyn IS used to power the clock circuits when the system clock is synthesized from
either a crystal or an externally supplied reference frequency. A separate power
source increases MCU noise immunity and can be used to run the clock when the
MCU is powered down. A quiet power supply must be used as the Vppgyn Source. Ad-
equate external bypass capacitors should be placed as close as possible to the
Vppsyn Pin to assure a stable operating frequency. When an external system clock
signal is applied and the PLL is disabled, Vppsyn Should be connected to the Vpp

supply.
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A voltage controlled oscillator (VCO) in the PLL generates the system clock signal. To
maintain a 50% clock duty cycle, the VCO frequency (fyco) is either two or four times
the system clock frequency, depending on the state of the X bit in SYNCR. The clock
signal is fed back to a divider/counter. The divider controls the frequency of one input
to a phase comparator. The other phase comparator input is a reference signal, either
from the crystal oscillator or from an external source. The comparator generates a con-
trol signal proportional to the difference in phase between the two inputs. This signal
is low-pass filtered and used to correct the VCO output frequency.

Filter circuit implementation can vary, depending upon the external environment and
required clock stability. Figure 5-5 shows two recommended system clock filter net-
works. XFC pin leakage must be kept as low as possible to maintain optimum stability
and PLL performance.

NOTE

The standard filter used in normal operating environments is a single
0.1 pf capacitor, connected from the XFC pin to the Vppsyn SUpply
pin. An alternate filter can be used in high-stability operating environ-
ments to reduce PLL jitter under noisy system conditions. Current
systems that are operating correctly may not require this filter. If the
PLL is not enabled (MODCLK = 0 at reset), the XFC filter is not re-
quired. Versions of the SCIM that are configured for either slow or
fast reference use the same filter component values.

An external filter network connected to the XFC pin is not required when an external
system clock signal is applied and the PLL is disabled (MODCLK = 0O at reset). The
XFC pin must be left floating in this case.

c3 ci c3 c R1
0.1 uF 0.1 pF 0.1 uF O1pF  18kQ
| | | |1 1,2
1 | |——>xFc’ {1 | F—\\\~¢—>xFc
I I > Vppsyn I I | |
c4 c4 c2
L 0.01 uF L 0.01 uF 0.01 pF o
= Vgs = Vg »VppsvN
NORMAL OPERATING ENVIRONMENT HIGH-STABILITY OPERATING ENVIRONMENT

1. MAINTAIN LOW LEAKAGE ON THE XFC NODE. REFER TO APPENDIX A ELECTRICAL CHARACTERISTICS FOR MORE INFORMATION.
2. RECOMMENDED LOOP FILTER FOR REDUCED SENSITIVITY TO LOW FREQUENCY NOISE.

NORMAL/HIGH-STABILITY XFC CONN

Figure 5-5 System Clock Filter Networks
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The synthesizer locks when the VCO frequency is equal to f.s. Lock time is affected
by the filter time constant and by the amount of difference between the two comparator
inputs. Whenever a comparator input changes, the synthesizer must relock. Lock sta-
tus is shown by the SLOCK bit in SYNCR. During power-up, the MCU does not come
out of reset until the synthesizer locks. Crystal type, characteristic frequency, and lay-
out of external oscillator circuitry affect lock time.

When the clock synthesizer is used, SYNCR determines the system clock frequency
and certain operating parameters. The W and Y[5:0] bits are located in the PLL feed-
back path, enabling frequency multiplication by a factor of up to 256. When the W or
Y values change, VCO frequency changes, and there is a VCO relock delay. The
SYNCR X bit controls a divide-by circuit that is not in the synthesizer feedback loop.
When X = 0 (reset state), a divide-by-four circuit is enabled, and the system clock fre-
quency is one-fourth the VCO frequency (fy,cg).- When X = 1, a divide-by-two circuit is
enabled and system clock frequency is one-half the VCO frequency (fycg). There is no
relock delay when clock speed is changed by the X bit.

When a slow reference is used, one W bit and six Y bits are located in the PLL feed-
back path, enabling frequency multiplication by a factor of up to 256. The X bit is lo-
cated in the VCO clock output path to enable dividing the system clock frequency by
two without disturbing the PLL.

When using a slow reference, the clock frequency is determined by SYNCR bit set-
tings as follows:

foys = Aler(Y + 1)(2W %)y

The reset state of SYNCR ($3F00) results in a power-on fgy of 8.388 MHz when i
is 32.768 kHz.

When a fast reference is used, three W bits are located in the PLL feedback path, en-
abling frequency multiplication by a factor from one to eight. Three Y bits and the X bit
are located in the VCO clock output path to provide the ability to slow the system clock
without disturbing the PLL.

When using a fast reference, the clock frequency is determined by SYNCR bit settings
as follows:

f f 2W + X
foys = 7ogl4(Y + D))

The reset state of SYNCR ($3F00) results in a power-on fgyg of 8.388 MHz when fi¢
is 4.194 MHz.
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For the device to perform correctly, both the clock frequency and VCO frequency
(selected by the W, X, and Y bits) must be within the limits specified for the MCU. In
order for the VCO frequency to be within specifications (less than or equal to the
maximum system clock frequency multiplied by two), the X bit must be set for system
clock frequencies greater than one-half the maximum specified system clock.

Internal VCO frequency is determined by the following equations:
fyco = 4gys ifX=0
or
fyco = 2fgys ifX=1

On both slow and fast reference devices, when an external system clock signal is
applied (MODCLK = 0 during reset), the PLL is disabled. The duty cycle of this signal
is critical, especially at operating frequencies close to maximum. The relationship
between clock signal duty cycle and clock signal period is expressed as follows:

Minimum External Clock Period =

Minimum External Clock High/Low Time
50% — Percentage Variation of External Clock Input Duty Cycle

Table 5-2 shows 16.78 MHz clock control multipliers for all possible combinations of
SYNCR bits. To obtain clock frequency, find counter modulus in the leftmost column,
then multiply the reference frequency by the value in the appropriate prescaler cell.
Refer to APPENDIX A ELECTRICAL CHARACTERISTICS for maximum allowable
clock rate.

Table 5-3 shows actual 16.78 MHz clock frequencies for the same combinations of
SYNCR bits. To obtain clock frequency, find counter modulus in the leftmost column,
then refer to appropriate prescaler cell. Refer to APPENDIX A ELECTRICAL CHAR-
ACTERISTICS for maximum system frequency (fsys).
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Table 5-2 16.78 MHz Clock Control Multipliers

(Shaded cells represent values that exceed 16.78 MHz specifications.)

Prescalers
Modulus [W:X] = 00 [W:X] = 01 [W:X] = 10 [W:X] = 11
(fvco = 2 x Value) (fyco = Value) (fyco = 2 x Value) (fyco = Value)
Y Slow Fast Slow Fast Slow Fast Slow Fast
000000 4 .03125 8 .625 16 125 32 .25
000001 8 .0625 16 125 32 .25 64 5
000010 12 .09375 24 .1875 48 375 96 .75
000011 16 125 32 .25 64 5 128 1
000100 20 .15625 40 .3125 80 .625 160 1.25
000101 24 .1875 48 375 96 .75 192 15
000110 28 .21875 56 4375 112 .875 224 1.75
000111 32 .25 64 5 128 1 256 2
001000 36 .21825 72 .5625 144 1.125 288 2.25
001001 40 3125 80 .625 160 1.25 320 2.5
001010 44 .34375 88 .6875 176 1.375 352 2.75
001011 48 375 96 75 192 1.5 384 3
001100 52 40625 104 .8125 208 1.625 416 3.25
001101 56 4375 112 .875 224 1.75 448 3.5
001110 60 46875 120 .9375 240 1.875 480 3.75
001111 64 5 128 1 256 2 512 4
010000 68 .53125 136 1.0625 272 2.125 544 4.25
010001 72 .5625 144 1.125 288 2.25 576 4.5
010010 76 .59375 152 1.1875 304 2.375 608 4.75
010011 80 .625 160 1.25 320 25 640 5
010100 84 .65625 168 1.3125 336 2.625 672 5.25
010101 88 .6875 176 1.375 352 2.75 704 5.5
010110 92 .71875 184 1.4375 368 2.875 736 5.75
010111 96 .75 192 1.5 384 3 768 6
011000 100 .78125 200 1.5625 400 3.125 800 6.25
011001 104 .8125 208 1.625 416 3.25 832 6.5
011010 108 .84375 216 1.6875 432 3.375 864 6.75
011011 112 .875 224 1.75 448 3.5 896 7
011100 116 .90625 232 1.8125 464 3.625 928 7.25
011101 120 .9375 240 1.875 480 3.75 960 7.5
011110 124 .96875 248 1.9375 496 3.875 992 7.75
011111 128 1 256 2 512 4 1024 8
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Table 5-2 16.78 MHz Clock Control Multipliers (Continued)

(Shaded cells represent values that exceed 16.78 MHz specifications.)

Prescalers
Modulus [W:X] = 00 [W:X] = 01 [W:X] = 10 [W:X] =11
(fyco = 2 x Value) (fyco = Value) (fvco = 2 x Value) (fyco = Value)

Y Slow Fast Slow Fast Slow Fast Slow Fast
100000 132 1.03125 264 2.0625 528 4.125 1056 8.25
100001 136 1.0625 272 2.125 544 4.25 1088 8.5
100010 140 1.09375 280 2.1875 560 4.375 1120 8.75
100011 144 1.125 288 2.25 576 4.5 1152 9
100100 148 1.15625 296 2.3125 592 4.675 1184 9.25
100101 152 1.1875 304 2.375 608 4.75 1216 9.5
100110 156 1.21875 312 2.4375 624 4.875 1248 9.75
100111 160 1.25 320 2.5 640 5 1280 10
101000 164 1.28125 328 2.5625 656 5.125 1312 10.25
101001 168 1.3125 336 2.625 672 5.25 1344 10.5
101010 172 1.34375 344 2.6875 688 5.375 1376 10.75
101011 176 1.375 352 2.75 704 5.5 1408 11
101100 180 1.40625 360 2.8125 720 5.625 1440 11.25
101101 184 1.4375 368 2.875 736 5.75 1472 11.5
101110 188 1.46875 376 2.9375 752 5.875 1504 11.75
101111 192 15 384 3 768 6 1536 12
110000 196 1.53125 392 3.0625 784 6.125 1568 12.25
110001 200 1.5625 400 3.125 800 6.25 1600 12.5
110010 204 1.59375 408 3.1875 816 6.375 1632 12.75
110011 208 1.625 416 3.25 832 6.5 1664 13
110100 212 1.65625 424 3.3125 848 6.625 1696 13.25
110101 216 1.6875 432 3.375 864 6.75 1728 13.5
110110 220 1.71875 440 3.4375 880 6.875 1760 13.75
110111 224 1.75 448 35 896 7 1792 14
111000 228 1.78125 456 3.5625 912 7.125 1824 14.25
111001 232 1.8125 464 3.625 928 7.25 1856 14.5
111010 236 1.84375 472 3.6875 944 7.375 1888 14.75
111011 240 1.875 480 3.75 960 7.5 1920 15
111100 244 1.90625 488 3.8125 976 7.625 1952 15.25
111101 248 1.9375 496 3.875 992 7.75 1984 15.5
111110 252 1.96875 504 3.9375 1008 7.875 2016 15.75
111111 256 2 512 4 1024 8 2048 16
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Table 5-3 16.78 MHz System Clock Frequencies

(Shaded cells represent values that exceed 16.78 MHz specifications.)

Modulus Prescaler
v [W:X] = 00 [W:X] = 01 [W:X] = 10 [W:X] =11
(fyvco=2xValue) | (fyco = Value) |(fyco=2xValue)| (fyco = Value)
000000 131 kHz 262 kHz 524 kHz 1049 kHz
000001 262 524 1049 2097
000010 393 786 1573 3146
000011 524 1049 2097 4194
000100 655 1311 2621 5243
000101 786 1573 3146 6291
000110 918 1835 3670 7340
000111 1049 2097 4194 8389
001000 1180 2359 4719 9437
001001 1311 2621 5243 10486
001010 1442 2884 5767 11534
001011 1573 3146 6291 12583
001100 1704 3408 6816 13631
001101 1835 3670 7340 14680
001110 1966 3932 7864 15729
001111 2097 4194 8389 16777
010000 2228 4456 8913 17826
010001 2359 4719 9437 18874
010010 2490 4981 9961 19923
010011 2621 5243 10486 20972
010100 2753 5505 11010 22020
010101 2884 5767 11534 23069
010110 3015 6029 12059 24117
010111 3146 6291 12583 25166
011000 3277 6554 13107 26214
011001 3408 6816 13631 27263
011010 3539 7078 14156 28312
011011 3670 7340 14680 29360
011100 3801 7602 15204 30409
011101 3932 7864 15729 31457
011110 4063 8126 16253 32506
011111 4194 8389 16777 33554
MOTOROLA
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Table 5-3 16.78 MHz System Clock Frequencies (Continued)

(Shaded cells represent values that exceed 16.78 MHz specifications.)

USER’S MANUAL

Modulus Prescaler
v [W:X] = 00 [W:X] = 01 [W:X] = 10 [W:X] =11
(fyvco=2xValue) | (fyco = Value) |(fyco=2xValue)| (fyco = Value)
100000 4325 kHz 8651 kHz 17302 kHz 34603 kHz
100001 4456 8913 17826 35652
100010 4588 9175 18350 36700
100011 4719 9437 18874 37749
100100 4850 9699 19399 38797
100101 4981 9961 19923 39846
100110 5112 10224 20447 40894
100111 5243 10486 20972 41943
101000 5374 10748 21496 42992
101001 5505 11010 22020 44040
101010 5636 11272 22544 45089
101011 5767 11534 23069 46137
101100 5898 11796 23593 47186
101101 6029 12059 24117 48234
101110 6160 12321 24642 49283
101111 6291 12583 25166 50332
110000 6423 12845 25690 51380
110001 6554 13107 26214 52428
110010 6685 13369 26739 53477
110011 6816 13631 27263 54526
110100 6947 13894 27787 55575
110101 7078 14156 28312 56623
110110 7209 14418 28836 57672
110111 7340 14680 29360 58720
111000 7471 14942 2988 59769
111001 7602 15204 30409 60817
111010 7733 15466 30933 61866
111011 7864 15729 31457 62915
111100 7995 15991 31982 63963
111101 8126 16253 32506 65011
111110 8258 16515 33030 66060
111111 8389 16777 33554 67109
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5.3.3 External Bus Clock

The state of the E-clock division bit (EDIV) in SYNCR determines clock rate for the
E-clock signal (ECLK) available on pin ADDR23. ECLK is a bus clock for MC6800
devices and peripherals. ECLK frequency can be set to system clock frequency
divided by eight or system clock frequency divided by sixteen. The clock is enabled by
the CS10PA[1:0] field in chip-select pin assignment register 1 (CSPAR1). ECLK
operation during low-power stop is described in the following paragraph. Refer to 5.9
Chip-Selects for more information about the external bus clock.

5.3.4 Low-Power Operation

Low-power operation is initiated by the CPU16. To reduce power consumption selec-
tively, the CPU can set the STOP bits in each module configuration register. To mini-
mize overall microcontroller power consumption, the CPU can execute the LPSTOP
instruction which causes the SCIM2 to turn off the system clock.

When individual module STOP bits are set, clock signals inside each module are
turned off, but module registers are still accessible.

When the CPU executes LPSTOP, a special CPU space bus cycle writes a copy of
the current interrupt mask into the clock control logic. The SCIM2 brings the MCU out
of low-power stop mode when one of the following exceptions occur:

* RESET
* Trace
» SCIM2 interrupt of higher priority than the stored interrupt mask

Refer to 5.6.4.2 LPSTOP Broadcast Cycle for more information.

During a low-power stop mode, unless the system clock signal is supplied by an
external source and that source is removed, the SCIM clock control logic and the SCIM
clock signal (SCIMCLK) continue to operate. The periodic interrupt timer and input
logic for the RESET and IRQ pins are clocked by SCIMCLK. The SCIM2 can also
continue to generate the CLKOUT signal while in low-power stop mode.

During low-power stop mode, the address bus continues to drive the LPSTOP
instruction, and bus control signals are negated. I/O pins configured as outputs con-
tinue to hold their previous state; I/O pins configured as inputs will be in a three-state
condition.

STSCIM and STEXT bits in SYNCR determine clock operation during low power stop
mode.

The flow chart shown in Figure 5-6 summarizes the effects of the STSCIM and STEXT
bits when the MCU enters normal low-power stop mode. Any clock in the off state is
held low. If the synthesizer VCO is turned off during low-power stop mode, there is a
PLL relock delay after the VCO is turned back on.

MOTOROLA MC68HC16Y3/916Y3

5-14 . . USER’S MANUAL
For More Information On This Product,

Go to: www.freescale.com



Freescale Semiconductor, Inc.

NOTE

The internal oscillator which supplies the input frequency for the PLL
always runs when a crystal is used.

SETUP INTERRUPT

TO WAKE UP MCU
FROM LPSTOP
Y
NO
USING \
EXTERNAL CLOCK? }
YES Y
Usk sysTemcLock MO
AS SCIMCLK IN
LPSTOP? /
YES
Y Y
SET STSCIM =1 SET STSCIM =0
fscimc\k1 = fsys fscimclk1 = fref
IN LPSTOP IN LPSTOP
Y Y
: N\, NO : N\, NO
WANT CLKOUT WANT CLKOUT
ON IN LPSTOP? / ON IN LPSTOP? ’
YES YES
\ Y Y Y
SET STEXT =1 SETSTEXT=0 SET STEXT =1 SET STEXT =0
fokout™ = fsys fclkoutz =0Hz fclkom2 = fret fclkoutz =0Hz
feck =+ fsys feck =0 Hz feck =0 Hz feck =0 Hz
IN LPSTOP IN LPSTOP IN LPSTOP IN LPSTOP
Y
ENTER LPSTOP
NOTES:
1. THE SCIMCLK IS USED BY THE PIT, IRQ, AND INPUT BLOCKS OF THE SCIM2.
2. CLKOUT CONTROL DURING LPSTOP IS OVERRIDDEN BY THE EXOFF BIT IN SCIMCR. IF EXOFF = 1, THE CLKOUT
PIN IS ALWAYS IN A HIGH IMPEDANCE STATE AND STEXT HAS NO EFFECT IN LPSTOP. IF EXOFF =0, CLKOUT
IS CONTROLLED BY STEXT IN LPSTOP.
LPSTOPFLOW
Figure 5-6 LPSTOP Flowchart
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5.4 System Protection

The system protection block preserves reset status, monitors internal activity, and
provides periodic interrupt generation. Figure 5-7 is a block diagram of the
submodule.

MODULE CONFIGURATION
AND TEST

RESET STATUS

HALT MONITOR RESET REQUEST

\

\
o
By
By

BUS MONITOR

SPURIOUS INTERRUPT MONITOR

SOFTWARE WATCHDOG TIMER —— RESET REQUEST

CLOCK ——— 29 PRESCALER

PERIODIC INTERRUPT TIMER —— [RQ[7:1]

SYS PROTECT BLOCK

Figure 5-7 System Protection

5.4.1 Reset Status

The reset status register (RSR) latches internal MCU status during reset. Refer to
5.7.10 Reset Status Register for more information.

5.4.2 Bus Monitor

The internal bus monitor checks data size acknowledge (DSACK) signal response
times during normal bus cycles. The monitor asserts the internal bus error (BERR) sig-
nal when the response time is excessively long.

DSACK response times are measured in clock cycles. Maximum allowable response
time can be selected by setting the bus monitor timing (BMT[1:0]) field in the system
protection control register (SYPCR). Table 5-4 shows the periods allowed.
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Table 5-4 Bus Monitor Period

BMT[1:0] Bus Monitor Timeout Period
00 64 System clocks
01 32 System clocks
10 16 System clocks
11 8 System clocks

The monitor does not check DSACK response on the external bus unless the CPU16
initiates a bus cycle. The BME bit in SYPCR enables the internal bus monitor for
internal to external bus cycles. If a system contains external bus masters, an external
bus monitor must be implemented and the internal-to-external bus monitor option must
be disabled.

When monitoring transfers to an 8-bit port, the bus monitor does not reset until both
byte accesses of a word transfer are completed. Monitor timeout period must be at
least twice the number of clocks that a single byte access requires.

5.4.3 Halt Monitor

The halt monitor responds to an assertion of the HALT signal on the internal bus,
caused by a double bus fault. A flag in the reset status register (RSR) can indicate that
the last reset was caused by the halt monitor. Halt monitor reset can be inhibited by
the halt monitor (HME) enable bit in SYPCR. Refer to 5.6.5.2 Double Bus Faults for
more information.

5.4.4 Spurious Interrupt Monitor

During interrupt exception processing, the CPU16 normally acknowledges an interrupt
request, arbitrates among various sources of interrupt, recognizes the highest priority
source, and then acquires a vector or responds to a request for autovectoring. The
spurious interrupt monitor asserts the internal bus error signal (BERR) if no interrupt
arbitration occurs during interrupt exception processing. The assertion of BERR caus-
es the CPUL16 to load the spurious interrupt exception vector into the program counter.
The spurious interrupt monitor cannot be disabled. Refer to 5.8 Interrupts for further
information. For detailed information about interrupt exception processing, refer to
4.13 Exceptions.

5.4.5 Software Watchdog

The software watchdog is controlled by the software watchdog enable (SWE) bit in
SYPCR. When enabled, the watchdog requires that a service sequence be written to
the software service register (SWSR) on a periodic basis. If servicing does not take
place, the watchdog times out and asserts the RESET signal.

Each time the service sequence is written, the software watchdog timer restarts. The
sequence to restart the software watchdog consists of the following steps:

» Write $55 to SWSR.
* Write $AA to SWSR.
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Both writes must occur before timeout in the order listed. Any number of instructions
can be executed between the two writes.

Watchdog clock rate is affected by the software watchdog prescale (SWP) bit and the
software watchdog timing (SWT[1:0]) field in SYPCR.

SWP determines system clock prescaling for the watchdog timer and determines that
one of two options, either no prescaling or prescaling by a factor of 512, can be
selected. The value of SWP is affected by the state of the MODCLK pin during reset,
as shown in Table 5-5. System software can change SWP value.

Table 5-5 MODCLK Pin and SWP Bit During Reset

MODCLK SWP
0 (External Clock) 1(+512)
1 (Internal Clock) 0(+1)

SWT[1:0] selects the divide ratio used to establish the software watchdog timeout
period.

The following equation calculates the timeout period for a slow reference frequency.

Divide Ratio Specified by SWP and SWT[1:0]
f

Timeout Period =
ref

The following equation calculates the timeout period for a fast reference frequency.

Timeout Period = (128)(Divide Ratio Specified by SWP and SWT[1:0])
f

ref

The following equation calculates the timeout period for an externally input clock
frequency on both slow and fast reference frequency devices.

Divide Ratio Specified by SWP and SWT[1:0]
f

Timeout Period =
ref

Table 5-6 shows the divide ratio for each combination of SWP and SWT[1:0] bits.
When SWT[1:0] are modified, a watchdog service sequence must be performed be-
fore the new timeout period can take effect.
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Table 5-6 Software Watchdog Divide Ratio

SWP SWTI[1:0] Divide Ratio
0 00 2°
0 01 211
0 10 213
0 11 215
1 00 218
1 01 220
1 10 222
1 11 924

Figure 5-8 is a block diagram of the watchdog timer and the clock control for the
periodic interrupt timer.

EXTAL  XTAL FREEZE  MODCLK
\i \i +
CRYSTAL I I
+ 128 » 29 PRESCALER «—— SWP
AND DISABLE SELECT
> > «—— PTP
\i
SOFTWARE SOFTWARE WATCHDOG TIMER PERIODIC INTERRUPT TIMER
WATCHDOG <«— (2" DIVIDER CHAIN — 4 TAPS) (8-BIT MODULUS COUNTER) | pIT
RESET SWoR ooR P INTERRUPT
A A A
LPSTOP —f
SWE
SWT1
SWTO0
NOTES:
1.+ 128 1S PRESENT ONLY ON DEVICES WITH A FAST REFERENCE OSCILLATOR. PIT WATCHDOG BLOCK 16

Figure 5-8 Periodic Interrupt Timer and Software Watchdog Timer

5.4.6 Periodic Interrupt Timer

The periodic interrupt timer (PIT) allows the generation of interrupts of specific priority
at predetermined intervals. This capability is often used to schedule control system
tasks that must be performed within time constraints. The timer consists of a prescaler,
a modulus counter, and registers that determine interrupt timing, priority and vector
assignment. Refer to 4.13 Exceptions for further information about interrupt exception
processing.
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The periodic interrupt timer modulus counter is clocked by one of two signals. When
the PLL is enabled (MODCLK = 1 during reset), f.os is used with a slow reference
oscillator; f,os + 128 is used with fast reference oscillator. When the PLL is disabled
(MODCLK = 0 during reset), fof is used. The value of the periodic timer prescaler
(PTP) bit in the periodic interrupt timer register (PITR) determines system clock
prescaling for the periodic interrupt timer. One of two options, either no prescaling, or
prescaling by a factor of 512, can be selected. The value of PTP is affected by the state
of the MODCLK pin during reset, as shown in Table 5-7. System software can change
PTP value.

Table 5-7 MODCLK Pin and PTP Bit at Reset

MODCLK PTP
0 (External Clock) 1(+512)
1 (Internal Clock) 0(+1)

Either clock signal selected by the PTP is divided by four before driving the modulus
counter. The modulus counter is initialized by writing a value to the periodic interrupt
timer modulus (PITM[7:0]) field in PITR. A zero value turns off the periodic timer. When
the modulus counter value reaches zero, an interrupt is generated. The modulus
counter is then reloaded with the value in PITM[7:0] and counting repeats. If a new
value is written to PITR, it is loaded into the modulus counter when the current count
is completed.

The following equation calculates the PIT period when a slow reference frequency is
used:

g = (PIIM[7:0])(1if PTP = 0, 512 if PTP = 1)(4)

PIT Perio :

ref

The following equation calculates the PIT period when a fast reference frequency is
used:

4 = (128)(PITM[7:0])(1 if PTP = 0, 512 if PTP = 1)(4)

PIT Perio :

ref

The following equation calculates the PIT period for an externally input clock
frequency on both slow and fast reference frequency devices.

g = (PITM[7:0))(1 if PTP = 0, 512 if PTP = 1)(4)

PIT Perio :

ref

5.4.7 Interrupt Priority and Vectoring

Interrupt priority and vectoring are determined by the values of the periodic interrupt
request level (PIRQL[2:0]) and periodic interrupt vector (PIV) fields in the periodic
interrupt control register (PICR).
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The PIRQL field is compared to the CPUL6 interrupt priority mask to determine
whether the interrupt is recognized. Table 5-8 shows PIRQL[2:0] priority values. Be-
cause of SCIM2 hardware prioritization, a PIT interrupt is serviced before an external
interrupt request of the same priority. The periodic timer continues to run when the in-
terrupt is disabled.

Table 5-8 Periodic Interrupt Priority

PIRQL[2:0] Priority Level
000 Periodic Interrupt Disabled
001 Interrupt priority level 1
010 Interrupt priority level 2
011 Interrupt priority level 3
100 Interrupt priority level 4
101 Interrupt priority level 5
110 Interrupt priority level 6
111 Interrupt priority level 7

The PIV field contains the periodic interrupt vector. The vector is placed on the IMB
when an interrupt request is made. The vector number is used to calculate the address
of the appropriate exception vector in the exception vector table. The reset value of
the PIV field is $0F, which corresponds to the uninitialized interrupt exception vector.

5.4.8 Low-Power STOP Operation

When the CPU16 executes the LPSTOP instruction, the current interrupt priority mask
is stored in the clock control logic, internal clocks are disabled according to the state
of the STSCIM bit in the SYNCR, and the MCU enters low-power stop mode. The bus
monitor, halt monitor, and spurious interrupt monitor are all inactive during low-power
stop.

During low-power stop mode, the clock input to the software watchdog timer is dis-
abled and the timer stops. The software watchdog begins to run again on the first rising
clock edge after low-power stop mode ends. The watchdog is not reset by low-power
stop mode. A service sequence must be performed to reset the timer.

The periodic interrupt timer does not respond to the LPSTOP instruction, but continues
to run during LPSTOP. To stop the periodic interrupt timer, PITR must be loaded with
a zero value before the LPSTOP instruction is executed. A PIT interrupt, or an external
interrupt request, can bring the MCU out of the low-power stop mode if it has a higher
priority than the interrupt mask value stored in the clock control logic when low-power
stop mode is initiated. LPSTOP can be terminated by a reset.

5.5 External Bus Interface

The external bus interface (EBI) transfers information between the internal MCU bus
and external devices. Figure 5-9 shows a basic system with external memory and
peripherals.
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The external bus has 24 address lines and 16 data lines. ADDR[19:0] are normal ad-
dress outputs; ADDR[23:20] follow the output state of ADDR19. The EBI provides
dynamic sizing between 8-bit and 16-bit data accesses. It supports byte, word, and
long-word transfers. Port width is the maximum number of bits accepted or provided
by the external memory system during a bus transfer. Widths of eight and sixteen bits
are accessed through the use of asynchronous cycles controlled by the size (SIZ1 and
SIZ0) and data size acknowledge (DSACK1 and DSACKO) pins. Multiple bus cycles
may be required for a dynamically sized transfers.

To add flexibility and minimize the necessity for external logic, MCU chip-select logic
is synchronized with EBI transfers. Refer to 5.9 Chip-Selects for more information.

5.5.1 Bus Control Signals

The address bus provides addressing information to external devices. The data bus
transfers 8-bit and 16-bit data between the MCU and external devices. Strobe signals,
one for the address bus and another for the data bus, indicate the validity of an
address and provide timing information for data.

Control signals indicate the beginning of each bus cycle, the address space, the size
of the transfer, and the type of cycle. External devices decode these signals and
respond to transfer data and terminate the bus cycle. The EBI can operate in an
asynchronous mode for any port width.

5.5.1.1 Address Bus

Bus signals ADDR[19:0] define the address of the byte (or the most significant byte)
to be transferred during a bus cycle. The MCU places the address on the bus at the
beginning of a bus cycle. The address is valid while AS is asserted.

5.5.1.2 Address Strobe

Address strobe (AS) is a timing signal that indicates the validity of an address on the
address bus and of many control signals.

5.5.1.3 Data Bus

Signals DATA[15:0] form a bidirectional, non-multiplexed parallel bus that transfers
data to or from the MCU. A read or write operation can transfer 8 or 16 bits of data in
one bus cycle. For a write cycle, all 16 bits of the data bus are driven, regardless of
the port width or operand size.

5.5.1.4 Data Strobe

Data strobe (DS) is a timing signal. For a read cycle, the MCU asserts DS to signal an
external device to place data on the bus. DS is asserted at the same time as AS during
a read cycle. For a write cycle, DS signals an external device that data on the bus is
valid.
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5.5.1.5 Read/Write Signal

The read/write signal (R/W) determines the direction of the transfer during a bus cycle.
This signal changes state, when required, at the beginning of a bus cycle, and is valid
while AS is asserted. R/W only transitions when a write cycle is preceded by a read
cycle or vice versa. The signal may remain low for two consecutive write cycles.

5.5.1.6 Size Signals

Size signals (SIZ[1:0]) indicate the number of bytes remaining to be transferred during
an operand cycle. They are valid while AS is asserted. Table 5-9 shows SIZ0 and SIZ1
encoding.

Table 5-9 Size Signal Encoding

SIZ1 SIZ0 Transfer Size
0 1 Byte
1 0 Word
1 1 3 Byte
0 0 Long word

5.5.1.7 Function Codes

The CPU generates function code signals (FC[2:0]) to indicate the type of activity oc-
curring on the data or address bus. These signals can be considered address exten-
sions that can be externally decoded to determine which of eight external address
spaces is accessed during a bus cycle.

Because the CPU16 always operates in supervisor mode (FC2 = 1), address spaces
0 to 3 are not used. Address space 7 is designated CPU space. CPU space is used
for control information not normally associated with read or write bus cycles. Function
codes are valid while AS is asserted. Table 5-10 shows address space encoding.

Table 5-10 Address Space Encoding

FC2 FC1 FCO Address Space
1 0 0 Reserved
1 0 1 Data space
1 1 0 Program space
1 1 1 CPU space

5.5.1.8 Data Size Acknowledge Signals

During normal bus transfers, external devices assert the data size acknowledge
signals (DSACK]1:0]) to indicate port width to the MCU. During a read cycle, these
signals tell the MCU to terminate the bus cycle and to latch data. During a write cycle,
the signals indicate that an external device has successfully stored data and that the
cycle can terminate. DSACK][1:0] can also be supplied internally by chip-select logic.
Refer to 5.9 Chip-Selects for more information.
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5.5.1.9 Bus Error Signal

The bus error signal (BERR) is asserted when a bus cycle is not properly terminated
by DSACK or AVEC assertion. It can also be asserted in conjunction with DSACK to
indicate a bus error condition, provided it meets the appropriate timing requirements.
Refer to 5.6.5 Bus Exception Control Cycles for more information.

The internal bus monitor can generate the BERR signal for internal-to-internal and
internal-to-external transfers. In systems with an external bus master, the SCIM2 bus
monitor must be disabled and external logic must be provided to drive the BERR pin,
because the internal BERR monitor has no information about transfers initiated by an
external bus master. Refer to 5.6.6 External Bus Arbitration for more information.

5.5.1.10 Halt Signal

The halt signal (HALT) can be asserted by an external device for debugging purposes
to cause single bus cycle operation or (in combination with BERR) a retry of a bus
cycle in error. The HALT signal affects external bus cycles only. As a result, a program
not requiring use of the external bus may continue executing, unaffected by the HALT
signal. When the MCU completes a bus cycle with the HALT signal asserted,
DATA[15:0] is placed in a high-impedance state and bus control signals are driven in-
active; the address, function code, size, and read/write signals remain in the same
state. If HALT is still asserted once bus mastership is returned to the MCU, the ad-
dress, function code, size, and read/write signals are again driven to their previous
states. The MCU does not service interrupt requests while it is halted. Refer to 5.6.5
Bus Exception Control Cycles for further information.

5.5.1.11 Autovector Signal

The autovector signal (AVEC) can be used to terminate external interrupt acknowl-
edgement cycles. Assertion of AVEC causes the CPU16 to generate vector numbers
to locate an interrupt handler routine. If AVEC is continuously asserted, autovectors
are generated for all external interrupt requests. AVEC is ignored during all other bus
cycles. Refer to 5.8 Interrupts for more information. AVEC for external interrupt
requests can also be supplied internally by chip-select logic. Refer to 5.9 Chip-Selects
for more information. The autovector function is disabled when there is an external bus
master. Refer to 5.6.6 External Bus Arbitration for more information.

NOTE

On a fully bonded SCIM2 implementation, the user can assert the
AVEC/PE2 pin. The AVEC/PE2 pin is not available on the
MC68HC16Y3/916Y3.

5.5.2 Dynamic Bus Sizing

The MCU dynamically interprets the port size of an addressed device during each bus
cycle, allowing operand transfers to or from 8-bit and 16-bit ports.
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During a a bus transfer cycle, an external device signals its port size and indicates
completion of the bus cycle to the MCU through the use of the DSACK inputs, as
shown in Table 5-11. Chip-select logic can generate data size acknowledge signals
for an external device. Refer to 5.9 Chip-Selects for more information.

Table 5-11 Effect of DSACK Signals

DSACK1 DSACKO Result
1 1 Insert wait states in current bus cycle
1 0 Complete cycle — Data bus port size is 8 bits
0 1 Complete cycle — Data bus port size is 16 bits
0 0 Reserved

If the CPU is executing an instruction that reads a long-word operand from a 16-bit
port, the MCU latches the 16 bits of valid data and then runs another bus cycle to
obtain the other 16 bits. The operation for an 8-bit port is similar, but requires four read
cycles. The addressed device uses the DSACK signals to indicate the port width. For
instance, a 16-bit external device always returns DSACK for a 16-bit port (regardless
of whether the bus cycle is a byte or word operation).

Dynamic bus sizing requires that the portion of the data bus used for a transfer to or
from a particular port size be fixed. A 16-bit port must reside on data bus bits [15:0],
and an 8-bit port must reside on data bus bits [15:8]. This minimizes the number of bus
cycles needed to transfer data and ensures that the MCU transfers valid data.

The MCU always attempts to transfer the maximum amount of data on all bus cycles.
For a word operation, it is assumed that the port is 16 bits wide when the bus cycle
begins.

Operand bytes are designated as shown in Figure 5-10. OPJ[0:3] represent the order
of access. For instance, OPO is the most significant byte of a long-word operand, and
is accessed first, while OP3, the least significant byte, is accessed last. The two bytes
of a word-length operand are OPO (most significant) and OP1. The single byte of a
byte-length operand is OPO.

OPERAND BYTE ORDER
31 24 23 1615 87 0
LONG WORD OPO OP1 opP2 OP3
THREE BYTE OPO OP1 OoP2
WORD OPO OP1
BYTE OPO

OPERAND BYTE ORDER

Figure 5-10 Operand Byte Order
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5.5.3 Operand Alignment

The EBI data multiplexer establishes the necessary connections for different combi-
nations of address and data sizes. The multiplexer takes the two bytes of the 16-bit
bus and routes them to their required positions. Positioning of bytes is determined by
the size and address outputs. SIZ1 and SIZ0 indicate the number of bytes remaining
to be transferred during the current bus cycle. The number of bytes transferred is equal
to or less than the size indicated by SIZ1 and SI1Z0, depending on port width.

ADDRO also affects the operation of the data multiplexer. During a bus transfer, AD-
DRJ[23:1] indicate the word base address of the portion of the operand to be accessed,
and ADDRO indicates the byte offset from the base.

NOTE
ADDR[23:20] follow the state of ADDR19 in the MCU.

5.5.4 Misaligned Operands

The CPU16 uses a basic operand size of 16 bits. An operand is misaligned when it
overlaps a word boundary. This is determined by the value of ADDRO. When ADDRO
=0 (an even address), the address is on a word and byte boundary. When ADDRO =
1 (an odd address), the address is on a byte boundary only. A byte operand is aligned
at any address; a word or long-word operand is misaligned at an odd address.

The largest amount of data that can be transferred by a single bus cycle is an aligned
word. If the MCU transfers a long-word operand through a 16-bit port, the most signif-
icant operand word is transferred on the first bus cycle and the least significant oper-
and word is transferred on a following bus cycle.

The CPU16 can perform misaligned word transfers. This capability makes it compati-
ble with the M6BHC11 CPU. The CPUL16 treats misaligned long-word transfers as two
misaligned word transfers.

5.5.5 Operand Transfer Cases

Table 5-12 shows how operands are aligned for various types of transfers. OPn
entries are portions of a requested operand that are read or written during a bus cycle
and are defined by SIZ1, S1Z0, and ADDRO for that bus cycle.
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Table 5-12 Operand Alignment

Current DATA DATA Next
Cycle Transfer Case SIZ1 | SIZ0 | ADDRO | DSACK1 | DSACKO [15:8] [7:0] Cycle
1 Byte to 8-bit port (even) 0 1 0 1 0 opo | (orPo)t | —
2 Byte to 8-bit port (odd) 0 1 1 1 0 OPO (OPO0) —
3 Byte to 16-bit port (even) 0 1 0 0 1 OPO (OPO0) —
4 Byte to 16-bit port (odd) 0 1 1 0 1 (OPO0) OPO —
5 Word to 8-bit port 1 0 0 1 0 opo | (P | 2
(aligned)
6 Word to 8-bit port 1 0 1 1 0 OPO | (OPO) 1
(misaligned
7 Word to 16-bit port 1 0 0 0 1 opo | op1 | —
(aligned)
8 Word to 16-bit port 1 0 1 0 1 (OP0) | OPO 3
(misaligned)
9 Long word to 8-bit port 0 0 0 1 0 oP0 | (OP1) | 13
(aligned)
10 Long word to 8-bitport |, 0 1 1 0 opo | (oPo) | 1
(misaligned)
11 Long woro! to 16-bit port 0 0 0 0 1 OPO oP1 7
(aligned)
Long word to 16-bit port
12 o 2 1 0 1 0 1 (OPO0) OPO 3
(misaligned)
13 Three byte to 8-bit port® 1 1 1 1 0 OPO (OPO0) 5
NOTES:

1. Operands in parentheses are ignored by the CPU16 during read cycles.
2. The CPUL16 treats misaligned long-word transfers as two misaligned-word transfers.
3. Three byte transfer cases occur only as a result of an aligned long word to 8-bit port transfer.

5.6 Bus Operation

Internal microcontroller modules are typically accessed in two system clock cycles.
Regular external bus cycles use handshaking between the MCU and external
peripherals to manage transfer size and data. These accesses take three system
clock cycles, with no wait states. During regular cycles, wait states can be inserted as
needed by bus control logic. Refer to 5.6.2 Regular Bus Cycle for more information.

Fast-termination cycles, which are two-cycle external accesses with no wait states,
use chip-select logic to generate handshaking signals internally. Refer to 5.6.3 Fast
Termination Cycles and 5.9 Chip-Selects for more information. Bus control signal tim-
ing, as well as chip-select signal timing, are specified in APPENDIX A ELECTRICAL
CHARACTERISTICS. Refer to the SCIM Reference Manual (SCIMRM/AD) for more
information about each type of bus cycle.
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5.6.1 Synchronization to CLKOUT

External devices connected to the MCU bus can operate at a clock frequency different
from the frequencies of the MCU as long as the external devices satisfy the interface
signal timing constraints. Although bus cycles are classified as asynchronous, they are
interpreted relative to the MCU system clock output (CLKOUT).

Descriptions are made in terms of individual system clock states, labelled {SO, S1,
S2,..., SN}. The designation “state” refers to the logic level of the clock signal, and
does not correspond to any implemented machine state. A clock cycle consists of two
successive states. Refer to APPENDIX A ELECTRICAL CHARACTERISTICS for
more information.

Bus cycles terminated by DSACK assertion normally require a minimum of three CLK-
OUT cycles. To support systems that use CLKOUT to generate DSACK and other in-
puts, asynchronous input setup time and asynchronous input hold times are specified.
When these specifications are met, the MCU is guaranteed to recognize the appropri-
ate signal on a specific edge of the CLKOUT signal.

5.6.2 Regular Bus Cycle

The following paragraphs contain a discussion of cycles that use external bus control
logic. Refer to 5.6.3 Fast Termination Cycles for information about fast termination cy-
cles.

To initiate a transfer, the MCU asserts an address and the SIZ[1:0] signals. The SIZ
signals and ADDRO are externally decoded to select the active portion of the data bus.
Refer to 5.5.2 Dynamic Bus Sizing. When AS, DS, and R/W are valid, a peripheral de-
vice either places data on the bus (read cycle) or latches data from the bus (write cy-
cle), then asserts a DSACK]1:0] combination that indicates port size.

The DSACK][1:0] signals can be asserted before the data from a peripheral device is
valid on a read cycle. To ensure valid data is latched into the MCU, a maximum period
between DSACK assertion and DS assertion is specified.

There is no specified maximum for the period between the assertion of AS and
DSACK. Although the MCU can transfer data in a minimum of three clock cycles when
the cycle is terminated with DSACK, the MCU inserts wait cycles in clock period incre-
ments until either DSACK signal goes low.

If bus termination signals remain unasserted, the MCU will continue to insert wait
states, and the bus cycle will never end. If no peripheral responds to an access, or if
an access is invalid, external logic should assert the BERR or HALT signals to abort
the bus cycle (when BERR and HALT are asserted simultaneously, the CPU16 acts
as though only BERR is asserted). When enabled, the SCIM2 bus monitor asserts
BERR when DSACK response time exceeds a predetermined limit. The bus monitor
timeout period is determined by the BMT[1:0] field in SYPCR. The maximum bus mon-
itor timeout period is 64 system clock cycles.
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5.6.2.1 Read Cycle

During a read cycle, the MCU transfers data from an external memory or peripheral
device. If the instruction specifies a long-word or word operation, the MCU attempts to
read two bytes at once. For a byte operation, the MCU reads one byte. The portion of
the data bus from which each byte is read depends on operand size, peripheral ad-
dress, and peripheral port size. Figure 5-11 is a flow chart of a word read cycle. Refer
to 5.5.2 Dynamic Bus Sizing, 5.5.4 Misaligned Operands, and the SCIM Reference
Manual (SCIMRM/AD) for more information.

MCU PERIPHERAL

ADDRESS DEVICE (S0)

1) SET RW TO READ

2) DRIVE ADDRESS ON ADDR[23:0]

3) DRIVE FUNCTION CODE ON FC[2:0]
4) DRIVE SIZ[1:0] FOR OPERAND SIZE

Y

ASSERT AS AND DS (S1)

Y

PRESENT DATA (S2)

1) DECODE ADDR, RAW, SIZ[1:0], DS

2) PLACE DATA ON DATA[15:0] OR
DATA[15:8] IF 8-BIT DATA

3) DRIVE DSACK SIGNALS

DECODE DSACK (S3)

A

Y
LATCH DATA (S4)

Y
NEGATE AS AND DS (S5)

Y

TERMINATE CYCLE (S5)

Y 1) REMOVE DATA FROM DATA BUS

START NEXT CYCLE (S0) 2) NEGATE DSACK

RD CYC FLOW

Figure 5-11 Word Read Cycle Flowchart

5.6.2.2 Write Cycle

During a write cycle, the MCU transfers data to an external memory or peripheral
device. If the instruction specifies a long-word or word operation, the MCU attempts to
write two bytes at once. For a byte operation, the MCU writes one byte. The portion of
the data bus upon which each byte is written depends on operand size, peripheral ad-
dress, and peripheral port size.

Refer to 5.5.2 Dynamic Bus Sizing and 5.5.4 Misaligned Operands for more informa-
tion. Figure 5-12 is a flow chart of a write-cycle operation for a word transfer. Refer to
the SCIM Reference Manual (SCIMRM/AD) for more information.
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MCU

ADDRESS DEVICE (S0)

1) SET RW TO WRITE

2) DRIVE ADDRESS ON ADDR{[23:0]

3) DRIVE FUNCTION CODE ON FCj[2:0]
4) DRIVE SIZ[1:0] FOR OPERAND SIZE

ASSERT AS (S1)

'

PLACE DATA ON DATA[15:0] (S2)

ASSERT DS AND WAIT FOR DSACK (S3)

PERIPHERAL

OPTIONAL STATE (S4)

NO CHANGE

'

TERMINATE OUTPUT TRANSFER (S5)

1) NEGATE DS AND AS
2) REMOVE DATA FROM DATA BUS

Y

ACCEPT DATA (S2 + S3)

1) DECODE ADDRESS
2) LATCH DATA FROM DATA BUS
3) ASSERT DSACK SIGNALS

'

START NEXT CYCLE

A

TERMINATE CYCLE

NEGATE DSACK

Figure 5-12 Write Cycle Flowchart

5.6.3 Fast Termination Cycles

When an external device can meet fast access timing, an internal chip-select circuit
fast termination option can provide a two-cycle external bus transfer. Because the
chip-select circuits are driven from the system clock, the bus cycle termination is in-
herently synchronized with the system clock.
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If multiple chip-selects are to be used to provide control signals to a single device and
match conditions occur simultaneously, all MODE, STRB, and associated DSACK
fields must be programmed to the same value. This prevents a conflict on the internal
bus when the wait states are loaded into the DSACK counter shared by all chip-
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Fast termination cycles use internal handshaking signals generated by the chip-select
logic. To initiate a transfer, the MCU asserts an address and the SIZ[1:0] signals.
When AS, DS, and R/W are valid, a peripheral device either places data on the bus
(read cycle) or latches data from the bus (write cycle). At the appropriate time, chip-
select logic asserts data size acknowledge signals.

The DSACK option fields in the chip-select option registers determine whether inter-
nally generated DSACK or externally generated DSACK is used. The external DSACK
lines are always active, regardless of the setting of the DSACK field in the chip-select
option registers. Thus, an external DSACK can always terminate a bus cycle. Holding
a DSACK line low will cause essentially all external bus cycles to be three-cycle (zero
wait states) accesses unless the chip-select option register specifies fast accesses.

NOTE

There are certain exceptions to the three-cycle rule when one or both
DSACK lines are asserted. Check the current device and mask set
errata for details.

For fast termination cycles, the fast termination encoding (%1110) must be used. Re-
fer to 5.9.1 Chip-Select Registers for information about fast termination setup.

To use fast termination, an external device must be fast enough to have data ready
within the specified setup time (for example, by the falling edge of S4). Refer to
APPENDIX A ELECTRICAL CHARACTERISTICS for information about fast termina-
tion timing.

When fast termination is in use, DS is asserted during read cycles but not during write
cycles. The STRB field in the chip-select option register used must be programmed
with the address strobe encoding to assert the chip-select signal for a fast termination
write.

5.6.4 CPU Space Cycles

Function code signals FC[2:0] designate which of eight external address spaces is ac-
cessed during a bus cycle. Address space 7 is designated CPU space. CPU space is
used for control information not normally associated with read or write bus cycles.
Function codes are valid only while AS is asserted. Refer to 5.5.1.7 Function Codes
for more information on codes and encoding.

During a CPU space access, ADDR[19:16] are encoded to reflect the type of access
being made. Three encodings are used by the MCU, as shown in Figure 5-13. These
encodings represent breakpoint acknowledge (Type $0) cycles, low power stop
broadcast (Type $3) cycles, and interrupt acknowledge (Type $F) cycles. Type $0 and
type $3 cycles are discussed in the following paragraphs. Refer to 5.8 Interrupts for
information about interrupt acknowledge bus cycles.
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CPU SPACE CYCLES

FUNCTION ADDRESS BUS
CODE

BREAKPONT [——0 & |19 16' 4210
acknowtenge Lt 1] [0000f0000Jo0000000000fBkPT#]T 0]
LowronEn e 2 |19 16| 0
STOP BROADCAST [t11] f[oooofoor 1]t 111111 111111110]
2 0 23 |19 16| 0
INTERRUPT  [474 4] [1 4 4 4]t 11 1]t 1111111111 1]eveL]1]

ACKNOWLEDGE

CPU SPACE
TYPE FIELD

CPU SPACE CYC TIM

Figure 5-13 CPU Space Address Encoding

5.6.4.1 Breakpoint Acknowledge Cycle

Breakpoints stop program execution at a predefined point during system development.
In the MC68HC16Y3/916Y3, breakpoints are treated as a type of exception process-
ing. Breakpoints can be used alone or in conjunction with background debug mode.

The MC68HC16Y3/916Y3 has only one source and type of breakpoint. This is a
hardware breakpoint initiated by assertion of the BKPT input. Other modular
microcontrollers may have more than one source or type. The breakpoint
acknowledge cycle discussed here is the bus cycle that occurs as a part of breakpoint
exception processing when a breakpoint is initiated while background debug mode is
not enabled.

BKPT is sampled on the same clock phase as data. BKPT is valid, the data is tagged
as it enters the CPU16 pipeline. When BKPT is asserted while data is valid during an
instruction prefetch, the acknowledge cycle occurs immediately after that instruction
has executed. When BKPT is asserted while data is valid during an operand fetch, the
acknowledge cycle occurs immediately after execution of the instruction during which
it is latched. BKPT is asserted for only one bus cycle and a pipe flush occurs before
BKPT is detected by the CPU16, no acknowledge cycle occurs. To ensure detection,
BKPT should be asserted until a breakpoint acknowledge cycle is recognized.

When BKPT assertion is acknowledged by the CPU16, the MCU performs a word read
from CPU space address $00001E. This corresponds to the breakpoint number field
(ADDRJ4:2]) and the type bit (T) being set to all ones (source 7, type 1). If this bus cycle
is terminated by BERR or by DSACK, the MCU performs breakpoint exception
processing. Refer to Figure 5-14 for a flow chart of the breakpoint operation. Refer to
the SCIM Reference Manual (SCIMRM/AD) for further information.
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BREAKPOINT OPERATION FLOW

CPU16 PERIPHERAL
ACKNOWLEDGE BREAKPOINT

1) SET R/W TO READ

2) SET FUNCTION CODE TO CPU SPACE

3) PLACE CPU SPACE TYPE 0 ON ADDR[19:16]
4) PLACE ALL ONES ON ADDR[4:2]

5) SET ADDR1 TO ONE

6) SET SIZE TO WORD

7) ASSERT AS AND DS

Y

ASSERT DSACK OR BERR TO INITIATE EXCEPTION PROCESSING

A

NEGATE AS or DS

Y
NEGATE DSACK or BERR

Y

INITIATE HARDWARE BREAKPOINT PROCESSING

CPU16 BREAKPOINT OPERATION FLOW

Figure 5-14 Breakpoint Operation Flowchart

5.6.4.2 LPSTOP Broadcast Cycle

Low-power stop mode is initiated by the CPU16. Individual modules can be stopped
by setting the STOP bits in each module configuration register. The SCIM2 can turn
off system clocks after execution of the LPSTOP instruction. When the CPU16 exe-
cutes LPSTOP, the LPSTOP broadcast cycle is generated. The SCIM2 brings the
MCU out of low-power mode when either an interrupt of higher priority than the inter-
rupt mask level in the CPU16 condition code register or a reset occurs. Refer to 5.3.4
Low-Power Operation and SECTION 4 CENTRAL PROCESSOR UNIT for more in-
formation.

During an LPSTOP broadcast cycle, the CPU16 performs a CPU space write to ad-
dress $3FFFE. This write puts a copy of the interrupt mask value in the clock control
logic. The mask is encoded on the data bus as shown in Figure 5-15.

The LPSTOP CPU space cycle is shown externally (if the bus is available) as an indi-
cation to external devices that the MCU is going into low-power stop mode. The SCIM2
provides an internally generated DSACK response to this cycle. The timing of this bus
cycle is the same as for a fast termination write cycle. If the bus is not available (arbi-
trated away), the LPSTOP broadcast cycle is not shown externally.
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NOTE
BERR during the LPSTOP broadcast cycle is ignored.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ojofojojofojofojofojofjofo] IPMASK

LPSTOP MASK LEVEL

Figure 5-15 LPSTOP Interrupt Mask Level

5.6.5 Bus Exception Control Cycles

An external device or a chip-select circuit must assert at least one of the DSACK][1:0]
signals or the AVEC signal to terminate a bus cycle normally. Bus exception control
cycles are used when bus cycles are not terminated in the expected manner. There
are two sources of bus exception control cycles.

* Bus error signal (BERR)

— When DSACK is not asserted within a specified period after assertion of AS,
the internal bus monitor asserts internal BERR.

— The spurious interrupt monitor asserts internal BERR when an interrupt re-
quest is acknowledged and no IARB contention occurs. BERR assertion termi-
nates a cycle and causes the MCU to process a bus error exception.

— External devices can assert BERR to indicate an external bus error.

* Halt signal (HALT)

— HALT can be asserted by an external device to cause single bus cycle opera-

tion. HALT is typically used for debugging purposes.

To control termination of a bus cycle for a bus error condition properly, DSACK, BERR,
and HALT must be asserted and negated synchronously with the rising edge of
CLKOUT. This ensures that setup time and hold time requirements are met for the
same falling edge of the MCU clock when two signals are asserted simultaneously.
Refer to APPENDIX A ELECTRICAL CHARACTERISTICS for more information. Ex-
ternal circuitry that provides these signals must be designed with these constraints in
mind, or the internal bus monitor must be used.

Table 5-13 is a summary of the acceptable bus cycle terminations for asynchronous
cycles in relation to DSACK assertion.
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Table 5-13 DSACK, BERR, and HALT Assertion Results

Asserted on Rising .
Type o_f antrol Edge of State Description
Termination Signal ST S+ 2 of Result
DSACK A? RA% Normal cycle terminate and continue.
NORMAL BERR NAS NA
HALT NA x5
DSACK A RA Normal cycle terminate and halt.
HALT BERR NA NA Continue when HALT is negated.
HALT A/RA RA
DSACK NA/A X Terminate and take bus error exception.
BUS ERROR 1 BERR A RA
HALT NA X
DSACK A X Terminate and take bus error exception.
BUS ERROR 2 BERR A RA
HALT NA NA
DSACK NA/A X Terminate and take bus error exception.
BUS ERROR 3 BERR A RA
HALT AIS RA
DSACK A X Terminate and take bus error exception.
BUS ERROR 4 BERR NA A
HALT NA A
NOTES:

1. S = The number of current even bus state (for example, S2, S4, etc.)

2. A = Signal is asserted in this bus state.

3. NA = Signal is not asserted in this state.

4. RA = Signal was asserted in previous state and remains asserted in this state.
5. X =Don't care

5.6.5.1 Bus Errors

The CPUL16 treats bus errors as a type of exception. Bus error exception processing
begins when the CPU16 detects assertion of the IMB BERR signal.

BERR assertions do not force immediate exception processing. The signal is synchro-
nized with normal bus cycles and is latched into the CPU16 at the end of the bus cycle
in which it was asserted. Because bus cycles can overlap instruction boundaries, bus
error exception processing may not occur at the end of the instruction in which the bus
cycle begins. Timing of BERR detection/acknowledge is dependent upon several
factors:

» Which bus cycle of an instruction is terminated by assertion of BERR.

» The number of bus cycles in the instruction during which BERR is asserted.

» The number of bus cycles in the instruction following the instruction in which
BERR is asserted.

» Whether BERR is asserted during a program space access or a data space
access.

Because of these factors, it is impossible to predict precisely how long after occur-
rence of a bus error the bus error exception is processed.
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NOTE

The external bus interface does not latch data when an external bus
cycle is terminated by a bus error. When this occurs during an in-
struction prefetch, the IMB precharge state (bus pulled high, or $FF)
is latched into the CPU16 instruction register, with indeterminate re-
sults.

5.6.5.2 Double Bus Faults

Exception processing for bus error exceptions follows the standard exception process-
ing sequence. Refer to 4.13 Exceptions for more information. However, two special
cases of bus error, called double bus faults, can abort exception processing.

BERR assertion is not detected until an instruction is complete. The BERR latch is
cleared by the first instruction of the BERR exception handler. Double bus fault occurs
in two ways:

1. When bus error exception processing begins, and a second BERR is detected
before the first instruction of the exception handler is executed.

2. When one or more bus errors occur before the first instruction after a RESET
exception is executed.

Multiple bus errors within a single instruction that can generate multiple bus cycles
cause a single bus error exception after the instruction has been executed.

Immediately after assertion of a second BERR, the MCU halts and drives the HALT
line low. Only a reset can restart a halted MCU. However, bus arbitration can still
occur. Refer to 5.6.6 External Bus Arbitration for more information. A bus error or ad-
dress error that occurs after exception processing has been completed (during the ex-
ecution of the exception handler routine, or later) does not cause a double bus fault.
The MCU continues to retry the same bus cycle as long as the external hardware
requests it.

5.6.5.3 Halt Operation

When HALT is asserted while BERR is not asserted, the MCU halts external bus ac-
tivity after negation of DSACK. The MCU may complete the current word transfer in
progress. For a long-word to byte transfer, this could be after S2 or S4. For a word to
byte transfer, activity ceases after S2.

Negating and reasserting HALT according to timing requirements provides single-step
(bus cycle to bus cycle) operation. The HALT signal affects external bus cycles only,
so that a program that does not use external bus can continue executing. During dy-
namically-sized 8-bit transfers, external bus activity may not stop at the next cycle 8-
bit transfers, external bus activity may not stop at the next cycle boundary. Occurrence
of a bus error while HALT is asserted causes the CPU16 to process a bus error
exception.
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When the MCU completes a bus cycle while the HALT signal is asserted, the data bus
goes into a high-impedance state and the AS and DS signals are driven to their inac-
tive states. Address, function code, size, and read/write signals remain in the same
state.

The halt operation has no effect on bus arbitration. However, when external bus arbi-
tration occurs while the MCU is halted, address and control signals go into a high-
impedance state. If HALT is still asserted when the MCU regains state. If HALT is still
asserted when the MCU regains control of the bus, address, function code, size, and
read/write signals revert to the previous driven states. The MCU cannot service inter-
rupt requests while halted.

5.6.6 External Bus Arbitration

The MCU bus design provides for a single bus master at any one time. Either the MCU
or an external device can be master. Bus arbitration protocols determine when an ex-
ternal device can become bus master. Bus arbitration requests are recognized during
normal processing, HALT assertion, and when the CPU has halted due to a double
bus fault.

The bus controller in the MCU manages bus arbitration signals so that the MCU has
the lowest priority. External devices that need to obtain the bus must assert bus arbi-
tration signals in the sequences described in the following paragraphs.

Systems that include several devices that can become bus master require external cir-
cuitry to assign priorities to the devices, so that when two or more external devices at-
tempt to become bus master at the same time, the one having the highest priority
becomes bus master first. The protocol sequence is:

1. An external device asserts the bus request signal (BR).

2. The MCU asserts the bus grant signal (BG) to indicate that the bus is available.

3. An external device asserts the bus grant acknowledge (BGACK) signal to
indicate that it has assumed bus mastership.

BR can be asserted during a bus cycle or between cycles. BG is asserted in response
to BR. To guarantee operand coherency, BG is only asserted at the end of operand
transfer.

If more than one external device can be bus master, required external arbitration must
begin when a requesting device receives BG. An external device must assert BGACK
when it assumes mastership, and must maintain BGACK assertion as long as it is bus
master.

Two conditions must be met for an external device to assume bus mastership. The de-
vice must receive BG through the arbitration process, and BGACK must be inactive,
indicating that no other bus master is active. This technique allows the processing of
bus requests during data transfer cycles.

BGis negated a few clock cycles after BGACK transition. However, if bus requests are
still pending after BG is negated, the MCU asserts BG again within a few clock cycles.
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This additional BG assertion allows external arbitration circuitry to select the next bus
master before the current master has released the bus.

Refer to Figure 5-16, which shows bus arbitration for a single device. The flow chart
shows BR negated at the same time BGACK is asserted.

MCU REQUESTING DEVICE

REQUEST THE BUS

1) ASSERT BUS REQUEST (BR)

A

GRANT BUS ARBITRATION

1) ASSERT BUS GRANT (BG)

ACKNOWLEDGE BUS MASTERSHIP

1) EXTERNAL ARBITRATION DETERMINES
NEXT BUS MASTER
) NEXT BUS MASTER WAITS FOR BGACK
TO BE NEGATED
3) NEXT BUS MASTER ASSERTS BGACK

)

2

TO BECOME NEW MASTER
4) BUS MASTER NEGATES BR

A

TERMINATE ARBITRATION

1) NEGATE BG (AND WAIT FOR
BGACK TO BE NEGATED)

Y

OPERATE AS BUS MASTER

1) PERFORM DATA TRANSFERS (READ AND

WRITE CYCLES) ACCORDING TO THE SAME
RULES THE PROCESSOR USES

Y

RELEASE BUS MASTERSHIP

1) NEGATE BGACK
RE-ARBITRATE OR RESUME PROCESSOR | JNEG GAC

OPERATION

BUS ARB FLOW

Figure 5-16 Bus Arbitration Flowchart for Single Request

5.6.6.1 Show Cycles

The MCU normally performs internal data transfers without affecting the external bus,
but it is possible to show these transfers during debugging. AS is not asserted exter-
nally during show cycles.

Show cycles are controlled by the SHEN[1:0] in SCIMCR. This field set to %00 by re-
set. When show cycles are disabled, the address bus, function codes, size, and read/
write signals reflect internal bus activity, but AS and DS are not asserted externally and
external data bus pins are in high-impedance state during internal accesses. Refer to
5.2.4 Show Internal Cycles and the SCIM Reference Manual (SCIMRM/AD) for more
information.

When show cycles are enabled, DS is asserted externally during internal cycles, and
internal data is driven out on the external data bus. Because internal cycles normally
continue to run when the external bus is granted, one SHEN[1:0] encoding halts inter-
nal bus activity while there is an external master.
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SIZ[1:0] signals reflect bus allocation during show cycles. Only the appropriate portion
of the data bus is valid during the cycle. During a byte write to an internal address, the
portion of the bus that represents the byte that is not written reflects internal bus con-
ditions, and is indeterminate. During a byte write to an external address, the data mul-
tiplexer in the SCIM2 causes the value of the byte that is written to be driven out on
both bytes of the data bus.

5.7 Reset

Reset occurs when an active low logic level on the RESET pin is clocked into the
SCIM2. The RESET input is synchronized to the system clock. If there is no clock
when RESET is asserted, reset does not occur until the clock starts. Resets are
clocked to allow completion of write cycles in progress at the time RESET is asserted.

Reset procedures handle system initialization and recovery from catastrophic failure.
The MCU performs resets with a combination of hardware and software. The SCIM2
determines whether a reset is valid, asserts control signals, performs basic system
configuration and boot ROM selection based on hardware mode-select inputs, then
passes control to the CPU16.

5.7.1 Reset Exception Processing

The CPUL6 processes resets as a type of asynchronous exception. An exception is
an event that preempts normal processing, and can be caused by internal or external
events. Exception processing makes the transition from normal instruction execution
to execution of a routine that deals with an exception. Each exception has an assigned
vector that points to an associated handler routine. These vectors are stored in the
exception vector table. The exception vector table consists of 256 four-byte vectors
and occupies 512 bytes of address space. The exception vector table can be relocated
in memory by changing its base address in the vector base register (VBR). The CPU16
uses vector numbers to calculate displacement into the table. Refer to 4.13 Exceptions
for more information.

Reset is the highest-priority CPU16 exception. Unlike all other exceptions, a reset oc-
curs at the end of a bus cycle, and not at an instruction boundary. Handling resets in
this way prevents write cycles in progress at the time the reset signal is asserted from
being corrupted. However, any processing in progress is aborted by the reset excep-
tion, and cannot be restarted. Only essential reset tasks are performed during excep-
tion processing. Other initialization tasks must be accomplished by the exception
handler routine. Refer to 5.7.9 Reset Processing Summary for details on exception
processing.

5.7.2 Reset Control Logic

SCIM2 reset control logic determines the cause of a reset, synchronizes request
signals to CLKOUT, and asserts reset control signals. Reset control logic can drive
three different internal signals.
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* EXTRST (external reset) drives the external reset pin.
* CLKRST (clock reset) resets the clock module.
* MSTRST (master reset) goes to all other internal circuits.

All resets are gated by CLKOUT. Asynchronous resets are assumed to be catastroph-
ic. An asynchronous reset can occur on any clock edge. Synchronous resets are timed
to occur at the end of bus cycles. The SCIM2 bus monitor is automatically enabled for
synchronous resets. When a bus cycle does not terminate normally, the bus monitor
terminates it. Table 5-14 is a summary of reset sources.

Table 5-14 Reset Source Summary

Type Source | Timing Cause Reset Lci:r;enster_lc,lsé(rerted by
External External | Synch RESET pin MSTRST | CLKRST | EXTRST
Power up EBI Asynch Vbp MSTRST | CLKRST | EXTRST
Software watchdog | Monitor | Asynch Time out MSTRST | CLKRST | EXTRST
HALT Monitor | Asynch 'r(‘:_"g.‘Z'Oﬂﬁll‘eTbizszﬁil‘t’)” MSTRST | CLKRST | EXTRST
Loss of clock Clock Synch Loss of reference MSTRST | CLKRST | EXTRST
Test Test Synch Test mode MSTRST — EXTRST

Internal single byte or aligned word writes are guaranteed valid for synchronous re-
sets. External writes are also guaranteed to complete, provided the external configu-
ration logic on the data bus is conditioned as shown in Figure 5-17.

5.7.3 Operating Configuration Out of Reset

The logic states of certain pins during reset determine SCIM2 operating configuration.
During reset, the SCIM2 reads pin configuration from DATA[11:2] and DATAO, internal
module configuration from DATA[15:12], and basic operating information from BERR,
MODCLK, DATA1, and BKPT. These pins are normally pulled high internally during
reset, causing the MCU to default to a specific configuration. However, the user can
drive the desired pins low during reset to achieve alternate configurations.

Basic operating options include system clock selection, background mode disable/
enable, and external bus configuration. The SCIM2 supports three external bus
configurations:

* Fully-expanded operation with a 24-bit address bus and 16-bit data bus with chip
selects

* Single-chip operation with no external address and data bus

« Partially-expanded operation with a 24-bit address bus and an 8-bit external data
bus

Table 5-15 shows the basic configuration options.
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Table 5-15 Basic Configuration Options

e e et
MODCLK Synthesized system clock External system clock
BKPT Background mode disabled Background mode enabled
BERR Expanded mode Single-chip mode
DATAL (if BERR = 1) 8-Bit expanded mode 16-Bit expanded mode

BERR, BKPT, and MODCLK do not have internal pull-ups and must be driven to the
desired state during reset.

When BERR is high during reset, the MCU is configured for partially or fully expanded
operation. DATAZ is then decoded to select 8- or 16-bit data bus operation, DATAS is
decoded to configure pins for bus control or port E operation, and DATA9 is decoded
to configure pins for interrupt requests or port F operation. If DATAL is held low at re-
set, selecting 16-bit data bus operation, DATA11, DATA[7:2] and DATAO are also de-
coded. The following subsections explain the process in greater detail.

5.7.3.1 Address and Data Bus Pin Functions

External bus configuration determines whether certain address and data pins are used
for those functions or for general-purpose I/0. ADDR[18:3] serve as pins for ports A
and B when the MCU is operating in single-chip mode. DATA[7:0] serve as port H pins
in partially expanded and single-chip modes, and DATA[15:8] serve as port G pins
during single-chip operation. Table 5-16 summarizes bus and port configuration op-
tions.

Table 5-16 Bus and Port Configuration Options

Mode Address Bus Data Bus 1/0 Ports
16-Bit Expanded ADDR([18:3] DATA[15:0] —
8-Bit Expanded ADDRJ[18:3] DATA[15:8] DATA[7:0] = Port H

ADDRI[18:11] = Port A
ADDR[10:3] = Port B
DATA[15:8] = Port G

DATA[7:0] = Port H

Single Chip None None

ADDR[2:0] are normally placed in a high-impedance state in single-chip mode and
function as normal address bus pins in the expanded modes. Refer to D.2.1 SCIM
Configuration Register for information on the address bus disable (ABD) bit.

The ADDR[23:19] pins can also be used as chip selects or discrete output pins, de-
pending on the external bus configuration selected at reset. The following paragraphs
contain a summary of pin configuration options for each external bus configuration.
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5.7.3.2 Data Bus Mode Selection

All data lines have weak internal pull-up devices. When pins are held high by the
internal pull-ups, the MCU uses a default operating configuration. However, specific
lines can be held low externally during reset to achieve an alternate configuration.

NOTE

External bus loading can overcome the weak internal pull-up drivers
on data bus lines and hold pins low during reset.

Use an active device to hold data bus lines low. Data bus configuration logic must
release the bus before the first bus cycle after reset to prevent conflict with external
memory devices. The first bus cycle occurs ten CLKOUT cycles after RESET is
released. If external mode selection logic causes a conflict of this type, an isolation
resistor on the driven lines may be required. Figure 5-17 shows a recommended
method for conditioning the mode select signals.

The mode configuration drivers are conditioned with R/W and DS to prevent conflicts
between external devices and the MCU when reset is asserted. If external RESET is
asserted during an external write cycle, R/W conditioning (as shown in Figure 5-17)
prevents corruption of the data during the write. Similarly, DS conditions the mode con-
figuration drivers so that external reads are not corrupted when RESET is asserted
during an external read cycle.
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Figure 5-17 Preferred Circuit for Data Bus Mode Select Conditioning

Alternate methods can be used for driving data bus pins low during reset. Figure 5-18
shows two of these options. The simplest is to connect a resistor in series with a diode
from the data bus pin to the RESET line. A bipolar transistor can be used for the same
purpose, but an additional current limiting resistor must be connected between the
base of the transistor and the RESET pin. If a MOSFET is substituted for the bipolar
transistor, only the 1 kQ isolation resistor is required. These simpler circuits do not
offer the protection from potential memory corruption during RESET assertion as does
the circuit shown in Figure 5-17.
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Figure 5-18 Alternate Circuit for Data Bus Mode Select Conditioning

Data bus mode select current is specified in APPENDIX A ELECTRICAL CHARAC-
TERISTICS. Do not confuse pin function with pin electrical state. Refer to 5.7.5 Pin
State During Reset for more information.

5.7.3.3 16-Bit Expanded Mode

16-bit data bus operation is selected when BERR =1 and DATAL = 0 during reset. In
this configuration, pins ADDR[18:3] and DATA[15:0] are configured as address and
data pins, respectively. The alternate functions for these pins as ports A, B, G, and H
are unavailable. ADDR[23:20] can be configured as chip selects or address bus pins.
ADDR[2:0] are configured as address bus pins.

DATA2 determines the functions of BR/CSO, FCO/CS3, and FC2/CS5. DATA[7:3]
determine the functions of ADDR[23:19]/CS[10:6]. A data bus pin pulled low selects
the associated chip select and all lower-numbered chip-selects down through CS6.
For example, if DATAS is pulled low during reset, CS[8:6] are configured as address
bus signals ADDR[21:19], and CS[10:9] are configured as chip selects. On
MC68HC16Y3/916Y3 MCUs, ADDR[23:20] follow the state of ADDR19, and DA-
TA[7:4] have limited use. Refer to 5.9.4 Chip-Select Reset Operation for more infor-
mation.

DATAS8 determines the function of the DSACKJ1:0], DS, AS, and SIZ[1:0] pins. If
DATAS is held low during reset, these pins are used for discrete 1/0O (port E).

DATAD9 determines the function of interrupt request pins (IRQ[7:0]) and the clock mode
select pin (MODCLK). When DATAZ9 is held low during reset, these pins are used for
discrete I/O (port F).

DATAL11l determines whether the SCIM2 operates in test mode out of reset. This
capability is used for factory testing of the MCU.
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DATADO determines the port size of the boot ROM chip-select signal CSBOOT. Unlike
other chip-select signals, CSBOOT is active at the release of reset. When DATAO is
held low, port size is 8 bits; when DATAQO is held high, either by the weak internal pull-
up driver or by an external pull-up, port size is 16 bits. Refer to 5.9.4 Chip-Select Reset
Operation for more information.

Table 5-17 summarizes pin function options for 16-bit data bus operation.

Table 5-17 16-Bit Expanded Mode Reset Configuration

. . Default Function Alternate Function
Pin(s) Affected Select Pin (Pin Held High) (Pin Held Low)
CSBOOT DATAO CSBOOT 16-Bit CSBOOT 8-Bit
BR/CSO CS0 BR
FCO/CS3 CS3 FCO
FC1/PC1 DATA2 FC1 FC1
FC2/CS5/PC2 CS5 FC2
ADDR19/CS6/PC3 DATAS3 CS6 ADDR19
ADDR20/CS7/PC4 DATA4 CS[7:6] ADDR[20:19]
ADDR21/CS8/PC5 DATAS CS[8:6] ADDR[21:19]
ADDR22/CS9/PC6 DATAG6 CS[9:6] ADDR[22:19]
ADDR23/CS10/ECLK DATAY CSJ[10:6] ADDR[23:19]
DSACKO/PEO DSACKO PEO
DSACK1/PE1 DSACK1 PE1
DS/PE4 DS PE4
AS/PE5 DATA8 AS PES
SIZ0/PE6 SI1Z0 PE6
SIZ1/PE7 SIz1 PE7
FASTREF/PFO DATA9 FASTREF PFO
IRQ[7:1)/PF[7:1] IRQ[7:1] PF[7:1]
BGACK/CSE BGACK CSE
BG/CSM DATALO BG CSM?
Reserved DATA113 Normal Operation Reserved
Emulation Mode (SCIM2) DATA10 Disabled Enabled
STOP Mode (TPUFLASH) DATA12 Array Enabled* Array Disabled
STOP Mode (MRM) DATAl4 Array Enabled® Array Disabled
STOP Mode (16K, 48K, and 32K 6 .
Flash EEPROM Modules) DATA14 Array Enabled Array Disabled

NOTES:

1. CSE is enabled when DATA10 and DATAL = 0 during reset.

2. CSM is enabled when DATA13, DATA10 and DATAL = 0 during reset.

3. DATA11 must remain high during reset to ensure normal operation of MCU.

4. Driven to put TPUFLASH in STOP mode. STOP mode disabled when DATA12 is held high and STOP shadow
bit is cleared (MC68HC916Y3 only).

5. Driven to put MRM in STOP mode. STOP mode disabled when DATA14 is held high and STOP shadow bit is
cleared (MC68HC16Y3 only).

6. Driven to put 16K, 48K, and 32K flash EEPROM modules in STOP mode. STOP mode disabled when DATA14
is held high and STOP shadow bit is cleared (MC68HC916Y3 only).
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5.7.3.4 8-Bit Expanded Mode

The SCIM2 uses an 8-bit data bus when BERR = 1 and DATAL = 1 during reset. In
this configuration, pins DATA[7:0] are configured as port H, an 8-bit 1/0O port. Pins
DATAJ[15:8] are configured as data bus pins, and ADDR[18:3] are configured as
address bus pins. The alternate functions for these address and data bus pins as ports
A, B, and G are unavailable. ADDR[23:19]/CS[10:6] are configured as chip selects.
ADDRJ[2:0] are configured as address bus pins. Emulator mode is always disabled.

DATAS determines the function of the DSACK[1:0], DS, AS, and SIZ[1:0] pins. If
DATAS is held low during reset, these pins are used for discrete 1/0 (port E).

DATADO9 determines the function of interrupt request pins (IRQ[7:1]) and the clock mode
select pin (MODCLK). When DATAG9 is held low during reset, these pins are used for
discrete 1/O (port F).

Table 5-18 summarizes pin function selections for 8-bit data bus operation.

Table 5-18 8-Bit Expanded Mode Reset Configuration

. . Default Function Alternate Function
Pin(s) Affected Select Pin (Pin Held High) (Pin Held Low)
CSBOOT N/AL CSBOOT 8-Bit CSBOOT 8-Bit
BR/CSO CSO BR
FCO/CS3/PCO N/AL CS3 FCO
FC1/PC1 FC1 FC1
FC2/CS5/PC2 CS5 FC2
ADDR19/CS6/PC3
ADDR20/CS7/PC4
ADDR21/CS8/PC5 N/AL CSJ[10:6] CSJ[10:6]
ADDR22/CS9/PC6
ADDR23/CS10/ECLK
DSACKO/PEO DSACKO PEO
DSACK1/PE1 DSACK1 PE1
DS/PE4 DS PE4
AS/PE5 DATA8 AS PES
SIZ0/PE6 SI1Z0 PE6
SIZ1/PE7 SIZ1 PE7
EST.REF/PF.O DATA9 FASTR.EF PFQ
IRQ[7:1]/PF[7:1] IRQ[7:1] PF[7:1]
BGACK/CSE 1 BGACK BGACK
BG/CSM N/A BG BG
NOTES:

1. These pins have only one reset configuration in 8-bit expanded mode.
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5.7.3.5 Single-Chip Mode

Single-chip operation is selected when BERR = 0 during reset. BERR can be tied low
permanently to select this configuration. In single-chip configuration, pins DATA[15:0]
are configured as two 8-bit I/O ports, ports G and H. ADDR][18:3] are configured as two
8-bit 1/0 ports, ports A and B. There is no external data bus path. Expanded mode con-
figuration options are not available: 1/0 ports A, B, C, E, F, G, and H are always se-
lected. ADDR[2:0] come out of reset in a high-impedance state. After reset, clearing
the ABD bitin SCIMCR enables these pins, and leaving the bit set (its single-chip reset
state) leaves the pins in a disabled (high-impedance) state.

Table 5-19 summarizes SCIM2 pin functions during single-chip operation.

Table 5-19 Single-Chip Mode Reset Configuration

Pin(s) Affected Function
CSBOOT CSBOOT 16-Bit
ADDR[18:11] PA[7:0]
ADDR[10:3] PB[7:0]
BR/CSO CSO
FCO0/CS3/PCO
FC1/PC1
FC2/CS5/PC2
ADDR19/CS6/PC3 PC[6:0]
ADDR20/CS7/PC4
ADDR21/CS8/PC5
ADDR22/CS9/PC6
ADDR23/CS10/ECLK —
DSACKO/PEO
DSACK1/PE1
DS/PE4 . .
AS/PES PE[7:4], [1:0]
SIZO/PE6
SIZ1/PE7
FASTREF/PFO PFO
IRQI[7:6])/PF[7:6] PF[7:6]
DATA[15:8] PG[7:0]
DATA[7:0] PH[7:0]
BGACK, CSE BGACK
BG/CSM BG

5.7.3.6 Clock Mode Selection

The state of the clock mode (MODCLK) pin during reset determines what clock source
the MCU uses. When MODCLK is held high during reset, the clock signal is generated
from a reference frequency using the clock synthesizer. When MODCLK is held low
during reset, the clock synthesizer is disabled, and an external system clock signal
must be applied. Refer to 5.3 System Clock for more information.
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