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General Description

1.2 Introduction

1.3 Features

Advance Information

The MC68HC908AS60A is a member of the low-cost, high-performance
M68HCO08 Family of 8-bit microcontroller units (MCUs). The M68HCO08
Family is based on the customer-specified integrated circuit (CSIC)
design strategy. All MCUs in the family use the enhanced M68HC08
central processor unit (CPUO08) and are available with a variety of
modules, memory sizes and types, and package types.

Features of the MC68HC908AS60A include:

» High-Performance M68HCO08 Architecture

* Fully Upward-Compatible Object Code with M6805, M146805,
and M68HCO05 Families

e 8.4 MHz Internal Bus Frequency

» 32,256 bytes of FLASH Electrically Erasable Read-Only Memory
(FLASH)

 FLASH Data Security

* 512 bytes of On-Chip Electrically Erasable Programmable Read-
Only Memory with Security Option (EEPROM)

e 1 Kbyte of On-Chip RAM
* Clock Generator Module (CGM)
» Serial Peripheral Interface Module (SPI)
» Serial Communications Interface Module (SCI)
» 8-Bit, 15-Channel Analog-to-Digital Converter (ADC-15)
e 16-Bit, 6-Channel Timer Interface Module (TIMA-6)
* Programmable Interrupt Timer (PIT)
» System Protection Features
— Computer Operating Properly (COP) with Optional Reset

— Low-Voltage Detection with Optional Reset

MC68HC908AS32A — Rev 0.0
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MCU Block Diagram

— lllegal Opcode Detection with Optional Reset

— lllegal Address Detection with Optional Reset
* Low-Power Design (Fully Static with Stop and Wait Modes)
* Master Reset Pin and Power-On Reset

* SAE J1850 Byte Data Link Controller Digital Module
Features of the CPUOQS8 include:

* Enhanced HCO5 Programming Model

« Extensive Loop Control Functions

* 16 Addressing Modes (Eight More Than the HCO5)
* 16-Bit Index Register and Stack Pointer

¢ Memory-to-Memory Data Transfers

* Fast 8 x 8 Multiply Instruction

» Fast 16/8 Divide Instruction

e Binary-Coded Decimal (BCD) Instructions

e Optimization for Controller Applications

e C Language Support

1.4 MCU Block Diagram

Figure 1-1 shows the structure of the MC68HC908ASG60A.

MC68HC908AS32A — Rev 0.0 Advance Information
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1.5 Pin Assignments

PTC4

IRQ

RST
PTFO/TACH2
PTFU/TACH3
PTF2/TACH4
PTF3/TACH5
BDRXD
BDTXD
PTEO/TXD
PTE1/RXD
PTE2/TACHO

PTE3/TACH1

General Description
Pin Assignments

Figure 1-2 shows MC68HC908AS60A 52-pin PLCC pin assignments.
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Figure 1-2. MC68HC908AS32A (52-Pin PLCC)

MC68HC908AS32A — Rev 0.0

PTD3/ATD11

PTD2/ATD10

PTD1/ATD9

PTDO/ATD8

PTB7/ATD7

PTB6/ATD6

PTB5/ATD5

PTB4/ATD4

PTB3/ATD3

PTB2/ATD2

PTB1/ATD1
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General Description

NOTE:

The following pin descriptions are just a quick reference. For a more
detailed representation, see Input/Output Ports on page 303.

1.5.1 Power Supply Pins (Vpp and Vgg)

NOTE:

Advance Information

Vpp and Vgg are the power supply and ground pins. The MCU operates
from a single power supply.

Fast signal transitions on MCU pins place high, short-duration current
demands on the power supply. To prevent noise problems, take special
care to provide power supply bypassing at the MCU as shown in Figure
1-3. Place the C1 bypass capacitor as close to the MCU as possible. Use
a high-frequency response ceramic capacitor for C1. C2 is an optional
bulk current bypass capacitor for use in applications that require the port
pins to source high current levels.

MCU

c1
0.1uF

NOTE: Component values shown represent typical applications.

Figure 1-3. Power supply bypassing

Vgg is also the ground for the port output buffers and the ground return
for the serial clock in the Serial Peripheral Interface module (SPI). See
Serial Peripheral Interface (SPI) on page 235.

Vgg must be grounded for proper MCU operation.

MC68HC908AS32A — Rev 0.0
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1.5.2 Oscillator Pins (OSC1 and OSC2)

The OSC1 and OSC2 pins are the connections for the on-chip oscillator
circuit. See Clock Generator Module (CGM) on page 123.

1.5.3 External Reset Pin (RST)

A logic 0 on the RST pin forces the MCU to a known startup state. RST
is bidirectional, allowing a reset of the entire system. Itis driven low when
any internal reset source is asserted. See System Integration Module
(SIM) on page 101 for more information.

1.5.4 External Interrupt Pin (IRQ)

IRQ is an asynchronous external interrupt pin. See External Interrupt
Module (IRQ) on page 187.

1.5.5 External Filter Capacitor Pin (CGMXFC)

CGMXFC is an external filter capacitor connection for the Clock
Generator Module (CGM). See Clock Generator Module (CGM) on
page 123.

1.5.6 Analog Power Supply Pin (Vppa/VDDAREE)

Vopa/Voparee IS the power supply pin for the analog portion of the
Analog-to-Digital Converter (ADC) and the Clock Generator Module
(CGM). See Analog-to-Digital Converter (ADC) on page 361. See
Clock Generator Module (CGM) on page 123.

1.5.7 Analog Ground Pin (Vssa/VRerL)

The VSSA/NVReg. pin provides both the analog ground connection and
the reference low voltage for the Analog-to-Digital Converter (ADC) as
well as the ground connection for the Clock Generator Module (CGM).
See Analog-to-Digital Converter (ADC) on page 361. See Clock
Generator Module (CGM) on page 123.

MC68HC908AS32A — Rev 0.0 Advance Information
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General Description

1.5.8 ADC Reference High Voltage Pin (Vrggn)

VRrern provides the reference high voltage for the Analog-to-Digital
Converter (ADC). See Analog-to-Digital Converter (ADC) on page
361.

1.5.9 Port A Input/Output (I/O) Pins (PTA7-PTAOQ)

PTA7—-PTAO are general-purpose bidirectional I/O port pins. See
Input/Output Ports on page 303.

1.5.10 Port B I/O Pins (PTB7/ATD7-PTBO/ATDO)

Port B is an 8-bit special function port that shares all eight pins with the
Analog-to-Digital Converter (ADC). See Analog-to-Digital Converter
(ADC) on page 361 and Input/Output Ports on page 303.

1.5.11 Port C I/O Pins (PTC4-PTCO)

PTC4-PTC3 and PTC1-PTCO are general-purpose bidirectional I/0O
port pins. PTC2/MCLK is a special function port that shares its pin with
the system clock which has a frequency equivalent to the system clock.
See Input/Output Ports on page 303.

1.5.12 Port D I/O Pins (PTD6-PTDO/ATDS)

Port D is an 7-bit special-function port that shares seven of its pins with
the Analog-to-Digital Converter module (ADC-15), one of its pins with
the Timer Interface Module A (TIMA). See Timer Interface Module A
(TIMA) on page 331, Analog-to-Digital Converter (ADC) on page 361
and Input/Output Ports on page 303.

1.5.13 Port E I/0O Pins (PTE7/SPSCK—-PTEOQ/TxD)

Port E is an 8-bit special function port that shares two of its pins with the
Timer Interface Module A (TIMA), four of its pins with the Serial
Peripheral Interface module (SPI), and two of its pins with the Serial

Advance Information MC68HC908AS32A — Rev 0.0
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Pin Assignments

Communication Interface module (SCI). See Serial Communications
Interface (SCI) on page 195, Serial Peripheral Interface (SPI) on page
235, Timer Interface Module A (TIMA) on page 331, and Input/Output
Ports on page 303.

1.5.14 Port F I/O Pins (PTF3-PTFO/TACH2)

Port F is a 4-bit special function port that shares four of its pins with the
Timer Interface Module A (TIMA-6). See Timer Interface Module A
(TIMA) on page 331, and Input/Output Ports on page 303.

1.5.15 BDLC Transmit Pin (BDTxD)

This pin is the digital output from the BDLC module (BDTxD). See
Electrical Specification on page 419.

1.5.16 BDLC Receive Pin (BDRxD)

This pin is the digital input to the CAN module (BDRxD). See Electrical
Specification on page 419.

Table 1-1. External Pins Summary

Pin Name Function Driver Type Hysteresis(l) Reset State
PTA7-PTAO General-Purpose 1/0 Dual State No Input Hi-Z
General-Purpose 1/0 .
PTB7/ATD7—-PTBO/ATDO ADC Channel Dual State No Input Hi-Z
PTC4-PTCO General-Purpose 1/0 Dual State No Input Hi-Z
General-Purpose 1/0
PTD6/ATD14/TACLK ADC Channel ADC Channel/Timer Dual State No Input Hi-Z
External Input Clock
PTD5/ATD13 ADC Channel General-Purpose 1/O Dual State No Input Hi-Z
ADC Channel P
General-Purpose 1/0
PTD4/ATD12/TBCLK ADC Channel ADC Channel/Timer Dual State No Input Hi-Z
External Input Clock
PTD3/ATD11-PTDO/ATD8 ADC General-Purpose 1/0 .
Channels ADC Channel Dual State No Input Hi-Z
General-Purpose 1/0 Dual State .
PTE7/SPSCK SPI Clock Open Drain Yes Input Hi-Z
MC68HC908AS32A — Rev 0.0 Advance Information
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Table 1-1. External Pins Summary (Continued)
Pin Name Function Driver Type | Hysteresis( | Reset State
General-Purpose 1/0 Dual State .
PTE6/MOSI SP| Data Path Open Drain Yes Input Hi-Z
General-Purpose 1/0 Dual State .
PTE5/MISO SPI Data Path Open Drain Yes Input Hi-Z
== General-Purpose 1/0 .
PTEA4/SS SP| Slave Select Dual State Yes Input Hi-Z
General-Purpose 1/0 .
PTE3/TACH1 Timer A Channel 1 Dual State Yes Input Hi-Z
General-Purpose 1/0 .
PTE2/TACHO Timer A Channel 0 Dual State Yes Input Hi-Z
General-Purpose 1/0 .
PTE1/RxD SCI Receive Data Dual State Yes Input Hi-Z
General-Purpose 1/0 .
PTEO/TxD SCI Transmit Data Dual State No Input Hi-Z
General-Purpose 1/0 .
PTF3/TACH5 Timer A Channel 5 Dual State Yes Input Hi-Z
General-Purpose 1/0 .
PTF2/TACHA4 Timer A Channel 4 Dual State Yes Input Hi-Z
General-Purpose 1/0 .
PTF1/TACH3 Timer A Channel 3 Dual State Yes Input Hi-Z
General-Purpose 1/0 .
PTFO/TACH2 Timer A Channel 2 Dual State Yes Input Hi-Z
Vbb Chip Power Supply N/A N/A N/A
Vsg Chip Ground N/A N/A N/A
ADC Analog Power Supply
VppaV
DDA/Y DDAREF CGM Analog Power Supply N/A N/A N/A
ADC Ground/ADC
Vssa/VREEL Reference Low Voltage N/A N/A N/A
CGM Analog Ground
VREEH A/D Reference High Voltage N/A N/A N/A
0OSsC1 External Clock In N/A N/A Input Hi-Z
0SscC2 External Clock Out N/A N/A Output
CGMXFC PLL Loop Filter Cap N/A N/A N/A
IRQ External Interrupt Request N/A N/A Input Hi-Z
RST Reset N/A N/A Output Low
BDRxD BDLC Serial Input N/A Yes Input Hi-Z
BDTxD BDLC Serial Output Output No Output

1. Hysteresis is not 100% tested but is typically a minimum of 300mV.

Advance Information
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Table 1-2. Clock Signal Naming Conventions

Clock Signhal Name Description
Buffered version of OSC1 from
CGMXCLK Clock Generation Module (CGM)
PLL-based or OSC1-based clock output from

CGMOUT Clock Generator Module (CGM)
Bus Clock CGMOUT divided by two

SPSCK SPI serial clock

TACLK External clock input for TIMA

Table 1-3. Clock Source Summary

Module Clock Source
ADC CGMXCLK or Bus Clock
CAN CGMXCLK or CGMOUT
COP CGMXCLK
CPU Bus Clock
FLASH Bus Clock
EEPROM CGMXCLK or Bus Clock
RAM Bus Clock
SPI Bus Clock/SPSCK
SCI CGMXCLK
TIMA Bus Clock or PTD6/ATD14/TACLK
PIT Bus Clock
SIM CGMOUT and CGMXCLK
IRQ Bus Clock
BRK Bus Clock
LVI Bus Clock
CGM OSC1 and OSC2
MC68HC908AS32A — Rev 0.0 Advance Information
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1.6 Ordering Information

This section contains instructions for ordering the MC68HC908AS32A.

1.6.1 MC Order Numbers

Table 1-4. MC Order Numbers

Operating

MC Order Number
Temperature Range

MC68HC908AS32ACFN (52-Pin PLCC) —-40C to + 85C
MC68HC908AS32AVFN (52-Pin PLCC) —40C to + 105C
MCG68HC908AS32AMFN (52-Pin PLCC) —-40C to + 125C

Advance Information MC68HC908AS32A — Rev 0.0
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2.1 Contents
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2.3
2.4
2.5
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Section 2. Memory Map

Introduction. ........ ... . 37
/O Section. . ... 41
Additional Status and Control Registers . .............. 45
Vector Addresses and Priority . .......... ... .. .. ... .. 46

The CPUO8 can address 64K bytes of memory space. The memory
map, shown in Figure 2-1, includes:

32,256 Bytes of FLASH EEPROM

1024 Bytes of RAM

512 Bytes of EEPROM with Protect Option
52 Bytes of User-Defined Vectors

256 Bytes of Monitor ROM

The following definitions apply to the memory map representation of
reserved and unimplemented locations.

MC68HC908AS32A — Rev 0.0

Reserved — Accessing a reserved location can have
unpredictable effects on MCU operation.

Unused — These locations are reserved in the memory map for
future use, accessing an unused location can have unpredictable
effects on MCU operation.

Unimplemented — Accessing an unimplemented location can
cause an illegal address reset (within the constraints as outlined
in the Memory Map).

Advance Information
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Memory Map

MC68HC908AS32A
$0000 $0000
! I/O REGISTERS (80 BYTES) !
$004F $004F
$0050 $0050
! RAM (1024 BYTES) !
$044F $044F
$0450 $0450
! !
$07FF $07FF
$0800 $0800
! EEPROM (512 BYTES) !
$09FF $09FF
$0A00 $0A00
! !
$OFFF $OFFF
$1000 $1000
! !
$TFFF $7FFF
$8000 $8000
! FLASH (32,256 BYTES) !
$FDFF $FDFF
$FE00 SIM BREAK STATUS REGISTER (SBSR) $FE0O
$FEOL SIM RESET STATUS REGISTER (SRSR) $FEO1
$FEO3 SIM BREAK FLAG CONTROL REGISTER (SBFCR) $FEO3
$FE04 $FE04
! !
$FEO8 $FEO8
$FE09 CONFIGURATION WRITE-ONCE REGISER 2 (CONFIG-2) $FE09
Advance Information MC68HC908AS32A — Rev 0.0
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$FEOA
$FEOB
$FEOC
$FEOD
$FEOE
$FEOF
$FEL0
$FE1L
$FE12

$FE19
$FE1A
$FE1B
$FEIC
$FE1D
$FELE
$FE1F
$FE20

$FFIF
$FF20

$FF7F
$FF80
$FF81

$FF87
$FF88
$FF89
$FFBA

MC68HC908AS32A — Rev 0.0

Memory Map
Introduction

BREAK ADDRESS REGISTER HIGH (BRKH)

BREAK ADDRESS REGISTER LOW (BRKL)
BREAK STATUS AND CONTROL REGISTER (BSCR)

LVI STATUS REGISTER (LVISR)
EEPROM EEDIVH NON-VOLATILE REGISTER (EEDIVHNVR)

EEPROM EEDIVL NON-VOLATILE REGISTER (EEDIVLNVR)

EEPROM EE DIVIDER HIGH REGISTER (EEDIVH)
EEPROM EE DIVIDER LOW REGISTER (EEDIVL)

EEPROM NON-VOLATILE REGISTER (EENVR)
EEPROM CONTROL REGISTER (EECR)

EEPROM ARRAY CONFIGURATION REGISTER (EEACR)

MONITOR ROM (256 BYTES)

FLASH BLOCK PROTECT REGISTER (FLBPR)

FLASH CONTROL REGISTER (FLCR)

$FEOA
$FEOB
$FEOC
$FEOD
$FEQE
$FEOF
$FEL0
$FE1L
$FE12

$FEL9
$FE1A
$FE1B
$FE1C
$FELID
$FELE
$FELF
$FE20

$FFIF
$FF20

$FF7F
$FF80
$FF82

$FF87
$FF88
$FF89
$FF8A

Advance Information
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$FF8B
1
$FF8F
$FF90
1
$FFBF
$FFCO
1
$FFD9
$FFDA

$FFFF

VECTORS (38 BYTES)
See Memory Map on page 37

Advance Information

Figure 2-1. Memory Map (Continued)

$FF8B

$FFF
$FF90

$FFBF
$FFCO

$FFD9
$FFDA

$FFFF
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2.3 1/0O Section

Addr.

$0000

$0001

$0002

$0003

$0004

$0005

$0006

$0007

$0008

$0009

$000C

$000D

$0010

$0011

$0012

$0013

Memory Map
I/O Section

Addresses $0000-$004F, shown in Figure 2-2, contain the I/O Data,
Status and Control Registers.

Register Name

Port A Data Register (PTA)

Port B Data Register (PTB)

Port C Data Register (PTC)

Port D Data Register (PTD)

Data Direction Register A
(DDRA)

Data Direction Register B
(DDRB)

Data Direction Register C
(DDRC)

Data Direction Register D
(DDRD)

Port E Data Register (PTE)

Port F Data Register (PTF)

Data Direction Register E
(DDRE)

Data Direction Register F
(DDRF)

SPI Control Register (SPCR)

SPI Status and Control
Register (SPSCR)

SPI Data Register (SPDR)

SCI Control Register 1 (SCC1)

MC68HC908AS32A — Rev 0.0

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Figure 2-2. 1/0 Data, Status and Control Registers (Sheet 1 of 4)

Bit 7 6 5 4 3 2 1 Bit 0
PTA7 | PTA6 | PTA5 | PTA4 | PTA3 | PTA2 | PTAL | PTAO
PTB7 | PTB6 | PTB5 | PTB4 | PTB3 | PTB2 | PTBL | PTBO
0 0 0
PTC4 | PTC3 | PTC2 | PTCL | PTCO
0
PTD6 | PTD5 | PTD4 | PTD3 | PTD2 | PTDL | PTDO
DDRA7 | DDRA6 | DDRAS | DDRA4 | DDRA3 | DDRA2 | DDRAL | DDRAQ
DDRB7 | DDRB6 | DDRB5 | DDRB4 | DDRB3 | DDRB2 | DDRB1 | DDRBO
0 0
MCLKEN DDRC4 | DDRC3 | DDRC2 | DDRC1 | DDRCO
0
DDRD6 | DDRD5 | DDRD4 | DDRD3 | DDR2 | DDRD1 | DDRDO
PTE7 | PTE6 | PTE5 | PTE4 | PTE3 | PTE2 | PTELl | PTEO
0 0 0 0
PTF3 | PTF2 | PTFL | PTFO
DDRE7 | DDRE6 | DDRE5 | DDRE4 | DDRE3 | DDRE2 | DDRE1 | DDREQ
0 0 0 0
DDRF3 | DDRF2 | DDRF1 | DDRFO
SPRIE | R [SPMSTR| CPOL | CPHA | SPWOM | SPE | SPTIE
SPRF 0 OVRF | MODF | SPTE 0
SPRL | SPRO
R7 R6 R5 R4 R3 R2 R1 RO
T7 T6 T5 T4 T3 T2 T1 T0
LOOPS | ENSCI | TXINV | M | WAKE | ILTY | PEN | PTY
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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read:
$0014 SCI Control Register 2 (SCC2) Wit SCTIE | TCIE | SCRIE ILIE TE RE RWU SBK
rite:
) Read: R8
$0015 SCI Control Register 3 (SCC3) Wit T8 R R ORIE NEIE FEIE PEIE
rite;
. Read:| SCTE TC SCRF IDLE OR NF FE PE
$0016 SCI Status Register 1 (SCS1) _
Write:
_ Read: 0 0 0 0 0 0 BKF RPF
$0017 SCI Status Register 2 (SCS2) ,
Write:
, Read:| R7 R6 R5 R4 R3 R2 R1 RO
$0018 SCI Data Register (SCDR) _
Write:|  T7 T6 T5 T4 T3 T2 T1 T0
_ Read: 0 0 0
$0019  SCI Baud Rate Register (SCBR) Wit SCP1 | SCPO SCR2 | SCR1 | SCRO
rite:
IRQ Status and Control Read:| 0 0 0 0 IRQF 0
$001A Register (ISCR)  Write: AcK IMASK | MODE
, Read: PLLF 1 1 1 1
$001C PLL Control Register (PCTL) Wit PLLIE PLLON BCS
rite:
' Read: LOCK — 0 0 0 0
$001D PLL Bandwidth Control AUTO ACQ LD

Register (PBWC)  \Write:

PLL Programming Register Read:

$001E ) MUL7 MUL6 MUL5 MUL4 VRS7 VRS6 VRS5 VRS4
(PPG)  \rite:
Configuration Write-Once ~ Read:
$001F Register (CONFIG-1)  Write: LVISTOP R LVIRST | LVIPWR | SSREC | COPL STOP COPD
Timer A Status and Control Read:| TOF 0 0
$0020 . TOIE TSTOP pPS2 PS1 PSO
Register (TASC)  write:| 0 TRST
$0022 Timer A Counter Register Read:| Bit15 14 13 12 11 10 9 Bit 8
$0023 Timer A Counter Register Read:| Bit7 6 5 4 3 2 1 Bit 0
Low (TACNTL)  \Write:
Timer A Modulo Register Read:| .
$0024 High (TAMODH)  Write: Bit 15 14 13 12 11 10 9 Bit 8
' ' Read:
$0025 Timer A Modulo Register Bit 7 6 5 4 3 2 1 Bit 0

Low (TAMODL) Write:

Timer A Channel 0 Status and Read:| CHOF
$0026 Control Register (TASCO)  Write: 0 CHOIE MSO0B MSO0A ELSOB ELSOA TOVO | CHOMAX

Timer A Channel 0 Register Read:

$0027 High (TACHOH)  Wiite: Bit 15 14 13 12 1 10 9 Bit 8
Figure 2-2. 1/0 Data, Status and Control Registers (Sheet 2 of 4)
Advance Information MC68HC908AS32A — Rev 0.0
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Addr.

$0028

$0029

$002A

$002B

$002C

$002D

$002E

$002F

$0030

$0031

$0032

$0033

$0034

$0035

$0036

$0037

$0038

$0039

Register Name

Timer A Channel 0 Register
Low (TACHOL)

Timer A Channel 1 Status and
Control Register (TASC1)

Timer A Channel 1 Register
High (TACH1H)

Timer A Channel 1 Register
Low (TACHLL)

Timer A Channel 2 Status and
Control Register (TASC2)

Timer A Channel 2 Register
High (TACH2H)

Timer A Channel 2 Register
Low (TACH2L)

Timer A Channel 3 Status and
Control Register (TASC3)

Timer A Channel 3 Register
High (TACH3H)

Timer A Channel 3 Register
Low (TACH3L)

Timer A Channel 4 Status and
Control Register (TASC4)

Timer A Channel 4 Register High
(TACH4H)

Timer A Channel 4 Register Low
(TACHAL)

Timer A Channel 5 Status and
Control Register (TASC5)

Timer A Channel 5 Register
High (TACH5H)

Timer A Channel 5 Register
Low (TACH5L)

Analog-to-Digital Status and
Control Register (ADSCR)

Analog-to-Digital Data Register
(ADR)

Figure 2-2. 1/0 Data, Status and Control Registers (Sheet 3 of 4)

MC68HC908AS32A — Rev 0.0

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Memory Map

1/0 Section
Bit 7 6 5 4 3 2 1 Bit O
Bit 7 6 5 4 3 2 1 Bit 0
CH1F 0
0 CH1IE MS1A ELS1B | ELS1A TOV1 | CHIMAX
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
CH2F
0 CH2IE MS2B MS2A ELS2B | ELS2A TOV2 | CH2MAX
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
CH3F 0
0 CH3IE MS3A | ELS3B | ELS3A | TOV3 | CH3MAX
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
CH4F
0 CH4IE MS4B MS4A ELS4B | ELS4A TOV4 | CH4AMAX
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
CH5F 0
0 CH5IE MS5A ELS5B | ELS5A TOV5 | CH5MAX
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
COCO
R AIEN ADCO | ADCH4 | ADCH3 | ADCH2 | ADCH1 | ADCHO
AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
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Addr.

$003A

$003B

$003C

$003D

$003E

$003F

$004B

$004C

$004D

$004E

$004F

Register Name Bit 7 6 5 4 3 2 1 Bit O
Analog-to-Digital Input Clock Read: 0 0
Register (ADICLK)  write: ADIV2 | ADIV1 | ADIVO | ADICLK
i Read: 0 0
BDLC Analog and Rogndtrlp Delay . ATE | RxPOL BO3 BO2 BOL BOO
Register (BARD)  Write: R R
) Read: 0 0
BDLC Control Register 1 (BCR1) . IMSG CLKS R1 RO IE WCM
Write: R R
] Read:
BDLC Control Register 2 (BCR2) Wit ALOOP | DLOOP | RX4XE | NBFS TEOD | TSIFR | TMIFR1 | TMIFRO
rite:
BDLC State Vector Register Read:| 0 0 13 12 11 10
(BSVR) write:| R R R R R R R R
) Read:
BDLC Data Register (BDR) Wit BD7 BD6 BD5 BD4 BD3 BD2 BD1 BDO
rite:
i Read:| POF 0 0
PIT Status and Control Register . PIE PSTOP PPS? PPS1 PPSO
(PSC)  write:| 0 PRST
PIT Counter Register H|gh Read:| Bit15 14 13 12 11 10 9 Bit 8
(PCNTH)  write:
PIT Counter Register Low Read:| Bit7 6 5 4 3 2 1 Bit 0
(PCNTL)  Write:
PIT Modulo Register High Read:| .
Bit 15 14 13 12 11 10 9 Bit8
(PMODH)  write:
PIT Modulo Register Low Read:| .
Bit 7 6 5 4 3 2 1 Bit0
(PMODL)  write:

|:| = Unimplemented

Figure 2-2. 1/0 Data, Status and Control Registers (Sheet 4 of 4)

Advance Information

|I| = Reserved
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2.4 Additional Status and Control Registers

Addr.

$FEO0

Memory Map
Additional Status and Control Registers

Selected addresses in the range $FEQO to $FF88 contain additional
Status and Control registers as shown in Figure 2-3. A noted exception
is the COP Control Register (COPCTL at address $FFFF.

Register Name

SIM Break Status Register
(SBSR)

$FE0L SIM Reset Status Register (SRSR)

$FEO3

$FEQ9

$FEOC

$FEOD

$FEOE

$FEOF

$FE10

$FE1L

$FELA

$FE1B

$FELC

$FE1D

$FE1F

SIM Break Flag Control Register
(SBFCR)

Configuration Write-Once Register

(CONFIG-2)

Break Address Register High
(BRKH)

Break Address Register Low
(BRKL)

Break Status and Control
Register (BRKSCR)

LVI Status Register (LVISR)

EEDIV Hi Non-volatile Register
(EEDIVHNVR)

EEDIV Lo Non-volatile Register
(EEDIVLNVR)

EEDIV Divider High Register
(EEDIVH)

EEDIV Divider Low Register
(EEDIVL)

EEPROM Nonvolatile Register
(EENVR)

EEPROM Control Register
(EECR)

EEPROM Array Configuration
Register (EEACR)

MC68HC908AS32A — Rev 0.0

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:

Read:
Write:

Read:
Write:

Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:

Figure 2-3. Additional Status and Control Registers (Sheet 1 of 2)

Bit 7 6 5 4 3 2 1 Bit 0
R R R R R R BW R
POR PIN COoP ILOP ILAD 0 LVI 0
BCFE R R R R R R R
EEDIVCLK R R R AS32A R R R
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0
BRKE BRKA
LVIOUT 0 0 0 0 0 0 0
EEDIVSECD EEDIV10 | EEDIV9 | EEDIV8
EEDIV7 | EEDIV6 | EEDIV5 | EEDIV4 | EEDIV3 | EEDIV2 | EEDIV1 | EEDIVO
EEDIVSECD EEDIV10 | EEDIV9 | EEDIV8
EEDIV7 | EEDIV6 | EEDIV5 | EEDIV4 | EEDIV3 | EEDIV2 | EEDIV1 | EEDIVO
EEPRTCT| EEBP3 | EEBP2 | EEBP1 | EEBPO
0
EEOFF | EERAS1 | EERASO | EELAT | AUTO | EEPGM
EEPRTCT| EEBP3 | EEBP2 | EEBP1 | EEBPO
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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0

i Read:
gFrgp | ASH Block Protect Register RO4C  pops | ppps | BPRS | BPR4 | BPR3 | BPR2 | BPRL | BPRO
(FLBPR) write:
i Read: 0 0 0 0
$FF88 FLASH Control Register 1€t HVEN | VERF | ERASE | PGM
(FLCR) Write:

, Read: LOW BYTE OF RESET VECTOR
$FFFF  COP Control Register (COPCTL)

Write: WRITING TO $FFFF CLEARS COP COUNTER

I:l = Unimplemented R = Reserved

Figure 2-3. Additional Status and Control Registers (Sheet 2 of 2)

2.5 Vector Addresses and Priority

Addresses in the range $FFDA to $FFFF contain the user-specified
vector locations. The vector addresses are shown in Table 2-1. It is
recommended that all vector addresses are defined.

Table 2-1. Vector Addresses

Vector
Address MC68HC908AS32A
Lowest Priority $FFDA PIT Vector (High)

A $FFDB PIT Vector (Low)
$FFDC BDLC Vector (High)
$FFDD BDLC Vector (Low)
$FFDE ADC Vector (High)
$FFDF ADC Vector (Low)
$FFEO SCI Transmit Vector (High)
$FFE1 SCI Transmit Vector (Low)
$FFE2 SCI Receive Vector (High)
$FFE3 SCI Receive Vector (Low)
$FFE4 SCI Error Vector (High)
$FFES5 SCI Error Vector (Low)
$FFE6 SPI Transmit Vector (High)

Advance Information MC68HC908AS32A — Rev 0.0
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Highest Priority

MC68HC908AS32A — Rev 0.0

Memory Map

Vector Addresses and Priority

Table 2-1. Vector Addresses

Vector
Address MC68HC908AS32A
$FFE7 SPI Transmit Vector (Low)
$FFES8 SPI Receive Vector (High)
$FFE9 SPI Receive Vector (Low)
$FFEA TIMA Overflow Vector (High)
$FFEB TIMA Overflow Vector (Low)
$FFEC TIMA Channel 5 Vector (High)
$FFED TIMA Channel 5 Vector (Low)
$FFEE TIMA Channel 4 Vector (High)
$FFEF TIMA Channel 4 Vector (Low)
$FFFO TIMA Channel 3 Vector (High)
$FFF1 TIMA Channel 3 Vector (Low)
$FFF2 TIMA Channel 2 Vector (High)
$FFF3 TIMA Channel 2 Vector (Low)
$FFF4 TIMA Channel 1 Vector (High)
$FFF5 TIMA Channel 1 Vector (Low)
$FFF6 TIMA Channel 0 Vector (High)
$FFF7 TIMA Channel 0 Vector (Low)
$FFF8 PLL Vector (High)
$FFF9 PLL Vector (Low)
$FFFA IRQ1 Vector (High)
$FFFB IRQ1 Vector (Low)
$FFFC SWI Vector (High)
$FFFD SWI Vector (Low)
$FFFE Reset Vector (High)
$FFFF Reset Vector (Low)
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Technical Data — MC68HC908AS32A

Section 3. RAM

3.1 Contents

3.2 Introduction. . . ... ... e 49

3.3  Functional Description. . ... 49

3.2 Introduction

This section describes the 1024 bytes of random-access memory
(RAM).

3.3 Functional Description

Address $0050 through $044F is the RAM location. The 16-bit stack
pointer allows the stack RAM to be anywhere in the 64K-byte memory
space.

NOTE: For correct operation, the stack pointer must point only to RAM
locations.

Within page zero are 176 bytes of RAM. Because the location of the
stack RAM is programmable, all page zero RAM locations can be used
for input/output (1/0) control and user data or code. When the stack
pointer is moved from its reset location at $00FF, direct addressing
mode instructions can access all page zero RAM locations efficiently.
Page zero RAM, therefore, provides ideal locations for frequently
accessed global variables.

Before processing an interrupt, the CPU uses five bytes of the stack to
save the contents of the CPU registers.

MC68HC908AS32A — Rev 0.0 Advance Information
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RAM

NOTE: For M68HCO05, M6805, and M146805 compatibility, the H register is not
stacked.

During a subroutine call, the CPU uses two bytes of the stack to store
the return address. The stack pointer decrements during pushes and
increments during pulls.

NOTE: Be careful when using nested subroutines. The CPU could overwrite
data in the RAM during a subroutine or during the interrupt stacking
operation.

Advance Information MC68HC908AS32A — Rev 0.0
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Technical Data — MC68HC908AS32A

4.1 Contents

4.2 Introduction

MC68HC908AS32A — Rev 0.0

Section 4. FLASH Memory

4.2  IntroducCtion. .. ...
4.3  Functional Description. . ...

4.4  FLASH Control and Block Protect Registers............
4.4.1 FLASH Control Register ..........................
4.4.2 FLASH Block Protect Register .....................

4.5 FLASH Block Protection ................ .. ... ... ....
46 FLASH Mass Erase Operation........................
47 FLASH Page EraseOperation........................
4.8 FLASH Program Operation ............ ...,

49 Low-Power Modes . .......... ... ..
49.1 WAIT Mode . ...
49.2 STOP Mode. . ... e e

This section describes the operation of the embedded FLASH memory.

This memory can be read, programmed and erased from a single

external supply. The program and erase operations are enabled through

the use of an internal charge pump.
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4.3 Functional Description

NOTE:

The FLASH memory is an array of 32,256 bytes with one byte of block
protection and an additional 38 bytes of user vectors. An erased bit
reads as a logic 1 and a programmed bit reads as a logic 0.

Memory in the FLASH array is organized into rows within pages. There
are two rows of memory per page with 64 bytes per row. The minimum
erase block size is a single page,128 bytes. Programming is performed
on a per-row basis, 64 bytes at a time. Program and erase operations
are facilitated through control bits in the FLASH Control Register
(FLCR). Details for these operations appear later in this section.

The FLASH memory map consists of:

» $8000-$FDFF: User Memory (32,256 bytes)
» $FF80: FLASH Block Protect Register (FLBPR)
» $FF88: FLASH Control Register (FLCR)

*  $FFCC-$FFFF: these locations are reserved for user-defined
interrupt and reset vectors (Please see Vector Addresses and
Priority on page 46 for details)

Programming tools are available from Motorola. Contact your local
Motorola representative for more information.

A security feature prevents viewing of the FLASH contents.®

4.4 FLASH Control and Block Protect Registers

Advance Information

The FLASH array has two registers that control its operation, the FLASH
Control Register (FLCR) and the FLASH Block Protect Register
(FLBPR).

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

MC68HC908AS32A — Rev 0.0
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FLASH Memory
FLASH Control and Block Protect Registers

4.4.1 FLASH Control Register

The FLASH Control Register (FLCR) controls FLASH program and
erase operations.

Address:  $FF88

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0
HVEN MASS ERASE PGM
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 4-1. FLASH Control Register (FLCR)

HVEN — High-Voltage Enable Bit

This read/write bit enables the charge pump to drive high voltages for
program and erase operations in the array. HVEN can only be set if
either PGM = 1 or ERASE = 1 and the proper sequence for program
or erase is followed.

1 = High voltage enabled to array and charge pump on

0 = High voltage disabled to array and charge pump off

MASS — Mass Erase Control Bit

Setting this read/write bit configures the FLASH array for mass or
page erase operation.

1 = Mass erase operation selected

0 = Page erase operation selected

ERASE — Erase Control Bit

This read/write bit configures the memory for erase operation.
ERASE is interlocked with the PGM bit such that both bits cannot be
set at the same time.

1 = Erase operation selected

0 = Erase operation unselected

MC68HC908AS32A — Rev 0.0 Advance Information
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PGM — Program Control Bit

This read/write bit configures the memory for program operation.
PGM is interlocked with the ERASE bit such that both bits cannot be
equal to 1 or set to 1 at the same time.

1 = Program operation selected

0 = Program operation unselected

4.4.2 FLASH Block Protect Register

The FLASH Block Protect Register (FLBPR) is implemented as a byte
within the FLASH memory and therefore can only be written during a

FLASH programming sequence. The value in this register determines
the starting location of the protected range within the FLASH memory.

Address:  $FF80
Bit 7 6 5 4 3 2 1 Bit 0

Read:
BPR7 BPR6 BPR5 BPR4 BPR3 BPR2 BPR1 BPRO
Write:

Figure 4-2. FLASH Block Protect Register (FLBPR)

FLBPR[7:0] — Block Protect Register Bit7 to Bit0

These eight bits represent bits [14:7] of a 16-bit memory address. Bit-
15 is logic 1 and bits [6:0] are logic Os.

The resultant 16-bit address is used for specifying the start address

of the FLASH memory for block protection. FLASH is protected from
this start address to the end of FLASH memory at $FFFF. With this

mechanism, the protect start address can be $XX00 and $XX80 (128
byte page boundaries) within the FLASH array.

16-bit memory address

Start address of FLASH block protect [ 1 | [ FlBphvae — . 1]0]0]0]0]0]0]0]

Figure 4-3. FLASH Block Protect Start Address
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FLASH Control and Block Protect Registers

FLASH Protected Ranges:

FLBPR][7:0] Protected Range
$SFF No Protection
$FE $FFO0 — $FFFF
$FD $FES80 — $FFFF

\ \
$0B $8580 — $FFFF
$OA $8500 — $FFFF
$09 $8480 — $FFFF
$08 $8400 — $FFFF
\ \
$04 $8200 — $FFFF
$03 $8180 — $FFFF
$02 $8100 — $FFFF
$01 $8080 — $FFFF
$00 $8000 — $FFFF

Decreasing the value in FLBPR by one increases the protected range by
one page (128 bytes). However, programming the block protect register
with $FE protects a range twice that size, 256 bytes, in the
corresponding array. $FE means that locations $FFO0-$FFFF are
protected in FLASH.

The FLASH memory does not exist at some locations. The block
protection range configuration is unaffected if FLASH memory does not
exist in that range. Refer to the memory map and make sure that the
desired locations are protected.
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45 FLASH Block Protection

NOTE:

NOTE:

Advance Information

Due to the ability of the on-board charge pump to erase and program the
FLASH memory in the target application, provision is made for protecting
blocks of memory from unintentional erase or program operations due to
system malfunction. This protection is done by using the FLASH Block
Protection Register (FLBPR). FLBPR determines the range of the
FLASH memory which is to be protected. The range of the protected
area starts from a location defined by FLBPR and ends at the bottom of
the FLASH memory ($FFFF). When the memory is protected, the HVEN
bit can not be set in either ERASE or PROGRAM operations.

In performing a program or erase operation, the FLASH Block Protect
Register must be read after setting the PGM or ERASE bit and before
asserting the HVEN bit.

When the FLASH Block Protect Register is programmed with all 0’s, the
entire memory is protected from being programmed and erased. When
all the bits are erased (all 1's), the entire memory is accessible for
program and erase.

When bits within FLBPR are programmed (logic 0), they lock a block of
memory address ranges as shown in FLASH Block Protect Register
on page 54. If FLBPR is programmed with any value other than $FF, the
protected block of FLASH memory can not be erased or programmed.

The vector locations and the FLASH Block Protect Registers are located
in the same page. FLBPR is not protected with special hardware or
software; therefore, if this page is not protected by FLBPR and the vector
locations are erased by either a page or a mass erase operation, FLBPR
will also be erased.

MC68HC908AS32A — Rev 0.0
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FLASH Mass Erase Operation

4.6 FLASH Mass Erase Operation

Use this step-by-step procedure to erase the entire FLASH memory to
read as logic 1:

1.

Set both the ERASE bit and the MASS bit in the FLASH Control
Register (FLCR).

Read the FLASH Block Protect Register (FLBPR).

Write to any FLASH address within the FLASH array with any
data.

NOTE: If the address written to in Step 3 is within address space protected by
the FLASH Block Protect Register (FLBPR), no erase will occur.

10.

© © N o 0 &

Wait for a time, tyys.
Set the HVEN bit.

Wait for a time, tyerasE-
Clear the ERASE bit.
Wait for a time, t nyHL-
Clear the HVEN bit.

Wait for a time, tgcy, after which the memory can be accessed in
normal read mode.

NOTE: A.Programming and erasing of FLASH locations can not be performed
by code being executed from the same FLASH array.

B. While these operations must be performed in the order shown, other
unrelated operations may occur between the steps. Care must be taken
however to ensure that these operations do not access any address
within the FLASH array memory space such as the COP Control
Register (COPCTL) at $FFFF.

C. Itis highly recommended that interrupts be disabled during
program/erase operations.

MC68HC908AS32A — Rev 0.0
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4.7 FLASH Page Erase Operation

NOTE:

Advance Information

Use this step-by-step procedure to erase a page (128 bytes) of FLASH
memory to read as logic 1:

1.

w

10.

© © N o 0 &

Set the ERASE bit and clear the MASS bit in the FLASH Control
Register (FLCR).

Read the FLASH Block Protect Register (FLBPR).

Write any data to any FLASH address within the address range of
the page (128 byte block) to be erased.

Wait for time, tyys.
Set the HVEN bit.
Wait for time, tegase.
Clear the ERASE bit.
Wait for time, t yyp-
Clear the HVEN bit.

Wait for a time, tgcy, after which the memory can be accessed in
normal read mode.

A. Programming and erasing of FLASH locations can not be performed
by code being executed from the same FLASH array.

B. While these operations must be performed in the order shown, other
unrelated operations may occur between the steps. Care must be taken
however to ensure that these operations do not access any address
within the FLASH array memory space such as the COP Control
Register (COPCTL) at $FFFF.

C. Itis highly recommended that interrupts be disabled during
program/erase operations.

MC68HC908AS32A — Rev 0.0
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FLASH Program Operation

4.8 FLASH Program Operation

Programming of the FLASH memory is done on a row basis. A row
consists of 64 consecutive bytes with address ranges as follows:

$XX00 to $XX3F
$XX40 to $XXT7F
$XX80 to $XXBF
$XXCO to $XXFF

During the programming cycle, make sure that all addresses being
written to fit within one of the ranges specified above. Attempts to
program addresses in different row ranges in one programming cycle will
fail. Use this step-by-step procedure to program a row of FLASH
memory.

NOTE: In order to avoid program disturbs, the row must be erased before any
byte on that row is programmed.

1.

w

10.
11.

MC68HC908AS32A — Rev 0.0
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Set the PGM bit in the FLASH Control Register (FLCR). This
configures the memory for program operation and enables the
latching of address and data programming.

Read the FLASH Block Protect Register (FLBPR).

Write to any FLASH address within the row address range desired
with any data.

Wait for time, tyys.

Set the HVEN bit.

Wait for time, tpgs.

Write data byte to the FLASH address to be programmed.
Wait for time, t prog-

Repeat step 7 and 8 until all the bytes within the row are
programmed.

Clear the PGM bit.

Wait for time, tyyn-
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12. Clear the HVEN bit.

13. Wait for a time, tgcy, after which the memory can be accessed in
normal read mode.

The FLASH Programming Algorithm Flowchart is shown in Figure 4-4.

NOTE: A.Programming and erasing of FLASH locations can not be performed
by code being executed from the same FLASH array.

B. While these operations must be performed in the order shown, other
unrelated operations may occur between the steps. Care must be taken
however to ensure that these operations do not access any address
within the FLASH array memory space such as the COP Control
Register (COPCTL) at $FFFF.

C. It is highly recommended that interrupts be disabled during
program/erase operations.

D. Do not exceed t prog maximum or ty, maximum. t,, is defined as the
cumulative high voltage programming time to the same row before next
erase. t,, must satisfy this condition: ty,s+ tyyu * trgs * (trrogX 64) 0t
max. Please also see FLASH Memory Characteristics on page 431.

E. The time between each FLASH address change (step 7 to step 7), or
the time between the last FLASH address programmed to clearing the
PGM bit (step 7 to step 10) must not exceed the maximum programming
time, tprog Max.

F. Be cautious when programming the FLASH array to ensure that non-
FLASH locations are not used as the address that is written to when
selecting either the desired row address range in step 3 of the algorithm
or the byte to be programmed in step 7 of the algorithm. This applies
particularly to:

* S$FFDA-$FFFF (38 bytes)

Advance Information MC68HC908AS32A — Rev 0.0

60 FLASH Memory MOTOROLA



Set PGM bit

Algorithm for programming

1

arow (64 bytes) of FLASH memory

Read the FLASH block protect register

1

Write any data to any FLASH address
within the row address range desired

Y

Wait for a time, s

1

Set HVEN bit

1

Wait for a time, tyg

\

/

Write data to the FLASH address
to be programmed

Y

Wait for a time, tprog

Y

Completed
programming
this row?

A

10
NOTE:
The time between each FLASH address change (step 7 to step 7), or
the time between the last FLASH address programmed 1
to clearing PGM bit (step 7 to step 10)
must not exceed the maximum programming
time, tPROG max. 12
This row program algorithm assumes the row/s
to be programmed are initially erased.

13

FLASH Memory
FLASH Program Operation

Y

Clear PGM hit

1

Wait for a time, typ,

Y

Clear HVEN bit

1

Wait for a time, t,,

1

C

End of programming >

Figure 4-4. FLASH Programming Algorithm Flowchart
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4.9 Low-Power Modes

The WAIT and STOP instructions will place the MCU in low power
consumption standby modes.

4.9.1 WAIT Mode

Putting the MCU into wait mode while the FLASH is in read mode does
not affect the operation of the FLASH memory directly; however, no
memory activity will take place since the CPU is inactive.

The WAIT instruction should not be executed while performing a
program or erase operation on the FLASH. Wait mode will suspend any
FLASH program/erase operations and leave the memory in a Standby
Mode.

4.9.2 STOP Mode

Putting the MCU into stop mode while the FLASH is in read mode does
not affect the operation of the FLASH memory directly; however, no
memory activity will take place since the CPU is inactive.

The STOP instruction should not be executed while performing a
program or erase operation on the FLASH. Stop mode will suspend any
FLASH program/erase operations and leave the memory in a Standby
Mode.

NOTE: Standby Mode is the power saving mode of the FLASH module, in which
all internal control signals to the FLASH are inactive and the current
consumption of the FLASH is minimum.

Advance Information MC68HC908AS32A — Rev 0.0
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EEPROM Memory

5.2 Introduction

5.3 Features

Advance Information

This section describes the 512 bytes of electrically erasable
programmable read-only memory (EEPROM) residing at address range
$0800 to $09FF.

Features of the EEPROM include the following:

512 bytes Non-Volatile Memory
Byte, Block, or Bulk Erasable

Non-Volatile EEPROM Configuration and Block Protection
Options

On-chip Charge Pump for Programming/Erasing
Security Option

AUTO Bit Driven Programming/Erasing Time Feature

MC68HC908AS32A — Rev 0.0
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5.4 EEPROM Register Summary

The EEPROM Register Summary is shown in Figure 5-1.

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit O
_ Read:
EEDIV Non-volatile EEDIVSECD| R R R R EEDIV10 | EEDIV9 | EEDIV8
$FE10 Register High Write:
(EEDIVHNVR)*
Reset: Unaffected by reset; $FF when blank
_ Read:
EEDIV Non-volatile EEDIV7 | EEDIV6 | EEDIV5 | EEDIV4 | EEDIV3 | EEDIV2 | EEDIV1 | EEDIVO
$FE11 Register Low Write:
(EEDIVLNVR)*
Reset: Unaffected by reset; $FF when blank
Read: 0 0 0 0
SFEIA EE Divider Register High Wiite: EEDIVSECD, EEDIV10 | EEDIV9 | EEDIV8
(EEDIVH) '
Reset: Contents of EEDIVHNVR ($FE10), Bits [6:3] =0
Read:
EE Divider Register Low EEDIV7 | EEDIV6 | EEDIV5 | EEDIV4 | EEDIV3 | EEDIV2 | EEDIV1 | EEDIVO
$FE1B Write:
(EEDIVL)
Reset: Contents of EEDIVLNVR ($FE11)
_ Read:
EEPROM Non-volatile UNUSED | UNUSED | UNUSED |EEPRTCT| EEBP3 | EEBP2 | EEBP1 | EEBPO
$FEIC Register Write:
(EENVR)*
Reset: Unaffected by reset; $FF when blank; factory programmed $FO
Read: 0
EEPROM Control UNUSED EEOFF | EERASL | EERASO | EELAT | AUTO | EEPGM
$FE1D Register Write:
(EECR)
Reset: 0 0 0 0 0 0 0 0
Read:| UNUSED | UNUSED | UNUSED |EEPRTCT| EEBP3 EEBP?2 EEBP1 EEBPO
EEPROM Array
$FELF Configuration Register Write:
(EEACR)

Reset: Contents of EENVR ($FE1C)

* Non-volatile EEPROM register; write by programming.

= Unimplemented R = Reserved UNUSED | = Unused
Figure 5-1. EEPROM Register Summary
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5.5 Functional Description

The 512 bytes of EEPROM are located at $0800-$09FF and can be
programmed or erased without an additional external high voltage
supply. The program and erase operations are enabled through the use
of an internal charge pump. For each byte of EEPROM, the write/erase
endurance is 10,000 cycles.

5.5.1 EEPROM Configuration

The 8-bit EEPROM Non-Volatile Register (EENVR) and the 16-bit
EEPROM Timebase Divider Non-Volatile Register (EEDIVNVR) contain
the default settings for the following EEPROM configurations:

« EEPROM Timebase Reference
« EEPROM Security Option
« EEPROM Block Protection

EENVR and EEDIVNVR are non-volatile EEPROM registers. They are
programmed and erased in the same way as EEPROM bytes. The
contents of these registers are loaded into their respective volatile
registers during a MCU reset. The values in these read/write volatile
registers define the EEPROM configurations.

For EENVR, the corresponding volatile register is the EEPROM Array
Configuration Register (EEACR). For the EEDIVNCR (two 8-bit
registers: EEDIVHNVR and EEDIVLNVR), the corresponding volatile
register is the EEPROM Divider Register (EEDIV: EEDIVH and EE
DIVL).

Advance Information MC68HC908AS32A — Rev 0.0
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5.5.2 EEPROM Timebase Requirements

A 35us timebase is required by the EEPROM control circuit for program
and erase of EEPROM content. This timebase is derived from dividing
the CGMXCLK or bus clock (selected by EEDIVCLK bit in CONFIG-2
Register) using a timebase divider circuit controlled by the 16-bit
EEPROM Timebase Divider EEDIV Register (EEDIVH and EEDIVL).

As the CGMXCLK or bus clock is user selected, the EEPROM Timebase
Divider Register must be configured with the appropriate value to obtain
the 35 ps. The timebase divider value is calculated by using the following
formula:

EEDIV= INT[Reference Frequency(Hz) x 35 x107 +0.5]

This value is written to the EEPROM Timebase Divider Register
(EEDIVH and EEDIVL) or programmed into the EEPROM Timebase
Divider Non-Volatile Register prior to any EEPROM program or erase
operations(see EEPROM Configuration on page 66 and EEPROM
Timebase Requirements on page 67).

5.5.3 EEPROM Program/Erase Protection

The EEPROM has a special feature that designates the 16 bytes of
addresses from $08F0 to $08FF to be permanently secured. This
program/erase protect option is enabled by programming the EEPRTCT
bit in the EEPROM Non-Volatile Register (EENVR) to a logic zero.

Once the EEPRTCT bit is programmed to O for the first time:

* Programming and erasing of secured locations $08F0 to $08FF is
permanently disabled.

» Secured locations $08F0 to $08FF can be read as normal.
* Programming and erasing of EENVR is permanently disabled.

« Bulk and Block Erase operations are disabled for the unprotected
locations $0800-$08EF, $0900-$09FF.
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NOTE:

e Single byte program and erase operations are still available for
locations $0800-$08EF and $0900-$09FF for all bytes that are not
protected by the EEPROM Block Protect EEBPXx bits (see
EEPROM Block Protection on page 68 and EEPROM Array
Configuration Register on page 75)

Once armed, the protect option is permanently enabled. As a
consequence, all functions in the EENVR will remain in the state they
were in immediately before the security was enabled.

5.5.4 EEPROM Block Protection

NOTE:

Advance Information

The 512 bytes of EEPROM are divided into four 128-byte blocks. Each
of these blocks can be protected from erase/program operations by
setting the EEBPx bit in the EENVR. Table 5-1 shows the address
ranges for the blocks.

Table 5-1. EEPROM Array Address Blocks

Block Number (EEBPXx) Address Range
EEBPO $0800-$087F
EEBP1 $0880-$08FF
EEBP2 $0900-$097F
EEBP3 $0980—$09FF

These bits are effective after a reset or a upon read of the EENVR
register. The block protect configuration can be modified by
erasing/programming the corresponding bits in the EENVR register and
then reading the EENVR register. Please see EEPROM Array
Configuration Register on page 75 for more information.

Once EEDIVSECD in the EEDIVHNVR is programmed to 0 and after a
system reset, the EEDIV security feature is permanently enabled
because the EEDIVSECD bit in the EEDIVH is always loaded with O
thereafter. Once this security feature is armed, erase and program mode
are disabled for EEDIVHNVR and EEDIVLNVR. Modifications to the
EEDIVH and EEDIVL registers are also disabled. Therefore, be cautious
on programming a value into the EEDIVHNVR.

MC68HC908AS32A — Rev 0.0
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5.5.5 EEPROM Programming and Erasing

The unprogrammed or erase state of an EEPROM bit is a logic 1. The
factory default for all bytes within the EEPROM array is $FF.

The programming operation changes an EEPROM bit from logic 1 to
logic O (programming cannot change a bit from logic 0 to a logic 1). In a
single programming operation, the minimum EEPROM programming
size is one bit; the maximum is eight bits (one byte).

The erase operation changes an EEPROM bit from logic O to logic 1. In
a single erase operation, the minimum EEPROM erase size is one byte;
the maximum is the entire EEPROM array.

The EEPROM can be programmed such that one or multiple bits are
programmed (written to a logic 0) at atime. However, the user may never
program the same bit location more than once before erasing the entire
byte. In other words, the user is not allowed to program a logic 0 to a bit
that is already programmed (bit state is already logic 0).

For some applications it might be advantageous to track more than 10K
events with a single byte of EEPROM by programming one bit at a time.
For that purpose, a special selective bit programming technique is
available. An example of this technique is illustrated in Table 5-2.

Table 5-2. Example Selective Bit Programming Description

Description Program Data | Re;ult

in Binary in Binary
Original state of byte (erased) n/a 1111:1111
First event is recorded by programming bit position O 1111:1110 1111:1110
Second event is recorded by programming bit position 1 1111:1101 1111:1100
Third event is recorded by programming bit position 2 1111:1011 1111:1000
Fourth event is recorded by programming bit position 3 1111:0111 1111:0000
Events five through eight are recorded in a similar fashion

Note that none of the bit locations are actually programmed more than
once although the byte was programmed eight times.

MC68HC908AS32A — Rev 0.0
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Program/Erase
Using AUTO Bit

EEPROM
Programming

NOTE:

NOTE:

Advance Information

When this technique is utilized, a program/erase cycle is defined as
multiple program sequences (up to eight) to a unique location followed
by a single erase operation.

An additional feature available for EEPROM program and erase
operations is the AUTO mode. When enabled, AUTO mode will activate
an internal timer that will automatically terminate the program/erase
cycle and clear the EEPGM bit. Please see EEPROM Programming on
page 70, EEPROM Erasing on page 71 and EEPROM Control
Register on page 73 for more information.

The unprogrammed or erase state of an EEPROM bit is a logic 1.
Programming changes the state to a logic 0. Only EEPROM bytes in the
non-protected blocks and the EENVR register can be programmed.

Use the following procedure to program a byte of EEPROM:
1. Clear EERAS1 and EERASO and set EELAT in the EECR.®
If using the AUTO mode, also set the AUTO bit during Step 1.

Write the desired data to the desired EEPROM address.(®)
Set the EEPGM bit.(%) Go to Step 7 if AUTO is set.

Wait for time, tegpgum, t0 program the byte.

Clear EEPGM bit.

S

Wait for time, tgggpy, for the programming voltage to fall. Go to
Step 8.

7. Poll the EEPGM bit until it is cleared by the internal timer.(®)

8. Clear EELAT bhits.(®)
A. EERAS1 and EERASO must be cleared for programming. Setting the
EELAT bit configures the address and data buses to latch data for
programming the array. Only data with a valid EEPROM address will be

latched. If EELAT is set, other writes to the EECR will be allowed after a
valid EEPROM write.

MC68HC908AS32A — Rev 0.0
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B. If more than one valid EEPROM write occurs, the last address and
data will be latched overriding the previous address and data. Once data
is written to the desired address, do not read EEPROM locations other
than the written location. (Reading an EEPROM location returns the
latched data and causes the read address to be latched).

C. The EEPGM bit cannot be set if the EELAT bit is cleared or a non-
valid EEPROM address is latched. This is to ensure proper
programming sequence. Once EEPGM is set, do not read any EEPROM
locations; otherwise, the current program cycle will be unsuccessful.
When EEPGM is set, the on-board programming sequence will be
activated.

D. The delay time for the EEPGM bit to be cleared in AUTO mode is less
than tegpgu- However, on other MCUS, this delay time may be different.
For forward compatibility, software should not make any dependency on
this delay time.

E. Any attempt to clear both EEPGM and EELAT bits with a single
instruction will only clear EEPGM. This is to allow time for removal of
high voltage from the EEPROM array.

The programmed state of an EEPROM bit is logic 0. Erasing changes
the state to a logic 1. Only EEPROM bytes in the non-protected blocks
and the EENVR register can be erased.

Use the following procedure to erase a byte, block or the entire
EEPROM array:

1. Configure EERAS1 and EERASO for byte, block or bulk erase; set
EELAT in EECR.(Y

NOTE: If using the AUTO mode, also set the AUTO bit in Step 1.
2. Byte erase: write any data to the desired address.®
Block erase: write any data to an address within the desired
block.(®)
Bulk erase: write any data to an address within the array.(®)
3. Setthe EEPGM bit.{%) Go to Step 7 if AUTO is set.
MC68HC908AS32A — Rev 0.0 Advance Information
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4. Wait for a time: tgggy1E for byte erase; tegg ock for block erase;
teepuLk_ for bulk erase.

Clear EEPGM bit.

Poll the EEPGM bit until it is cleared by the internal timer.(®)

5
6. Waitfor atime, teggpy, for the erasing voltage to fall. Go to Step 8.
7
8. Clear EELAT bits.(®)

NOTE: A. Setting the EELAT bit configures the address and data buses to latch
data for erasing the array. Only valid EEPROM addresses will be
latched. If EELAT is set, other writes to the EECR will be allowed after a
valid EEPROM write.

B. If more than one valid EEPROM write occurs, the last address and
data will be latched overriding the previous address and data. Once data
is written to the desired address, do not read EEPROM locations other
than the written location. (Reading an EEPROM location returns the
latched data and causes the read address to be latched).

C. The EEPGM bit cannot be set if the EELAT bit is cleared or a non-
valid EEPROM address is latched. This is to ensure proper
programming sequence. Once EEPGM is set, do not read any EEPROM
locations; otherwise, the current program cycle will be unsuccessful.
When EEPGM is set, the on-board programming sequence will be
activated.

D. The delay time for the EEPGM bit to be cleared in AUTO mode is less
than teegyTe teEBLOCK/tEEBULK. HOWEVer, on other MCUSs, this delay
time may be different. For forward compatibility, software should not
make any dependency on this delay time.

E. Any attempt to clear both EEPGM and EELAT bits with a single
instruction will only clear EEPGM. This is to allow time for removal of
high voltage from the EEPROM array.
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5.6 EEPROM Register Descriptions

Four I/O registers and three non-volatile registers control program, erase
and options of the EEPROM array.

5.6.1 EEPROM Control Register

This read/write register controls programming/erasing of the array.

Address:  $FE1D

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0
UNUSED EEOFF | EERAS1 | EERASO | EELAT AUTO EEPGM
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 5-2. EEPROM Control Register (EECR)

Bit 7— Unused bit

This read/write bit is software programmable but has no functionality.

EEOFF — EEPROM power down

This read/write bit disables the EEPROM module for lower power
consumption. Any attempts to access the array will give unpredictable
results. Reset clears this bit.

1 = Disable EEPROM array

0 = Enable EEPROM array

EERAS1 and EERASO — Erase/Program Mode Select Bits
These read/write bits set the erase modes. Reset clears these bits.

Table 5-3. EEPROM Program/Erase Mode Select

EEBPXx EERAS1 EERASO MODE
0 0 0 Byte Program
0 0 1 Byte Erase
0 1 0 Block Erase
0 1 1 Bulk Erase
1 X X No Erase/Program

X =don't care
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EELAT — EEPROM Latch Control

This read/write bit latches the address and data buses for
programming the EEPROM array. EELAT cannot be cleared if
EEPGM is still set. Reset clears this bit.

1 = Buses configured for EEPROM programming or erase
operation

0 = Buses configured for normal operation

AUTO — Automatic termination of program/erase cycle

When AUTO is set, EEPGM is cleared automatically after the
program/erase cycle is terminated by the internal timer.

(See note D for EEPROM Programming on page 70, EEPROM
Erasing on page 71 and EEPROM Memory Characteristics on
page 430)

1 = Automatic clear of EEPGM is enabled

0 = Automatic clear of EEPGM is disabled

EEPGM — EEPROM Program/Erase Enable

This read/write bit enables the internal charge pump and applies the
programming/erasing voltage to the EEPROM array if the EELAT bit
is set and a write to a valid EEPROM location has occurred. Reset
clears the EEPGM bit.

1 = EEPROM programming/erasing power switched on

0 = EEPROM programming/erasing power switched off

NOTE:  Writing logic Os to both the EELAT and EEPGM bits with a single

instruction will clear EEPGM only to allow time for the removal of high
voltage.
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5.6.2 EEPROM Array Configuration Register

The EEPROM array configuration register configures EEPROM security
and EEPROM block protection.

This read-only register is loaded with the contents of the EEPROM non-
volatile register (EENVR) after a reset.

Address:  $FE1F
Bit 7 6 5 4 3 2 1 Bit 0

Read: | UNUSED | UNUSED | UNUSED | EEPRTCT | EEBP3 | EEBP2 | EEBP1 | EEBPO

Write:

Reset: Contents of EENVR ($FE1C)

Figure 5-3. EEPROM Array Configuration Register (EEACR)

Bit 7:5 — Unused Bits

These read/write bits are software programmable but have no
functionality.

EEPRTCT — EEPROM Protection Bit

The EEPRTCT bit is used to enable the security feature in the
EEPROM (see EEPROM Program/Erase Protection).

1 = EEPROM security disabled

0 = EEPROM security enabled

This feature is a write-once feature. Once the protection is enabled it
may not be disabled.
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EEBP[3:0] — EEPROM Block Protection Bits
These bits prevent blocks of EEPROM array from being programmed

Advance Information

or erased.

1 = EEPROM array block is protected
0 = EEPROM array block is unprotected

Block Number (EEBPXx)

Address Range

EEBPO $0800-$087F
EEBP1 $0880—$08FF
EEBP2 $0900-$097F
EEBP3 $0980—-$09FF

Table 5-4. EEPROM Block Protect and Security Summary

Address Range EEBPx EEPRTCT =1 EEPRTCT =0
Byte Programming | Byte Programming
_ Available Available
$0800 - $087F EEBPO=0 | 5k, Block and Byte | Only Byte Erasing
Erasing Available Avalilable
EEBPO =1 Protected Protected
Byte Programming | Byte Programming
_ Available Available
$0880 - $OSEF EEBP1=0 Bulk, Block and Byte | Only Byte Erasing
Erasing Available Available
EEBP1 =1 Protected Protected
Byte Programming
Available S
EEBP1 =0 ecured
$08FO - $08FF Bulk, Block and Byte | (No Programming
EEBP1 =1 Protected
Byte Programming | Byte Programming
_ Available Avalilable
$0900 - $097F EEBP2=0 | Buik, Block and Byte | Only Byte Erasing
Erasing Available Avalilable
EEBP2 =1 Protected Protected
Byte Programming | Byte Programming
_ Available Avalilable
$0980 - $09FF EEBPS=0 | ik, Block and Byte | Only Byte Erasing
Available Available
EEBP3 =1 Protected Protected
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5.6.3 EEPROM Nonvolatile Register

The contents of this register is loaded into the EEPROM array
configuration register (EEACR) after a reset.

This register is erased and programmed in the same way as an
EEPROM byte. (See EEPROM Control Register on page 73 for
individual bit descriptions).

Address:  $FE1C

Bit 7 6 5 4 3 2 1 Bit 0
Read:

UNUSED | UNUSED | UNUSED | EEPRTCT | EEBP3 EEBP2 EEBP1 EEBPO
Write:
Reset: PV

= Unimplemented PV = Programmed value or 1 in the erased state.

Figure 5-4. EEPROM Nonvolatile Register (EENVR)

NOTE: The EENVR will leave the factory programmed with $F0 such that the full
array is available and unprotected.

MC68HC908AS32A — Rev 0.0 Advance Information

MOTOROLA EEPROM Memory 77



EEPROM Memory

5.6.4 EEPROM Timebase Divider Register

The 16-bit EEPROM timebase divider register consists of two 8-bit
registers: EEDIVH and EEDIVL. The 11-bit value in this register is used
to configure the timebase divider circuit to obtain the 35 ps timebase for
EEPROM control.

These two read/write registers are respectively loaded with the contents
of the EEPROM timebase divider on-volatile registers (EEDIVHNVR and
EEDIVLNVR) after a reset.

Address:  $FE1A

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0
EEDIVSECD EEDIV10 | EEDIV9 | EEDIV8
Write:
Reset: Contents of EEDIVHNVR ($FE10), Bits [6:3] =0
= Unimplemented

Figure 5-5. EEDIV Divider High Register (EEDIVH)

Address:  $FE1B

Bit 7 6 5 4 3 2 1 Bit 0
Read:
EEDIV7 | EEDIV6 | EEDIVS | EEDIV4 | EEDIV3 | EEDIV2 | EEDIV1 | EEDIVO
Write:
Reset: Contents of EEDIVLNVR ($FE11)
Figure 5-6. EEDIV Divider Low Register (EEDIVL)
Advance Information MC68HC908AS32A — Rev 0.0
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EEDIVSECD — EEPROM Divider Security Disable

This bit enables/disables the security feature of the EEDIV registers.
When EEDIV security feature is enabled, the state of the registers
EEDIVH and EEDIVL are locked (including EEDIVSECD bit). The
EEDIVHNVR and EEDIVLNVR non-volatile memory registers are
also protected from being erased/programmed.

1 = EEDIV security feature disabled

0 = EEDIV security feature enabled

EEDIV[10:0] — EEPROM timebase prescaler

These prescaler bits store the value of EEDIV which is used as the
divisor to derive a timebase of 35us from the selected reference clock
source (CGMXCLK or bus block in the CONFIG-2 register) for the
EEPROM related internal timer and circuits. EEDIV[10:0] bits are
readable at any time. They are writable when EELAT =0 and
EEDIVSECD = 1.

The EEDIV value is calculated by the following formula:

EEDIV= INT[Reference Frequency(Hz) x 35 x107® +0.5]

Where the result inside the bracket is rounded down to the nearest
integer value

For example, if the reference frequency is 4.9152MHz, the EEDIV value
is172

NOTE: Programming/erasing the EEPROM with an improper EEDIV value may
result in data lost and reduce endurance of the EEPROM device.
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5.6.5 EEPROM Timebase Divider Non-Volatile Register

The 16-bit EEPROM timebase divider non-volatile register consists of
two 8-bit registers: EEDIVHNVR and EEDIVLNVR. The contents of
these two registers are respectively loaded into the EEPROM timebase
divider registers, EEDIVH and EEDIVL, after a reset.

These two registers are erased and programmed in the same way as an
EEPROM byte.

Address:  $FE10

Bit 7 6 5 4 3 2 1 Bit 0
Read:
EEDIVSECD R R R R EEDIV10 | EEDIV9 | EEDIV8
Write:
Reset: Unaffected by reset; $FF when blank
R = Reserved

Figure 5-7. EEPROM Divider Non-Volatile Register High

(EEDIVHNVR))
Address:  $FE11
Bit 7 6 5 4 3 2 1 Bit 0
Read:
EEDIV7 | EEDIV6 | EEDIV5 | EEDIV4 | EEDIV3 | EEDIV2 | EEDIV1 | EEDIVO
Write:
Reset: Unaffected by reset; $FF when blank

Figure 5-8. EEPROM Divider Non-Volatile Register Low (EEDIVLNVR)

These two registers are protected from erase and program operations if
the EEDIVSECD is set to logic 1 in the EEDIVH (see EEPROM
Timebase Divider Register) or programmed to a logic 1 in the
EEDIVHNVR.

NOTE: Once EEDIVSECD in the EEDIVHNVR is programmed to 0 and after a
system reset, the EEDIV security feature is permanently enabled
because the EEDIVSECD bit in the EEDIVH is always loaded with O

Advance Information MC68HC908AS32A — Rev 0.0

80 EEPROM Memory MOTOROLA




EEPROM Memory
Low-Power Modes

thereafter. Once this security feature is armed, erase and program mode
are disabled for EEDIVHNVR and EEDIVLNVR. Modifications to the
EEDIVH and EEDIVL registers are also disabled. Therefore, care should
be taken before programming a value into the EEDIVHNVR.

5.7 Low-Power Modes

The WAIT and STOP instructions can put the MCU in low power-
consumption standby modes.

5.7.1 Wait Mode

The WAIT instruction does not affect the EEPROM. It is possible to start
the program or erase sequence on the EEPROM and put the MCU in
wait mode.

5.7.2 Stop Mode

The STOP instruction reduces the EEPROM power consumption to a
minimum. The STOP instruction should not be executed while a
programming or erasing sequence is in progress.

If stop mode is entered while EELAT and EEPGM are set, the
programming sequence will be stopped and the programming voltage to
the EEPROM array removed. The programming sequence will be
restarted after leaving stop mode; access to the EEPROM is only
possible after the programming sequence has completed.

If stop mode is entered while EELAT and EEPGM is cleared, the
programming sequence will be terminated abruptly.

In either case, the data integrity of the EEPROM is not guaranteed.
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This section describes the central processor unit (CPU8). The M68HC08
CPU is an enhanced and fully object-code-compatible version of the
M68HCO05 CPU. The CPUO8 Reference Manual (Motorola document
number CPUO8BRM/AD) contains a description of the CPU instruction
set, addressing modes, and architecture.
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6.3 Features
Features of the CPU include the following:

* Full upward, object-code compatibility with M68HCO05 family

» 16-bit stack pointer with stack manipulation instructions

* 16-bit index register with X-register manipulation instructions
 8.4MHz CPU internal bus frequency

* 64K byte program/data memory space

* 16 addressing modes

* Memory-to-memory data moves without using accumulator

* Fast 8-bit by 8-bit multiply and 16-bit by 8-bit divide instructions
* Enhanced binary-coded decimal (BCD) data handling

* Low-power STOP and WAIT Modes

6.4 CPU registers

Figure 6-1 shows the five CPU registers. CPU registers are not part of
the memory map.

7 0
[T T T TTTT] ACCUMULATOR (A)

15 0
[TTTHITTTTTTTIXTTT ] NDEXREGISTER (H:X)

15 0
LI T T I TT T[] srackproiNTER (sP)

15 0
LITTTTTTTTTTTT [T ]PROGRAMCOUNTER (PC)

7 0
[V[1]1]H]1[N][Z]C] CONDITION CODE REGISTER (CCR)

CARRY/BORROW FLAG
——ZERO FLAG
NEGATIVE FLAG
INTERRUPT MASK
HALF-CARRY FLAG
TWO’'S COMPLEMENT OVERFLOW FLAG

Figure 6-1. CPU registers
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CPU registers

6.4.1 Accumulator (A)

The accumulator is a general-purpose 8-bit register. The CPU uses the
accumulator to hold operands and the results of arithmetic/logic

operations.
Bit 7 6 5 4 3 2 1 Bit 0
Read:
A
Write:
Reset: Unaffected by reset

Figure 6-2. Accumulator (A)

6.4.2 Index register (H:X)

The 16-bit index register allows indexed addressing of a 64K byte
memory space. H is the upper byte of the index register and X is the
lower byte. H:X is the concatenated 16-bit index register.

In the indexed addressing modes, the CPU uses the contents of the
index register to determine the conditional address of the operand.

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

Read:
H:X
Write:

Reset: 0 0 0 0 0 0 0 0 X X X X X X X X

X = Indeterminate

Figure 6-3. Index register (H:X)

The index register can also be used as a temporary data storage
location.
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6.4.3 Stack pointer (SP)

SP

NOTE:

The stack pointer is a 16-bit register that contains the address of the next
location on the stack. During a reset, the stack pointer is preset to
$00FF. The reset stack pointer (RSP) instruction sets the least
significant byte to $FF and does not affect the most significant byte. The
stack pointer decrements as data is pushed onto the stack and
increments as data is pulled from the stack.

In the stack pointer 8-bit offset and 16-bit offset addressing modes, the
stack pointer can function as an index register to access data on the
stack. The CPU uses the contents of the stack pointer to determine the
conditional address of the operand.

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

Read:

Write:

Reset: 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
Figure 6-4. Stack pointer (SP)

The location of the stack is arbitrary and may be relocated anywhere in
RAM. Moving the SP out of page zero ($0000 to $00FF) frees direct
address (page zero) space. For correct operation, the stack pointer must
point only to RAM locations.

6.4.4 Program counter (PC)

Advance Information

The program counter is a 16-bit register that contains the address of the
next instruction or operand to be fetched.

Normally, the program counter automatically increments to the next
sequential memory location every time an instruction or operand is
fetched. Jump, branch, and interrupt operations load the program
counter with an address other than that of the next sequential location.
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CPU registers

During reset, the program counter is loaded with the reset vector
address located at $FFFE and $FFFF. The vector address is the
address of the first instruction to be executed after exiting the reset state.

Bit Bit
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read:
PC
Write:
Reset: Loaded with vector from $FFFE and $FFFF

Figure 6-5. Program counter (PC)

6.4.5 Condition code register (CCR)

The 8-bit condition code register contains the interrupt mask and five
flags that indicate the results of the instruction just executed. Bits 6 and
5 are set permanently to ‘1’. The following paragraphs describe the
functions of the condition code register.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
CCR V 1 1 H | N Z C
Write:
Reset: X 1 1 X 1 X X X

X = Indeterminate

Figure 6-6. Condition code register (CCR)

V — Overflow flag

The CPU sets the overflow flag when a two's complement overflow
occurs. The signed branch instructions BGT, BGE, BLE, and BLT use
the overflow flag.

1 = Overflow

0 = No overflow
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H — Half-carry flag

The CPU sets the half-carry flag when a carry occurs between
accumulator bits 3 and 4 during an ADD or ADC operation. The half-
carry flag is required for binary-coded decimal (BCD) arithmetic
operations. The DAA instruction uses the states of the H and C flags
to determine the appropriate correction factor.

1 = Carry between bits 3 and 4

0 = No carry between bits 3 and 4

| — Interrupt mask

When the interrupt mask is set, all maskable CPU interrupts are
disabled. CPU interrupts are enabled when the interrupt mask is
cleared. When a CPU interrupt occurs, the interrupt mask is set
automatically after the CPU registers are saved on the stack, but
before the interrupt vector is fetched.

1 = Interrupts disabled

0 = Interrupts enabled

NOTE: To maintain M6805 compatibility, the upper byte of the index register (H)
is not stacked automatically. If the interrupt service routine modifies H,
then the user must stack and unstack H using the PSHH and PULH
instructions.

After the | bit is cleared, the highest-priority interrupt request is
serviced first.

A return from interrupt (RTI) instruction pulls the CPU registers from the
stack and restores the interrupt mask from the stack. After any reset, the
interrupt mask is set and can only be cleared by the clear interrupt mask
software instruction (CLI).
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Arithmetic/logic unit (ALU)

N — Negative flag

The CPU sets the negative flag when an arithmetic operation, logic
operation, or data manipulation produces a negative result, setting bit
7 of the result.

1 = Negative result

0 = Non-negative result

Z — Zero flag

The CPU sets the zero flag when an arithmetic operation, logic
operation, or data manipulation produces a result of $00.

1 = Zero result

0 = Non-zero result

C — Carry/borrow flag

The CPU sets the carry/borrow flag when an addition operation
produces a carry out of bit 7 of the accumulator or when a subtraction
operation requires a borrow. Some instructions - such as bit test and
branch, shift, and rotate - also clear or set the carry/borrow flag.

1 = Carry out of bit 7

0 = No carry out of bit 7

6.5 Arithmetic/logic unit (ALU)

The ALU performs the arithmetic and logic operations defined by the
instruction set.

Refer to the CPUO8 Reference Manual (Motorola document number
CPUO8SRM/AD) for a description of the instructions and addressing
modes and more detail about CPU architecture.
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6.6 Low-power modes

The WAIT and STOP instructions put the MCU in low--power
consumption standby modes.

6.6.1 WAIT mode
The WAIT instruction:

» clears the interrupt mask (I bit) in the condition code register,
enabling interrupts. After exit from WAIT mode by interrupt, the |
bit remains clear. After exit by reset, the | bit is set.

+ Disables the CPU clock

6.6.2 STOP mode
The STOP instruction:

» clears the interrupt mask (I bit) in the condition code register,
enabling external interrupts. After exit from STOP mode by
external interrupt, the | bit remains clear. After exit by reset, the |
bit is set.

» Disables the CPU clock

After exiting STOP mode, the CPU clock begins running after the
oscillator stabilization delay.

6.7 CPU during break interrupts

If the break module is enabled, a break interrupt causes the CPU to
execute the software interrupt instruction (SWI) at the completion of the
current CPU instruction. See Break Module (BRK). The program
counter vectors to $FFFC—$FFFD ($FEFC—-$FEFD in monitor mode).

A return-from-interrupt instruction (RTI) in the break routine ends the
break interrupt and returns the MCU to normal operation if the break
interrupt has been deasserted.
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Central Processor Unit (CPU)

Instruction Set Summary

Table 6-1 provides a summary of the M68HCO08 instruction set.

Table 6-1. Instruction Set Summary

Effect on n o | ©
Source . . CCR 3 T | 3|9
Operation Description = @ o - | @
Form 88|82 |Y
HI1N <= |0 |0 |6
i
A | dd
ADC #opr IMM Bo | 20 |2
ADC opr DIR C9 I 3
ADC opr EXT D9 ee 4
ADC opr,X . IX2 E9 4
ADC opr X Add with Carry A < (A)+(M)+(C) I X1 F9 2 3
ADC X IX 9E 2
ADC opr,SP SP1 E9 | |4
ADC opr,SP SP2 9E ee 5
Do | &
ag |l
ADD #opr v [ BB | 99 ]2
ADD opr DIR CB I 3
ADD opr EXT | DB | b, |4
ADD opr,X . IX2 EB 4
ADD opr X Add without Carry A < (A)+ (M) I X1 FB 2 3
ADD ,X IX 9E 2
ADD opr,SP SPL | EB [, |4
ADD opr,SP SP2 9E ee 5
DB | &
AIS #opr Add Immediate Value (Signed) to SP . (SP) + (16 « M) 44 - MM | A7 i | 2
AIX #opr Add Immediate Value (Signed) to HIX o« (HX) + (16 « M) 44 - MM | AF | i | 2
ag | i
AND #opr mv | B4 | 99 T
AND opr DIR c4 || 3
AND opr EXT | D4 |0 |4
AND opr,X . IX2 E4 4
AND opr X Logical AND A« (A)& (M) - - ¢ X1 = 2 3
AND ,X IX 9E 2
AND opr,SP SP1 E4 | & 4
AND opr,SP SP2 9E ee 5
D4 | &
ASL opr DIR zg dd | 4
ASLA INH pd 1
ASLX Arithmetic Shift Left INH 1
G~ { [T} q-
ASL opr,X (Same as LSL) LLITTTT] o0 t IX1 B lr |a
ASL X b7 bo IX o2 3
ASL opr,SP SP1 ff 5
68
ASR opr DIR % dd | 4
ASRA INH e 1
ASRX N INH 1
ASR opr,X Arithmetic Shift Right - - ¢ IX1 ?; f 2
ASR opr,X IX oE 3
ASR opr.SP SP1 o | |5
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Table 6-1. Instruction Set Summary (Continued)

Effect on » ©
Source CCR 2 S| S|
Operation Description =9 | o = | @
Form - O o o | o
INZCZ22|&§|8§ 1|
<= |0 O |O
BCC rel Branch if Carry Bit Clear PC - (PC)+2+rel?(C)=0 -| | -{ -| REL 24 | rr 3
DIR
(b0)
DIR
(b1)
DIR 11 | dd 4
(b2) 13 | dd 4
DIR 15 dd 4
W ] ] b3 17 | dd 4
BCLR n, opr Clear Bitnin M Mn <« 0 DIR 19 | 4ad 4
(b4) 1B | dd 4
DIR 1D | dd 4
(b5) 1F | dd 4
DIR
(b6)
DIR
(b7)
BCS rel S[acr)‘)m if Canry Bit Set (Same as PC « (PC)+2+rel?(C)=1 44 dRrEL | 25 | |3
BEQ rel Branch if Equal PC - (PC)+2+rel?(2)=1 -| | -{ -| REL 27 rr 3
Branch if Greater Than or Equal _
BGE opr To (Signed Operands) PC - (PC)+2+rel?(NOV)=0 - -| { -| REL 9 | rr 3
Branch if Greater Than (Signed PC « (PC)+2+rel?(2)|(NL V)= ]
BGT opr Operands) 0 REL 92 rr 3
BHCC rel Branch if Half Carry Bit Clear PC - (PC)+2+rel?(H)=0 -| | -{ -| REL 28 rr 3
BHCS rel Branch if Half Carry Bit Set PC - (PC)+2+rel?(H)=1 -| | -{ -| REL 29 rr 3
BHI rel Branch if Higher PC - (PC)+2+rel?(C)|(2)=0 -| | -{ -| REL 22 rr 3
Branch if Higher or Same _
BHS rel (Same as BCC) PC - (PC)+2+rel?(C)=0 - - -| -| REL 24 | rr 3
BIH rel Branch if IRQ Pin High PC - (PC)+2+rel?IRQ=1 -| | -{ -| REL 2F | rr 3
BIL rel Branch if IRQ Pin Low PC - (PC)+2+rel?IRQ=0 -| | -{ -| REL 2E | r 3
ii
A5 1 g
BIT #opr IMM B5 hh 2
BIT opr DIR C5 | 3
BIT opr EXT D5 | e 4
BIT opr,X . IX2 E5 4
BIT opr.X Bit Test (A) & (M) XL s (T ]s
BIT ,X IX 9E 2
BIT opr,SP SP1 E5 i 4
BIT opr,SP SP2 9E 5
D5 | €&
ff
Branch if Less Than or Equal To PC — (PCO)+2+rel? @) | (NOV)=
BLE opr (Signed Operands) 1 -| /| | /| REL 93 rr 3
BLO rel Branch if Lower (Same as BCS) PC - (PC)+2+rel?(C)=1 -| | -{ -| REL 25 rr 3
BLS rel Branch if Lower or Same PC - (PC)+2+rel?(C)|(2)=1 -| | -{ -| REL 23 rr 3
Branch if Less Than (Signed _
BLT opr Operands) PC -« (PC)+2+rel?(NV)=1 - -/ -{ -| REL 91 | rr 3
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Table 6-1. Instruction Set Summary (Continued)

Central Processor Unit (CPU)
Instruction Set Summary

Effect on » ©
Source CCR 2 S| S|
Operation Description = Q| o = | @
Form - O o o | o
HIINZCZ2 | & | & |3
<= |0 O |O
BMC rel Branch if Interrupt Mask Clear PC -« (PC)+2+rel?()=0 - - - -| REL 2C | rr 3
BMI rel Branch if Minus PC - (PC)+2+rel?(N)=1 - - - -| REL 2B | rr 3
BMS rel Branch if Interrupt Mask Set PC - (PC)+2+rel?()=1 - - - -| REL 2D | rr 3
BNE rel Branch if Not Equal PC - (PC)+2+rel?(2)=0 - - - -| REL 26 rr 3
BPL rel Branch if Plus PC - (PC)+2+rel?(N)=0 - - - -| REL 2A | 1T 3
BRA rel Branch Always PC ~ (PC) +2 +rel - - - -| REL 20 | rr 3
DIR dd
(b0) rr
DIR dd
(b1) rr
DIR 01 | dd 5
(b2) 03 rr 5
DIR 05 | dd 5
EESJ}IZI Branch if Bit n in M Clear PC - (PC)+3+rel?(Mn)=0 —| - - t (Dblzée) 8; gd g
(b4) OB | rr 5
DIR 0D | dd 5
(b5) OF | rr 5
DIR dd
(b6) rr
DIR dd
(b7) rr
BRN rel Branch Never PC - (PC)+2 - - - -| REL 21 rr 3
DIR dd
(b0) "
DIR dd
(b1) rr
DIR 00 dd 5
(b2) 02 rr 5
DIR 04 | dd 5
EE?&; Branch if Bit n in M Set PC - (PC)+3+rel? (Mn)=1 - - - $ (Db%) 82 gd g
(b4) OA | rr 5
DIR ocC dd 5
(b5) OE | rr 5
DIR dd
(b6) "
DIR dd
(b7) rr
DIR
(b0)
DIR
(b1)
DIR 10 | dd 4
(b2) 12 | dd 4
DIR 14 | dd 4
BSET n,opr Set Bitnin M Mn 1 - - - - (Dbée) %g gg i
(b4) 1A | dd 4
DIR 1C | dd 4
(b5) 1E | dd 4
DIR
(b6)
DIR
(b7)
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Table 6-1. Instruction Set Summary (Continued)

Effect on » ©
Source CCR 2 S| S|
Operation Description = O | o s | O
Form 815|288
VHIINZCZS | 8§18 |3
PC ~ (PC) + 2; push (PCL)
. SP « (SP) - 1; push (PCH)
BSR rel Branch to Subroutine SP ' (SP)—-1 -1 -| -| /| -{ -| REL AD | rr 4
PC — (PC) +rel
CBEQ opr,rel
CBEQA 31 | dd
#opr,rel PC — (PC) + 3 +rel ? (A) — (M) = $00 DIR a1 | rr 5
CBEQX PC — (PC)+ 3 +rel ? (A) — (M) = $00 IMM 51 | |4
#opr,rel . PC -« (PC)+3+rel?(X)—(M)=%00 | | [ | | | _| IMM - 4
CBEQ Compare and Branch if Equal PC — (PC)+3 +rel 2 (A) — (M) = $00 X1+ % Iflfrrrr 5
opr,X+,rel PC ~ (PC)+ 2 +rel ? (A) — (M) = $00 IX+ oE | 1r 4
CBEQ X+,rel PC « (PC) +4 +rel 2 (A) — (M) = $00 SP1 61 | e | 6
CBEQ
opr,SPrel
CLC Clear Carry Bit C-0 - - - - -| 0 INH 98 1
CLI Clear Interrupt Mask 1 <0 - - Of -| - —| INH 9A 2
CLR opr M « $00 DIR 3 ad |3
CLRA A ~ $00 INH 5E 1
CLRX X « $00 INH 8C 1
CLRH Clear H ~ $00 O - —| Of 1] —| INH 6F 1
CLR opr,X M ~ $00 IX1 e | ff 3
CLR X M ~ $00 IX 9E 2
CLR opr,SP M ~ $00 SP1 6F ff 4
ii
AL 1 dd
CMP #opr IMM B1 hh 2
CMP opr DIR C1l I 3
CMP opr EXT D1 ee 4
CMP opr,X - IX2 E1l 4
CMP opr X Compare A with M (A) — (M) I B B I B e F1 g 3
CMP X IX 9E 2
CMP opr,SP SP1 E1l i 4
CMP opr,SP SP2 9E ee 5
D1 e
COM opr M « (M) = $FF — (M) DIR 3 lad |4
COMA A < (A) = $FF — (M) INH 53 1
COMX Complement (One’s X « (X) = $FF — (M) ol -l -4l 4l 1 INH 63 1
COM opr,X Complement) M « (M) = $FF — (M) IX1 73 ff 4
COM ,X M « (M) = $FF — (M) IX oE 3
COM opr,SP M < (M) = $FF — (M) SP1 o3 | ff 5
ii
CPHX #opr . : . . IMM 65 - 3
CPHX opr Compare H:X with M (H:X) — (M:M + 1) U Y Y DR 75 gal 2
ii
A3 dd
CPX #opr IMM B3 hh 2
CPX opr DIR C3 I 3
CPX opr EXT D3 ee 4
CPX X : IX2 E3 4
CPX opr,X Compare X with M (X) — (M) e e B I B ey F3 g 3
CPX opr,X IX 9E 2
CPX opr,SP SP1 E3 i 4
CPX opr,SP SP2 9E ee 5
D3 e
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Table 6-1. Instruction Set Summary (Continued)

Effect on » ©
Source CCR 2 S| S|
Operation Description =9 | o = | @
Form 3T | 9 L |o
HIINZCZ2 | & | & |3
<= | O o |O
DAA Decimal Adjust A (A)10 — = ¢ t| | INH 72 2
DBNZ opr,rel A-A)-1orM -« (M)—1o0rX « (X)—
DBNZA rel ! pR | 3B |dd |5
DBNZX rel PC — (PC) + 3 +rel ? (result) Z0 INH 4B | rr 3
DBNZ Decrement and Branch if Not PC — (PC) + 2 +rel ? (result) # 0 B I I I I it 5B | Ir 3
obr.X.rel Zero PC — (PC) + 2 +rel ? (result) #0 IX1 6B | Ir 5
Ky X rel PC - (PC) + 3+ rel ? (result) # 0 & 7B | fir | 4
DBNZ PC ~ (PC) +2 +rel ? (result) Z0 3p1 9E | rr 6
opr,SPyrel PC — (PC) +4 +rel ? (result) Z0 6B | ffrr
DEC opr M« (M)—1 DIR 3 | dd |4
DECA Ac(A)-1 INH Py 1
DECX X e (X)-1 INH 1
DEC opr.X Decrement M« (M)—1 Y T xa AN
DEC ,X M (M)-1 IX oF 3
DEC opr,SP M (M)-1 SP1 ea | ff 5
DIV Divide AN S Y (R RN 52 7
Ag | i
dd
EOR #opr IMM B8 hh 2
EOR opr DIR C8 I 3
EOR opr EXT D8 ee 4
EOR opr,X . . IX2 E8 4
EOR opr X Exclusive OR M with A A AOM IR F8 g 3
EOR ,X IX 9E 2
EOR opr,SP SP1 E8 i 4
EOR opr,SP SP2 9E 5
ee
D8 e
INC opr M« (M) +1 DIR 3¢ lad |4
INCA Ac(A)+1 INH 5& 1
INCX X e (X)+1 INH 1
INC opr,X Increment M < (M) +1 0 Y xe 6l |a
INC ,X M (M) +1 IX OF 3
INC opr,SP M < (M)+1 SP1 ec | ff 5
dd
JMP opr DIR BC | hh 2
JMP opr EXT CC |1l 3
JMP opr,X Jump PC — Jump Address -~ - - - X2 DC | ee 4
JMP opr,X IX1 EC ff 3
JMP X IX FC | ff 2
dd
3SR opr PC - (PO (=12 0r3) ext | b I |5
JSR opr,X Jump to Subroutine Eﬂgﬁ ((IECCZ:II-])) %‘; - (ég))_i - - - o - X2 DD | ee 6
JSR opr,X P - IX1 ED ff 5
JSR X PC ~ Unconditional Address IX D | ff 2
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Table 6-1. Instruction Set Summary (Continued)

Effect on n o | ©
Source . . CCR 3 T | 3|9
Form Operation Description 5318 5 %
VHIINZGCZ2 | §1| & |3
< = o o |O
i
A6 1 4
LDA #opr IMM B6 | | 2
LDA opr DIR c6 || 3
LDA opr EXT D6 | oo | 4
LDA opr,X IX2 E6 4
LDA opr.X Load A from M A« (M) O - - * 1 ix1 F6 2 3
LDA ,X IX 9E 2
LDA opr,SP SP1 E6 | & 4
LDA opr,SP SP2 9E | oo | B
D6
ff
LDHX #opr . ) . IMM 45 |iijj |3
LDHX opr Load H:X from M H:X « (M:M + 1) of - —| | t| - DIR 55 | dd 2
i
AE | 4
LDX #opr IMM BE | pp | 2
LDX opr DIR CE | 3
LDX opr EXT DE | oo | 4
LDX opr,X IX2 EE 4
LDX opr.X Load X from M X « (M) O - - * 1 ix1 FE 2 3
LDX ,X IX 9E 2
LDX opr,SP SP1 EE | « 4
LDX opr,SP SP2 9E | oo | 5
DE | &
LSL opr DIR 3B ldd |4
tth Logical Shift Left (TT [T [|l=o0 o I I Y IR :NH gg i
LSL opr,X (Same as ASL) b7 bo IX1 78 ff 4
LSL ,X IX 9E 3
LSL opr,SP SP1 es | ff 5
SR R E ||
LSRX : - INH >4 1
SR obr X Logical Shift Right o[ [ [TTTTTF=C I U Y 64 | « 1
SR X b7 bo IX 4 3
LSR opr,SP sp1 | | |5
dd
mgg ggkg(e_r M (M)pestination < (M)source 0 BB(+ gE gg 451
MOV #opr,opr ove , _ 1YY ] ivD 6E | ii 4
MOV X+,0pr H:X « (H:X) + 1 (IX+D, DIX+) IX+D | 7E | dd | 4
dd
MUL Unsigned multiply XA « (X) x (A) - 0 —{ —-| | O INH 42 5
30
NES opr M < —(M) = $00 — (M) DR a0 |9 |4
NEGX A« —(A) =300 - (A) INH 50 1
NEG opr X Negate (Two's Complement) X « —(X) = $00 — (X) A Y xa 60 i 4
NEG ’f ' M (M) = $00 — (M) X 70 3
NEG opr,SP M ~(M) = $00 - (M) sp1 | % i |5
NOP No Operation None - - - - | -| INH 9D 1
NSA Nibble Swap A A — (A[3:0]:A[7:4]) - - - - -| - INH 62 3
Advance Information MC68HC908AS32A — Rev 0.0
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Central Processor Unit (CPU)

Table 6-1. Instruction Set Summary (Continued)

Instruction Set Summary

Effect on » ©
Source CCR 2 S| S|
Operation Description =319 = | @
Form E3|al|s |y
HIINZGd <= |0 | O |O
AA ii
ORA #opr v [ BA | 24T
ORA opr DIR CA I 3
ORA opr EXT DA ee 4
ORA opr,X . IX2 EA 4
ORA opr X Inclusive OR A and M A < (A) | (M) e IX1 FA 2 3
ORA X IX 9E 2
ORA opr,SP SP1 EA i 4
ORA opr,SP SP2 9E ee 5
DA o
PSHA Push A onto Stack Push (A); SP ~ (SP)-1 - - - - INH 87 2
PSHH Push H onto Stack Push (H); SP — (SP)-1 - - - - INH 8B 2
PSHX Push X onto Stack Push (X); SP ~ (SP)-1 - - - - INH 89 2
PULA Pull A from Stack SP — (SP +1); Pull (A) - - - - INH 86 2
PULH Pull H from Stack SP — (SP +1); Pull (H) - - - - INH 8A 2
PULX Pull X from Stack SP — (SP +1); Pull (X) - - - - INH 88 2
ROL opr DIR S | dd |4
ROLA INH 1
ROLX e ERREREY INH | 29 L
Rotate Left through Carry (TTTTTTT 0 R S 69
ROL opr,X IX1 79 ff 4
ROL X b7 bo IX oF 3
ROL opr,SP SP1 69 ff 5
ROR opr DIR 3 lad |4
RORA INH 56 1
RORX | N RERRERET INH 1
ROR opr,X Rotate Right through Carry €| -~ 1t IX1 ?g f 4
ROR ,X b7 bo IX o9E 3
ROR opr,SP SP1 66 ff 5
RSP Reset Stack Pointer SP ~ $FF - - - - INH 9C 1
SP  (SP) + 1; Pull (CCR)
SP < (SP) + 1; Pull (A)
RTI Return from Interrupt SP — (SP) + 1; Pull (X) F I I INH 80 7
SP « (SP) + 1; Pull (PCH)
SP . (SP) + 1 Pull (PCL)
. SP  SP + 1; Pull (PCH)
RTS Return from Subroutine SP . SP + 1. Pull (PCL) - - - - INH 81 4
ii
A2 1 dd
SBC #opr IMM B2 hh 2
SBC opr DIR Cc2 I 3
SBC opr EXT D2 ce 4
SBC opr,X : IX2 E2 4
SBC opr.X Subtract with Carry A« (A)-(M)-(C) - = ¢t IX1 F2 2 3
SBC X IX 9E 2
SBC opr,SP SP1 E2 i 4
SBC opr,SP SP2 9E ee 5
D2 i
SEC Set Carry Bit C1 — - - - INH 99 1
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Central Processor Unit (CPU)

Table 6-1. Instruction Set Summary (Continued)

Effect on » o | ©
Source : L CCR 8 T | 8|9
Operation Description oo | 8|0
Form o3 S |19 |9
VHIINZQCZ=S | O | O |J
SEI Set Interrupt Mask l 1 - - 1f -| -{ -| INH 9B 2
g7 | dd
STA opr DIR Cc7 Irl]h 3
STA opr EXT D7 ee 4
STA opr,X IX2 E7 e 4
STA opr,X Store Ain M M <« (A) of - —| | t| - IX1 F7 i 3
STA X IX 9E 2
STA opr,SP SP1 E7 i 4
STA opr,SP SP2 9E 5
D7 | £°
ff
STHX opr Store H:X in M (M:M + 1) « (H:X) of - —| ¢ ¢ -| DIR 35 | dd 4
STOP Enable@ Pin; Stop Oscillator | — 0; Stop Oscillator - - Of -| - —-| INH 8E 1
gg | dd
STX opr DIR CF Irl]h 3
STX opr EXT DF ee 4
STX opr,X IX2 EF e 4
STX opr,X Store X in M M « (X) of - —| | t| - IX1 FF i 3
STX X IX 9E 2
STX opr,SP SP1 EF i 4
STX opr,SP SP2 9E 5
DF | £¢
ff
A0 | i
SUB #opr v | Bo | 4o
SUB opr DIR Cco I 3
SUB opr EXT DO ee 4
SUB opr,X IX2 EO 4
SUB opr.X Subtract A~ (A)-M) o e I T B I e Fo 2 3
SUB X IX 9E 2
SUB opr,SP SP1 EO i 4
SUB opr,SP SP2 9E ee 5
DO
ff
PC — (PC) + 1; Push (PCL)
SP « (SP) - 1; Push (PCH)
SP ~ (SP) —1; Push (X)
swi Software Interrupt SSPJ(S(S)PEI_%’,ES“S%@)R) 0 ) TN 83 9
SP - (SP)-1;1 1
PCH « Interrupt Vector High Byte
PCL ~ Interrupt Vector Low Byte
TAP Transfer A to CCR CCR « (A) tf ot ¢ ot 9 o INH 84 2
TAX Transfer Ato X X « (A) - - - - | -| INH 97 1
TPA Transfer CCR to A A ~ (CCR) - - - - -| | INH 85 1
TST opr DIR 3 |dd |3
TSTA INH 1
TSTX Test for Negative or Zero (A) — $00 or (X) — $00 or (M) — $00 of - - 1| o o INH gB L
TST opr,X 9 IX1 o | ff 3
TST X IX oF 2
TST opr,SP SP1 ff 4
6D
TSX Transfer SP to H:X H:X « (SP)+1 - - - - | - INH 95 2
Advance Information MC68HC908AS32A — Rev 0.0
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Central Processor Unit (CPU)

Opcode Map
Table 6-1. Instruction Set Summary (Continued)
Effect on » ©
Source CCR 2 S| S|
Operation Description = O | o s | O
Form o3 S |19 |9
VMVHIINZCZ=S | O | o |J
TXA Transfer X to A A~ (X) - - - - | -| INH 9F 1
TXS Transfer H:X to SP (SP) « H:X)-1 - - - - | - INH 94 2
A Accumulatorn Any bit
C Carry/borrow bitopr Operand (one or two bytes)
CCRCondition code registerPC Program counter
ddDirect address of operandPCH Program counter high byte
dd rrDirect address of operand and relative offset of branch instructionPCL Program counter low byte
DDDirect to direct addressing modeREL Relative addressing mode
DIRDirect addressing moderel Relative program counter offset byte
DIX+Direct to indexed with post increment addressing moderr Relative program counter offset byte
ee ffHigh and low bytes of offset in indexed, 16-bit offset addressingSP1 Stack pointer, 8-bit offset addressing mode
EXTExtended addressing modeSP2 Stack pointer 16-bit offset addressing mode
ff Offset byte in indexed, 8-bit offset addressingSP Stack pointer
H Half-carry bitU Undefined
H Index register high byteV Overflow bit
hh lIHigh and low bytes of operand address in extended addressingX Index register low byte
| Interrupt maskZ Zero bit
ii Immediate operand byte& Logical AND
IMDImmediate source to direct destination addressing mode| Logical OR
IMMImmediate addressing mode[] Logical EXCLUSIVE OR
INHInherent addressing mode( ) Contents of
IXIndexed, no offset addressing mode—( ) Negation (two’s complement)
IX+Indexed, no offset, post increment addressing mode# Immediate value
IX+DIndexed with post increment to direct addressing mode« Sign extend
IX1Indexed, 8-bit offset addressing mode — Loaded with
IX1+Indexed, 8-bit offset, post increment addressing mode? If
IX2Indexed, 16-bit offset addressing mode: Concatenated with
MMemory locationt Set or cleared
N Negative bit— Not affected
6.9 Opcode Map
The opcode map is provided in Table 6-2.
MC68HC908AS32A — Rev 0.0 Advance Information
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System Integration Module (SIM)

7.2 Introduction

Advance Information

7.8.2 SIM Reset Status Register. ....................... 121
7.8.3 SIM Break Flag Control Register .................. 122

This section describes the system integration module (SIM), which
supports up to 32 external and/or internal interrupts. Together with the
central processor unit (CPU), the SIM controls all MCU activities. A block
diagram of the SIM is shown in Figure 7-1. Figure 7-2 is a summary of
the SIM input/output (I/O) registers. The SIM is a system state controller
that coordinates CPU and exception timing. The SIM is responsible for:

* Bus clock generation and control for CPU and peripherals
— Stop/wait/reset/break entry and recovery
— Internal clock control

» Master reset control, including power-on reset (POR) and
computer operating properly (COP) timeout

* Interrupt control:
— Acknowledge timing
— Arbitration control timing
— Vector address generation

 CPU enable/disable timing

MC68HC908AS32A — Rev 0.0
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SIM RESET STATUS REGISTER K — ) -
RESET
INTERRUPT CONTROL
AND PRIORITY DECODE >

Figure 7-1. SIM Block Diagram

System Integration Module (SIM)
Introduction

MODULE STOP
MODULE WAIT

CPU STOP (FROM CPU)
CPU WAIT (FROM CPU)

SIMOSCEN (TO CGM)

COP CLOCK

CGMXCLK (FROM CGM)
CGMOUT (FROM CGM)

INTERNAL CLOCKS

LVI (FROM LVI MODULE)

ILLEGAL OPCODE (FROM CPU)

ILLEGAL ADDRESS (FROM ADDRESS
MAP DECODERS)

COP (FROM COP MODULE)

INTERRUPT SOURCES

CPU INTERFACE

Register Name Bit 7 6 5 4 3 2 1 Bit O
SIM Break Status Register (SBSR) R R R R R R BW R
SIM Reset Status Register (SRSR)| POR PIN Ccop ILOP ILAD 0 LVI 0
SIM Break Flag Control Register (SBFCR)| BCFE R R R R R R R
R = Reserved
Figure 7-2. SIM I/O Register Summary
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System Integration Module (SIM)

Table 7-1. I/0O Register Address Summary

Register SBSR SRSR SBFCR

Address $FE00 $FEOL $FEO03

Table 7-2 shows the internal signal names used in this section.

Table 7-2. Signal Name Conventions

Signal Name Description
CGMXCLK Bl(J(f:ftca;r,(\aA? Version of OSC1 from Clock Generator Module
CGMVCLK PLL Output
CGMOUT PLL-Based or OSCl—Based_ (_:Iock Output from CGM Module
(Bus Clock = CGMOUT Divided by Two)
IAB Internal Address Bus
IDB Internal Data Bus
PORRST Signal from the Power-On Reset Module to the SIM
IRST Internal Reset Signal
R/W Read/Write Signal

7.3 SIM Bus Clock Control and Generation

The bus clock generator provides system clock signals for the CPU and
peripherals on the MCU. The system clocks are generated from an
incoming clock, CGMOUT, as shown in Figure 7-3. This clock can come
from either an external oscillator or from the on-chip PLL. (See Clock
Generator Module (CGM) on page 123).

7.3.1 Bus Timing

In user mode, the internal bus frequency is either the crystal oscillator
output (CGMXCLK) divided by four or the PLL output (CGMVCLK)
divided by four. (See Clock Generator Module (CGM) on page 123).

Advance Information MC68HC908AS32A — Rev 0.0
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System Integration Module (SIM)
SIM Bus Clock Control and Generation

7.3.2 Clock Startup from POR or LVI Reset

0SC1

When the power-on reset module or the low-voltage inhibit module
generates a reset, the clocks to the CPU and peripherals are inactive
and held in an inactive phase until after 4096 CGMXCLK cycles. The
RST pin is driven low by the SIM during this entire period. The bus clocks
start upon completion of the timeout.

CGMVCLK CIRCUIT
\ *“When S =1,
CGMOUT = B
PLL BCS SIM

CGMXCLK
-[ T =I SIM COUNTER |

CLOCK
SELECT =2

A CGMOUT . »| BUSCLOCK

B g ’ "| GENERATORS

PTC3

MONITOR MODE —

USER MODE

CGM

Figure 7-3. CGM Clock Signals

7.3.3 Clocks in Stop Mode and Wait Mode

Upon exit from stop mode by an interrupt, break, or reset, the SIM allows
CGMXCLK to clock the SIM counter. The CPU and peripheral clocks do
not become active until after the stop delay timeout. This timeout is
selectable as 4096 or 32 CGMXCLK cycles. See Stop Mode on page
118.

In wait mode, the CPU clocks are inactive. Refer to the wait mode
subsection of each module to see if the module is active or inactive in
wait mode. Some modules can be programmed to be active in wait
mode.

MC68HC908AS32A — Rev 0.0 Advance Information
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System Integration Module (SIM)

7.4 Reset and System Initialization

The MCU has these reset sources:

¢ Power-on reset module (POR)

« External reset pin (RST)

« Computer operating properly module (COP)

e Low-voltage inhibit module (LVI)

* lllegal opcode

* lllegal address
All of these resets produce the vector $FFFE-FFFF ($FEFE-FEFF in
monitor mode) and assert the internal reset signal (IRST). IRST causes

all registers to be returned to their default values and all modules to be
returned to their reset states.

An internal reset clears the SIM counter (see SIM Counter on page
110), but an external reset does not. Each of the resets sets a
corresponding bit in the SIM reset status register (SRSR) (see SIM
Registers on page 119).

7.4.1 External Pin Reset

Advance Information

Pulling the asynchronous RST pin low halts all processing. The PIN bit
of the SIM reset status register (SRSR) is set as long as RST is held low
for a minimum of 67 CGMXCLK cycles, assuming that neither the POR
nor the LVI was the source of the reset. See Table 7-3 for details. Figure
7-4 shows the relative timing.

Table 7-3. PIN Bit Set Timing

Reset Type Number of Cycles Required to Set PIN
POR/LVI 4163 (4096 + 64 + 3)
All others 67 (64 + 3)
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CGMOUT .
RST
X A0 veerw Y veer X

Figure 7-4. External Reset Timing

1Al

os]

7.4.2 Active Resets from Internal Sources

All internal reset sources actively pull the RST pin low for 32 CGMXCLK
cycles to allow resetting of external peripherals. The internal reset signal
IRST continues to be asserted for an additional 32 cycles (see Figure 7-
5). An internal reset can be caused by an illegal address, illegal opcode,
COP timeout, LVI, or POR (see Figure 7-6). Note that for LVI or POR
resets, the SIM cycles through 4096 CGMXCLK cycles during which the
SIM forces the RST pin low. The internal reset signal then follows the
sequence from the falling edge of RST shown in Figure 7-5.

The COP reset is asynchronous to the bus clock.

The active reset feature allows the part to issue a reset to peripherals
and other chips within a system built around the MCU.

IRST
RST RSTPULLEDLOWBY MCU ‘
|<«—— 32CYCLES —»}<¢—— 32CYCLES —»

cowe [ [T [ [ L LT
8. KRR vecrormen

Figure 7-5. Internal Reset Timing
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7.4.2.1 Power-On Reset

Advance Information

ILLEGAL ADDRESS RST

ILLEGAL OPCODE RST
COPRST INTERNAL RESET

LvI

POR

Figure 7-6. Sources of Internal Reset

When power is first applied to the MCU, the power-on reset module
(POR) generates a pulse to indicate that power-on has occurred. The
external reset pin (ﬁ) is held low while the SIM counter counts out
4096 CGMXCLK cycles. Another sixty-four CGMXCLK cycles later, the
CPU and memories are released from reset to allow the reset vector
sequence to occur.

At power-on, the following events occur:

A POR pulse is generated.
The internal reset signal is asserted.
The SIM enables CGMOUT.

Internal clocks to the CPU and modules are held inactive for 4096
CGMXCLK cycles to allow stabilization of the oscillator.

The RST pin is driven low during the oscillator stabilization time.

The POR bit of the SIM reset status register (SRSR) is set and all
other bits in the register are cleared.
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PORRST (¢ (¢ (¢

) ) ) ) ) )

4096 32 32
CYCLES CYCLES CYCLES

f——— > f——a—>
CGMXCLK ’

SN U U P e Y s I s I B
RST ¢ [_35

(
)

IAB ( ( ( X $FFFE X $FFFF
) ) ) ) ) )

Figure 7-7. POR Recovery

7.4.2.2 Computer Operating Properly (COP) Reset

The overflow of the COP counter causes an internal reset and sets the
COP bit in the SIM reset status register (SRSR) if the COPD bit in the
CONFIG-1 register is at logic zero.

See Computer Operating Properly (COP) on page 175.

7.4.2.3 lllegal Opcode Reset

The SIM decodes signals from the CPU to detect illegal instructions. An
illegal instruction sets the ILOP bit in the SIM reset status register
(SRSR) and causes a reset.

If the stop enable bit, STOP, in the CONFIG-1 register is logic zero, the
SIM treats the STOP instruction as an illegal opcode and causes an
illegal opcode reset.

7.4.2.4 lllegal Address Reset

An opcode fetch from an unmapped address generates an illegal
address reset. The SIM verifies that the CPU is fetching an opcode prior
to asserting the ILAD bit in the SIM reset status register SRSR) and
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NOTE:

resetting the MCU. A data fetch from an unmapped address does not
generate a reset. The SIM actively pulls down the RST pin for all internal
reset sources.

Extra care should be exercised if code in this part has been
migrated from older HCO8 devices since the illegal address reset
specification may be different. Also, extracare should be exercised
when using this emulation part for development of code to be run
in ROM AZ, AB or AS family parts with a smaller memory size since
some legal addresses will become illegal addresses on the smaller
ROM memory map device and may as aresult generate unwanted
resets.

7.4.2.5 Low-Voltage Inhibit (LVI) Reset

7.5 SIM Counter

The low-voltage inhibit module (LVI) asserts its output to the SIM when
the V voltage falls to the V,, voltage. The LVI bit in the SIM reset
status register (SRSR) is set and a chip reset is asserted if the LVIPWRD
and LVIRSTD bits in the CONFIG-1 register are at logic zero. The RST
pin will be held low until the SIM counts 4096 CGMXCLK cycles after
Vpp rises above V| yr. Another sixty-four CGMXCLK cycles later, the
CPU is released from reset to allow the reset vector sequence to occur.
See Low Voltage Inhibit (LVI) on page 181.

The SIM counter is used by the power-on reset module (POR) and in
stop mode recovery to allow the oscillator time to stabilize before
enabling the internal bus (IBUS) clocks. The SIM counter also serves as
a prescaler for the computer operating properly module (COP). The SIM
counter overflow supplies the clock for the COP module. The SIM
counter is 12 bits long and is clocked by the falling edge of CGMXCLK.

7.5.1 SIM Counter During Power-On Reset

Advance Information

The power-on reset module (POR) detects power applied to the MCU.
At power-on, the POR circuit asserts the signal PORRST. Once the SIM
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Program Exception Control

is initialized, it enables the clock generation module (CGM) to drive the
bus clock state machine.

7.5.2 SIM Counter During Stop Mode Recovery

The SIM counter also is used for stop mode recovery. The STOP
instruction clears the SIM counter. After an interrupt or reset, the SIM
senses the state of the short stop recovery bit, SSREC, in the CONFIG-
1 register. If the SSREC bit is a logic one, then the stop recovery is
reduced from the normal delay of 4096 CGMXCLK cycles down to 32
CGMXCLK cycles. This is ideal for applications using canned oscillators
that do not require long start-up times from stop mode. External crystal
applications should use the full stop recovery time, that is, with SSREC
cleared.

7.5.3 SIM Counter and Reset States

External reset has no effect on the SIM counter. See Stop Mode on
page 118 for details. The SIM counter is free-running after all reset
states. See Active Resets from Internal Sources on page 107 for
counter control and internal reset recovery sequences.

7.6 Program Exception Control

Normal, sequential program execution can be changed in three different
ways:
* Interrupts
— Maskable hardware CPU interrupts
— Non-maskable software interrupt instruction (SWI)
* Reset

* Break interrupts
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7.6.1 Interrupts

MODULE

At the beginning of an interrupt, the CPU saves the CPU register
contents on the stack and sets the interrupt mask (I bit) to prevent
additional interrupts. At the end of an interrupt, the RTI instruction
recovers the CPU register contents from the stack so that normal
processing can resume. Figure 7-8 shows interrupt entry timing. Figure
7-10 shows interrupt recovery timing.

Interrupts are latched, and arbitration is performed in the SIM at the start
of interrupt processing. The arbitration result is a constant that the CPU
uses to determine which vector to fetch. Once an interrupt is latched by
the SIM, no other interrupt can take precedence, regardless of priority,
until the latched interrupt is serviced (or the | bit is cleared), see Figure
7-9.

INTERRUPT

I BIT

/

IAB X DUMMYX SP X SP-1 X SP-2 X SP-3 X SP-4 X VECTHX VECT L XSTARTADDRX X:

IDB:X X DUMMY >< PC-1[7:0] >< PC-1[15:8] >< X >< A >< CCR >< VDATAH>< VDATAL>< OPCODE ><

RIW X /

Figure 7-8. Interrupt Entry

Advance Information
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( FROMRESET )
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\j

BREAK INTERRUPT?

NO

YES
| BIT SET?
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IRQ1
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Ll B

Q
INTERRUPT?

Y

NO STACK CPU REGISTERS.
SET I BIT.

(2]

(AS MANY INTERRUPT

LOAD PC WITH INTERRUPT VECTOR.

AS EXIST ON CHIP

—

FETCH NEXT
INSTRUCTION.

SWI YES

INSTRUCTION?

RTI

INSTRUCTION? UNSTACK CPU REGISTERS.

\i

> EXECUTE INSTRUCTION.

Figure 7-9. Interrupt Processing
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MODULE
INTERRUPT

I BIT

\

>< SP-4 >< SP-3 >< SP-2 >< SP-1 >< SP >< PC >< PC+1 >< >< X:

IDB:X ><

{ cr § A )} x ) pc-1pa) rouss J opcODE J oPERAND) X

RIW

NOTE:

Advance Information

|

Figure 7-10. Interrupt Recovery

Hardware Interrupts

A hardware interrupt does not stop the current instruction. Processing
of a hardware interrupt begins after completion of the current
instruction. When the current instruction is complete, the SIM checks
all pending hardware interrupts. If interrupts are not masked (I bit
clear in the condition code register), and if the corresponding interrupt
enable bit is set, the SIM proceeds with interrupt processing;
otherwise, the next instruction is fetched and executed.

If more than one interrupt is pending at the end of an instruction
execution, the highest priority interrupt is serviced first. Figure 7-11
demonstrates what happens when two interrupts are pending. If an
interrupt is pending upon exit from the original interrupt service
routine, the pending interrupt is serviced before the LDA instruction is
executed.

The LDA opcode is prefetched by both the INT1 and INT2 RTI
instructions. However, in the case of the INT1 RTI prefetch, this is a
redundant operation.

To maintain compatibility with the M68HC05, M6805 and M146805
Families the H register is not pushed on the stack during interrupt entry.
If the interrupt service routine modifies the H register or uses the indexed
addressing mode, software should save the H register and then restore
it prior to exiting the routine.
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CLI
- LDA #sFF BACKGROUND
l INT1 INTERRUPT SERVICE ROUTINE
PULH
RTI
—* INT2 PSHH
l INT2 INTERRUPT SERVICE ROUTINE
PULH

RTI

Figure 7-11. Interrupt Recognition Example

SWI Instruction

The SWI instruction is a non-maskable instruction that causes an
interrupt regardless of the state of the interrupt mask (I bit) in the
condition code register.

NOTE: A software interrupt pushes PC onto the stack. A software interrupt does
not push PC — 1, as a hardware interrupt does.

7.6.2 Reset
All reset sources always have higher priority than interrupts and cannot
be arbitrated.
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7.6.3 Break Interrupts

7.6.4 Status Flag Prot

7.7 Low-Power Mo

Advance Information

The break module can stop normal program flow at a software-
programmable break point by asserting its break interrupt output. See
Break Module (BRK) on page 157. The SIM puts the CPU into the break
state by forcing it to the SWI vector location. Refer to the break interrupt
subsection of each module to see how each module is affected by the
break state.

ection in Break Mode

The SIM controls whether status flags contained in other modules can
be cleared during break mode. The user can select whether flags are
protected from being cleared by properly initializing the break clear flag
enable bit (BCFE) in the SIM break flag control register (SBFCR).

Protecting flags in break mode ensures that set flags will not be cleared
while in break mode. This protection allows registers to be freely read
and written during break mode without losing status flag information.

Setting the BCFE bit enables the clearing mechanisms. Once cleared in
break mode, a flag remains cleared even when break mode is exited.
Status flags with a two-step clearing mechanism — for example, a read
of one register followed by the read or write of another — are protected,
even when the first step is accomplished prior to entering break mode.
Upon leaving break mode, execution of the second step will clear the flag
as normal.

des

Executing the WAIT or STOP instruction puts the MCU in a low power-
consumption mode for standby situations. The SIM holds the CPU in a
non-clocked state. The operation of each of these modes is described

below. Both STOP and WAIT clear the interrupt mask (1) in the condition
code register, allowing interrupts to occur.
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System Integration Module (SIM)
Low-Power Modes

In wait mode, the CPU clocks are inactive while one set of peripheral
clocks continue to run. Figure 7-12 shows the timing for wait mode entry.

A module that is active during wait mode can wake up the CPU with an
interrupt if the interrupt is enabled. Stacking for the interrupt begins one
cycle after the WAIT instruction during which the interrupt occurred.
Refer to the wait mode subsection of each module to see if the module
is active or inactive in wait mode. Some modules can be programmed to
be active in wait mode.

Wait mode can also be exited by a reset or break. A break interrupt
during wait mode sets the SIM break wait bit, BW, in the SIM break
status register (SBSR). If the COP disable bit, COPD, in the
configuration register is logic 0, then the computer operating properly
module (COP) is enabled and remains active in wait mode.

I1AB WAIT ADDR X WAIT ADDR +1 X SAME X SAME ><

IDB X PREVIOUS DATA X NEXT OPCODE X SAME X SAME

RIW Y

NOTE: Previous data can be operand data or the WAIT opcode, depending on the last instruction.

Figure 7-12. Wait Mode Entry Timing

AB $6E0B \ secoc ) soorr ) soore ) soorp ) soorc )
DB sas ) sas | sas | s | so8 ) seE | X X:
EXITSTOPWAIT |

NOTE: EXITSTOPWAIT = RST pin OR CPU interrupt OR break interrupt

Figure 7-13. Wait Recovery from Interrupt or Break
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Figure 7-14. Wait Recovery from Internal Reset
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7.7.2 Stop Mode

In stop mode, the SIM counter is reset and the system clocks are
disabled. An interrupt request from a module can cause an exit from stop
mode. Stacking for interrupts begins after the selected stop recovery
time has elapsed. Reset also causes an exit from stop mode.

The SIM disables the clock generator module outputs (CGMOUT and
CGMXCLK) in stop mode, stopping the CPU and peripherals. Stop
recovery time is selectable using the SSREC bit in the configuration
register (CONFIG-1). If SSREC is set, stop recovery is reduced from the
normal delay of 4096 CGMXCLK cycles down to 32. This is ideal for
applications using canned oscillators that do not require long startup
times from stop mode.

NOTE: External crystal applications should use the full stop recovery time by
clearing the SSREC bit.

The break module is inactive in Stop mode. The STOP instruction does
not affect break module register states.

The SIM counter is held in reset from the execution of the STOP
instruction until the beginning of stop recovery. It is then used to time the
recovery period. Figure 7-15 shows stop mode entry timing.
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CPUSTOP |
IAB STOP ADDR X STOP ADDR +1 X SAME X SAME X
IDB X PREVIOUS DATA X NEXT OPCODE X SAME X SAME

RIW /

NOTE: Previous data can be operand data or the STOP opcode, depending on the last
instruction.

Figure 7-15. Stop Mode Entry Timing

ﬂ }47 STOP RECOVERY PERIOD
INT/BREAK ’%

(

IAB X STOP +1 (ZXSTOP+2  sops2 f s Y s-1 f 2 f sp-3 ><

Figure 7-16. Stop Mode Recovery from Interrupt or Break

7.8 SIM Registers

The SIM has three memory mapped registers.
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7.8.1 SIM Break Status Register

The SIM break status register contains a flag to indicate that a break
caused an exit from wait mode.

Address:  $FE00

BW — SIM Break Wait

Bit 7 6 5 4 3 2 1 Bit 0
Read: BW
R R R R R R R
Write: See Note
Reset: 0
R = Reserved NOTE: Writing a logic O clears BW

Figure 7-17. SIM Break Status Register (SBSR)

This status bit is useful in applications requiring a return to wait mode
after exiting from a break interrupt. Clear BW by writing a logic 0 to it.

Reset clears BW.

1 = Wait mode was exited by break interrupt
0 = Wait mode was not exited by break interrupt

BW can be read within the break state SWI routine. The user can modify
the return address on the stack by subtracting one from it. The following
code is an example of this. Writing zero to the BW bit clears it.

Thi s code works if the Hregi ster has been pushed onto the stack in the break
service routine software.

H BYTE EQU
LOBYTE EQU

If not BW do RTI
BW SBSR, RETURN

BRCLR

TST
BNE
DEC
DOLO DEC

RETURN PULH
RTI

Advance Information

5
6

LOBYTE, SP
DOLO

H BYTE, SP
LOBYTE, SP

Thi s code should be executed at the end of the
break service routine software.

See if wait node was exited by break.

If RETURNLO i s not zero,

then just decrement | ow byte.
El se deal with high byte, too.
Point to WAI T/ STOP opcode.
Restore H register.
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7.8.2 SIM Reset Status Register

This register contains six flags that show the source of the last reset. The
status register will automatically clear after reading it. A power-on reset
sets the POR bit and clears all other bits in the register.

Address:  $FEO1

Bit 7 6 5 4 3 2 1 Bit 0
Read:| POR PIN COP ILOP ILAD 0 LVI 0
Write:
POR: 1 0 0 0 0 0 0 0
= Unimplemented

Figure 7-18. SIM Reset Status Register (SRSR)

POR — Power-On Reset Bit
1 = Last reset caused by POR circuit
0 = Read of SRSR

PIN — External Reset Bit
1 = Last reset caused by external reset pin (RST)
0 = POR or read of SRSR

COP — Computer Operating Properly Reset Bit
1 = Last reset caused by COP counter
0 = POR or read of SRSR

ILOP — lllegal Opcode Reset Bit
1 = Last reset caused by an illegal opcode
0 = POR or read of SRSR

ILAD — lllegal Address Reset Bit (opcode fetches only)
1 = Last reset caused by an opcode fetch from an illegal address
0 = POR or read of SRSR

LVI — Low-Voltage Inhibit Reset Bit
1 = Last reset was caused by the LVI circuit
0 = POR or read of SRSR
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7.8.3 SIM Break Flag Control Register

Advance Information

The SIM break control register contains a bit that enables software to
clear status bits while the MCU is in a break state.

Address:  $FE03

Bit 7 6 5 2 1 Bit 0
Read:
_ BCFE R R R R R
Write:
Reset: 0 0
R = Reserved

Figure 7-19. SIM Break Flag Control Register (SBFCR)

BCFE — Break Clear Flag Enable Bit

This read/write bit enables software to clear status bits by accessing
status registers while the MCU is in a break state. To clear status bits
during the break state, the BCFE bit must be set.

1 = Status bits clearable during break

0 = Status bits not clearable during break
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Advance Information
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The CGM generates the crystal clock signal, CGMXCLK, which operates
at the frequency of the crystal. The CGM also generates the base clock
signal, CGMOUT, from which the system clocks are derived. CGMOUT
is based on either the crystal clock divided by two or the phase-locked
loop (PLL) clock, CGMVCLK, divided by two. The PLL is a frequency
generator designed for use with 1-MHz to 8-MHz crystals or ceramic
resonators. The PLL can generate an 8-MHz bus frequency without
using high frequency crystals.

Features of the CGM include:

* Phase-Locked Loop with Output Frequency in Integer Multiples of
the Crystal Reference

* Programmable Hardware Voltage-Controlled Oscillator (VCO) for
Low-Jitter Operation

e Automatic Bandwidth Control Mode for Low-Jitter Operation
e Automatic Frequency Lock Detector

e CPU Interrupt on Entry or Exit from Locked Condition
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Clock Generator Module (CGM)
Functional Description

8.4 Functional Description

The CGM consists of three major submodules:

e Crystal oscillator circuit — The crystal oscillator circuit generates
the constant crystal frequency clock, CGMXCLK.

* Phase-locked loop (PLL) — The PLL generates the
programmable VCO frequency clock CGMVCLK.

* Base clock selector circuit — This software-controlled circuit
selects either CGMXCLK divided by two or the VCO clock,
CGMVCLK, divided by two as the base clock, CGMOUT. The
system clocks are derived from CGMOUT.

Figure 8-1 shows the structure of the CGM.

8.4.1 Crystal Oscillator Circuit

The crystal oscillator circuit consists of an inverting amplifier and an
external crystal. The OSC1 pin is the input to the amplifier and the OSC2
pin is the output. The SIMOSCEN signal enables the crystal oscillator
circuit.

The CGMXCLK signal is the output of the crystal oscillator circuit and
runs at a rate equal to the crystal frequency. CGMXCLK is then buffered
to produce CGMRCLK, the PLL reference clock.

CGMXCLK can be used by other modules which require precise timing
for operation. The duty cycle of CGMXCLK is not guaranteed to be 50%
and depends on external factors, including the crystal and related
external components.

An externally generated clock also can feed the OSCL1 pin of the crystal
oscillator circuit. Connect the external clock to the OSC1 pin and let the
OSC2 pin float.
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Figure 8-1. CGM Block Diagram
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Functional Description

Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read: PLLF 1 1 1 1
PLLIE PLLON BCS
PLL Control Register (PCTL) Write:
Reset: 0 0 1 0 1 1 1 1
Read: LOCK N 0 0 0 0
PLL Bandwidth Control Register Write: AUTO ACQ XLD
(PBWC) '
Reset: 0 0 0 0 0 0 0 0
Read:
) . . MUL7 MUL6 MUL5 MUL4 VRS7 VRS6 VRS5 VRS4
PLL Programming Register (PPG) Write:
Reset: 0 1 1 0 0 1 1 0

= Unimplemented

Figure 8-2. I/0 Register Summary

Table 8-1. /0 Register Address Summary

Register PCTL PBWC PPG

Address $001C $001D $001E

8.4.2 Phase-Locked Loop Circuit (PLL)

The PLL is a frequency generator that can operate in either acquisition
mode or tracking mode, depending on the accuracy of the output
frequency. The PLL can change between acquisition and tracking
modes either automatically or manually.

8.4.2.1 Circuits

The PLL consists of these circuits:

« Voltage-controlled oscillator (VCO)
¢ Modulo VCO frequency divider

* Phase detector
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Advance Information

e Loop filter

* Lock detector

The operating range of the VCO is programmable for a wide range of
frequencies and for maximum immunity to external noise, including
supply and CGMXFC noise. The VCO frequency is bound to a range
from roughly one-half to twice the center-of-range frequency, fcogmvrs:
Modulating the voltage on the CGMXFC pin changes the frequency
within this range. By design, fcgmyrs IS equal to the nominal center-of-
range frequency, fyom, (4.9152 MHz) times a linear factor L or (L)fyom-

CGMRCLK is the PLL reference clock, a buffered version of CGMXCLK.
CGMRCLK runs at a frequency, fcgmrcLk, and is fed to the PLL through
a buffer. The buffer output is the final reference clock, CGMRDV,

running ata frequency fCGMRDV = fCGMRCLK'

The VCO'’s output clock, CGMVCLK, running at a frequency fcgmveLks
is fed back through a programmable modulo divider. The modulo divider
reduces the VCO clock by a factor, N. The divider’s output is the VCO
feedback clock, CGMVDV, running at a frequency

fcamvov = feemvelk/N- See Programming the PLL for more
information.

The phase detector then compares the VCO feedback clock, CGMVDV,
with the final reference clock, CGMRDV. A correction pulse is generated
based on the phase difference between the two signals. The loop filter
then slightly alters the dc voltage on the external capacitor connected to
CGMXFC based on the width and direction of the correction pulse. The
filter can make fast or slow corrections depending on its mode, as
described in Acquisition and Tracking Modes on page 129. The value
of the external capacitor and the reference frequency determines the
speed of the corrections and the stability of the PLL.

The lock detector compares the frequencies of the VCO feedback clock,
CGMVDV, and the final reference clock, CGMRDV. Therefore, the
speed of the lock detector is directly proportional to the final reference
frequency, fcgumrpy- The circuit determines the mode of the PLL and the
lock condition based on this comparison.
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8.4.2.2 Acquisition and Tracking Modes

The PLL filter is manually or automatically configurable into one of two
operating modes:

* Acquisition mode — In acquisition mode, the filter can make large
frequency corrections to the VCO. This mode is used at PLL
startup or when the PLL has suffered a severe noise hit and the
VCO frequency is far off the desired frequency. When in
acquisition mode, the m bitis clear in the PLL bandwidth control
register. See PLL Bandwidth Control Register on page 139.

» Tracking mode — In tracking mode, the filter makes only small
corrections to the frequency of the VCO. PLL jitter is much lower
in tracking mode, but the response to noise is also slower. The
PLL enters tracking mode when the VCO frequency is nearly
correct, such as when the PLL is selected as the base clock
source. See Base Clock Selector Circuit on page 133. The PLL
is automatically in tracking mode when it’s not in acquisition mode
or when the m bit is set.

8.4.2.3 Manual and Automatic PLL Bandwidth Modes

The PLL can change the bandwidth or operational mode of the loop filter
manually or automatically.

In automatic bandwidth control mode (AUTO = 1), the lock detector
automatically switches between acquisition and tracking modes.
Automatic bandwidth control mode also is used to determine when the
VCO clock, CGMVCLK, is safe to use as the source for the base clock,
CGMOUT. See PLL Bandwidth Control Register on page 139. If PLL
CPU interrupt requests are enabled, the software can wait for a PLL
CPU interrupt request and then check the LOCK bit. If CPU interrupts
are disabled, software can poll the LOCK bit continuously (during PLL
startup, usually) or at periodic intervals. In either case, when the LOCK
bit is set, the VCO clock is safe to use as the source for the base clock.
See Base Clock Selector Circuit on page 133. If the VCO is selected
as the source for the base clock and the LOCK bit is clear, the PLL has
suffered a severe noise hit and the software must take appropriate
action, depending on the application. See Interrupts on page 143.
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These conditions apply when the PLL is in automatic bandwidth control
mode:

Advance Information

The ACQ bit (See 8.6.2 PLL Bandwidth Control Register.) is a
read-only indicator of the mode of the filter. See Acquisition and
Tracking Modes on page 129.

The ACQ bit is set when the VCO frequency is within a certain
tolerance, Ay, and is cleared when the VCO frequency is out of a
certain tolerance, A ;. See Electrical Specifications on page
420.

The LOCK bit is a read-only indicator of the locked state of the PLL.

The LOCK bit is set when the VCO frequency is within a certain
tolerance, A ok, and is cleared when the VCO frequency is out of a
certain tolerance, A . See Electrical Specifications on page 420.

CPU interrupts can occur if enabled (PLLIE = 1) when the PLL's
lock condition changes, toggling the LOCK bit. See PLL Control
Register on page 137.

The PLL also can operate in manual mode (AUTO = 0). Manual mode is
used by systems that do not require an indicator of the lock condition for
proper operation. Such systems typically operate well below f,,,gmax @nd
require fast startup. The following conditions apply when in manual
mode:

ACQ is a writable control bit that controls the mode of the filter.
Before turning on the PLL in manual mode, the ACQ bit must be
Clear.

Before entering tracking mode (m = 1), software must wait a
giventime, ty.q (see Electrical Specifications on page 420), after
turning on the PLL by setting PLLON in the PLL control register
(PCTL).

Software must wait a given time, t;, after entering tracking mode
before selecting the PLL as the clock source to CGMOUT
(BCS =1).

The LOCK bit is disabled.
CPU interrupts from the CGM are disabled.
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8.4.2.4 Programming the PLL

Use this 9-step procedure to program the PLL. The table below lists the
variables used and their meaning (Please also reference Figure 8-1 on

page 126).
Table 8-2. Variable Definitions
Variable Definition
fBUSDES Desired Bus Clock Frequency
fycLKDES Desired VCO Clock Frequency
fcoMreLK Chosen Reference Crystal Frequency
fcomveLk Calculated VCO Clock Frequency
fsus Calculated Bus Clock Frequency
fnom Nominal VCO Center Frequency
fcaMmvrs Shifted VCO Center Frequency

1. Choose the desired bus frequency, fgyspes-
Example: fBUSDES =8 MHz

2. Calculate the desired VCO frequency, fyc|kpes:

fvcLkpes = 4 % feuspEs
Example: fVCLKDES =4 x8 MHz =32 MHz

3. Using areference frequency, frc| k. €qual to the crystal frequency,
calculate the VCO frequency multiplier, N. Round the result to the
nearest integer.

f
N = . VCLKDES
feemreLk
o _ 32MHz _
Example: N = TMa, 8

4. Calculate the VCO frequency, fcgmveLk-

fecamverk = N *feomrerk

Example: fegmverLk = 8 X 4 MHz = 32 MHz
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5. Calculate the bus frequency, fgys, and compare fgg with

fBusDES-
_ fecemverk
fBus = —7—
Example: fgys= 32 |\4/IHZ = 8 MHz

6. If the calculated fy,,q is not within the tolerance limits of your
application, select another fggpeg or another fre k-

7. Using the value 4.9152 MHz for fyom. calculate the VCO linear
range multiplier, L. The linear range multiplier controls the
frequency range of the PLL.

CGMVCLK[]
L = roundd————————
0 fyom U

32 MHz

E le: L=z —== " = =
xampie: L = 79152 MAz

8. Calculate the VCO center-of-range frequency, fcgmyrs: The
center-of-range frequency is the midpoint between the minimum
and maximum frequencies attainable by the PLL.

fcamvrs = L % fyom

Example: focgmvrs = 7 % 4.9152 MHz = 34.4 MHz

fNowm
2

Exceeding the recommended maximum bus frequency or VCO
frequency can crash the MCU.

NOTE:  For proper operation, |f-suvrs —fcomverkl <

9. Program the PLL registers accordingly:

a. Inthe upper four bits of the PLL programming register (PPG),
program the binary equivalent of N.

b. Inthe lower four bits of the PLL programming register (PPG),
program the binary equivalent of L.
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8.4.2.5 Special Programming Exceptions

The programming method described in Programming the PLL on page
131, does not account for two possible exceptions. A value of O for N or
L is meaningless when used in the equations given. To account for these
exceptions:

* A0 value for N is interpreted the same as a value of 1.

« A0 value for L disables the PLL and prevents its selection as the
source for the base clock. See Base Clock Selector Circuit on
page 133.

8.4.3 Base Clock Selector Circuit

This circuit is used to select either the crystal clock, CGMXCLK, or the
VCO clock, CGMVCLK, as the source of the base clock, CGMOUT. The
two input clocks go through a transition control circuit that waits up to
three CGMXCLK cycles and three CGMVCLK cycles to change from
one clock source to the other. During this time, CGMOUT is held in
stasis. The output of the transition control circuit is then divided by two
to correct the duty cycle. Therefore, the bus clock frequency, which is
one-half of the base clock frequency, is one-fourth the frequency of the
selected clock (CGMXCLK or CGMVCLK).

The BCS bitin the PLL control register (PCTL) selects which clock drives
CGMOUT. The VCO clock cannot be selected as the base clock source
if the PLL is not turned on. The PLL cannot be turned off if the VCO clock
is selected. The PLL cannot be turned on or off simultaneously with the
selection or deselection of the VCO clock. The VCO clock also cannot

be selected as the base clock source if the factor L is programmed to a
0. This value would set up a condition inconsistent with the operation of
the PLL, so that the PLL would be disabled and the crystal clock would
be forced as the source of the base clock.
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8.4.4 CGM External Connections

In its typical configuration, the CGM requires seven external
components. Five of these are for the crystal oscillator and two are for
the PLL.

The crystal oscillator is normally connected in a Pierce oscillator
configuration, as shown in Figure 8-3. Figure 8-3 shows only the logical
representation of the internal components and may not represent actual
circuitry. The oscillator configuration uses five components:

* Crystal, X;

» Fixed capacitor, Cq

* Tuning capacitor, C, (can also be a fixed capacitor)
* Feedback resistor, Rg

« Series resistor, Rg (optional)

The series resistor (Rg) may not be required for all ranges of operation,
especially with high-frequency crystals. Refer to the crystal
manufacturer’s data for more information.

Figure 8-3 also shows the external components for the PLL.:

* Bypass capacitor, Cgyp

» Filter capacitor, Cg

Routing should be done with great care to minimize signal cross talk and
noise. (See Acquisition/Lock Time Specifications on page 144 for
routing information and more information on the filter capacitor’s value
and its effects on PLL performance).

Advance Information
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*Rg can be 0 (shorted) when used with higher-frequency crystals. Refer to manufacturer’s data.

Figure 8-3. CGM External Connections

8.5 1/0 Signals
The following paragraphs describe the CGM input/output (1/0O) signals.

8.5.1 Crystal Amplifier Input Pin (OSC1)

The OSC1 pin is an input to the crystal oscillator amplifier.

8.5.2 Crystal Amplifier Output Pin (OSC2)

The OSC2 pin is the output of the crystal oscillator inverting amplifier.

8.5.3 External Filter Capacitor Pin (CGMXFC)

The CGMXFC pin is required by the loop filter to filter out phase
corrections. A small external capacitor is connected to this pin.

NOTE: To prevent noise problems, Cg should be placed as close to the
CGMXFC pin as possible with minimum routing distances and no routing
of other signals across the C connection.
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8.5.4 Analog Power Pin (Vppa)

NOTE:

Vppa is a power pin used by the analog portions of the PLL. Connect the
Vppa Pin to the same voltage potential as the Vpp pin.

Route Vppa carefully for maximum noise immunity and place bypass
capacitors as close as possible to the package.

8.5.5 Oscillator Enable Signal (SIMOSCEN)

The SIMOSCEN signal enables the oscillator and PLL.

8.5.6 Crystal Output Frequency Signal (CGMXCLK)

CGMXCLK is the crystal oscillator output signal. It runs at the full speed
of the crystal (fcgumxcLk) and comes directly from the crystal oscillator
circuit. Figure 8-3 shows only the logical relation of CGMXCLK to OSC1
and OSC2 and may not represent the actual circuitry. The duty cycle of
CGMXCLK is unknown and may depend on the crystal and other
external factors. Also, the frequency and amplitude of CGMXCLK can be
unstable at startup.

8.5.7 CGM Base Clock Output (CGMOUT)

CGMOUT is the clock output of the CGM. This signal is used to generate
the MCU clocks. CGMOUT is a 50% duty cycle clock running at twice the
bus frequency. CGMOUT is software programmable to be either the
oscillator output, CGMXCLK, divided by two or the VCO clock,
CGMVCLK, divided by two.

8.5.8 CGM CPU Interrupt (CGMINT)

Advance Information

CGMINT is the CPU interrupt signal generated by the PLL lock detector.
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8.6 CGM Registers

Three registers control and monitor operation of the CGM:

e PLL control register (PCTL)
* PLL bandwidth control register (PBWC)
e PLL programming register (PPG)

8.6.1 PLL Control Register

The PLL control register contains the interrupt enable and flag bits, the
on/off switch, and the base clock selector bit.

Address:  $001C

Bit 7 6 5 4 3 2 1 Bit0
Read: PLLF 1 1 1 1
PLLIE PLLON BCS
Write:
Reset: 0 0 1 0 1 1 1 1
= Unimplemented

Figure 8-4. PLL Control Register (PCTL)

PLLIE — PLL Interrupt Enable Bit

This read/write bit enables the PLL to generate a CPU interrupt
request when the LOCK bit toggles, setting the PLL flag, PLLF. When
the AUTO bit in the PLL bandwidth control register (PBWC) is clear,
PLLIE cannot be written and reads as logic 0. Reset clears the PLLIE
bit.

1 =PLL CPU interrupt requests enabled

0 = PLL CPU interrupt requests disabled
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NOTE:

NOTE:

Advance Information

PLLF — PLL Flag Bit

This read-only bit is set whenever the LOCK bit toggles. PLLF
generates a CPU interrupt request if the PLLIE bit also is set. PLLF
always reads as logic 0 when the AUTO bit in the PLL bandwidth
control register (PBWC) is clear. Clear the PLLF bit by reading the
PLL control register. Reset clears the PLLF bit.

1 = Change in lock condition

0 = No change in lock condition

Do not inadvertently clear the PLLF bit. Be aware that any read or read-
modify-write operation on the PLL control register clears the PLLF bit.

PLLON — PLL On Bit

This read/write bit activates the PLL and enables the VCO clock,
CGMVCLK. PLLON cannot be cleared if the VCO clock is driving the
base clock, CGMOUT (BCS =1). See Base Clock Selector Circuit
on page 133. Reset sets this bit so that the loop can stabilize as the
MCU is powering up.

1=PLLON

0 = PLL off

BCS — Base Clock Select Bit

This read/write bit selects either the crystal oscillator output,
CGMXCLK, or the VCO clock, CGMVCLK, as the source of the CGM
output, CGMOUT. CGMOUT frequency is one-half the frequency of
the selected clock. BCS cannot be set while the PLLON bit is clear.
After toggling BCS, it may take up to three CGMXCLK and three
CGMVCLK cycles to complete the transition from one source clock to
the other. During the transition, CGMOUT is held in stasis. See Base
Clock Selector Circuit on page 133. Reset and the STOP instruction
clear the BCS bit.

1 = CGMVCLK divided by two drives CGMOUT

0 = CGMXCLK divided by two drives CGMOUT

PLLON and BCS have built-in protection that prevents the base clock
selector circuit from selecting the VCO clock as the source of the base
clock if the PLL is off. Therefore, PLLON cannot be cleared when BCS
is set, and BCS cannot be set when PLLON is clear. If the PLL is off
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(PLLON = 0), selecting CGMVCLK requires two writes to the PLL control
register. See Base Clock Selector Circuit on page 133.

PCTL3-PCTLO — Unimplemented
These bits provide no function and always read as logic 1s.

8.6.2 PLL Bandwidth Control Register
The PLL bandwidth control register:

» Selects automatic or manual (software-controlled) bandwidth
control mode

* |ndicates when the PLL is locked

* |nautomatic bandwidth control mode, indicates when the PLLis in
acquisition or tracking mode

* In manual operation, forces the PLL into acquisition or tracking
mode

Address:  $001D

Bit 7 6 5 4 3 2 1 Bit 0
Read: LOCK _ 0 0 0 0

AUTO ACQ XLD
Write:
Reset: 0 0 0 0 0 0 0 0

= Unimplemented
Figure 8-5. PLL Bandwidth Control Register (PBWC)
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AUTO — Automatic Bandwidth Control Bit

This read/write bit selects automatic or manual bandwidth control.
When initializing the PLL for manual operation (AUTO = 0), clear the
ACQ bit before turning on the PLL. Reset clears the AUTO bit.

1 = Automatic bandwidth control

0 = Manual bandwidth control

LOCK — Lock Indicator Bit

When the AUTO bit is set, LOCK is a read-only bit that becomes set
when the VCO clock, CGMVCLK, is locked (running at the
programmed frequency). When the AUTO bit is clear, LOCK reads as
logic 0 and has no meaning. Reset clears the LOCK bit.

1 = VCO frequency correct or locked

0 = VCO frequency incorrect or unlocked

ACQ — Acquisition Mode Bit

When the AUTO bit is set, ACQ is a read-only bit that indicates
whether the PLL is in acquisition mode or tracking mode. When the
AUTO bit is clear, m is a read/write bit that controls whether the
PLL is in acquisition or tracking mode.

In automatic bandwidth control mode (AUTO = 1), the last-written
value from manual operation is stored in a temporary location and is
recovered when manual operation resumes. Reset clears this bit,
enabling acquisition mode.

1 = Tracking mode

0 = Acquisition mode

XLD — Crystal Loss Detect Bit

When the VCO output, CGMVCLK, is driving CGMOUT, this
read/write bit can indicate whether the crystal reference frequency is
active or not.

1 = Crystal reference not active

0 = Crystal reference active
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To check the status of the crystal reference, do the following:
1. Write a logic 1 to XLD.

2. Wait N x 4 cycles. N is the VCO frequency multiplier.

3. Read XLD.

The crystal loss detect function works only when the BCS bit is set,
selecting CGMVCLK to drive CGMOUT. When BCS is clear, XLD
always reads as logic 0.

Bits 3—0 — Reserved for Test

These bits enable test functions not available in user mode. To ensure
software portability from development systems to user applications,
software should write Os to bits 3—0 when writing to PBWC.

8.6.3 PLL Programming Register

The PLL programming register contains the programming information for
the modulo feedback divider and the programming information for the
hardware configuration of the VCO.

Address:  $001E

Bit 7 6 5 4 3 2 1 Bit 0
Read:

MUL7 MUL6 MUL5 MUL4 VRS7 VRS6 VRS5 VRS4
Write:
Reset: 0 1 1 0 0 1 1 0

Figure 8-6. PLL Programming Register (PPG)

MUL7-MUL4 — Multiplier Select Bits

These read/write bits control the modulo feedback divider that selects
the VCO frequency multiplier, N. (See Circuits on page 127 and
Programming the PLL on page 131). A value of $0 in the multiplier
select bits configures the modulo feedback divider the same as a
value of $1. Reset initializes these bits to $6 to give a default multiply
value of 6.
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Advance Information

Table 8-3. VCO Frequency Multiplier (N) Selection

MUL7:MUL6:MUL5:MUL4 VCO Frequency Multiplier (N)
0000 1
0001 1
0010 2
0011 3
1101 13
1110 14
1111 15

The multiplier select bits have built-in protection that prevents them from
being written when the PLL is on (PLLON = 1).

VRS7-VRS4 — VCO Range Select Bits

These read/write bits control the hardware center-of-range linear
multiplier L, which controls the hardware center-of-range frequency,
fyrs- (See Circuits on page 127, Programming the PLL on page
131, and PLL Control Register on page 137.) VRS7-VRS4 cannot
be written when the PLLON bit in the PLL control register (PCTL) is
set. See Special Programming Exceptions on page 133. A value of
$0 in the VCO range select bits disables the PLL and clears the BCS
bit in the PCTL. (See Base Clock Selector Circuit on page 133 and
Special Programming Exceptions on page 133 for more
information.) Reset initializes the bits to $6 to give a default range
multiply value of 6.

The VCO range select bits have built-in protection that prevents them
from being written when the PLL is on (PLLON = 1) and prevents
selection of the VCO clock as the source of the base clock (BCS =1) if
the VCO range select bits are all clear.

The VCO range select bits must be programmed correctly. Incorrect
programming can result in failure of the PLL to achieve lock.
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Interrupts

When the AUTO bitis set in the PLL bandwidth control register (PBWC),
the PLL can generate a CPU interrupt request every time the LOCK bit
changes state. The PLLIE bit in the PLL control register (PCTL) enables
CPU interrupt requests from the PLL. PLLF, the interrupt flag in the
PCTL, becomes set whether CPU interrupt requests are enabled or not.
When the AUTO bit is clear, CPU interrupt requests from the PLL are
disabled and PLLF reads as logic O.

Software should read the LOCK bit after a PLL CPU interrupt request to
see if the request was due to an entry into lock or an exit from lock. When
the PLL enters lock, the VCO clock, CGMVCLK, divided by two can be
selected as the CGMOUT source by setting BCS in the PCTL. When the
PLL exits lock, the VCO clock frequency is corrupt, and appropriate
precautions should be taken. If the application is not frequency sensitive,
CPU interrupt requests should be disabled to prevent PLL interrupt
service routines from impeding software performance or from exceeding
stack limitations.

Software can select the CGMVCLK divided by two as the CGMOUT
source even if the PLL is not locked (LOCK = 0). Therefore, software
should make sure the PLL is locked before setting the BCS bit.

8.8 Low-Power Modes

8.8.1 Wait Mode

The WAIT and STOP instructions put the MCU in low power-
consumption standby modes.

The CGM remains active in wait mode. Before entering wait mode,
software can disengage and turn off the PLL by clearing the BCS and
PLLON bits in the PLL control register (PCTL). Less power-sensitive
applications can disengage the PLL without turning it off. Applications
that require the PLL to wake the MCU from wait mode also can deselect
the PLL output without turning off the PLL.
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8.8.2 Stop Mode

The STOP instruction disables the CGM and holds low all CGM outputs
(CGMXCLK, CGMOUT, and CGMINT).

If CGMOUT is being driven by CGMVCLK and a STOP instruction is
executed; the PLL will clear the BCS bit in the PLL control register,
causing CGMOUT to be driven by CGMXCLK. When the MCU recovers
from STOP, the crystal clock divided by two drives CGMOUT and BCS
remains clear.

8.9 CGM During Break Interrupts

The BCFE bit in the break flag control register (BFCR) enables software
to clear status bits during the break state. See Break Module (BRK) on
page 157.

To allow software to clear status bits during a break interrupt, write a
logic 1 to the BCFE bit. If a status bit is cleared during the break state, it
remains cleared when the MCU exits the break state.

To protect the PLLF bit during the break state, write a logic 0 to the BCFE
bit. With BCFE at logic O (its default state), software can read and write
the PLL control register during the break state without affecting the PLLF
bit.

8.10 Acquisition/Lock Time Specifications

The acquisition and lock times of the PLL are, in many applications, the
most critical PLL design parameters. Proper design and use of the PLL
ensures the highest stability and lowest acquisition/lock times.

8.10.1 Acquisition/Lock Time Definitions

Advance Information

Typical control systems refer to the acquisition time or lock time as the
reaction time, within specified tolerances, of the system to a step input.
In a PLL, the step input occurs when the PLL is turned on or when it

suffers a noise hit. The tolerance is usually specified as a percent of the
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step input or when the output settles to the desired value plus or minus
a percent of the frequency change. Therefore, the reaction time is
constant in this definition, regardless of the size of the step input. For
example, consider a system with a 5% acquisition time tolerance. If a
command instructs the system to change from 0 Hz to 1 MHz, the
acquisition time is the time taken for the frequency to reach

1 MHz £50 kHz. Fifty kHz = 5% of the 1-MHz step input. If the system is
operating at 1 MHz and suffers a —100 kHz noise hit, the acquisition time
is the time taken to return from 900 kHz to 1 MHz £5 kHz. Five kHz = 5%
of the 100-kHz step input.

Other systems refer to acquisition and lock times as the time the system
takes to reduce the error between the actual output and the desired
output to within specified tolerances. Therefore, the acquisition or lock
time varies according to the original error in the output. Minor errors may
not even be registered. Typical PLL applications prefer to use this
definition because the system requires the output frequency to be within
a certain tolerance of the desired frequency regardless of the size of the
initial error.

The discrepancy in these definitions makes it difficult to specify an
acquisition or lock time for a typical PLL. Therefore, the definitions for
acquisition and lock times for this module are:

* Acquisition time, t;¢q, is the time the PLL takes to reduce the error
between the actual output frequency and the desired output
frequency to less than the tracking mode entry tolerance, Ay
Acquisition time is based on an initial frequency error,

(faes — forig)/fdes: Of not more than +100%. In automatic bandwidth
control mode (see Manual and Automatic PLL Bandwidth
Modes on page 129), acquisition time expires when the m bit
becomes set in the PLL bandwidth control register (PBWC).

* Lock time, t ok IS the time the PLL takes to reduce the error
between the actual output frequency and the desired output
frequency to less than the lock mode entry tolerance, A ,qk. Lock
time is based on an initial frequency error, (fyes — forig)/fges, Of Not
more than £100%. In automatic bandwidth control mode, lock time
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expires when the LOCK bit becomes set in the PLL bandwidth
control register (PBWC). (See Manual and Automatic PLL
Bandwidth Modes on page 129).

Obviously, the acquisition and lock times can vary according to how
large the frequency error is and may be shorter or longer in many cases.

8.10.2 Parametric Influences on Reaction Time

Acquisition and lock times are designed to be as short as possible while
still providing the highest possible stability. These reaction times are not
constant, however. Many factors directly and indirectly affect the
acquisition time.

The most critical parameter which affects the reaction times of the PLL
is the reference frequency, fcgmrpy (Please reference Figure 8-1). This
frequency is the input to the phase detector and controls how often the
PLL makes corrections. For stability, the corrections must be small
compared to the desired frequency, so several corrections are required
to reduce the frequency error. Therefore, the slower the reference the
longer it takes to make these corrections. This parameter is also under
user control via the choice of crystal frequency fcomxcLk-

Another critical parameter is the external filter capacitor. The PLL
modifies the voltage on the VCO by adding or subtracting charge from
this capacitor. Therefore, the rate at which the voltage changes for a
given frequency error (thus a change in charge) is proportional to the
capacitor size. The size of the capacitor also is related to the stability of
the PLL. If the capacitor is too small, the PLL cannot make small enough
adjustments to the voltage and the system cannot lock. If the capacitor
is too large, the PLL may not be able to adjust the voltage in a
reasonable time. See Choosing a Filter Capacitor on page 147.

Also important is the operating voltage potential applied to Vppa. The
power supply potential alters the characteristics of the PLL. A fixed value
Is best. Variable supplies, such as batteries, are acceptable if they vary
within a known range at very slow speeds. Noise on the power supply is
not acceptable, because it causes small frequency errors which
continually change the acquisition time of the PLL.
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Temperature and processing also can affect acquisition time because
the electrical characteristics of the PLL change. The part operates as
specified as long as these influences stay within the specified limits.
External factors, however, can cause drastic changes in the operation of
the PLL. These factors include noise injected into the PLL through the
filter capacitor, filter capacitor leakage, stray impedances on the circuit
board, and even humidity or circuit board contamination.

8.10.3 Choosing a Filter Capacitor

As described in Parametric Influences on Reaction Time on page
146, the external filter capacitor, Cg, is critical to the stability and reaction
time of the PLL. The PLL is also dependent on reference frequency and
supply voltage. The value of the capacitor must, therefore, be chosen
with supply potential and reference frequency in mind. For proper
operation, the external filter capacitor must be chosen according to this
equation:

Vv
- [J VDDA []
Cr = CractFogumon
For acceptable values of Cs,, (See Electrical Specifications on page
420). For the value of Vppa, choose the voltage potential at which the
MCU is operating. If the power supply is variable, choose a value near
the middle of the range of possible supply values.

This equation does not always yield a commonly available capacitor
size, so round to the nearest available size. If the value is between two
different sizes, choose the higher value for better stability. Choosing the
lower size may seem attractive for acquisition time improvement, but the
PLL may become unstable. Also, always choose a capacitor with a tight
tolerance (£x20% or better) and low dissipation.

8.10.4 Reaction Time Calculation

The actual acquisition and lock times can be calculated using the
eqguations below. These equations yield nominal values under the
following conditions:
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Advance Information

» Correct selection of filter capacitor, Cg (see Choosing a Filter
Capacitor on page 147).

* Room temperature operation

* Negligible external leakage on CGMXFC

* Negligible noise
The K factor in the equations is derived from internal PLL parameters.
Kacq is the K factor when the PLL is configured in acquisition mode, and

Kirk IS the K factor when the PLL is configured in tracking mode. (See
Acquisition and Tracking Modes on page 129).

t =0OVeoa 00 8 O
o ECGMRD\)]EKACQD

= 0 Vooa OO 4 [
| ECGMRDJ]H(TRKD

tiock = taco t tar

Note the inverse proportionality between the lock time and the reference
frequency.

In automatic bandwidth control mode, the acquisition and lock times are
guantized into units based on the reference frequency. (See Manual
and Automatic PLL Bandwidth Modes on page 129). A certain
number of clock cycles, nacq, is required to ascertain that the PLL is
within the tracking mode entry tolerance, Atrk, before exiting acquisition
mode. A certain number of clock cycles, ntrk, is required to ascertain
that the PLL is within the lock mode entry tolerance, A k. Therefore, the
acquisition time, tacq, is an integer multiple of naco/fcomrpy: @and the
acquisition to lock time, t, , is an integer multiple of ntrk/fcomrpy- AlSO,
since the average frequency over the entire measurement period must
be within the specified tolerance, the total time usually is longer than
t_ock @s calculated above.
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In manual mode, it is usually necessary to wait considerably longer than
t_ ock before selecting the PLL clock (see Base Clock Selector Circuit
on page 133), because the factors described in Parametric Influences
on Reaction Time on page 146, may slow the lock time considerably.

When defining a limit in software for the maximum lock time, the value
must allow for variation due to all of the factors mentioned in this section,
especially due to the Cg capacitor and application specific influences.

The calculated lock time is only an indication and it is the customer’s
responsibility to allow enough of a guard band for their application. Prior
to finalizing any software and while determining the maximum lock time,
take into account all device to device differences. Typically, applications
set the maximum lock time as an order of magnitude higher than the
measured value. This is considered sufficient for all such device to
device variation.

Motorola recommends measuring the lock time of the application system
by utilizing dedicated software, running in FLASH, EEPROM or RAM.
This should toggle a port pin when the PLL is first configured and
switched on, then again when it goes from acquisition to lock mode and
finally again when the PLL lock bit is set. The resultant waveform can be
captured on an oscilloscope and used to determine the typical lock time
for the microcontroller and the associated external application circuit.

e.g.
tLock
g |l
| |
' taco ! taL |
l-————— P!
Init. low Signal on port pin
T L trrComplete and Lock Set

tacoComplete
PLL Configured and switched on

NOTE: The filter capacitor should be fully discharged prior to making any
measurements.
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Technical Data — MC68HC908AS32A

9.1 Contents

9.2 Introduction

Section 9. Configuration Register (CONFIG-1)

9.2 Introduction. . ...... ... . . 151

9.3  Functional Description. . . ... 151

This section describes the configuration register (CONFIG-1), which
contains bits that configure these options:

¢ Resets caused by the LVI module
* Power to the LVI module
e LVI enabled during stop mode

* Stop mode recovery time (32 CGMXCLK cycles or 4096
CGMXCLK cycles)

« Computer operating properly module (COP)

» Stop instruction enable/disable.

9.3 Functional Description

The configuration register is a write-once register. Out of reset, the
configuration register will read the default value. Once the register is
written, further writes will have no effect until a reset occurs.

NOTE: If the LVI module and the LVI reset signal are enabled, a reset occurs
when Vp falls to a voltage, LVItg,pg, and remains at or below that level
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for at least nine consecutive CPU cycles. Once an LVI reset occurs, the
MCU remains in reset until Vpp rises to a voltage, LVItgpg-

Address:  $001F

Bit 7 6 5 4 3 2 1 Bit 0
Read:
LVISTOP R LVIRST | LVIPWR | SSREC COPL STOP COPD
Write:
Reset: 0 1 1 1 0 0 0 0

R = Reserved

Figure 9-1. Configuration Register (CONFIG-1)

LVISTOP — LVI Stop Mode Enable Bit

LVISTOP enables the LVI module in stop mode. (See Low Voltage
Inhibit (LVI) on page 181).

1 = LVI enabled during stop mode

0 = LVI disabled during stop mode

NOTE: To have the LVI enabled in stop mode, the LVIPWR must be at a logic 1
and the LVISTOP bit must be at a logic 1. Take note that by enabling the
LVI in stop mode, the stop Ipp current will be higher.

LVIRST — LVI Reset Enable Bit

LVIRST enables the reset signal from the LVI module. (See Low
Voltage Inhibit (LVI) on page 181).

1 = LVI module resets enabled

0 = LVI module resets disabled
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Functional Description

LVIPWR — LVI Power Enable Bit

LVIPWR enables the LVI module. (See Low Voltage Inhibit (LVI) on
page 181).

1 = LVI module power enabled

0 = LVI module power disabled

SSREC — Short Stop Recovery Bit

SSREC enables the CPU to exit stop mode with a delay of 32
CGMXCLK cycles instead of a 4096-CGMXCLK cycle delay. (See
System Integration Module (SIM) on page 101).

1 = Stop mode recovery after 32 CGMXCLK cycles

0 = Stop mode recovery after 4096 CGMXCLK cycles

NOTE: If using an external crystal oscillator, do not set the SSREC bit.
COPL — COP Long Timeout
COPL enables the shorter COP timeout period. (See Computer
Operating Properly (COP) on page 175).
1 = COP timeout period is 213 — 2* CGMXCLK cycles
0 = COP timeout period is 218 — 24 CGMXCLK cycles
STOP — STORP Instruction Enable Bit
STOP enables the STOP instruction.
1 = STOP instruction enabled
0 = STOP instruction treated as illegal opcode
COPD — COP Disable Bit
COPD disables the COP module. (See Computer Operating
Properly (COP) on page 175).
1 = COP module disabled
0 = COP module enabled
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Section 10. Configuration Register (CONFIG-2)

10.1 Contents

10.2 Introduction

10.3 Functional Description

10.2 Introduction

This section describes the configuration register (CONFIG-2). This
register contains bits that configure these options:

Configures the device to either the MC68HC0O8AZxx emulator or
the MC68HCO8ASxx emulator

10.3 Functional Description

The configuration register is a write-once register. Out of reset, the
configuration register will read the default. Once the register is written,
further writes will have no effect until a reset occurs.

Address:  $FE09

Bit 7 6 5 4 3

2 1 Bit 0
Read:
EEDIV R R R AS32A R R R
Write: CLK
Reset: 0 0 0 1 1 0 0 0

Figure 10-1. Configuration Register (CONFIG-2)
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EEDIVCLK — EEPROM Timebase Divider Clock select bit

This bit selects the reference clock source for the EEPROM timebase
divider module.

1 = EEXDIV clock input is driven by internal bus clock

0 = EExDIV clock input is driven by CGMXCLK

AS32A— Device Indicator bit

This bit is used to distinguish MC68HC908AS60A from older non-"A’
suffix versions.

1 ="A’version

0 = Non-'A’ version
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11.1 Contents

11.2 Introduction

11.3 Features

Section 11. Break Module (BRK)

11.2 IntroducCtion. .. ... 157
11.3 Features. . .. ... 157
11.4 Functional Description. . ............ ... 158
11.4.1 Flag Protection During Break Interrupts ............ 159
11.4.2 CPU During Break Interrupts ..................... 160
11.4.3 TIM During Break Interrupts . ..................... 160
11.4.4 COP During Break Interrupts ..................... 160
115 Low-Power Modes ............ ... 160
1151 WaitMode . ... ... .. 160
1152 StopMode. ... ... 161
11.6 Break Module Registers. ........... ... ... ... 161
11.6.1 Break Status and Control Register................. 161
11.6.2 Break Address Registers. ............. ... .. ..... 162

The break module can generate a break interrupt that stops normal
program flow at a defined address to enter a background program.

« Accessible I/0 Registers during Break Interrupts
* CPU-Generated Break Interrupts
« Software-Generated Break Interrupts

e COP Disabling during Break Interrupts
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11.4 Functional Description

When the internal address bus matches the value written in the break
address registers, the break module issues a breakpoint signal to the
CPU. The CPU then loads the instruction register with a software
interrupt instruction (SWI) after completion of the current CPU
instruction. The program counter vectors to $FFFC and $FFFD ($FEFC
and $FEFD in monitor mode).

The following events can cause a break interrupt to occur:

* A CPU-generated address (the address in the program counter)
matches the contents of the break address registers.

» Software writes a logic 1 to the BRKA bit in the break status and
control register.

When a CPU-generated address matches the contents of the break
address registers, the break interrupt begins after the CPU completes its
current instruction. A return-from-interrupt instruction (RTI) in the break
routine ends the break interrupt and returns the MCU to normal
operation. Figure 11-1 shows the structure of the break module.

IAB[15:8]

—

BREAK ADDRESS REGISTER HIGH

8-BIT COMPARATOR —|
IAB[15:0]

CONTROL |—® BREAK

8-BIT COMPARATOR —

BREAK ADDRESS REGISTER LOW

IAB[7:0]

Figure 11-1. Break Module Block Diagram

Advance Information MC68HC908AS32A — Rev 0.0

158 Break Module (BRK) MOTOROLA



Break Module (BRK)
Functional Description

Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read: ) .
Break Address Register High |, . . Bit 15 14 13 12 1 10 9 Bit 8
(BRKH) '
Reset: 0 0 0 0 0 0 0 0
Read: _ .
Break Address Register Low . Bit7 6 5 4 3 2 1 Bit0
(BRKL) '
Reset: 0 0 0 0 0 0 0 0
Read: 0 0 0 0 0 0
Break Status and Control Register | .. BRKE BRKA
(BSCR) '
Reset: 0 0 0 0 0 0 0 0

I:l = Unimplemented R = Reserved

Figure 11-2. I/O Register Summary

Table 11-1. I/O Register Address Summary

Register BRKH BRKL BSCR

Address $FEOC $FEOD $FEOE

11.4.1 Flag Protection During Break Interrupts

The BCFE bit in the break flag control register (BFCR) enables software
to clear status bits during the break state.
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11.4.2 CPU During Break Interrupts
The CPU starts a break interrupt by:

* Loading the instruction register with the SWI instruction

e Loading the program counter with $FFFC:$FFFD ($FEFC:$FEFD
in monitor mode)

The break interrupt begins after completion of the CPU instruction in
progress. If the break address register match occurs on the last cycle of
a CPU instruction, the break interrupt begins immediately.

11.4.3 TIM During Break Interrupts

A break interrupt stops the timer counter.

11.4.4 COP During Break Interrupts

The COP is disabled during a break interrupt when V; is present on the
RST pin.

11.5 Low-Power Modes

The WAIT and STOP instructions put the MCU in low power-consump-
tion standby modes.

11.5.1 Wait Mode

If enabled, the break module is active in wait mode. The SIM break wait
bit (BW) in the SIM break status register indicates whether wait was
exited by a break interrupt. If so, the user can modify the return address
on the stack by subtracting one fromit. (See SIM Break Status Register
on page 120).
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Break Module Registers
11.5.2 Stop Mode

The break module is inactive in stop mode. The STOP instruction does
not affect break module register states.

11.6 Break Module Registers
These registers control and monitor operation of the break module:

e Break address register high (BRKH)
* Break address register low (BRKL)

* Break status and control register (BSCR)

11.6.1 Break Status and Control Register

The break status and control register contains break module enable and
status bits.

Address:  $FEOE

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0
BRKE BRKA
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 11-3. Break Status and Control Register (BSCR)

BRKE — Break Enable Bit

This read/write bit enables breaks on break address register matches.
Clear BRKE by writing a logic 0 to bit 7. Reset clears the BRKE bit.
1 = Breaks enabled on 16-bit address match
0 = Breaks disabled on 16-bit address match
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BRKA — Break Active Bit

This read/write status and control bit is set when a break address
match occurs. Writing a logic 1 to BRKA generates a break interrupt.
Clear BRKA by writing a logic 0 to it before exiting the break routine.
Reset clears the BRKA bit.

1 = (When read) Break address match

0 = (When read) No break address match

11.6.2 Break Address Registers
The break address registers contain the high and low bytes of the

desired breakpoint address. Reset clears the break address registers.

Register:  BRKH BRKL
Address:  $FEOC $FEOD

Bit 7 6 5 4 3 2 1 Bit 0
Read:

Bit 15 14 13 12 11 10 9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0
Read:

Bit 7 6 5 4 3 2 1 Bit 0
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 11-4. Break Address Registers (BRKH and BRKL)
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12.2 Introduction

This section describes the monitor ROM (MON). The monitor ROM
allows complete testing of the MCU through a single-wire interface with
a host computer.

12.3 Features

Features of the monitor ROM include:

MC68HC908AS32A — Rev 0.0

Normal User-Mode Pin Functionality

One Pin Dedicated to Serial Communication between Monitor
ROM and Host Computer

Standard Mark/Space Non-Return-to-Zero (NRZ) Communication

with Host Computer
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* Up to 28.8 kBaud Communication with Host Computer
» Execution of Code in RAM or FLASH

* FLASH Security

 FLASH Programming

12.4 Functional Description

Monitor ROM receives and executes commands from a host computer.
Figure 12-1 shows a sample circuit used to enter monitor mode and
communicate with a host computer via a standard RS-232 interface.

While simple monitor commands can access any memory address, the
MC68HC908AS60A has a FLASH security feature to prevent external
viewing of the contents of FLASH. Proper procedures must be followed
to verify FLASH content. Access to the FLASH is denied to unauthorized
users of customer specified software (see Security on page 173).

In monitor mode, the MCU can execute host-computer code in RAM
while all MCU pins except PTAO retain normal operating mode functions.
All communication between the host computer and the MCU is through
the PTAO pin. A level-shifting and multiplexing interface is required
between PTAO and the host computer. PTAO is used in a wired-OR
configuration and requires a pullup resistor.
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Functional Description

VDD
68HCO08
10 kQ
RST
0.1 pF I
Vhi
1KQ
IRQ
9.1v

Vbpa ¢
Vooa/Vooarer

f CGMXFC
01pF

1
MC145407
[ mat 1
10 pF 10 pF _ -
3 18 L 1 0SC1
X1
4 17 20pF :I: 49152 MH 1 10MQ
" ® 0SC2
+ vV -
ol Lo e T
1o 19 ? P :I:
— Vssa
DB25 Vss
2 5 16 —
%uil =
3 ! 6 15 Vop
N T
: 71 0.1uF I
e VDD —
14 9 Vop
MC74HC125
B 3 10kQ
6 5 o PTAO
4
PTC3
r v
DD VDD
B 7 10 kQ 10 kQ
NOTE: Position A — Bus clock = CGMXCLK + 4 or CGMVCLK =+ 4 —_,—7 A PTCO
Position B — Bus clock = CGMXCLK + 2 - SEE PTC1
osition us clocl (NOTE.) By f

* = Refer to Table 12-9 for correct value.

Figure 12-1. Monitor Mode Circuit
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12.4.1 Entering Monitor Mode

Table 12-1 shows the pin conditions for entering monitor mode.

Table 12-1. Mode Selection

c S|l £l £ £
5 alalala Bus
o 3| ol 2| 3 Mode CGMOUT Frequency
x [ g
= alolala
v, @ 1101 111! Monitor CGM;(CLK or CGM;/CLK CGI\/;OUT
v,® 1|0 1|0 Monitor CGMXCLK CG'\’;OUT

1. For Vy,, 5.0 Volt DC Electrical Characteristics on page 422, and Maximum Ratings on
page 420.

Enter monitor mode by either

* Executing a software interrupt instruction (SWI) or

* Applying a logic 0 and then a logic 1 to the RST pin.

Once out of reset, the MCU waits for the host to send eight security bytes
(see Security on page 173). After the security bytes, the MCU sends a
break signal (10 consecutive logic 0s) to the host computer, indicating
that it is ready to receive a command.

Monitor mode uses alternate vectors for reset, SWI, and break interrupt.
The alternate vectors are in the $FE page instead of the $FF page and
allow code execution from the internal monitor firmware instead of user
code. The COP module is disabled in monitor mode as long as V, (see
5.0 Volt DC Electrical Characteristics on page 422), is applied to
either the @ pin or the RESET pin. (See System Integration Module
(SIM) on page 101 for more information on modes of operation).

NOTE: Holding the PTC3 pin low when entering monitor mode causes a bypass
of a divide-by-two stage at the oscillator. The CGMOUT frequency is
equal to the CGMXCLK frequency, and the OSC1 input directly
generates internal bus clocks. In this case, the OSC1 signal must have
a 50% duty cycle at maximum bus frequency.
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Functional Description

Table 12-2 is a summary of the differences between user mode and
monitor mode.

Table 12-2. Mode Differences

Functions
Modes Reset | Reset | Break | Break S SWI
COP Vector | Vector | Vector | Vector | Vector | Vector

High Low High Low High Low

User Enabled $FFFE | $FFFF | $FFFC | $FFFD | $FFFC | $FFFD

Monitor | Disabled® | $FEFE | $FEFF | $FEFC | $FEFD | $FEFC | $FEFD

1. If the high voltage (V) is removed from the IRQ pin while in monitor mode, the SIM asserts
its COP enable output. The COP is a mask option enabled or disabled by the COPD bit in
the configuration register. (see 5.0 Volt DC Electrical Characteristics on page 422).

12.4.2 Data Format

Communication with the monitor ROM is in standard non-return-to-zero
(NRZ) mark/space data format. (See Figure 12-2 and Figure 12-3.)

The data transmit and receive rate can be anywhereup to 28.8 kBaud.
Transmit and receive baud rates must be identical.

NEXT

B (oo e (ama ams sma Jams Jame a7 Y stop \ e (N

Figure 12-2. Monitor Data Format

NEXT

START START
$A5 \ BIT / BITO \ BITL / BIT2 \ BIT3 BIT4 |/ BITS BIT6 BIT7  STOP \&AXXXXXXXX
\—/ BIT
START STOP
BREAK _\ BIT BITO BIT1 BIT 2 BIT3 BIT 4 BITS BIT6 BIT7 BIT NEXT
START

BIT

Figure 12-3. Sample Monitor Waveforms
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12.4.3 Echoing

As shown in Figure 12-4, the monitor ROM immediately echoes each
received byte back to the PTAO pin for error checking.

Any result of a command appears after the echo of the last byte of the
command.

SENTTO
MONITOR
Y Y
X READ X READ X ADDR. HIGH X ADDR. HIGH X ADDR. LOW X ADDR. LOW X DATA X
A A A T
ECHO

RESULT

Figure 12-4. Read Transaction

12.4.4 Break Signal

A start bit followed by nine low bits is a break signal. (See Figure 12-5).
When the monitor receives a break signal, it drives the PTAO pin high for
the duration of two bits before echoing the break signal.

MISSING STOP BIT —# -
A - /
389 £33 5 13 13 2 B wv AR w3 §39 £3 £3 3 £3 €3 63

Figure 12-5. Break Transaction

TWO-STOP-BIT DELAY BEFORE ZERO ECHO

12.4.5 Commands

The monitor ROM uses these commands:
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Functional Description

* READ, read memory

*  WRITE, write memory

* IREAD, indexed read

* IWRITE, indexed write
 READSP, read stack pointer

* RUN, run user program

A sequence of IREAD or IWRITE commands can access a block of
memory sequentially over the full 64-Kbyte memory map.

Table 12-3. READ (Read Memory) Command

Description Read byte from memory

Operand Specifies 2-byte address in high byte:low byte order

Data Returned Returns contents of specified address
Opcode $4A

Command Sequence

SENT TO
MONITOR

Y Y
>< READ | READ | ADDR.HIGH ) ADDR.HIGH )} ADDR.LOW | ADDR.LOW |  DATA ><
\

A A T
ECHO

RESULT
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Table 12-4. WRITE (Write Memory) Command

Description Write byte to memory

Operand Specifies 2-byte address in high byte:low byte order; low byte followed by data byte

Data Returned None

Opcode $49

Command Sequence

SENT TO
MONITOR
y y y y
>< WRITE >< WRITE >< ADDR. HIGH >< ADDR. HIGH X ADDR. LOW >< ADDR. LOW X DATA DATA ><
A A A A
ECHO
Table 12-5. IREAD (Indexed Read) Command
Description Read next 2 bytes in memory from last address accessed
Operand Specifies 2-byte address in high byte:low byte order

Data Returned Returns contents of next two addresses

Opcode $1A

Command Sequence

SENT TO
MONITOR

Y

>< ReAD READ f DATA ) DATA

]

A A A

ECHO

RESULT
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Functional Description

Table 12-6. IWRITE (Indexed Write) Command

Description Write to last address accessed + 1

Operand Specifies single data byte

Data Returned None
Opcode $19

Command Sequence

SENT TO
MONITOR

Y Y
>< IWRITE X IWIZITE X DATA X D?LI'A X

ECHO

Table 12-7. READSP (Read Stack Pointer) Command

Description Reads stack pointer

Operand None

Data Returned Returns stack pointer in high byte:low byte order
Opcode $0C

Command Sequence

SENT TO
MONITOR

Y
>< ReaDSP | READSP ) SPHIGH ) sPLow X
i i i

ECHO RESULT
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Table 12-8. RUN (Run User Program) Command

Description Executes RTI instruction

Operand None

Data Returned None
Opcode $28

Command Sequence

SENT TO
MONITOR

rn X Ruv

ECHO

12.4.6 MC68HC908AS60A Baud Rate

With a 4.9152-MHz crystal and the PTC3 pin at logic 1 during reset, data
is transferred between the monitor and host at 4800 baud. If the PTC3
pin is at logic 0 during reset, the monitor baud rate is 9600. When the
CGM output, CGMOUT, is driven by the PLL, the baud rate is
determined by the MUL[7:4] bits in the PLL programming register (PPG).
(See Clock Generator Module (CGM) on page 123).

Table 12-9. MC68HC908AS60A Monitor Baud Rate Selection

Monitor VCO Frequency Multiplier (N)
Baud Rate 1 2 3 4 5 6

4.9152 MHz 4800 9600 14,400 19,200 24,000 28,800

4.194 MHz 4096 8192 12,288 16,384 20,480 24,576

Care should be taken when setting the baud rate since incorrect
baud rate setting can result in communications failure.
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12.4.7 Security

NOTE:

Monitor ROM (MON)
Functional Description

A security feature discourages unauthorized reading of FLASH locations
while in monitor mode. The host can bypass the security feature at
monitor mode entry by sending eight security bytes that match the bytes
at locations $FFF6—-$FFFD. Locations $FFF6—$FFFD contain user-
defined data.

Do not leave locations $FFF6—-$FFFD blank. For security reasons,
program locations $FFF6—$FFFD even if they are not used for vectors.
If FLASH is unprogrammed, the eight security byte values to be sent are
$FF, the unprogrammed state of FLASH.

During monitor mode entry, the MCU waits after the power-on reset for
the host to send the eight security bytes on pin PAO.

Vbp J_N

4>| |<7 4096 + 32 CGMXCLK CYCLES
RST /
|<— 24 CGMXCLK CYCLES

AN
A7 - ASAARARRISAARRRROUSARRRRNSAARRRR SRR SAARRRROSAARRRR

}4— 256 CGMXCLK CYCLES (ONE BIT TIME)

FROM HOST i
1 T 4 1 % 1 T 2

FROM MCU

=

Byte 1
Byte 2
Byte 8
Command

=

PAO

7
S
[

Byte 1 Echo
Byte 2 Echo
Byte 8 Echo

Break

NOTE: 1 = Echo delay (2 bit times)
2 = Data return delay (2 bit times)
4 = Wait 1 bit time before sending next byte.

Command Echo

Figure 12-6. Monitor Mode Entry Timing

If the received bytes match those at locations $FFF6—$FFFD, the host
bypasses the security feature and can read all FLASH locations and
execute code from FLASH. Security remains bypassed until a power-on
reset occurs. After the host bypasses security, any reset other than a
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NOTE:

Advance Information

power-on reset requires the host to send another eight bytes. If the reset
was not a power-on reset, the security remains bypassed regardless of
the data that the host sends.

If the received bytes do not match the data at locations $FFF6—$FFFD,
the host fails to bypass the security feature. The MCU remains in monitor
mode, but reading FLASH locations returns undefined data, and trying
to execute code from FLASH causes an illegal address reset. After the
host fails to bypass security, any reset other than a power-on reset
causes an endless loop of illegal address resets.

After receiving the eight security bytes from the host, the MCU transmits
a break character signalling that it is ready to receive a command.

The MCU does not transmit a break character until after the host sends
the eight security bytes.
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Section 13. Computer Operating Properly (COP)

13.1 Contents

13.2 Introduction

13.2 Introduction. . . ... ... .. e 175
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13.4 1/OSignals. ... 177
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13.4.4 Power-On Reset ... ... . . . . . . . 178
13.45 Internal Reset . . ... ... . e 178
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13.8 Low-Power Modes .. ........ .. ... 179
13.8.1 Wait Mode . . ... .. 179
13.8.2 Stop Mode. ... ... 180
13.9 COP Module During Break Interrupts. ................ 180

The COP module contains a free-running counter that generates a reset
if allowed to overflow. The COP module helps software recover from
runaway code. Prevent a COP reset by periodically clearing the COP
counter.
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13.3 Functional Description

NOTE:

NOTE:

Advance Information

The COP counter is a free-running 6-bit counter preceded by a 12-bit
prescaler. If not cleared by software, the COP counter overflows and
generates an asynchronous reset after 212 — 24 or 218 — 24 CGMXCLK
cycles, depending on the state of the COP long timeout bit, COPL, in the
CONFIG-1. When COPL = 0, a4.9152-MHz crystal gives a COP timeout
period of 53.3 ms. Writing any value to location $FFFF before an
overflow occurs prevents a COP reset by clearing the COP counter and
stages 4-12 of the SIM counter.

Service the COP immediately after reset and before entering or after
exiting stop mode to guarantee the maximum time before the first COP
counter overflow.

A COP reset pulls the RST pin low for 32 CGMXCLK cycles and sets the
COP bit in the reset status register (RSR).

In monitor mode, the COP is disabled if the RST pin or the IRQ pin is held
at V. During the break state, Vi on the RST pin disables the COP.

Place COP clearing instructions in the main program and not in an
interrupt subroutine. Such an interrupt subroutine could keep the COP
from generating a reset even while the main program is not working

properly.
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Computer Operating Properly (COP)
I/O Signals

13.4 1/O Signals

The following paragraphs describe the signals shown in Figure 13-1.

12-BIT COP PRESCALER

\Y4
|

CGMXCLK —

»
-
»
>

CLEAR STAGES 4-12

STOP INSTRUCTION
INTERNAL RESET SOURCES

\w CLEAR ALL STAGES

RESET VECTOR FETCH
COPCTL WRITE — RESET
RESET STATUS
REGISTER
6-BIT COP COUNTER
B ]
COPD FROM CONFIG-1 i
RESET CLEAR COP
COPCTL WRITE COUNTER

COPL FROM CONFIG-1 *

Figure 13-1. COP Block Diagram
13.4.1 CGMXCLK
CGMXCLK is the crystal oscillator output signal. CGMXCLK frequency

is equal to the crystal frequency.

13.4.2 STOP Instruction

The STOP instruction clears the COP prescaler.
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13.4.3 COPCTL Write

Writing any value to the COP control register (COPCTL) (see COP
Control Register on page 179), clears the COP counter and clears
stages 12 through 4 of the COP prescaler. Reading the COP control
register returns the reset vector.

13.4.4 Power-On Reset

The power-on reset (POR) circuit clears the COP prescaler 4096
CGMXCLK cycles after power-up.

13.4.5 Internal Reset

An internal reset clears the COP prescaler and the COP counter.

13.4.6 Reset Vector Fetch

A reset vector fetch occurs when the vector address appears on the data
bus. A reset vector fetch clears the COP prescaler.

13.4.7 COPD
The COPD signal reflects the state of the COP disable bit (COPD) in the
configuration register. (See Configuration Register (CONFIG-1) on
page 151).

13.4.8 COPL
The COPL signal reflects the state of the COP rate select bit. (COPL) in
the configuration register. (See Configuration Register (CONFIG-1) on
page 151).
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Computer Operating Properly (COP)
COP Control Register

13.5 COP Control Register

The COP control register is located at address $FFFF and overlaps the
reset vector. Writing any value to $FFFF clears the COP counter and
starts a new timeout period. Reading location $FFFF returns the low
byte of the reset vector.

Address:  $FFFF

Bit 7 6 5 4 3 2 1 Bit 0
Read: Low Byte of Reset Vector
Write: Clear COP Counter
Reset: Unaffected by Reset

Figure 13-2. COP Control Register (COPCTL)

13.6 Interrupts

The COP does not generate CPU interrupt requests.

13.7 Monitor Mode

The COP is disabled in monitor mode when Vy; is present on the IRQ
pin or on the RST pin.

13.8 Low-Power Modes

The WAIT and STOP instructions put the MCU in low power-consump-
tion standby modes.

13.8.1 Wait Mode

The COP remains active in wait mode. To prevent a COP reset during
wait mode, periodically clear the COP counter in a CPU interrupt routine.

MC68HC908AS32A — Rev 0.0 Advance Information

MOTOROLA Computer Operating Properly (COP) 179



Computer Operating Properly (COP)

13.8.2 Stop Mode

Stop mode turns off the CGMXCLK input to the COP and clears the COP
prescaler. Service the COP immediately before entering or after exiting
stop mode to ensure a full COP timeout period after entering or exiting
stop mode.

The STOP bit in the configuration register (CONFIG) enables the STOP
instruction. To prevent inadvertently turning off the COP with a STOP
instruction, disable the STOP instruction by clearing the STOP bit.

13.9 COP Module During Break Interrupts

The COP is disabled during a break interrupt when V; is present on the
RST pin.
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14.1 Contents

14.2 Introduction

14.3 Features

Section 14. Low Voltage Inhibit (LVI)

14.2 Introduction. .......... ... 181
143 Features. . . ... 181
14.4 Functional Description. . ......... .. ... 182
14.4.1 Polled LVIOperation . ........... . ... 183
14.4.2 Forced Reset Operation. ......................... 184
14.4.3 False Reset Protection........................... 184
145 LVIStatus Register. ... .......... .. 184
14.6 LVIInterrupts . ... 184
147 Low-PowerModes .............. ... 185
1471 WaitMode . ... 185
1472 StopMode. ... ... 186

This section describes the (TSMC .5u) low-voltage inhibit module
(Ivim260r43_tsmc_b10), which monitors the voltage on the V,, pin and
can force a reset when the Vpp voltage falls to the LVI trip voltage.

Features of the LVI module include:

* Programmable LVI Reset

* Programmable Power Consumption
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Low Voltage Inhibit (LVI)

NOTE:

If a low voltage interrupt (LVI) occurs during programming of EEPROM
or Flash memory, then adequate programming time may not have been
allowed to ensure the integrity and retention of the data. It is the
responsibility of the user to ensure that in the event of an LVI any
addresses being programmed receive specification programming
conditions.

14.4 Functional Description

Advance Information

Figure 14-1 shows the structure of the LVI module. The LVI is enabled
out of reset. The LVI module contains a bandgap reference circuit and
comparator. The LVI power bit, LVIPWR, enables the LVI to monitor Vpp
voltage. The LVI reset bit, LVIRST, enables the LVI module to generate
a reset when Vpp, falls below a voltage, LVItgpgr, and remains at or
below that level for nine or more consecutive CPU cycles.

Note that short Vpp spikes may not trip the LVI. It is the user’s
responsibility to ensure a clean Vpp signal within the specified operating
voltage range if normal microcontroller operation is to be guaranteed.

LVISTOP, enables the LVI module during stop mode. This will ensure
when the STOP instruction is implemented, the LVI will continue to
monitor the voltage level on Vpp. LVIPWR, LVISTOP, and LVIRST are
in the configuration register, CONFIG-1 (see Configuration Register
(CONFIG-1) on page 151).

Once an LVI reset occurs, the MCU remains in reset until Vpp rises
above a voltage, LVItrpr- Vpp Must be above LVItgpr for only one
CPU cycle to bring the MCU out of reset (see Forced Reset Operation
on page 184). The output of the comparator controls the state of the
LVIOUT flag in the LVI status register (LVISR).
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Low Voltage Inhibit (LV1)
Functional Description

An LVI reset also drives the RST pin low to provide low-voltage
protection to external peripheral devices.

o |

FROM CONFIG-1
FROM CONFIG-1

CPU CLOCK
_ et |
LOWVy, | Voo>WWhee=0 Stop Mode 3—» LVI RESET
DETECTOR Vi < LVl = 1 Filter Bypass
A
Y
|ANLGTRIP| | Lvistop | | iour |

FROM CONFIG-1

Figure 14-1. LVI Module Block Diagram

Figure 14-2. LVI I/O Register Summary

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit O

$FEOF LVI Status Register (LVISR)| LVIOUT

= Unimplemented

14.4.1 Polled LVI Operation

In applications that can operate at Vpp levels below the LVItgpg level,
software can monitor Vpp by polling the LVIOUT bit. In the configuration
register, the LVIPWR bit must be at logic 1 to enable the LVI module, and
the LVIRST bit must be at logic 0 to disable LVI resets.
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14.4.2 Forced Reset Operation

In applications that require Vpp to remain above the LVItg pg level,
enabling LVI resets allows the LVI module to reset the MCU when Vpp
falls to the LVItg pg level and remains at or below that level for nine or
more consecutive CPU cycles. In the configuration register, the LVIPWR
and LVIRST bits must be at logic 1 to enable the LVI module and to
enable LVI resets.

14.4.3 False Reset Protection

In order for the LVI module to reset the MCU,V, must remain at or
below the LVItr,pg level for nine or more consecutive CPU cycles. Vpp
must be above LVItgpg for only one CPU cycle to bring the MCU out of
reset.

14.5 LVI Status Register

The LVI status register flags Vpp voltages below the LVItgpg level.

Address:  $FEQF

Bit 7 6 5 4 3 2 1 Bit 0
Read:| LVIOUT 0 0 0 0 0 0 0
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented
Figure 14-3. LVI Status Register (LVISR)
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Low Voltage Inhibit (LV1)
LVI Interrupts

LVIOUT — LVI Output Bit

This read-only flag becomes set when the Vpp voltage falls below the
LVItrpg Voltage for 32 to 40 CGMXCLK cycles. (See Table 14-1).
Reset clears the LVIOUT bit.

Table 14-1. LVIOUT Bit Indication

Vop
At Level: For Number of LVIOUT
CGMXCLK Cycles:
Vbp > LVITRIPR Any 0
Vpp < LWVITRIPE < 32 CGMXCLK Cycles 0
Vpp < LWVITRIPE > 40 CGMXCLK Cycles 1
LVITRIPE < VDD <LVITRIPR Any Previous Value

14.6 LVI Interrupts

The LVI module does not generate interrupt requests.

14.7 Low-Power Modes

The WAIT and STOP instructions put the MCU in low power-
consumption standby modes.

14.7.1 Wait Mode

With the LVIPWR bit in the configuration register programmed to logic 1,
the LVI module is active after a WAIT instruction.

With the LVIRST bit in the configuration register programmed to logic 1,
the LVI module can generate a reset and bring the MCU out of wait
mode.
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14.7.2 Stop Mode

With the LVISTOP and LVIPWR bits in the configuration register
programmed to a logic 1, the LVI module will be active after a STOP
instruction. Because CPU clocks are disabled during stop mode, the LVI
trip will generate a reset and bring the MCU out of stop.

With the LVIPWR bit in the configuration register programmed to logic 1
and the LVISTOP bit at a logic 0, the LVI module will be inactive after a
STOP instruction.

Note that the LVI feature is intended to provide the safe shutdown of the
microcontroller and thus protection of related circuitry prior to any
application Vpp voltage collapsing completely to an unsafe level. It is not
intended that users operate the microcontroller at lower than specified
operating voltage Vpp.
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Section 15. External Interrupt Module (IRQ)

15.1 Contents
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155 IRQPIN. ... 191
15.6 IRQ Module During Break Interrupts ................. 192
15.7 IRQ Status and Control Register. . ................... 192

15.2 Introduction

This section describes the nonmaskable external interrupt (IRQ) input.

15.3 Features
Features include:

« Dedicated External Interrupt Pin (@)
* Hysteresis Buffer
* Programmable Edge-Only or Edge- and Level-Interrupt Sensitivity

e Automatic Interrupt Acknowledge
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15.4 Functional Description

A logic 0 applied to the external interrupt pin can latch a CPU interrupt
request. Figure 15-1 shows the structure of the IRQ module.

Interrupt signals on the IRQ pin are latched into the IRQ latch. An
interrupt latch remains set until one of the following actions occurs:

* Vector fetch — A vector fetch automatically generates an interrupt
acknowledge signal that clears the latch that caused the vector
fetch.

» Software clear — Software can clear an interrupt latch by writing
to the appropriate acknowledge bit in the interrupt status and
control register (ISCR). Writing a logic 1 to the ACK bit clears the
IRQ latch.

* Reset — A reset automatically clears both interrupt latches.

{} ACK )

VECTOR

TO CPU FOR

% FETCH
DECODER

INTERNAL ADDRESS BUS

U

-

SYNCHRO-
NIZER

» BIL/BIH
INSTRUCTIONS

(s || >0

IRQ
INTERRUPT
— REQUEST

HIGH
VOLTAGE
DETECT

_ TOMODE

Figure 15-1. IRQ Block Diagram

Advance Information
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Addr.

External Interrupt Module (IRQ)
Functional Description

Table 15-1. IRQ I/O Register Summary

Register Name Bit 7 6 5 4 3 2 1 Bit 0

Read: 0 0 0 0 IRQF 0

$001A  IRQ Status/Control Register (ISCR) IMASK | MODE

NOTE:

Write: R R R R R ACK

R = Reserved

The external interrupt pin is falling-edge triggered and is software-
configurable to be both falling-edge and low-level triggered. The MODE
bit in the ISCR controls the triggering sensitivity of the IRQ pin.

When an interrupt pin is edge-triggered only, the interrupt latch remains
set until a vector fetch, software clear, or reset occurs.

When an interrupt pin is both falling-edge and low-level-triggered, the
interrupt latch remains set until both of the following occur:

+ Vector fetch or software clear

¢ Return of the interrupt pin to logic 1

The vector fetch or software clear may occur before or after the interrupt
pin returns to logic 1. As long as the pin is low, the interrupt request
remains pending. A reset will clear the latch and the MODE1 control bit,
thereby clearing the interrupt even if the pin stays low.

When set, the IMASK bit in the ISCR masks all external interrupt
requests. A latched interrupt request is not presented to the interrupt
priority logic unless the corresponding IMASK bit is clear.

The interrupt mask (I) in the condition code register (CCR) masks all
interrupt requests, including external interrupt requests.
(See Figure 15-2).
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( FROM RESET )

[

YES
| BIT SET?

YES

INTERRUPT?

&
-

NO
\
STACK CPU REGISTERS.
SET I BIT.
LOAD PC WITH INTERRUPT VECTOR.
Y
FETCH NEXT
INSTRUCTION.
SWI YES

INSTRUCTION?

RTI
INSTRUCTION?

YES

Y

UNSTACK CPU REGISTERS.

Y

EXECUTE INSTRUCTION.

Figure 15-2. IRQ Interrupt Flowchart
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15.5 IRQ Pin

NOTE:

External Interrupt Module (IRQ)
IRQ Pin

A logic 0 on the IRQ pin can latch an interrupt request into the IRQ latch.
A vector fetch, software clear, or reset clears the IRQ latch.

If the MODE bit is set, the IRQ pin is both falling-edge sensitive and low-
level sensitive. With MODE set, both of the following actions must occur
to clear the IRQ latch:

» Vector fetch or software clear — A vector fetch generates an
interrupt acknowledge signal to clear the latch. Software may
generate the interrupt acknowledge signal by writing a logic 1 to
the ACK bit in the interrupt status and control register (ISCR). The
ACK bit is useful in applications that poll the IRQ pin and require
software to clear the IRQ latch. Writing to the ACK bit can also
prevent spurious interrupts due to noise. Setting ACK does not
affect subsequent transitions on the IRQ pin. A falling edge on IRQ
that occurs after writing to the ACK bit latches another interrupt
request. If the IRQ mask bit, IMASK, is clear, the CPU loads the
program counter with the vector address at locations $FFFA and
$FFFB.

¢ Return of the @ pin to logic 1 — As long as the IRQ pin is at logic
0, the IRQ1 latch remains set.

The vector fetch or software clear and the return of the @ pin to logic 1
can occur in any order. The interrupt request remains pending as long
as the @ pin is at logic 0. A reset will clear the latch and the MODE
control bit, thereby clearing the interrupt even if the pin stays low.

If the MODE bit is clear, the IRQ pin is falling-edge sensitive only. With
MODE clear, a vector fetch or software clear immediately clears the IRQ
latch.

The IRQF bit in the ISCR register can be used to check for pending
interrupts. The IRQF bit is not affected by the IMASK bit, which makes it
useful in applications where polling is preferred.

Use the BIH or BIL instruction to read the logic level on the IRQ pin.

When using the level-sensitive interrupt trigger, avoid false interrupts by
masking interrupt requests in the interrupt routine.
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15.6 IRQ Module During Break Interrupts

The system integration module (SIM) controls whether the IRQ interrupt
latch can be cleared during the break state. The BCFE bit in the SIM
break flag control register (SBFCR) enables software to clear the latches
during the break state. (See SIM Break Flag Control Register on page
122

To allow software to clear the IRQ latch during a break interrupt, write a
logic 1 to the BCFE bit. If a latch is cleared during the break state, it
remains cleared when the MCU exits the break state.

To protect the latch during the break state, write a logic 0 to the BCFE
bit. With BCFE at logic O (its default state), writing to the ACK bit in the
IRQ status and control register during the break state has no effect on
the IRQ latch.

15.7 IRQ Status and Control Register

Advance Information

The IRQ status and control register (ISCR) controls and monitors
operation of the IRQ module. The ISCR has these functions:

« Shows the state of the IRQ interrupt flag
* Clears the IRQ interrupt latch
* Masks IRQ interrupt request

e Controls triggering sensitivity of the IRQ interrupt pin

Address:  $001A

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 IRQF 0
IMASK MODE
Write: R R R R R ACK
Reset: 0 0 0 0 0 0 0 0
R = Reserved

Figure 15-3. IRQ Status and Control Register (ISCR)
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External Interrupt Module (IRQ)
IRQ Status and Control Register

IRQF — IRQ Flag Bit
This read-only status bit is high when the IRQ interrupt is pending.
1=1RQ interrupt pending
0 = IRQ interrupt not pending

ACK — IRQ Interrupt Request Acknowledge Bit

Writing a logic 1 to this write-only bit clears the IRQ latch. ACK always
reads as logic 0. Reset clears ACK.

IMASK — IRQ Interrupt Mask Bit

Writing a logic 1 to this read/write bit disables IRQ interrupt requests.
Reset clears IMASK.

1 = IRQ interrupt requests disabled

0 = IRQ interrupt requests enabled

MODE — IRQ Edge/Level Select Bit

This read/write bit controls the triggering sensitivity of the IRQ pin.
Reset clears MODE.
1=IRQ interrupt requests on falling edges and low levels
0=1RQ interrupt requests on falling edges only
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16.2 Introduction

16.3 Features

Advance Information
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The SCI allows asynchronous communications with peripheral devices
and other MCUs.

The SCI module’s features include:

Full Duplex Operation

Standard Mark/Space Non-Return-to-Zero (NRZ) Format
32 Programmable Baud Rates

Programmable 8-Bit or 9-Bit Character Length
Separately Enabled Transmitter and Receiver

Separate Receiver and Transmitter CPU Interrupt Requests
Programmable Transmitter Output Polarity

Two Receiver Wakeup Methods:

— ldle Line Wakeup

— Address Mark Wakeup

Interrupt-Driven Operation with Eight Interrupt Flags:

— Transmitter Empty

— Transmission Complete

— Receiver Full
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Pin Name Conventions

— ldle Receiver Input

— Receiver Overrun

— Noise Error

— Framing Error

— Parity Error
* Receiver Framing Error Detection
e Hardware Parity Checking
* 1/16 Bit-Time Noise Detection

16.4 Pin Name Conventions
The generic names of the SCI input/output (I/O) pins are:

* RxD (receive data)

e TxD (transmit data)
SCI 1/0O lines are implemented by sharing parallel 1/O port pins. The full
name of an SCI input or output reflects the name of the shared port pin.

Table 16-1 shows the full names and the generic names of the SCI I/O
pins.The generic pin names appear in the text of this section.

Table 16-1. Pin Name Conventions

Generic Pin Names RxD TxD

Full Pin Names PTE1/SCRxD PTEO/SCTxD

16.5 Functional Description

Figure 16-1 shows the structure of the SCI module. The SCI allows full-
duplex, asynchronous, NRZ serial communication between the MCU
and remote devices, including other MCUs. The transmitter and receiver
of the SCI operate independently, although they use the same baud rate
generator. During normal operation, the CPU monitors the status of the
SCI, writes the data to be transmitted, and processes received data.
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Figure 16-1. SCI Module Block Diagram
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Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read:
SCI Control Register 1 (SCC1) Wiite: LOOPS | ENSCI TXINV M WAKE ILTY PEN PTY
Reset: 0 0 0 0 0 0 0 0
Read:| sorie | TcE | scrE | ILE TE RE RWU | SBK
SCI Control Register 2 (SCC2) Write:
Reset: 0 0 0 0 0 0 0 0
Read: R8
SCI Control Register 3 (SCC3) Write: T8 R R ORIE NEIE FEIE PEIE
Reset: U U 0 0 0 0 0 0
Read:| SCTE TC SCRF IDLE OR NF FE PE
SCI Status Register 1 (SCS1) Write:
Reset: 1 1 0 0 0 0 0 0
Read: 0 0 0 0 0 0 BKF RPF
SCI Status Register 2 (SCS2) Write:
Reset: 0 0 0 0 0 0 0 0
Read: R7 R6 R5 R4 R3 R2 R1 RO
SCI Data Register (SCDR) Write; T7 T6 T5 T4 T3 T2 T1 T0
Reset: Unaffected by Reset
Read:| 0 0 ScPL | SCPO R SCR2 | SCRL | SCRO
SCI Baud Rate Register (SCBR) Write:
Reset: 0 0 0 0 0 0 0 0
|:| = Unimplemented U = Unaffected R = Reserved

Figure 16-2. SCI I/O Register Summary

Table 16-2. SCI I/O Register Address Summary

Register SCC1 | SCC2 | SCC3 | SscCsi SCS2 | SCDR | SCBR

Address $0013 | $0014 | $0015 | $0016 | $0017 | $0018 | $0019
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16.5.1 Data Format

The SCI uses the standard non-return-to-zero mark/space data format
illustrated in Figure 16-3.

8-BIT DATA FORMAT
PARITY
(BIT M IN SCC1 CLEAR) OR DATA

BIT NEXT

\BF (oo Y aims ez Y B3 )} Bra [ ms )\ aime ) a7 Ysglc%P \ B

9-BIT DATA FORMAT
(BIT M IN SCC1 SET) PARITY
OR DATA
BIT NEXT
START

_\STB/?TRTA BITO J BITL J BIT2 { BIT3 { BIT4 | BIT5 \ BIT6 f BIT7 | BIT8 YSglc%P\ BIT |

Figure 16-3. SCI Data Formats

16.5.2 Transmitter

Figure 16-4 shows the structure of the SCI transmitter.

16.5.2.1 Character Length

The transmitter can accommodate either 8-bit or 9-bit data. The state of
the M bit in SCI control register 1 (SCC1) determines character length.
When transmitting 9-bit data, bit T8 in SCI control register 3 (SCC3) is
the ninth bit (bit 8).

16.5.2.2 Character Transmission

During an SCI transmission, the transmit shift register shifts a character
out to the TxD pin. The SCI data register (SCDR) is the write-only buffer
between the internal data bus and the transmit shift register. To initiate
an SCI transmission:

1. Enable the SCI by writing a logic 1 to the enable SCI bit (ENSCI)
in SCI control register 1 (SCC1).

2. Enable the transmitter by writing a logic 1 to the transmitter enable
bit (TE) in SCI control register 2 (SCC2).

3. Clear the SCI transmitter empty bit (SCTE) by first reading SCI
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status register 1 (SCS1) and then writing to the SCDR.

4. Repeat step 3 for each subsequent transmission.

At the start of a transmission, transmitter control logic automatically
loads the transmit shift register with a preamble of logic 1s. After the
preamble shifts out, control logic transfers the SCDR data into the
transmit shift register. A logic O start bit automatically goes into the least
significant bit position of the transmit shift register. A logic 1 stop bit goes
into the most significant bit position.

The SCI transmitter empty bit, SCTE, in SCS1 becomes set when the
SCDR transfers a byte to the transmit shift register. The SCTE bit
indicates that the SCDR can accept new data from the internal data bus.
If the SCI transmit interrupt enable bit, SCTIE, in SCC2 is also set, the
SCTE bit generates a transmitter CPU interrupt request.

When the transmit shift register is not transmitting a character, the TxD
pin goes to the idle condition, logic 1. If at any time software clears the
ENSCI bit in SCI control register 1 (SCC1), the transmitter and receiver
relinquish control of the port E pins.
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Figure 16-4. SCI Transmitter
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Register Name

SCI Control Register 1 (SCC1)

SCI Control Register 2 (SCC2)

SCI Control Register 3 (SCC3)

SCI Status Register 1 (SCS1)

SCI Data Register (SCDR)

SCI Baud Rate Register (SCBR)

Serial Communications Interface (SCI)
Functional Description

Bit 7 6 5 4 3 2 1 Bit O
Read:
LOOPS | ENSCI TXINV M WAKE ILTY PEN PTY
Write:
Reset: 0 0 0 0 0 0 0 0
Read:
SCTIE TCIE SCRIE ILIE TE RE RWU SBK
Write:
Reset: 0 0 0 0 0 0 0 0
Read: R8
T8 R R ORIE NEIE FEIE PEIE
Write:
Reset: u u 0 0 0 0 0 0
Read:| SCTE TC SCRF IDLE OR NF FE PE
Write:
Reset: 1 1 0 0 0 0 0 0
Read: R7 R6 R5 R4 R3 R2 R1 RO
Write: T7 T6 T5 T4 T3 T2 T1 TO
Reset: Unaffected by Reset
Read: 0 0
SCP1 SCPO R SCR2 SCR1 SCRO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented U = Unaffected R = Reserved

Figure 16-5. SCI Transmitter 1/0O Register Summary

Table 16-3. SCI Transmitter I/O Address Summary

Register

SCC1

SCC2

SCC3

SCS1

SCDR

SCBR

Address

$0013

$0014

$0015

$0016

$0018

$0019

MC68HC908AS32A — Rev 0.0
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16.5.2.3 Break Characters

Writing a logic 1 to the send break bit, SBK, in SCC2 loads the transmit
shift register with a break character. A break character contains all logic
Os and has no start, stop, or parity bit. Break character length depends
on the M bit in SCC1. As long as SBK is at logic 1, transmitter logic
continuously loads break characters into the transmit shift register. After
software clears the SBK bit, the shift register finishes transmitting the
last break character and then transmits at least one logic 1. The
automatic logic 1 at the end of a break character guarantees the
recognition of the start bit of the next character.

The SCI recognizes a break character when a start bit is followed by
eight or nine logic O data bits and a logic O where the stop bit should be.
Receiving a break character has the following effects on SCI registers:

» Sets the framing error bit (FE) in SCS1

» Sets the SCI receiver full bit (SCRF) in SCS1
» Clears the SCI data register (SCDR)

» Clears the R8 bit in SCC3

» Sets the break flag bit (BKF) in SCS2

* May set the overrun (OR), noise flag (NF), parity error (PE), or
reception in progress flag (RPF) bits

16.5.2.4 Idle Characters

NOTE:

Advance Information

An idle character contains all logic 1s and has no start, stop, or parity bit.
Idle character length depends on the M bit in SCC1. The preamble is a
synchronizing idle character that begins every transmission.

If the TE bit is cleared during a transmission, the TxD pin becomes idle
after completion of the transmission in progress. Clearing and then
setting the TE bit during a transmission queues an idle character to be
sent after the character currently being transmitted.

When a break sequence is followed immediately by an idle character,
this SCI design exhibits a condition in which the break character length
is reduced by one half bit time. In this instance, the break sequence will
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Serial Communications Interface (SCI)
Functional Description

consist of a valid start bit, eight or nine data bits (as defined by the M bit
in SCC1) of logic 0 and one half data bit length of logic O in the stop bit
position followed immediately by the idle character. To ensure a break
character of the proper length is transmitted, always queue up a byte of
data to be transmitted while the final break sequence is in progress.

When queueing an idle character, return the TE bit to logic 1 before the
stop bit of the current character shifts out to the TxD pin. Setting TE after
the stop bit appears on TxD causes data previously written to the SCDR
to be lost.

A good time to toggle the TE bit for a queued idle character is when the
SCTE bit becomes set and just before writing the next byte to the SCDR.

16.5.2.5 Inversion of Transmitted Output

The transmit inversion bit (TXINV) in SCI control register 1 (SCC1)
reverses the polarity of transmitted data. All transmitted values, including
idle, break, start, and stop bits, are inverted when TXINV is at logic 1.
(See SCI Control Register 1.)

16.5.2.6 Transmitter Interrupts

The following conditions can generate CPU interrupt requests from the
SCI transmitter:

e SCl transmitter empty (SCTE) — The SCTE bit in SCS1 indicates
that the SCDR has transferred a character to the transmit shift
register. SCTE can generate a transmitter CPU interrupt request.
Setting the SCI transmit interrupt enable bit, SCTIE, in SCC2
enables the SCTE bit to generate transmitter CPU interrupt
requests.

e Transmission complete (TC) — The TC bit in SCS1 indicates that
the transmit shift register and the SCDR are empty and that no
break or idle character has been generated. The transmission
complete interrupt enable bit, TCIE, in SCC2 enables the TC bit to
generate transmitter CPU interrupt requests.
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16.5.3 Receiver

Figure 16-6 shows the structure of the SCI receiver.
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Figure 16-6. SCI Receiver Block Diagram
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Functional Description

Register Name Bit 7 6 5 4 3 2 1 Bit 0
SCI Control Register 1 (SCC1) Read:
LOOPS | ENSCI TXINV M WAKE ILTY PEN PTY
Write:
Reset: 0 0 0 0 0 0 0 0
SCI Control Register 2 (SCC2) Read:
SCTIE TCIE SCRIE ILIE TE RE RWU SBK
Write;
Reset: 0 0 0 0 0 0 0 0
SCI Control Register 3 (SCC3) Read: R8
T8 R R ORIE NEIE FEIE PEIE
Write;
Reset: U U 0 0 0 0 0 0
SCI Status Register 1 (SCS1) Read:| SCTE TC SCRF IDLE OR NF FE PE
Write:
Reset: 1 1 0 0 0 0 0 0
SCI Status Register 2 (SCS2) Read: 0 0 0 0 0 0 BKF RPF
Write:
Reset: 0 0 0 0 0 0 0 0
SCI Data Register (SCDR) Read: R7 R6 R5 R4 R3 R2 R1 RO
Write: T7 T6 T5 T4 T3 T2 T1 TO
Reset: Unaffected by Reset
SCI Baud Rate Register (SCBR)  Read: 0 0
. SCP1 SCPO R SCR2 SCR1 SCRO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented U = Unaffected R = Reserved
Figure 16-7. SCI I/O Receiver Register Summary
Table 16-4. SCI Receiver I/0O Address Summary
Register| SCC1 | SCC2 | SCC3 | SCS1 | SCS2 | SCDR | SCBR
Address | $0013 | $0014 | $0015 | $0016 | $0017 | $0018 | $0019
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16.5.3.1 Character Length

The receiver can accommodate either 8-bit or 9-bit data. The state of the
M bit in SCI control register 1 (SCC1) determines character length.
When receiving 9-bit data, bit R8 in SCI control register 2 (SCC2) is the
ninth bit (bit 8). When receiving 8-bit data, bit R8 is a copy of the eighth
bit (bit 7).

16.5.3.2 Character Reception

During an SCI reception, the receive shift register shifts characters in
from the RxD pin. The SCI data register (SCDR) is the read-only buffer
between the internal data bus and the receive shift register.

After a complete character shifts into the receive shift register, the data
portion of the character transfers to the SCDR. The SCI receiver full bit,
SCREF, in SCI status register 1 (SCS1) becomes set, indicating that the
received byte can be read. If the SCI receive interrupt enable bit, SCRIE,
in SCC2 is also set, the SCRF bit generates a receiver CPU interrupt
request.

16.5.3.3 Data Sampling

Advance Information

The receiver samples the RxD pin at the RT clock rate. The RT clock is
an internal signal with a frequency 16 times the baud rate. To adjust for
baud rate mismatch, the RT clock is resynchronized at the following
times (see Figure 16-8):

» After every start bit

» After the receiver detects a data bit change from logic 1 to logic 0
(after the majority of data bit samples at RT8, RT9, and RT10
returns a valid logic 1 and the majority of the next RT8, RT9, and
RT10 samples returns a valid logic 0)

To locate the start bit, data recovery logic does an asynchronous search
for a logic O preceded by three logic 1s. When the falling edge of a
possible start bit occurs, the RT clock begins to count to 16.

MC68HC908AS32A — Rev 0.0
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Figure 16-8. Receiver Data Sampling

To verify the start bit and to detect noise, data recovery logic takes

«— LSB —

RT1
RT2
RT3
RT4

samples at RT3, RT5, and RT7. Table 16-5 summarizes the results of
the start bit verification samples.

Table 16-5. Start Bit Verification

RT3, RT5, and RT7 Samples Start Bit Verification Noise Flag
000 Yes 0
001 Yes 1
010 Yes 1
011 No 0
100 Yes 1
101 No 0
110 No 0
111 No 0

If start bit verification is not successful, the RT clock is reset and a new
search for a start bit begins.

MC68HC908AS32A — Rev 0.0
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To determine the value of a data bit and to detect noise, recovery logic
takes samples at RT8, RT9, and RT10. Table 16-6 summarizes the
results of the data bit samples.

Table 16-6. Data Bit Recovery

RT8, RT9, and RT10 Samples Data Bit Determination Noise Flag
000 0 0
001 0 1
010 0 1
011 1 1
100 0 1
101 1 1
110 1 1
111 1 0

NOTE: The RTS8, RT9, and RT10 samples do not affect start bit verification. If
any or all of the RT8, RT9, and RT10 start bit samples are logic 1s
following a successful start bit verification, the noise flag (NF) is set and
the receiver assumes that the bit is a start bit.

To verify a stop bit and to detect noise, recovery logic takes samples at
RT8, RT9, and RT10. Table 16-7 summarizes the results of the stop bit

samples.
Table 16-7. Stop Bit Recovery
RT8, RT9, and RT10 Samples Framing Error Flag Noise Flag
000 1 0
001 1 1
010 1 1
011 0 1
100 1 1
101 0 1
110 0 1
111 0 0
Advance Information MC68HC908AS32A — Rev 0.0
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16.5.3.4 Framing Errors

If the data recovery logic does not detect a logic 1 where the stop bit
should be in an incoming character, it sets the framing error bit, FE, in
SCS1. A break character also sets the FE bit because a break character
has no stop bit. The FE bit is set at the same time that the SCRF bit is
set.

16.5.3.5 Baud Rate Tolerance

A transmitting device may be operating at a baud rate below or above
the receiver baud rate. Accumulated bit time misalignment can cause
one of the three stop bit data samples to fall outside the actual stop bit.
Then a noise error occurs. If more than one of the samples is outside the
stop bit, a framing error occurs. In most applications, the baud rate
tolerance is much more than the degree of misalignment that is likely to
occur.

As the receiver samples an incoming character, it resynchronizes the RT
clock on any valid falling edge within the character. Resynchronization
within characters corrects misalignments between transmitter bit times
and receiver bit times.

Slow Data Tolerance

Figure 16-9 shows how much a slow received character can be
misaligned without causing a noise error or a framing error. The slow
stop bit begins at RT8 instead of RT1 but arrives in time for the stop
bit data samples at RT8, RT9, and RT10.

MSB >/ STOP

RECEIVER
RT CLOCK

E R EREeEERRS3 A Y2 I8
r orr rr rr xrr xx xx xx xx E E E E E E &=
r o o o o o o

DATA
SAMPLES

Figure 16-9. Slow Data
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Advance Information

For an 8-bit character, data sampling of the stop bit takes the receiver
9 bit times x 16 RT cycles + 10 RT cycles = 154 RT cycles.

With the misaligned character shown in Figure 16-9, the receiver
counts 154 RT cycles at the point when the count of the transmitting
device is 9 bit times x 16 RT cycles + 3 RT cycles = 147 RT cycles.

The maximum percent difference between the receiver count and the
transmitter count of a slow 8-bit character with no errors is

‘154 — 147
154

x 100 = 4.54%

For a 9-bit character, data sampling of the stop bit takes the receiver
10 bit times x 16 RT cycles + 10 RT cycles = 170 RT cycles.

With the misaligned character shown in Figure 16-9, the receiver
counts 170 RT cycles at the point when the count of the transmitting
device is 10 bit times x 16 RT cycles + 3 RT cycles = 163 RT cycles.
The maximum percent difference between the receiver count and the
transmitter count of a slow 9-bit character with no errors is

‘170 —163
170

x100 = 4.12%

Fast Data Tolerance

Figure 16-10 shows how much a fast received character can be
misaligned without causing a noise error or a framing error. The fast
stop bit ends at RT10 instead of RT16 but is still there for the stop bit
data samples at RT8, RT9, and RT10.

STOP \< IDLE OR NEXT CHARACTER

RECEIVER
RT CLOCK

E P EEEeEERRE R Y2888
E E E E E E =
r r @ x x x o x x £ £ B B B B2 B

DATA
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Figure 16-10. Fast Data
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For an 8-bit character, data sampling of the stop bit takes the receiver
9 bit times x 16 RT cycles + 10 RT cycles = 154 RT cycles.

With the misaligned character shown in Figure 16-10, the receiver
counts 154 RT cycles at the point when the count of the transmitting
device is 10 bit times x 16 RT cycles = 160 RT cycles.

The maximum percent difference between the receiver count and the
transmitter count of a fast 8-bit character with no errors is

154 -160| x 100 = 3.90%.
154

For a 9-bit character, data sampling of the stop bit takes the receiver
10 bit times x 16 RT cycles + 10 RT cycles = 170 RT cycles.

With the misaligned character shown in Figure 16-10, the receiver
counts 170 RT cycles at the point when the count of the transmitting
device is 11 bit times x 16 RT cycles = 176 RT cycles.

The maximum percent difference between the receiver count and the
transmitter count of a fast 9-bit character with no errors is

‘170 - 176
170

x 100 = 3.53%.

16.5.3.6 Receiver Wakeup

So that the MCU can ignore transmissions intended only for other
receivers in multiple-receiver systems, the receiver can be put into a
standby state. Setting the receiver wakeup bit, RWU, in SCC2 puts the
receiver into a standby state during which receiver interrupts are
disabled.

Depending on the state of the WAKE bit in SCC1, either of two
conditions on the RxD pin can bring the receiver out of the standby state:

MC68HC908AS32A — Rev 0.0

* Address mark — An address mark is a logic 1 in the most
significant bit position of a received character. When the WAKE bit
is set, an address mark wakes the receiver from the standby state
by clearing the RWU bit. The address mark also sets the SCI
receiver full bit, SCRF. Software can then compare the character
containing the address mark to the user-defined address of the
receiver. If they are the same, the receiver remains awake and
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processes the characters that follow. If they are not the same,
software can set the RWU bit and put the receiver back into the
standby state.

» Idle input line condition — When the WAKE bit is clear, an idle
character on the RxD pin wakes the receiver from the standby
state by clearing the RWU bit. The idle character that wakes the
receiver does not set the receiver idle bit, IDLE, or the SCI receiver
full bit, SCRF. The idle line type bit, ILTY, determines whether the
receiver begins counting logic 1s as idle character bits after the
start bit or after the stop bit.

NOTE: With the WAKE bit clear, setting the RWU bit after the RxD pin has been
idle may cause the receiver to wake up immediately.

16.5.3.7 Receiver Interrupts

The following sources can generate CPU interrupt requests from the SCI
receiver:

* SCl receiver full (SCRF) — The SCRF bit in SCS1 indicates that
the receive shift register has transferred a character to the SCDR.
SCRF can generate a receiver CPU interrupt request. Setting the
SCl receive interrupt enable bit, SCRIE, in SCC2 enables the
SCREF bit to generate receiver CPU interrupts.

e Idle input (IDLE) — The IDLE bit in SCS1 indicates that 10 or 11
consecutive logic 1s shifted in from the RxD pin. The idle line
interrupt enable bit, ILIE, in SCC2 enables the IDLE bit to generate
CPU interrupt requests.

16.5.3.8 Error Interrupts

The following receiver error flags in SCS1 can generate CPU interrupt
requests:

* Receiver overrun (OR) — The OR bit indicates that the receive
shift register shifted in a new character before the previous
character was read from the SCDR. The previous character
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16.6 Low-Power Modes

16.6.1 Wait Mode

16.6.2 Stop Mode

MC68HC908AS32A — Rev 0.0
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Low-Power Modes

remains in the SCDR, and the new character is lost. The overrun
interrupt enable bit, ORIE, in SCC3 enables OR to generate SCI
error CPU interrupt requests.

Noise flag (NF) — The NF bit is set when the SCI detects noise on
incoming data or break characters, including start, data, and stop
bits. The noise error interrupt enable bit, NEIE, in SCC3 enables
NF to generate SCI error CPU interrupt requests.

Framing error (FE) — The FE bit in SCS1 is set when a logic O
occurs where the receiver expects a stop bit. The framing error
interrupt enable bit, FEIE, in SCC3 enables FE to generate SCI
error CPU interrupt requests.

Parity error (PE) — The PE bit in SCS1 is set when the SCI
detects a parity error in incoming data. The parity error interrupt
enable bit, PEIE, in SCC3 enables PE to generate SCI error CPU
interrupt requests.

The WAIT and STOP instructions put the MCU in low power-
consumption standby modes.

The SCI module remains active in wait mode. Any enabled CPU
interrupt request from the SCI module can bring the MCU out of wait

If SCI module functions are not required during wait mode, reduce power
consumption by disabling the module before executing the WAIT
instruction.

The SCI module is inactive in stop mode. The STOP instruction does not
affect SCI register states. Any enabled CPU interrupt request from the
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SCI module does not bring the MCU out of Stop mode. SCI module
operation resumes after the MCU exits stop mode.

Because the internal clock is inactive during stop mode, entering stop
mode during an SCI transmission or reception results in invalid data.

16.7 SCI During Break Module Interrupts

The BCFE bit in the break flag control register (BFCR) enables software
to clear status bits during the break state. (See Break Module (BRK) on
page 157).

To allow software to clear status bits during a break interrupt, write a
logic 1 to the BCFE bit. If a status bit is cleared during the break state, it
remains cleared when the MCU exits the break state.

To protect status bits during the break state, write a logic 0 to the BCFE
bit. With BCFE at logic O (its default state), software can read and write
I/O registers during the break state without affecting status bits. Some
status bits have a two-step read/write clearing procedure. If software
does the first step on such a bit before the break, the bit cannot change
during the break state as long as BCFE is at logic 0. After the break,
doing the second step clears the status bit.

16.8 1/O Signals

Port E shares two of its pins with the SCI module. The two SCI I/O pins
are:

e PTEOQO/SCTxD — Transmit data
e PTE1/SCRxD — Receive data
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16.8.1 PTEO/SCTxD (Transmit Data)

I/O Registers

The PTEO/SCTxD pin is the serial data output from the SCI transmitter.
The SCI shares the PTEQ/SCTxD pin with port E. When the SCl is
enabled, the PTEO/SCTxD pin is an output regardless of the state of the

DDRE?2 bit in data direction register E (DDRE).

16.8.2 PTE1/SCRxD (Receive Data)

16.9 1/O Registers

The PTE1/SCRxD pin is the serial data input to the SCI receiver. The

SCI shares the PTE1/SCRxD pin with port E. When the SCI is enabled,
the PTE1/SCRXxD pinis an input regardless of the state of the DDREL bit
in data direction register E (DDRE).

The following I/O registers control and monitor SCI operation:

SCI control register 1 (SCC1)
SCI control register 2 (SCC2)
SCI control register 3 (SCC3)
SCI status register 1 (SCS1)
SCI status register 2 (SCS2)
SCI data register (SCDR)

SCI baud rate register (SCBR)

16.9.1 SCI Control Register 1

SCI control register 1:

MC68HC908AS32A — Rev 0.0

Enables loop mode operation
Enables the SCI

Controls output polarity
Controls character length
Controls SCI wakeup method
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» Controls idle character detection
» Enables parity function
« Controls parity type

Address:  $0013

Bit 7 6 5 4 3 2 1 Bit 0
Read:
LOOPS | ENSCI TXINV M WAKE ILLTY PEN PTY
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 16-11. SCI Control Register 1 (SCC1)

LOOPS — Loop Mode Select Bit

This read/write bit enables loop mode operation. In loop mode the
RxD pin is disconnected from the SCI, and the transmitter output goes
into the receiver input. Both the transmitter and the receiver must be
enabled to use loop mode. Reset clears the LOOPS bit.

1 = Loop mode enabled

0 = Normal operation enabled

ENSCI — Enable SCI Bit

This read/write bit enables the SCI and the SCI baud rate generator.
Clearing ENSCI sets the SCTE and TC bits in SCI status register 1
and disables transmitter interrupts. Reset clears the ENSCI bit.

1 = SCl enabled

0 = SCI disabled

TXINV — Transmit Inversion Bit

This read/write bit reverses the polarity of transmitted data. Reset
clears the TXINV bit.

1 = Transmitter output inverted

0 = Transmitter output not inverted

NOTE: Setting the TXINV bit inverts all transmitted values, including idle, break,
start, and stop bits.
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M — Mode (Character Length) Bit

This read/write bit determines whether SCI characters are eight or
nine bits long. (See Table 16-8).The ninth bit can serve as an extra

stop bit, as a receiver wakeup signal, or as a parity bit. Reset clears
the M bit.

1 = 9-bit SCI characters
0 = 8-bit SCI characters

WAKE — Wakeup Condition Bit

This read/write bit determines which condition wakes up the SCI: a
logic 1 (address mark) in the most significant bit position of a received
character or an idle condition on the RxD pin. Reset clears the WAKE
bit.

1 = Address mark wakeup

0 = Idle line wakeup

ILTY — Idle Line Type Bit

This read/write bit determines when the SCI starts counting logic 1s
as idle character bits. The counting begins either after the start bit or
after the stop bit. If the count begins after the start bit, then a string of
logic 1s preceding the stop bit may cause false recognition of an idle
character. Beginning the count after the stop bit avoids false idle
character recognition, but requires properly synchronized
transmissions. Reset clears the ILTY bit.

1 = Idle character bit count begins after stop bit

0 = Idle character bit count begins after start bit

PEN — Parity Enable Bit

This read/write bit enables the SCI parity function. (See Table 16-8).
When enabled, the parity function inserts a parity bit in the most
significant bit position. (See Table 16-7). Reset clears the PEN bit.
1 = Parity function enabled
0 = Parity function disabled

MC68HC908AS32A — Rev 0.0 Advance Information
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PTY — Parity Bit
This read/write bit determines whether the SCI generates and checks
for odd parity or even parity. (See Table 16-8). Reset clears the PTY
bit.
1 = Odd parity
0 = Even parity

NOTE: Changing the PTY bit in the middle of a transmission or reception can
generate a parity error.

Table 16-8. Character Format Selection

Control Bits Character Format
w | peuery | S| DEs | gy | Slr | Crarece
0 0X 1 8 None 1 10 Bits
1 0X 1 9 None 1 11 Bits
0 10 1 7 Even 1 10 Bits
0 11 1 7 Odd 1 10 Bits
1 10 1 8 Even 1 11 Bits
1 11 1 8 Odd 1 11 Bits

16.9.2 SCI Control Register 2
SCI control register 2:

« Enables the following CPU interrupt requests:

— Enables the SCTE bit to generate transmitter CPU interrupt
requests

— Enables the TC bit to generate transmitter CPU interrupt
requests

— Enables the SCRF bit to generate receiver CPU interrupt
requests

— Enables the IDLE bit to generate receiver CPU interrupt
requests

Advance Information MC68HC908AS32A — Rev 0.0
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* Enables the transmitter
+ Enables the receiver
* Enables SCI wakeup

* Transmits SCI break characters

Address:  $0014

Bit 7 6 5 4 3 2 1 Bit 0
Read:
SCTIE TCIE SCRIE ILIE TE RE RWU SBK
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 16-12. SCI Control Register 2 (SCC2)

SCTIE — SCI Transmit Interrupt Enable Bit

This read/write bit enables the SCTE bit to generate SCI transmitter
CPU interrupt requests. Setting the SCTIE bit in SCC3 enables the
SCTE bit to generate CPU interrupt requests. Reset clears the SCTIE
bit.

1 = SCTE enabled to generate CPU interrupt

0 = SCTE not enabled to generate CPU interrupt

TCIE — Transmission Complete Interrupt Enable Bit

This read/write bit enables the TC bit to generate SCI transmitter CPU
interrupt requests. Reset clears the TCIE bit.

1 =TC enabled to generate CPU interrupt requests

0 = TC not enabled to generate CPU interrupt requests

MC68HC908AS32A — Rev 0.0 Advance Information
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SCRIE — SCI Receive Interrupt Enable Bit

This read/write bit enables the SCRF bit to generate SCI receiver
CPU interrupt requests. Setting the SCRIE bit in SCC3 enables the
SCREF bitto generate CPU interrupt requests. Reset clears the SCRIE
bit.

1 = SCRF enabled to generate CPU interrupt

0 = SCRF not enabled to generate CPU interrupt

ILIE — Idle Line Interrupt Enable Bit

This read/write bit enables the IDLE bit to generate SCI receiver CPU
interrupt requests. Reset clears the ILIE bit.

1 = IDLE enabled to generate CPU interrupt requests

0 = IDLE not enabled to generate CPU interrupt requests

TE — Transmitter Enable Bit

Setting this read/write bit begins the transmission by sending a
preamble of 10 or 11 logic 1s from the transmit shift register to the
TxD pin. If software clears the TE bit, the transmitter completes any
transmission in progress before the TxD returns to the idle condition
(logic 1). Clearing and then setting TE during a transmission queues
an idle character to be sent after the character currently being
transmitted. Reset clears the TE bit.

1 = Transmitter enabled

0 = Transmitter disabled

NOTE:  Writing to the TE bit is not allowed when the enable SCI bit (ENSCI) is
clear. ENSCI is in SCI control register 1.
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RE — Receiver Enable Bit

Setting this read/write bit enables the receiver. Clearing the RE bit
disables the receiver but does not affect receiver interrupt flag bits.
Reset clears the RE bit.

1 = Receiver enabled

0 = Receiver disabled

NOTE:  Writing to the RE bit is not allowed when the enable SCI bit (ENSCI) is
clear. ENSCI is in SCI control register 1.

RWU — Receiver Wakeup Bit

This read/write bit puts the receiver in a standby state during which
receiver interrupts are disabled. The WAKE bit in SCC1 determines
whether an idle input or an address mark brings the receiver out of the
standby state and clears the RWU bit. Reset clears the RWU bit.

1 = Standby state

0 = Normal operation

SBK — Send Break Bit

Setting and then clearing this read/write bit transmits a break
character followed by a logic 1. The logic 1 after the break character
guarantees recognition of a valid start bit. If SBK remains set, the
transmitter continuously transmits break characters with no logic 1s
between them. Reset clears the SBK bit.

1 = Transmit break characters

0 = No break characters being transmitted

NOTE: Do not toggle the SBK bit immediately after setting the SCTE bit.
Toggling SBK before the preamble begins causes the SCI to send a
break character instead of a preamble.
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16.9.3 SCI Control Register 3

Advance Information

SCI control register 3:

Address:

Read:

Write:

Reset:

R8 — Received Bit 8

Stores the ninth SCI data bit received and the ninth SCI data bit to

be transmitted.

Enables the following interrupts:

Receiver overrun interrupts
Noise error interrupts
Framing error interrupts

Parity error interrupts

$0015
Bit 7 6 5 4 3 2 1 Bit 0
R8
T8 R R ORIE NEIE FEIE PEIE
U U 0 0 0 0 0 0
= Unimplemented R = Reserved U = Unaffected

Figure 16-13. SCI Control Register 3 (SCC3)

When the SCI is receiving 9-bit characters, R8 is the read-only ninth
bit (bit 8) of the received character. R8 is received at the same time
that the SCDR receives the other 8 bits.

When the SCI is receiving 8-bit characters, R8 is a copy of the eighth
bit (bit 7). Reset has no effect on the R8 bit.

T8 — Transmitted Bit 8

When the SCI is transmitting 9-bit characters, T8 is the read/write
ninth bit (bit 8) of the transmitted character. T8 is loaded into the
transmit shift register at the same time that the SCDR is loaded into

the transmit shift register. Reset has no effect on the T8 bit.
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ORIE — Receiver Overrun Interrupt Enable Bit

This read/write bit enables SCI error CPU interrupt requests
generated by the receiver overrun bit, OR.
1 = SCI error CPU interrupt requests from OR bit enabled
0 = SCI error CPU interrupt requests from OR bit disabled

NEIE — Receiver Noise Error Interrupt Enable Bit

This read/write bit enables SCI error CPU interrupt requests
generated by the noise error bit, NE. Reset clears NEIE.
1 = SCI error CPU interrupt requests from NE bit enabled
0 = SCI error CPU interrupt requests from NE bit disabled

FEIE — Receiver Framing Error Interrupt Enable Bit

This read/write bit enables SCI error CPU interrupt requests
generated by the framing error bit, FE. Reset clears FEIE.
1 = SCI error CPU interrupt requests from FE bit enabled
0 = SCI error CPU interrupt requests from FE bit disabled

PEIE — Receiver Parity Error Interrupt Enable Bit

This read/write bit enables SCI receiver CPU interrupt requests
generated by the parity error bit, PE. Reset clears PEIE.

1 = SClI error CPU interrupt requests from PE bit enabled

0 = SCI error CPU interrupt requests from PE bit disabled
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16.9.4 SCI Status Register 1
SCI status register 1 contains flags to signal the following conditions:

* Transfer of SCDR data to transmit shift register complete
e Transmission complete

» Transfer of receive shift register data to SCDR complete
* Receiver input idle

* Receiver overrun

* Noisy data

* Framing error

» Parity error

Address:  $0016

Bit 7 6 5 4 3 2 1 Bit 0
Read:| SCTE TC SCRF IDLE OR NF FE PE
Write:
Reset: 1 1 0 0 0 0 0 0
= Unimplemented

Figure 16-14. SCI Status Register 1 (SCS1)

SCTE — SCI Transmitter Empty Bit

This clearable, read-only bit is set when the SCDR transfers a
character to the transmit shift register. SCTE can generate an SCI
transmitter CPU interrupt request. When the SCTIE bitin SCC2 is set,
SCTE generates an SCI transmitter CPU interrupt request. In normal
operation, clear the SCTE bit by reading SCS1 with SCTE set and
then writing to SCDR. Reset sets the SCTE bit.

1 = SCDR data transferred to transmit shift register

0 = SCDR data not transferred to transmit shift register
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TC — Transmission Complete Bit

This read-only bit is set when the SCTE bit is set, and no data,
preamble, or break character is being transmitted. TC generates an
SCI transmitter CPU interrupt request if the TCIE bit in SCC2 is also
set. TC is cleared automatically when data, preamble, or break is
gueued and ready to be sent. There may be up to 1.5 transmitter
clocks of latency between queueing data, preamble, and break and
the transmission actually starting. Reset sets the TC bit.

1 = No transmission in progress

0 = Transmission in progress

SCRF — SCI Receiver Full Bit

This clearable, read-only bit is set when the data in the receive shift
register transfers to the SCI data register. SCRF can generate an SCI
receiver CPU interrupt request. When the SCRIE bit in SCC2 is set
the SCRF generates a CPU interrupt request. In normal operation,
clear the SCRF bit by reading SCS1 with SCRF set and then reading
the SCDR. Reset clears SCRF.

1 = Received data available in SCDR

0 = Data not available in SCDR

IDLE — Receiver Idle Bit

This clearable, read-only bit is set when 10 or 11 consecutive logic 1s
appear on the receiver input. IDLE generates an SCI error CPU
interrupt request if the ILIE bit in SCC2 is also set. Clear the IDLE bit
by reading SCS1 with IDLE set and then reading the SCDR. After the
receiver is enabled, it must receive a valid character that sets the
SCREF bit before an idle condition can set the IDLE bit. Also, after the
IDLE bit has been cleared, a valid character must again set the SCRF
bit before an idle condition can set the IDLE bit. Reset clears the IDLE
bit.

1 = Receiver input idle

0 = Receiver input active (or idle since the IDLE bit was cleared)

OR — Receiver Overrun Bit

This clearable, read-only bit is set when software fails to read the
SCDR before the receive shift register receives the next character.
The OR bit generates an SCI error CPU interrupt request if the ORIE
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bitin SCC3 is also set. The data in the shift register is lost, but the data
already in the SCDR is not affected. Clear the OR bit by reading SCS1
with OR set and then reading the SCDR. Reset clears the OR bit.

1 = Receive shift register full and SCRF =1

0 = No receiver overrun

Software latency may allow an overrun to occur between reads of SCS1
and SCDR in the flag-clearing sequence. Figure 16-15 shows the
normal flag-clearing sequence and an example of an overrun caused by
a delayed flag-clearing sequence. The delayed read of SCDR does not
clear the OR bit because OR was not set when SCS1 was read. Byte 2
caused the overrun and is lost. The next flag-clearing sequence reads
byte 3 in the SCDR instead of byte 2.

In applications that are subject to software latency or in which it is
important to know which byte is lost due to an overrun, the flag-clearing
routine can check the OR bit in a second read of SCS1 after reading the

data register.

NORMAL FLAG CLEARING SEQUENCE

— o — o Ll o
o o o o o o
o o o o o o
(& O (& (& O O
] [ T 7 1
X BYTE 1 \ BYTE 2 \ BYTE 3 \ BYTE4 X
A A A A A
READ SCS1 READ SCS1 READSCSL |
SCRF =1 SCRF =1 SCRF =1
OR=0 OR=0 OR=0
READ SCDR READ SCDR READ SCDR
BYTE 1 BYTE 2 BYTE 3
DELAYED FLAG CLEARING SEQUENCE
— — o — o
" N M [T o
& By By ) By
3 »S »HO 25 »O
X BYTE L ) BYTE 2 ) BYTE 3 ) BYTE 4 )
A
READ SCS1 j READ SCS1 j
SCRF = 1 SCRF =1
OR=0 OR=1
READ SCDR READ SCDR
BYTE1 BYTE 3
Figure 16-15. Flag Clearing Sequence
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NF — Receiver Noise Flag Bit

This clearable, read-only bit is set when the SCI detects noise on the
RxD pin. NF generates an NF CPU interrupt request if the NEIE bit in
SCCa3iis also set. Clear the NF bit by reading SCS1 and then reading
the SCDR. Reset clears the NF bit.

1 = Noise detected

0 = No noise detected

FE — Receiver Framing Error Bit

This clearable, read-only bit is set when a logic O is accepted as the
stop bit. FE generates an SCI error CPU interrupt request if the FEIE
bitin SCC3 also is set. Clear the FE bit by reading SCS1 with FE set
and then reading the SCDR. Reset clears the FE bit.

1 = Framing error detected

0 = No framing error detected

PE — Receiver Parity Error Bit

This clearable, read-only bit is set when the SCI detects a parity error
in incoming data. PE generates a PE CPU interrupt request if the
PEIE bit in SCC3 is also set. Clear the PE bit by reading SCS1 with
PE set and then reading the SCDR. Reset clears the PE bit.

1 = Parity error detected

0 = No parity error detected
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16.9.5 SCI Status Register 2

Advance Information

SCI status register 2 contains flags to signal the following conditions:

+ Break character detected

* Incoming data

Address:  $0017

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 BKF RPF
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 16-16. SCI Status Register 2 (SCS2)

BKF — Break Flag Bit

This clearable, read-only bit is set when the SCI detects a break
character on the RxD pin. In SCS1, the FE and SCRF bits are also
set. In 9-bit character transmissions, the R8 bit in SCC3 is cleared.
BKF does not generate a CPU interrupt request. Clear BKF by
reading SCS2 with BKF set and then reading the SCDR. Once
cleared, BKF can become set again only after logic 1s again appear
on the RxD pin followed by another break character. Reset clears the
BKF bit.

1 = Break character detected

0 = No break character detected

RPF — Reception in Progress Flag Bit

This read-only bit is set when the receiver detects a logic 0 during the
RT1 time period of the start bit search. RPF does not generate an
interrupt request. RPF is reset after the receiver detects false start bits
(usually from noise or a baud rate mismatch), or when the receiver
detects an idle character. Polling RPF before disabling the SCI
module or entering stop mode can show whether a reception is in
progress.

1 = Reception in progress

0 = No reception in progress
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16.9.6 SCI Data Register

The SCI data register is the buffer between the internal data bus and the
receive and transmit shift registers. Reset has no effect on data in the
SCI data register.

Address:  $0018

Bit 7 6 5 4 3 2 1 Bit 0
Read: R7 R6 R5 R4 R3 R2 R1 RO
Write: T7 T6 T5 T4 T3 T2 T1 T0
Reset: Unaffected by Reset

Figure 16-17. SCI Data Register (SCDR)

R7/T7:R0O/TO — Receive/Transmit Data Bits

Reading address $0018 accesses the read-only received data bits,
R7:R0. Writing to address $0018 writes the data to be transmitted,
T7:TO. Reset has no effect on the SCI data register.

NOTE: Do not use read-modify-write instructions on the SCI data register.

16.9.7 SCI Baud Rate Register

The baud rate register selects the baud rate for both the receiver and the
transmitter.

Address:  $0019

Bit 7 6 5 4 3 2 1 Bit 0

Read: 0 0
SCP1 SCPO R SCR2 SCR1 SCRO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented R = Reserved
Figure 16-18. SCI Baud Rate Register (SCBR)
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SCP1 and SCP0O — SCI Baud Rate Prescaler Bits

These read/write bits select the baud rate prescaler divisor as shown
in Table 16-9. Reset clears SCP1 and SCPO.

Table 16-9. SCI Baud Rate Prescaling

SCP[1:0] Prescaler Divisor (PD)
00 1
01 3
10 4
11 13

SCR2 — SCRO0O — SCI Baud Rate Select Bits

These read/write bits select the SCI baud rate divisor as shown in
Table 16-10. Reset clears SCR2-SCRO.

Table 16-10. SCI Baud Rate Selection

SCR[2:1:0] Baud Rate Divisor (BD)
000 1
001 2
010 4
011 8
100 16
101 32
110 64
111 128

Use the following formula to calculate the SCI baud rate:

Baud rate =

where:

ferystal = Crystal frequency
PD = prescaler divisor
BD = baud rate divisor

Advance Information
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Table 16-11 shows the SCI baud rates that can be generated with a
4.9152-MHz crystal.

Table 16-11. SCI Baud Rate Selection Examples

Prescaler Baud Rate Baud Rate
SCP[1:0] DI(\F/’I[S))or SCR[2:1:0] DE\E/;'S;” (fcrystal = 4.9152 MH2)
00 1 000 1 76,800
00 1 001 2 38,400
00 1 010 4 19,200
00 1 011 8 9600
00 1 100 16 4800
00 1 101 32 2400
00 1 110 64 1200
00 1 111 128 600
01 3 000 1 25,600
o1 3 001 2 12,800
01 3 010 4 6400
01 3 011 8 3200
01 3 100 16 1600
01 3 101 32 800
01 3 110 64 400
01 3 111 128 200
10 4 000 1 19,200
10 4 001 2 9600
10 4 010 4 4800
10 4 011 8 2400
10 4 100 16 1200
10 4 101 32 600
10 4 110 64 300
10 4 111 128 150
11 13 000 1 5908
11 13 001 2 2954
11 13 010 4 1477
11 13 011 8 739
11 13 100 16 369
11 13 101 32 185
11 13 110 64 92
11 13 111 128 46

Advance Information
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17.2 Introduction

17.3 Features

Advance Information
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This section describes the serial peripheral interface (SPI1) module,
which allows full-duplex, synchronous, serial communications with
peripheral devices.

Features of the SPI module include:

e Full-Duplex Operation
* Master and Slave Modes

* Double-Buffered Operation with Separate Transmit and Receive
Reqgisters

e Four Master Mode Frequencies (Maximum = Bus Frequency + 2)
* Maximum Slave Mode Frequency = Bus Frequency
e Serial Clock with Programmable Polarity and Phase
e Two Separately Enabled Interrupts with CPU Service:
— SPRF (SPI Receiver Full)
— SPTE (SPI Transmitter Empty)
e Mode Fault Error Flag with CPU Interrupt Capability
* Overflow Error Flag with CPU Interrupt Capability
¢ Programmable Wired-OR Mode
. I%C (Inter-Integrated Circuit) Compatibility
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17.4 Pin Name and Register Name Conventions

The generic names of the SPI input/output (1/O) pins are:

. SS (slave select)
* SPSCK (SPI serial clock)
* MOSI (master out slave in)

«  MISO (master in slave out)
The SPI shares four 1/0 pins with a parallel I/O port. The full name of an
SPI pin reflects the name of the shared port pin. Table 17-1 shows the

full names of the SPI I/O pins. The generic pin names appear in the text
that follows.

Table 17-1. Pin Name Conventions

SPI Generic Pin Name MISO MOSI § SPSCK
Full SPI Pin Name PTE5/MISO | PTE6/MOSI | PTE4/SS | PTE7/SPSCK

The generic names of the SPI 1/O registers are:

» SPI control register (SPCR)
e SPI status and control register (SPSCR)
e SPI data register (SPDR)

Table 17-2 shows the names and the addresses of the SPI I/O registers.

Table 17-2. 1/0 Register Addresses

Register Name Address

SPI Control Register (SPCR) $0010

SPI Status and Control Register (SPSCR) $0011

SPI Data Register (SPDR) $0012
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17.5 Functional Description

Addr

$0010

$0011

$0012

Table 17-3 summarizes the SPI11/O registers and Figure 17-1 shows the
structure of the SPI module.

Table 17-3. SPI I/O Register Summary

Register Name R/W Bit7 6 5 4 3 2 1 Bit 0
; Read:
SPI Control Register SPRE | R |SPMSTR| CPOL | CPHA |SPWOM| SPE | SPTIE
(SPCR) Write:
Reset: 0 0 1 0 1 0 0 0
; Read:| SPRF OVRF | MODF SPTE
SPI Status and Control Register ERRIE MODEEN| sPR1 | sPRo
(SPSCR) Write:
Reset: 0 0 0 0 1 0 0 0
SPI Data Register Read: R7 R6 R5 R4 R3 R2 R1 RO
(SPDR)  write:| 17 T6 T5 T4 T3 T2 1 T0
Reset: Unaffected by Reset
R = Reserved = Unimplemented

Advance Information
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Functional Description
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Figure 17-1. SPI Module Block Diagram

The SPI module allows full-duplex, synchronous, serial communication
between the MCU and peripheral devices, including other MCUs.
Software can poll the SPI status flags or SPI operation can be interrupt
driven. All SPI interrupts can be serviced by the CPU.

The following paragraphs describe the operation of the SPI module.
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17.5.1 Master Mode

NOTE:

The SPI operates in master mode when the SPI master bit, SPMSTR
(SPCR $0010), is set.

Configure the SPI modules as master and slave before enabling them.
Enable the master SPI before enabling the slave SPI. Disable the slave
SPI before disabling the master SPI. See SPI Control Register on page
260.

Only a master SPI module can initiate transmissions. Software begins
the transmission from a master SPI module by writing to the SPI data

register. If the shift register is empty, the byte immediately transfers to
the shift register, setting the SPI transmitter empty bit, SPTE (SPSCR

$0011). The byte begins shifting out on the MOSI pin under the control
of the serial clock. (See Table 17-4).

The SPR1 and SPRO bits control the baud rate generator and determine
the speed of the shift register. (See SPI Status and Control Register
on page 262). Through the SPSCK pin, the baud rate generator of the
master also controls the shift register of the slave peripheral.

MASTER MCU SLAVE MCU

MISO MISO

A

’, SHIFT REGISTER -

MOSI

MOSI

SPSCK

SPSCK

> SHIFT REGISTER

A

A

BAUD RATE
GENERATOR

Advance Information

Figure 17-2. Full-Duplex Master-Slave Connections
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17.5.2 Slave Mode

Serial Peripheral Interface (SPI)
Functional Description

As the byte shifts out on the MOSI pin of the master, another byte shifts
in from the slave on the master’s MISO pin. The transmission ends when
the receiver full bit, SPRF (SPSCR), becomes set. At the same time that
SPRF becomes set, the byte from the slave transfers to the receive data
register. In normal operation, SPRF signals the end of a transmission.
Software clears SPRF by reading the SPI status and control register and
then reading the SPI data register. Writing to the SPI data register clears
the SPTIE bit.

The SPI operates in slave mode when the SPMSTR bit (SPCR, $0010)
is clear. In slave mode the SPSCK pin is the input for the serial clock
from the master MCU. Before a data transmission occurs, the SS pin of
the slave MCU must be at logic O. SS must remain low until the
transmission is complete. (See Mode Fault Error on page 249).

In a slave SPI module, data enters the shift register under the control of
the serial clock from the master SPI module. After a byte enters the shift
register of a slave SPI, it is transferred to the receive data register, and
the SPRF bit (SPSCR) is set. To prevent an overflow condition, slave
software then must read the SPI data register before another byte enters
the shift register.

The maximum frequency of the SPSCK for an SPI configured as a slave
is the bus clock speed, which is twice as fast as the fastest master
SPSCK clock that can be generated. The frequency of the SPSCK for an
SPI configured as a slave does not have to correspond to any SPI baud
rate. The baud rate only controls the speed of the SPSCK generated by
an SPI configured as a master. Therefore, the frequency of the SPSCK
for an SPI configured as a slave can be any frequency less than or equal
to the bus speed.

When the master SPI starts a transmission, the data in the slave shift
register begins shifting out on the MISO pin. The slave can load its shift
register with a new byte for the next transmission by writing to its transmit
data register. The slave must write to its transmit data register at least
one bus cycle before the master starts the next transmission. Otherwise
the byte already in the slave shift register shifts out on the MISO pin.
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NOTE:

Data written to the slave shift register during a a transmission remains in
a buffer until the end of the transmission.

When the clock phase bit (CPHA) is set, the first edge ofiPSCK starts
a transmission. When CPHA is clear, the falling edge of SS starts a
transmission. See Transmission Formats on page 242.

If the write to the data register is late, the SPI transmits the data already
in the shift register from the previous transmission.

To prevent SPSCK from appearing as a clock edge, SPSCK must be in
the proper idle state before the slave is enabled.

17.6 Transmission Formats

During an SPI transmission, data is simultaneously transmitted (shifted
out serially) and received (shifted in serially). A serial clock line
synchronizes shifting and sampling on the two serial data lines. A slave
select line allows individual selection of a slave SPI device; slave
devices that are not selected do not interfere with SPI bus activities. On
a master SPI device, the slave select line can be used optionally to
indicate a multiple-master bus contention.

17.6.1 Clock Phase and Polarity Controls

NOTE:

Advance Information

Software can select any of four combinations of serial clock (SCK) phase
and polarity using two bits in the SPI control register (SPCR). The clock
polarity is specified by the CPOL control bit, which selects an active high
or low clock and has no significant effect on the transmission format.

The clock phase (CPHA) control bit (SPCR) selects one of two
fundamentally different transmission formats. The clock phase and
polarity should be identical for the master SPI device and the
communicating slave device. In some cases, the phase and polarity are
changed between transmissions to allow a master device to
communicate with peripheral slaves having different requirements.

Before writing to the CPOL bit or the CPHA bit (SPCR), disable the SPI
by clearing the SPI enable bit (SPE).
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Transmission Formats

17.6.2 Transmission Format When CPHA =0

Figure 17-3 shows an SPI transmission in which CPHA (SPCR) is
logic 0. The figure should not be used as a replacement for data sheet
parametric information. Two waveforms are shown for SCK: one for
CPOL = 0 and another for CPOL = 1. The diagram may be interpreted
as a master or slave timing diagram since the serial clock (SCK), master
in/slave out (MISO), and master out/slave in (MOSI) pins are directly
connected between the master and the slave. The MISO signal is the
output from the slave, and the MOSI signal is the output from the master.
The SS line is the slave select input to the slave. The slave SPI drives
its MISO output only when its slave select input (§) is at logic 0, so that
only the selected slave drives to the master. The SS pin of the master is
not shown but is assumed to be inactive. The SS pin of the master must
be high or must be reconfigured as general-purpose 1/O not affecting the
SPI (see Mode Fault Error on page 249). When CPHA = 0, the first
SPSCK edge is the MSB capture strobe. Therefore, the slave must
begin driving its data before the first SPSCK edge, and a falling edge on
the SS pin is used to start the transmission. The SS pin must be toggled
high and then low again between each byte transmitted.

SCK CYCLE #
FOR REFERENCE 1 2 3 4 5 6 7 8

It gt e

| | | | | | | |

FROM MAgAT%SRI m MSB X BIT 6 X BIT 5 X BIT 4 X BIT3 X BIT 2 X BIT1 X LSB m
N I S v U v N R S v
MISO I X BIT 6 X BIT 5 BIT 4 BIT3 X BIT 2 X BIT1 X LSB m—

FROM SLAVE ~ MSB
SS TO SLAVE ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ /—
—

CAPTURE STROBE A A f * * * * *

Figure 17-3. Transmission Format (CPHA = 0)
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17.6.3 Transmission Format When CPHA =1

SCKCYCLE #
FOR REFERENCE

SCK CPOL =1

MOSI
FROM MASTER

MISO
FROM SLAVE

CAPTURE STROBE

Advance Information

A AR AR

{1128 (8 TN (28 S N = =]

Figure 17-4 shows an SPI transmission in which CPHA (SPCR) is
logic 1. The figure should not be used as a replacement for data sheet
parametric information. Two waveforms are shown for SCK: one for
CPOL = 0 and another for CPOL = 1. The diagram may be interpreted
as a master or slave timing diagram since the serial clock (SCK), master
in/slave out (MISO), and master out/slave in (MOSI) pins are directly
connected between the master and the slave. The MISO signal is the
output from the slave, and the MOSI signal is the output from the master.
The SS line is the slave select input to the slave. The slave SPI drives
its MISO output only when its slave select input (§) is at logic 0, so that
only the selected slave drives to the master. The SS pin of the master is
not shown but is assumed to be inactive. The SS pin of the master must
be high or must be reconfigured as general-purpose 1/O not affecting the
SPI. (See Mode Fault Error on page 249). When CPHA = 1, the master
begins driving its MOSI pin on the first SPSCK edge. Therefore, the
slave uses the first SPSCK edge as a start transmission signal. The SS
pin can remain low between transmissions. This format may be
preferable in systems having only one master and only one slave driving
the MISO data line.

1 2 3 4 5 6 7 8

|
—(XXXW MSB X BIT6 X BITS X BIT 4 X BIT3 X BIT2 X BIT1 X LSB )—
SS TO SLAVE _\‘ ‘ ‘ ‘ ‘ ‘
I I I I I I

|
e

R N

Figure 17-4. Transmission Format (CPHA =1)
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Transmission Formats

17.6.4 Transmission Initiation Latency

When the SPI is configured as a master (SPMSTR = 1), transmissions
are started by a software write to the SPDR ($0012). CPHA has no effect
on the delay to the start of the transmission, but it does affect the initial
state of the SCK signal. When CPHA = 0, the SCK signal remains
inactive for the first half of the first SCK cycle. When CPHA = 1, the first
SCK cycle begins with an edge on the SCK line from its inactive to its
active level. The SPI clock rate (selected by SPR1-SPRO) affects the
delay from the write to SPDR and the start of the SPI transmission. (See
Figure 17-5). The internal SPI clock in the master is a free-running
derivative of the internal MCU clock. It is only enabled when both the
SPE and SPMSTR bits (SPCR) are set to conserve power. SCK edges
occur half way through the low time of the internal MCU clock. Since the
SPI clock is free-running, it is uncertain where the write to the SPDR will
occur relative to the slower SCK. This uncertainty causes the variation
in the initiation delay shown in Figure 17-5. This delay will be no longer
than a single SPI bit time. That is, the maximum delay between the write
to SPDR and the start of the SPI transmission is two MCU bus cycles for
DIV2, eight MCU bus cycles for DIV8, 32 MCU bus cycles for DIV32, and
128 MCU bus cycles for DIV128.
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WRITE
‘ TO SPDR }<—> INITIATION DELAY
BUS
eock \_ [\
Mos! MSB X BIT6 X BITS X:
SCK
SCK
CPHA =0 /_\_/_\I

SCK CYCLE
NUMBER | 1 | 2 | 3
/’INITIATION DELAY FROM WRITE SPDR TO TRANSFER BEGIN
WRITE
TO SPDR
I AYAVYAWAWAVAWAVWAVAWAN
CLOCK
| * * SCK = INTERNAL CLOCK = 2:
EARLIEST LATEST ) pOSSIBLE START POINTS
WRITE
TOSPDR

AW AWAWAWAWAWAWAWAWAWAN
T T

EARLIEST SCK = INTERNAL CLOCK =+ 8; LATEST
WRITE ‘ 8 POSSIBLE START POINTS

TOSPDR

o \ S\ NSNS
'+ f+

EARLIEST SCK = INTERNAL CLOCK =+ 32; LATEST
WRITE ‘ 32 POSSIBLE START POINTS

TOSPDR

o \S S\ NSNS
b+ b+

EARLIEST SCK = INTERNAL CLOCK =+ 128; LATEST
128 POSSIBLE START POINTS

Figure 17-5. Transmission Start Delay (Master)
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17.7 Error Conditions

17.7.1 Overflow Error

Two flags signal SPI error conditions:

1. Overflow (OVRF in SPSCR) — Failing to read the SPI data
register before the next byte enters the shift register sets the
OVREF bit. The new byte does not transfer to the receive data
register, and the unread byte still can be read by accessing the
SPI data register. OVRF is in the SPI status and control register.

2. Mode fault error (MODF in SPSCR) — The MODF bit indicates
that the voltage on the slave select pin (SS) is inconsistent with the
mode of the SPI. MODF is in the SPI status and control register.

The overflow flag (OVRF in SPSCR) becomes set if the SPI receive data
register still has unread data from a previous transmission when the

capture strobe of bit 1 of the next transmission occurs. (See Figure 17-
3 and Figure 17-4.) If an overflow occurs, the data being received is not
transferred to the receive data register so that the unread data can still
be read. Therefore, an overflow error always indicates the loss of data.

OVRF generates a receiver/error CPU interrupt request if the error
interrupt enable bit (ERRIE in SPSCR) is also set. MODF and OVRF can
generate a receiver/error CPU interrupt request. (See Figure 17-8). Itis
not possible to enable only MODF or OVRF to generate a receiver/error
CPU interrupt request. However, leaving MODFEN low prevents MODF
from being set.

If an end-of-block transmission interrupt was meant to pull the MCU out
of wait, having an overflow condition without overflow interrupts enabled
causes the MCU to hang in wait mode. If the OVRF is enabled to
generate an interrupt, it can pull the MCU out of wait mode instead.

If the CPU SPRF interrupt is enabled and the OVRF interrupt is not,
watch for an overflow condition. Figure 17-6 shows how it is possible to
miss an overflow.
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BYTE 1 BYTE 2 BYTE 3 BYTE 4
SPRF | \ / \
OVRF /
reapspscR [ \@ N\®
READ SPDR [\® [\@
(1) BYTE1SETSSPRFBIT. (5) CPU READS SPSCRW WITH SPRF BIT SET
(2) CPUREADS SPSCR WITH SPRF BIT SET AND QVRF BIT CLEAR.
® AND OVRF BIT CLEAR. (6) BYTE 3 SETS OVRF BIT. BYTE 31S LOST.
CPU READS BYTE 1 IN SPDR,
CLEARTNG SPRFBIT. (7) CPUREADS BYTE 2 IN SPDR, CLEARING SPRF BIT,

BUT NOT OVRF BIT.

BYTE 4 FAILS TO SET SPRF BIT BECAUSE

(4) BYTE 2 SETS SPRF BIT.
OVRF BITIS SET. BYTE 41S LOST.

Figure 17-6. Missed Read of Overflow Condition

The first part of Figure 17-6 shows how to read the SPSCR and SPDR
to clear the SPRF without problems. However, as illustrated by the
second transmission example, the OVRF flag can be set in between the
time that SPSCR and SPDR are read.

In this case, an overflow can be easily missed. Since no more SPRF
interrupts can be generated until this OVRF is serviced, it will not be
obvious that bytes are being lost as more transmissions are completed.
To prevent this, either enable the OVRF interrupt or do another read of
the SPSCR after the read of the SPDR. This ensures that the OVRF was
not set before the SPRF was cleared and that future transmissions will
complete with an SPRF interrupt. Figure 17-7 illustrates this process.
Generally, to avoid this second SPSCR read, enable the OVRF to the
CPU by setting the ERRIE bit (SPSCR).
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BYTE 1 BYTE 2 BYTE 3 BYTE 4

SPI RECEIVE l@ L@ L@ l@

COMPLETE

SPRF / \ / \ / \
OVRF / \

READ SPSCR /—\@ /—\@ /—\@ /—\@ /—\@

READ SPDR e N\® [\@ [ \@
(1) BYTE1SETS SPRFBIT. CPU READS BYTE 2 IN SPDR,
CLEARING SPRF BIT.
(2) CPUREADS SPSCR WITH SPRF BIT SET
AND OVRF BIT CLEAR. (9) CPUREADS SPSCR AGAIN
(3) CPUREADS BYTE 1 IN SPDR, TO CHECK OVRFBIT.
CLEARING SPRF BIT. CPU READS BYTE 2 SPDR,
(4) CPU READS SPSCR AGAIN CLEARING OVRF BIT.
TO CHECK OVRFBIT. (11) BYTE 4 SETS SPRF BIT.
(5) BYTE2SETS SPRFBIT. (12) CPUREADS SPSCR.
CPU READS SPSCR WITH SPRF BIT SET PU READS BYTE 4 IN SPDR
AND OVRF BIT CLEAR, © P S By tIN SPOR,
(7) BYTE 3 SETS OVRF BIT. BYTE 3 IS LOST. 1) CPUREADS SPSCR AGAIN

TO CHECK OVRF BIT.

Figure 17-7. Clearing SPRF When OVRF Interrupt Is Not Enabled

17.7.2 Mode Fault Error

For the MODF flag (in SPSCR) to be set, the mode fault error enable bit
(MODFEN in SPSCR) must be set. Clearing the MODFEN bit does not
clear the MODF flag but does prevent MODF from being set again after
MODEF is cleared.

MODF generates a receiver/error CPU interrupt request if the error
interrupt enable bit (ERRIE in SPSCR) is also set. The SPRF, MODF,
and OVRF interrupts share the same CPU interrupt vector. MODF and
OVRF can generate areceiver/error CPU interrupt request. (See Figure
17-8). Itis not possible to enable only MODF or OVRF to generate a
receiver/error CPU interrupt request. However, leaving MODFEN low
prevents MODF from being set.
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In a master SPI with the mo_de fault enable bit (MODFEN) set, the mode
fault flag (MODF) is set if SS goes to logic 0. A mode fault in a master
SPI causes the following events to occur:

* If ERRIE = 1, the SPI generates an SPI receiver/error CPU
interrupt request.

* The SPE bit is cleared.
e The SPTE hit is set.
+ The SPI state counter is cleared.

* The data direction register of the shared 1/O port regains control of
port drivers.

NOTE: To prevent bus contention with another master SPI after a mode fault
error, clear all data direction register (DDR) bits associated with the SPI
shared port pins.

NOTE: Setting the MODF flag (SPSCR) does not clear the SPMSTR bit.
Reading SPMSTR when MODF = 1 will indicate a MODE fault error
occurred in either master mode or slave mode.

When configured as a slave (SPMSTR = 0), the MODF flag is set if SS
goes high during a transmission. When CPHA =0, a transmission begins
when SS goes low and ends once the incoming SPSCK returns to its idle
level after the shift of the eighth data bit. When CPHA =1, the
transmission begins when the SPSCK leaves its idle level and SSis
already low. The transmission continues until the SPSCK returns to its
IDLE level after the shift of the last data bit. (See Transmission
Formats on page 242).

NOTE: When CPHA =0, a MODF occurs if a slave is selected (§ is at logic 0)
and later deselected (§ is at logic 1) even if no SPSCK is sent to that
slave. This happens because SS at logic O indicates the start of the
transmission (MISO driven out with the value of MSB) for CPHA = 0.
When CPHA =1, a slave can be selected and then later deselected with
no transmission occurring. Therefore, MODF does not occur since a
transmission was never begun.

In a slave SPI (MSTR = 0), the MODF bit generates an SPI
receiver/error CPU interrupt request if the ERRIE bit is set. The MODF
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17.8 Interrupts

Serial Peripheral Interface (SPI)
Interrupts

bit does not clear the SPE bit or reset the SPI in any way. Software can
abort the SPI transmission by toggling the SPE bit of the slave.

Alogic 1 voltage on the SS pin of a slave SPI puts the MISO pinin a high
impedance state. Also, the slave SPI ignores all incoming SPSCK
clocks, even if a transmission has begun.

To clear the MODF flag, read the SPSCR and then write to the SPCR
register. This entire clearing procedure must occur with no MODF
condition existing or else the flag will not be cleared.

Four SPI status flags can be enabled to generate CPU interrupt
requests:

Table 17-4. SPI Interrupts

Flag Request

SPTE (Transmitter Empty) | SPI Transmitter CPU Interrupt Request (SPTIE = 1)

SPRF (Receiver Full) SPI Receiver CPU Interrupt Request (SPRIE = 1)

SPI Receiver/Error Interrupt Request

OVREF (Overflow) (SPRIE = 1, ERRIE = 1)

MODF (Mode Fault) SPI Receiver/Error Interrupt Request

(SPRIE =1, ERRIE = 1, MODFEN = 1)

The SPI transmitter interrupt enable bit (SPTIE) enables the SPTE flag
to generate transmitter CPU interrupt requests.

The SPI receiver interrupt enable bit (SPRIE) enables the SPRF bit to
generate receiver CPU interrupt, provided that the SPI is enabled
(SPE =1).

The error interrupt enable bit (ERRIE) enables both the MODF and
OVREF flags to generate a receiver/error CPU interrupt request.

The mode fault enable bit (MODFEN) can prevent the MODF flag from
being set so that only the OVRF flag is enabled to generate
receiver/error CPU interrupt requests.
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| spre | sPrE | spe |
| |

SPITRANSMITTER -
CPU INTERRUPT REQUEST

v

SPRIE SPRF

SPI RECEIVER/ERROR -
CPU INTERRUPT REQUEST

ERRIE
OVRF

Figure 17-8. SPI Interrupt Request Generation

Two sources in the SPI status and control register can generate CPU
interrupt requests:

1. SPIreceiver full bit (SPRF) — The SPRF bit becomes set every
time a byte transfers from the shift register to the receive data
register. If the SPI receiver interrupt enable bit, SPRIE, is also set,
SPRF can generate an SPI receiver/error CPU interrupt request.

2. SPltransmitter empty (SPTE) — The SPTE bit becomes set every
time a byte transfers from the transmit data register to the shift
register. If the SPI transmit interrupt enable bit, SPTIE, is also set,
SPTE can generate an SPTE CPU interrupt request.

17.9 Queuing Transmission Data

The double-buffered transmit data register allows a data byte to be
gueued and transmitted. For an SPI configured as a master, a queued
data byte is transmitted immediately after the previous transmission has
completed. The SPI transmitter empty flag (SPTE in SPSCR) indicates
when the transmit data buffer is ready to accept new data. Write to the
SPI data register only when the SPTE bit is high. Figure 17-9 shows the
timing associated with doing back-to-back transmissions with the SPI
(SPSCK has CPHA:CPOL = 1:0).
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Queuing Transmission Data

wrmeTospor (D)) @/—\ /—\
SPTE (2) )

SPSCK (CPHA:CPOL = 1:0)

MOSI

SPRF

READ SPSCR

READ SPDR

(1) CPUWRITES BYTE 1TO SPDR, CLEARING (7) CPUREADS SPDR, CLEARING SPRF BIT.

SPTE BIT.
CPU WRITES BYTE 3 TO SPDR, QUEUEING

(2) BYTE 1 TRANSFERS FROM TRANSMIT DATA BYTE 3 AND CLEARING SPTE BIT.
REGISTER TO SHIFT REGISTER, SETTING SPTE BIT. (3) SECOND INCOMING BYTE TRANSFERS FROM SHIFT

(3) CPUWRITES BYTE 2 TO SPDR, QUEUEING REGISTER TO RECEIVE DATA REGISTER, SETTING
BYTE 2 AND CLEARING SPTE BIT. SPRF BIT.
FIRST INCOMING BYTE TRANSFERS FROM SHIFT BYTE 3 TRANSFERS FROM TRANSMIT DATA
REGISTER TO RECEIVE DATA REGISTER, SETTING REGISTER TO SHIFT REGISTER, SETTING SPTE BIT.
SPRF BIT.

@ CPU READS SPSCR WITH SPRF BIT SET.
@ BYTE 2 TRANSFERS FROM TRANSMIT DATA
REGISTER TO SHIFT REGISTER, SETTING SPTE BIT. @ CPU READS SPDR, CLEARING SPRF BIT.

(6) CPUREADS SPSCR WITH SPRF BIT SET.

Figure 17-9. SPRF/SPTE CPU Interrupt Timing

For a slave, the transmit data buffer allows back-to-back transmissions
to occur without the slave having to time the write of its data between the
transmissions. Also, if no new data is written to the data buffer, the last
value contained in the shift register will be the next data word
transmitted.

MC68HC908AS32A — Rev 0.0 Advance Information

MOTOROLA Serial Peripheral Interface (SPI) 253



Serial Peripheral Interface (SPI)

17.10 Resetting the SPI

Any system reset completely resets the SPI. Partial reset occurs
whenever the SPI enable bit (SPE) is low. Whenever SPE is low, the
following occurs:

* The SPTE flag is set.

* Any transmission currently in progress is aborted.

» The shift register is cleared.

* The SPI state counter is cleared, making it ready for a new
complete transmission.

» All the SPI port logic is defaulted back to being general-purpose
I/0.

The following additional items are reset only by a system reset:

» All control bits in the SPCR register

» All control bits in the SPSCR register (MODFEN, ERRIE, SPR1,
and SPRO)

* The status flags SPRF, OVRF, and MODF

By not resetting the control bits when SPE is low, the user can clear SPE
between transmissions without having to reset all control bits when SPE
is set back to high for the next transmission.

By not resetting the SPRF, OVRF, and MODF flags, the user can still
service these interrupts after the SPI has been disabled. The user can
disable the SPI by writing O to the SPE bit. The SPI also can be disabled
by a mode fault occurring in an SPI that was configured as a master with
the MODFEN bit set.
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17.11 Low-Power Modes

17.11.1 Wait Mode

17.11.2 Stop Mode

The WAIT and STOP instructions put the MCU in low power-
consumption standby modes.

The SPI module remains active after the execution of a WAIT instruction.
In wait mode, the SPI module registers are not accessible by the CPU.
Any enabled CPU interrupt request from the SPI module can bring the
MCU out of wait mode.

If SPI module functions are not required during wait mode, reduce power
consumption by disabling the SPI module before executing the WAIT
instruction.

To exit wait mode when an overflow condition occurs, enable the OVRF
bit to generate CPU interrupt requests by setting the error interrupt
enable bit (ERRIE). (See Interrupts on page 251).

The SPI module is inactive after the execution of a STOP instruction.
The STOP instruction does not affect register conditions. SPI operation
resumes after the MCU exits stop mode. If stop mode is exited by reset,
any transfer in progress is aborted and the SPI is reset.

17.12 SPI During Break Interrupts

The system integration module (SIM) controls whether status bits in
other modules can be cleared during the break state. The BCFE bit in
the SIM break flag control register (SBFCR, $FE03) enables software to
clear status bits during the break state. (See SIM Break Flag Control
Register on page 122).

To allow software to clear status bits during a break interrupt, write a
logic 1 to the BCFE bit. If a status bit is cleared during the break state, it
remains cleared when the MCU exits the break state.
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17.13 1/O Signals

Advance Information

To protect status bits during the break state, write a logic 0 to the BCFE
bit. With BCFE at logic O (its default state), software can read and write
I/O registers during the break state without affecting status bits. Some
status bits have a two-step read/write clearing procedure. If software
does the first step on such a bit before the break, the bit cannot change
during the break state as long as BCFE is at logic 0. After the break,
doing the second step clears the status bit.

Since the SPTE bit cannot be cleared during a break with the BCFE bit
cleared, a write to the data register in break mode will not initiate a
transmission nor will this data be transferred into the shift register.
Therefore, a write to the SPDR in break mode with the BCFE bit cleared
has no effect.

The SPI module has four I/O pins and shares three of them with a
parallel I/O port.

* MISO — Data received

*  MOSI — Data transmitted

« SPSCK — Serial clock

« SS— Slave select

* Vgg— Clock ground
The SPI has limited inter-integrated circuit (IZC) capability (requiring
software support) as a master in a single-master environment. To
communicate with [°C peripherals, MOSI becomes an open-drain output
when the SPWOM bit in the SPI control register is set. In 12C
communication, the MOSI and MISO pins are connected to a

bidirectional pin from the 1°C peripheral and through a pullup resistor
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17.13.1 MISO (Master In/Slave Out)

MISO is one of the two SPI module pins that transmit serial data. In full
duplex operation, the MISO pin of the master SPI module is connected
to the MISO pin of the slave SPI module. The master SPI simultaneously
receives data on its MISO pin and transmits data from its MOSI pin.

Slave output data on the MISO pin is enabled only when the SPI is
configured as a slave. The SPI is configured as a slave when its
SPMSTR bit is logic 0 and its SS pin is at logic 0. To support a multiple-
slave system, a logic 1 on the SS pin puts the MISO pin in a high-
impedance state.

When enabled, the SPI controls data direction of the MISO pin
regardless of the state of the data direction register of the shared I/0
port.

17.13.2 MOSI (Master Out/Slave In)

MOSI is one of the two SPI module pins that transmit serial data. In full
duplex operation, the MOSI pin of the master SPI module is connected
to the MOSI pin of the slave SPI module. The master SPI simultaneously
transmits data from its MOSI pin and receives data on its MISO pin.

When enabled, the SPI controls data direction of the MOSI pin
regardless of the state of the data direction register of the shared I/O
port.

17.13.3 SPSCK (Serial Clock)

The serial clock synchronizes data transmission between master and
slave devices. In a master MCU, the SPSCK pin is the clock output. In a
slave MCU, the SPSCK pin s the clock input. In full duplex operation, the
master and slave MCUs exchange a byte of data in eight serial clock
cycles.

When enabled, the SPI controls data direction of the SPSCK pin
regardless of the state of the data direction register of the shared I/O
port.
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17.13.4 SS (Slave Select)

NOTE:

Advance Information

The SS pin has various functions depending on the current state of the
SPI. For an SPI configured as a slave, the SSis used to select a slave.
For CPHA =0, the SS is used to define the start of a transmission. (See
Transmission Formats.) Since it is used to indicate the start of a
transmission, the SS must be toggled high and low between each byte
transmitted for the CPHA = 0 format. However, it can remain low
throughout the transmission for the CPHA = 1 format. See Figure 17-10.

misomosi | BYTE 1 ) BYTE 2 X BYTE 3 -

MASTER § J L
S A A -
SLAVE SS /*
CPHA=1

Figure 17-10. CPHA/SS Timing

When an SPI is configured as a slave, the SS pin is always configured
as an input. It cannot be used as a general-purpose I/O regardless of the
state of the MODFEN control bit. However, the MODFEN bit can still
prevent the state of the SS from creating a MODF error. (See SPI Status
and Control Register on page 262).

Alogic 1 voltage on the SS pin of a slave SPI puts the MISO pin in a high-
impedance state. The slave SPI ignores all incoming SPSCK clocks,
even if a transmission already has begun.

When an SPI is configured as a master, the SS input can be used in
conjunction with the MODF flag to prevent multiple masters from driving
MOSI and SPSCK. (See Mode Fault Error on page 249). For the state
of the SS pin to set the MODF flag, the MODFEN bit in the SPSCK
register must be set. If the MODFEN bit is low for an SPI master, the SS
pin can be used as a general-purpose 1/0O under the control of the data
direction register of the shared 1/O port. With MODFEN high, it is an
input-only pin to the SPI regardless of the state of the data direction
register of the shared 1/O port.
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The CPU can always read the state of the SS pin by configuring the
appropriate pin as an input and reading the data register. (See Table 17-

5).
Table 17-5. SPI Configuration

SPE |SPMSTR | MODFEN | SPI Configuration State of SS Logic
General-Purpose 1/O;

0 X X Not Enabled SS Ignored by SPI

1 0 X Slave Input-Only to SPI
. General-Purpose 1/O;

1 1 0 Master without MODF SS Ignored by SPI

1 1 1 Master with MODF Input-Only to SPI

X = don’t care

17.13.5 Vgg (Clock Ground)

Vggis the ground return for the serial clock pin, SPSCK, and the ground
for the port output buffers. To reduce the ground return path loop and
minimize radio frequency (RF) emissions, connect the ground pin of the
slave to the Vgg pin.

17.14 1/0O Registers
Three registers control and monitor SPI operation:

* SPI control register (SPCR $0010)
* SPI status and control register (SPSCR $0011)
» SPI data register (SPDR $0012)
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17.14.1 SPI Control Register
The SPI control register:

* Enables SPI module interrupt requests

* Selects CPU interrupt requests

» Configures the SPI module as master or slave
» Selects serial clock polarity and phase

* Configures the SPSCK, MOSI, and MISO pins as open-drain
outputs

* Enables the SPI module

Address:  $0010

Bit 7 6 5 4 3 2 1 Bit 0
Read:
SPRIE R SPMSTR | CPOL CPHA | SPWOM SPE SPTIE
Write:
Reset: 0 0 1 0 1 0 0 0
R = Reserved

Figure 17-11. SPI Control Register (SPCR)

SPRIE — SPI Receiver Interrupt Enable Bit

This read/write bit enables CPU interrupt requests generated by the
SPRF bit. The SPRF bit is set when a byte transfers from the shift
register to the receive data register. Reset clears the SPRIE bit.

1 = SPRF CPU interrupt requests enabled

0 = SPRF CPU interrupt requests disabled

SPMSTR — SPI Master Bit

This read/write bit selects master mode operation or slave mode
operation. Reset sets the SPMSTR bit.

1 = Master mode

0 = Slave mode
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CPOL — Clock Polarity Bit

This read/write bit determines the logic state of the SPSCK pin
between transmissions. (See Figure 17-3 and Figure 17-4.) To
transmit data between SPI modules, the SPI modules must have
identical CPOL bits. Reset clears the CPOL bit.

CPHA — Clock Phase Bit

This read/write bit controls the timing relationship between the serial
clock and SPI data. (See Figure 17-3 and Figure 17-4.) To transmit
data between SPI modules, the SPI modules must have identical
CPHA bits. When CPHA =0, the SS pin of the slave SPI module must
be set to logic 1 between bytes. (See Figure 17-10). Reset sets the
CPHA bit.

When CPHA = 0 for a slave, the falling edge of SS indicates the
beginning of the transmission. This causes the SPI to leave its idle
state and begin driving the MISO pin with the MSB of its data. Once
the transmission begins, no new data is allowed into the shift register
from the data register. Therefore, the slave data register must be
loaded with the desired transmit data before the falling edge of SS.
Any data written after the falling edge is stored in the data register and
transferred to the shift register at the current transmission.

When CPHA =1 for a slave, the first edge of the SPSCK indicates the
beginning of the transmission. The same applies when SSis high for
a slave. The MISO pin is held in a high-impedance state, and the
incoming SPSCK is ignored. In certain cases, it may also cause the
MODF flag to be set. (See Mode Fault Error on page 249). A logic 1
on the SS pin does not in any way affect the state of the SPI state
machine.
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SPWOM — SPI Wired-OR Mode Bit

This read/write bit disables the pullup devices on pins SPSCK, MOSI,
and MISO so that those pins become open-drain outputs.

1 = Wired-OR SPSCK, MOSI, and MISO pins

0 = Normal push-pull SPSCK, MOSI, and MISO pins

SPE — SPI Enable Bit

This read/write bit enables the SPI module. Clearing SPE causes a
partial reset of the SPI (see Resetting the SPI on page 254). Reset
clears the SPE bit.

1 = SPI module enabled

0 = SPI module disabled

SPTIE — SPI Transmit Interrupt Enable Bit

This read/write bit enables CPU interrupt requests generated by the
SPTE bit. SPTE is set when a byte transfers from the transmit data
register to the shift register. Reset clears the SPTIE bit.

1 = SPTE CPU interrupt requests enabled

0 = SPTE CPU interrupt requests disabled

17.14.2 SPI Status and Control Register

The SPI status and control register contains flags to signal the following
conditions:

* Receive data register full

» Failure to clear SPRF bit before next byte is received (overflow
error)

* Inconsistent logic level on SS pin (mode fault error)

e Transmit data register empty

The SPI status and control register also contains bits that perform these
functions:

* Enable error interrupts
+ Enable mode fault error detection

* Select master SPI baud rate

Advance Information MC68HC908AS32A — Rev 0.0

262 Serial Peripheral Interface (SPI) MOTOROLA



Serial Peripheral Interface (SPI)
I/O Registers

Address:  $0011

Bit 7 6 5 4 3 2 1 Bit 0
Read:| SPRF OVRF MODF SPTE
ERRIE MODFEN | SPR1 SPRO
Write:
Reset: 0 0 0 0 1 0 0 0
R = Reserved = Unimplemented

Figure 17-12. SPI Status and Control Register (SPSCR)

SPRF — SPI Receiver Full Bit

This clearable, read-only flag is set each time a byte transfers from
the shift register to the receive data register. SPRF generates a CPU
interrupt request if the SPRIE bit in the SPI control register is set also.

During an SPRF CPU interrupt, the CPU clears SPRF by reading the
SPI status and control register with SPRF set and then reading the
SPI data register. Any read of the SPI data register clears the SPRF
bit.
Reset clears the SPRF bit.

1 = Receive data register full

0 = Receive data register not full

ERRIE — Error Interrupt Enable Bit

This read-only bit enables the MODF and OVRF flags to generate
CPU interrupt requests. Reset clears the ERRIE bit.

1 = MODF and OVRF can generate CPU interrupt requests

0 = MODF and OVRF cannot generate CPU interrupt requests

OVRF — Overflow Bit

This clearable, read-only flag is set if software does not read the byte
in the receive data register before the next byte enters the shift

register. In an overflow condition, the byte already in the receive data
register is unaffected, and the byte that shifted in last is lost. Clear the
OVREF bit by reading the SPI status and control register with OVRF set

and then reading the SPI data register. Reset clears the OVRF flag.
1 = Overflow

0 = No overflow
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NOTE:

Advance Information

MODF — Mode Fault Bit

This clearable, read-only flag is set in a slave SPI if the SS pin goes
high during a transmission. In a master SPI, the MODF flag is set if
the SS pin goes low at any time. Clear the MODF bit by reading the
SPI status and control register with MODF set and then writing to the
SPI data register. Reset clears the MODF bit.

1=SS pin at inappropriate logic level

0=SS pin at appropriate logic level

SPTE — SPI Transmitter Empty Bit

This clearable, read-only flag is set each time the transmit data
register transfers a byte into the shift register. SPTE generates an
SPTE CPU interrupt request if the SPTIE bit in the SPI control register
Is set also.

Do not write to the SPI data register unless the SPTE bit is high.

For an idle master or idle slave that has no data loaded into its
transmit buffer, the SPTE will be set again within two bus cycles since
the transmit buffer empties into the shift register. This allows the user
to queue up a 16-bit value to send. For an already active slave, the
load of the shift register cannot occur until the transmission is
completed. This implies that a back-to-back write to the transmit data
register is not possible. The SPTE indicates when the next write can
occur.

Reset sets the SPTE bit.
1 = Transmit data register empty
0 = Transmit data register not empty

MODFEN — Mode Fault Enable Bit

This read/write bit, when set to 1, allows the MODF flag to be set. If
the MODF flag is set, clearing the MODFEN does not clear the MODF
flag. If the SPI is enabled as a master and the MODFEN bit is low,
then the SS pin is available as a general-purpose I/O.

If the MODFEN bit is set, then this pin is not available as a general
purpose 1/0. When the SPI is enabled as a slave, the SS pin is not
available as a general-purpose 1/O regardless of the value of
MODFEN. (See SS (Slave Select) on page 258).

MC68HC908AS32A — Rev 0.0

264

Serial Peripheral Interface (SPI) MOTOROLA



Serial Peripheral Interface (SPI)
I/O Registers

If the MODFEN bit is low, the level of the SS pin does not affect the
operation of an enabled SPI configured as a master. For an enabled
SPI configured as a slave, having MODFEN low only prevents the
MODF flag from being set. It does not affect any other part of SPI
operation. (See Mode Fault Error on page 249).

SPR1 and SPR0O — SPI Baud Rate Select Bits

In master mode, these read/write bits select one of four baud rates as
shown in Table 17-6. SPR1 and SPRO have no effect in slave mode.
Reset clears SPR1 and SPRO.

Table 17-6. SPI Master Baud Rate Selection

SPR1:SPRO Baud Rate Divisor (BD)
00 2
01 8
10 32
1 128

Use this formula to calculate the SPI baud rate:

CGMOUT

Baud rate = m——

where:

CGMOUT = base clock output of the clock generator module (CGM),
see Clock Generator Module (CGM) on page 123.

BD = baud rate divisor
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17.14.3 SPI Data Register

The SPI data register is the read/write buffer for the receive data register
and the transmit data register. Writing to the SPI data register writes data
into the transmit data register. Reading the SPI data register reads data
from the receive data register. The transmit data and receive data
registers are separate buffers that can contain different values. See
Figure 17-1

Address:  $0012

Bit 7 6 5 4 3 2 1 Bit 0
Read: R7 R6 R5 R4 R3 R2 R1 RO
Write: T7 T6 T5 T4 T3 T2 T1 T0
Reset: Indeterminate after Reset

Figure 17-13. SPI Data Register (SPDR)

R7-R0O/T7-T0 — Receive/Transmit Data Bits

NOTE: Do not use read-modify-write instructions on the SPI data register since
the buffer read is not the same as the buffer written.
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18.2 Introduction

This section describes the timer interface module (TIMB). The TIMB is a
2-channel timer that provides a timing reference with input capture,
output compare and pulse width modulation functions. Figure 18-1is a
block diagram of the TIMB.

The TIMB module is feature of the MC68HC908AZ60A only.

For further information regarding timers on M68HCO08 family devices,
please consult the HCO8 Timer Reference Manual, TIMOSRM/AD.

18.3 Features

Features of the TIMB include:

Advance Information

Two Input Capture/Output Compare Channels
— Rising-Edge, Falling-Edge or Any-Edge Input Capture Trigger
— Set, Clear or Toggle Output Compare Action

Buffered and Unbuffered Pulse Width Modulation (PWM) Signal
Generation

Programmable TIMB Clock Input

— 7 Frequency Internal Bus Clock Prescaler Selection

— External TIMB Clock Input (4 MHz Maximum Frequency)
Free-Running or Modulo Up-Count Operation

Toggle Any Channel Pin on Overflow

TIMB Counter Stop and Reset Bits
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Figure 18-1. TIMB Block Diagram
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Figure 18-2. TIMB 1/O Register Summary
Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
$0040 TIMB Status/Control Register (TBSC)| TOF TOIE | TSTOP | TRST 0 PS2 PS1 PS0
$0041 TIMB Counter Register High (TBCNTH)| Bit 15 14 13 12 1 10 9 Bit 8
$0042 TIMB Counter Register Low (TBCNTL)| Bit7 6 5 4 3 2 1 Bit0
$0043  TIMB Counter Modulo Reg. High (TBMODH)| BIit 15 14 13 12 1 10 9 Bit 8
$0044  TIMB Counter Modulo Reg. Low (TBMODL)| Bit7 6 5 4 3 2 1 Bit0
$0045 TIMB Ch. 0 Status/Control Register (TBSC0)| CHOF | CHOIE | MSOB | MSOA | ELSOB | ELSOA | TOVO | CHOMAX
$0046 TIMB Ch. 0 Register High (TBCHOH)| Bit 15 14 13 12 1 10 9 Bit 8
$0047 TIMB Ch. 0 Register Low (TBCHOL)| Bit 7 6 5 4 3 2 1 Bit0
$0048 TIMB Ch. 1 Status/Control Register (TBSC1)| CH1F | CHIIE 0 MS1A | ELS1B | ELS1A | TOV1 | CHIMAX
$0049 TIMB Ch. 1 Register High (TBCH1H)| Bit 15 14 13 12 1 10 9 Bit 8
$004A TIMB Ch. 1 Register Low (TBCHIL)| Bit 7 6 5 4 3 2 1 Bit 0
R = Reserved

Advance Information
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18.4 Functional Description

Figure 18-1 shows the TIMB structure. The central component of the
TIMB is the 16-bit TIMB counter that can operate as a free-running
counter or a modulo up-counter. The TIMB counter provides the timing
reference for the input capture and output compare functions. The TIMB
counter modulo registers, TBMODH-TBMODL, control the modulo
value of the TIMB counter. Software can read the TIMB counter value at
any time without affecting the counting sequence.

The two TIMB channels are programmable independently as input
capture or output compare channels.

18.4.1 TIMB Counter Prescaler

18.4.2 Input Capture

The TIMB clock source can be one of the seven prescaler outputs or the
TIMB clock pin, PTD4/ATD12/TBCLK. The prescaler generates seven
clock rates from the internal bus clock. The prescaler select bits, PS[2:0],
in the TIMB status and control register select the TIMB clock source.

An input capture function has three basic parts: edge select logic, an
input capture latch and a 16-bit counter. Two 8-bit registers, which make
up the 16-bit input capture register, are used to latch the value of the
free-running counter after the corresponding input capture edge detector
senses a defined transition. The polarity of the active edge is
programmable. The level transition which triggers the counter transfer is
defined by the corresponding input edge bits (ELSxB and ELSXA in
TBSCO through TBSC1 control registers with x referring to the active
channel number). When an active edge occurs on the pin of an input
capture channel, the TIMB latches the contents of the TIMB counter into
the TIMB channel registers, TBCHxH-TBCHXL. Input captures can
generate TIMB CPU interrupt requests. Software can determine that an
input capture event has occurred by enabling input capture interrupts or
by polling the status flag bit.
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The free-running counter contents are transferred to the TIMB channel
register (TBCHxH-TBCHXL, see TIMB Channel Registers on page
290) on each proper signal transition regardless of whether the TIMB
channel flag (CHOF-CHL1F in TBSCO-TBSC1 registers) is set or clear.
When the status flag is set, a CPU interrupt is generated if enabled. The
value of the count latched or “captured” is the time of the event. Because
this value is stored in the input capture register 2 bus cycles after the
actual event occurs, user software can respond to this event at a later
time and determine the actual time of the event. However, this must be
done prior to another input capture on the same pin; otherwise, the
previous time value will be lost.

By recording the times for successive edges on an incoming signal,
software can determine the period and/or pulse width of the signal. To
measure a period, two successive edges of the same polarity are
captured. To measure a pulse width, two alternate polarity edges are
captured. Software should track the overflows at the 16-bit module
counter to extend its range.

Another use for the input capture function is to establish a time
reference. In this case, an input capture function is used in conjunction
with an output compare function. For example, to activate an output
signal a specified number of clock cycles after detecting an input event
(edge), use the input capture function to record the time at which the
edge occurred. A number corresponding to the desired delay is added to
this captured value and stored to an output compare register (see TIMB
Channel Registers on page 290). Because both input captures and
output compares are referenced to the same 16-bit modulo counter, the
delay can be controlled to the resolution of the counter independent of
software latencies.

Reset does not affect the contents of the input capture channel register
(TBCHXH-TBCHXL).

Advance Information
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18.4.3 Output Compare

With the output compare function, the TIMB can generate a periodic
pulse with a programmable polarity, duration and frequency. When the
counter reaches the value in the registers of an output compare channel,
the TIMB can set, clear or toggle the channel pin. Output compares can
generate TIMB CPU interrupt requests.

18.4.3.1 Unbuffered Output Compare

Any output compare channel can generate unbuffered output compare
pulses as described in Output Compare on page 273. The pulses are
unbuffered because changing the output compare value requires writing
the new value over the old value currently in the TIMB channel registers.

An unsynchronized write to the TIMB channel registers to change an
output compare value could cause incorrect operation for up to two
counter overflow periods. For example, writing a new value before the
counter reaches the old value but after the counter reaches the new
value prevents any compare during that counter overflow period. Also,
using a TIMB overflow interrupt routine to write a new, smaller output
compare value may cause the compare to be missed. The TIMB may
pass the new value before it is written.

Use the following methods to synchronize unbuffered changes in the
output compare value on channel x:

« When changing to a smaller value, enable channel x output
compare interrupts and write the new value in the output compare
interrupt routine. The output compare interrupt occurs at the end
of the current output compare pulse. The interrupt routine has until
the end of the counter overflow period to write the new value.

* When changing to a larger output compare value, enable TIMB
overflow interrupts and write the new value in the TIMB overflow
interrupt routine. The TIMB overflow interrupt occurs at the end of
the current counter overflow period. Writing a larger value in an
output compare interrupt routine (at the end of the current pulse)
could cause two output compares to occur in the same counter
overflow period.
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18.4.3.2 Buffered Output Compare

Channels 0 and 1 can be linked to form a buffered output compare
channel whose output appears on the PTF4/TBCHO pin. The TIMB
channel registers of the linked pair alternately control the output.

Setting the MSOB bit in TIMB channel 0 status and control register
(TBSCDO) links channel 0 and channel 1. The output compare value in the
TIMB channel 0O registers initially controls the output on the
PTF4/TBCHO pin. Writing to the TIMB channel 1 registers enables the
TIMB channel 1 registers to synchronously control the output after the
TIMB overflows. At each subsequent overflow, the TIMB channel
registers (0 or 1) that control the output are the ones written to last.
TBSCO controls and monitors the buffered output compare function and
TIMB channel 1 status and control register (TBSC1) is unused. While the
MSOB bit is set, the channel 1 pin, PTF5/TBCHL1, is available as a
general-purpose 1/0 pin.

NOTE: In buffered output compare operation, do not write new output compare
values to the currently active channel registers. User software should
track the currently active channel to prevent writing a new value to the
active channel. Writing to the active channel registers is the same as
generating unbuffered output compares.

18.4.4 Pulse Width Modulation (PWM)

By using the toggle-on-overflow feature with an output compare channel,
the TIMB can generate a PWM signal. The value in the TIMB counter
modulo registers determines the period of the PWM signal. The channel
pin toggles when the counter reaches the value in the TIMB counter
modulo registers. The time between overflows is the period of the PWM
signal.

As Figure 18-3 shows, the output compare value in the TIMB channel
registers determines the pulse width of the PWM signal. The time
between overflow and output compare is the pulse width. Program the
TIMB to clear the channel pin on output compare if the state of the PWM
pulse is logic 1. Program the TIMB to set the pin if the state of the PWM
pulse is logic O.
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Figure 18-3. PWM Period and Pulse Width

The value in the TIMB counter modulo registers and the selected
prescaler output determines the frequency of the PWM output. The
frequency of an 8-bit PWM signal is variable in 256 increments. Writing
$00FF (255) to the TIMB counter modulo registers produces a PWM
period of 256 times the internal bus clock period if the prescaler select
value is $000 (see TIMB Status and Control Register).

The value in the TIMB channel registers determines the pulse width of
the PWM output. The pulse width of an 8-bit PWM signal is variable in
256 increments. Writing $0080 (128) to the TIMB channel registers
produces a duty cycle of 128/256 or 50%.

18.4.4.1 Unbuffered PWM Signal Generation

Any output compare channel can generate unbuffered PWM pulses as
described in Pulse Width Modulation (PWM) on page 274. The pulses
are unbuffered because changing the pulse width requires writing the
new pulse width value over the value currently in the TIMB channel
registers.

An unsynchronized write to the TIMB channel registers to change a
pulse width value could cause incorrect operation for up to two PWM
periods. For example, writing a new value before the counter reaches
the old value but after the counter reaches the new value prevents any
compare during that PWM period. Also, using a TIMB overflow interrupt
routine to write a new, smaller pulse width value may cause the compare
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NOTE:

to be missed. The TIMB may pass the new value before it is written to
the TIMB channel registers.

Use the following methods to synchronize unbuffered changes in the
PWM pulse width on channel x:

« When changing to a shorter pulse width, enable channel x output
compare interrupts and write the new value in the output compare
interrupt routine. The output compare interrupt occurs at the end
of the current pulse. The interrupt routine has until the end of the
PWM period to write the new value.

* When changing to a longer pulse width, enable TIMB overflow
interrupts and write the new value in the TIMB overflow interrupt
routine. The TIMB overflow interrupt occurs at the end of the
current PWM period. Writing a larger value in an output compare
interrupt routine (at the end of the current pulse) could cause two
output compares to occur in the same PWM period.

In PWM signal generation, do not program the PWM channel to toggle
on output compare. Toggling on output compare prevents reliable 0%
duty cycle generation and removes the ability of the channel to self-
correct in the event of software error or noise. Toggling on output
compare also can cause incorrect PWM signal generation when
changing the PWM pulse width to a new, much larger value.

18.4.4.2 Buffered PWM Signal Generation

Advance Information

Channels 0 and 1 can be linked to form a buffered PWM channel whose
output appears on the PTF4/TBCHO pin. The TIMB channel registers of
the linked pair alternately control the pulse width of the output.

Setting the MSOB bit in TIMB channel O status and control register
(TBSCO) links channel 0 and channel 1. The TIMB channel O registers
initially control the pulse width on the PTF4/TBCHO pin. Writing to the
TIMB channel 1 registers enables the TIMB channel 1 registers to
synchronously control the pulse width at the beginning of the next PWM
period. At each subsequent overflow, the TIMB channel registers (0 or
1) that control the pulse width are the ones written to last. TBSCO
controls and monitors the buffered PWM function, and TIMB channel 1
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status and control register (TBSC1) is unused. While the MSOB bit is set,
the channel 1 pin, PTF5/TBCHL, is available as a general-purpose 1/0

pin.

NOTE: Inbuffered PWM signal generation, do not write new pulse width values
to the currently active channel registers. User software should track the
currently active channel to prevent writing a new value to the active
channel. Writing to the active channel registers is the same as
generating unbuffered PWM signals.

18.4.4.3 PWM Initialization

To ensure correct operation when generating unbuffered or buffered
PWM signals, use the following initialization procedure:

1. Inthe TIMB status and control register (TBSC):

a. Stop the TIMB counter by setting the TIMB stop bit, TSTOP.

b. Reset the TIMB counter and prescaler by setting the TIMB
reset bit, TRST.

2. Inthe TIMB counter modulo registers (TBMODH-TBMODL) write
the value for the required PWM period.

3. Inthe TIMB channel x registers (TBCHxH-TBCHXxL) write the
value for the required pulse width.

4. In TIMB channel x status and control register (TBSCXx):

a. Write 0:1 (for unbuffered output compare or PWM signals) or
1:0 (for buffered output compare or PWM signals) to the
mode select bits, MSXxB—-MSXxA (see Table 18-2).

b. Write 1 to the toggle-on-overflow bit, TOVX.

c. Write 1:0 (to clear output on compare) or 1:1 (to set output on
compare) to the edge/level select bits, ELSXB—ELSxA. The
output action on compare must force the output to the
complement of the pulse width level (see Table 18-2).

NOTE: In PWM signal generation, do not program the PWM channel to toggle
on output compare. Toggling on output compare prevents reliable 0%
duty cycle generation and removes the ability of the channel to self-
correct in the event of software error or noise. Toggling on output
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18.5 Interrupts

Advance Information

compare can also cause incorrect PWM signal generation when
changing the PWM pulse width to a new, much larger value.

5. Inthe TIMB status control register (TBSC) clear the TIMB stop bit,
TSTOP.

Setting MSOB links channels 0 and 1 and configures them for buffered
PWM operation. The TIMB channel O registers (TBCHOH-TBCHOL)
initially control the buffered PWM output. TIMB status control register 0
(TBSCO) controls and monitors the PWM signal from the linked
channels. MSOB takes priority over MSOA.

Clearing the toggle-on-overflow bit, TOVX, inhibits output toggles on
TIMB overflows. Subsequent output compares try to force the output to
a state it is already in and have no effect. The result is a 0% duty cycle
output.

Setting the channel x maximum duty cycle bit (CHxMAX) and setting the
TOVX bit generates a 100% duty cycle output (see TIMB Channel
Status and Control Registers on page 286).

The following TIMB sources can generate interrupt requests:

» TIMB overflow flag (TOF) — The TOF bit is set when the TIMB
counter value reaches the modulo value programmed in the TIMB
counter modulo registers. The TIMB overflow interrupt enable bit,
TOIE, enables TIMB overflow CPU interrupt requests. TOF and
TOIE are in the TIMB status and control register.

e TIMB channel flags (CH1F—-CHOF) — The CHXxF bit is set when an
input capture or output compare occurs on channel x. Channel x
TIMB CPU interrupt requests are controlled by the channel x
interrupt enable bit, CHXIE.
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18.6 Low-Power Modes

18.6.1 Wait Mode

18.6.2 Stop Mode

The WAIT and STOP instructions put the MCU in low power-
consumption standby modes.

The TIMB remains active after the execution of a WAIT instruction. In
wait mode, the TIMB registers are not accessible by the CPU. Any
enabled CPU interrupt request from the TIMB can bring the MCU out of
wait mode.

If TIMB functions are not required during wait mode, reduce power
consumption by stopping the TIMB before executing the WAIT
instruction.

The TIMB is inactive after the execution of a STOP instruction. The
STOP instruction does not affect register conditions or the state of the
TIMB counter. TIMB operation resumes when the MCU exits stop mode.

18.7 TIMB During Break Interrupts

A break interrupt stops the TIMB counter and inhibits input captures.

The system integration module (SIM) controls whether status bits in
other modules can be cleared during the break state. The BCFE bit in
the SIM break flag control register (SBFCR) enables software to clear
status bits during the break state (see SIM Break Flag Control Register
on page 122).

To allow software to clear status bits during a break interrupt, write a
logic 1 to the BCFE bit. If a status bit is cleared during the break state, it
remains cleared when the MCU exits the break state.

To protect status bits during the break state, write a logic 0 to the BCFE
bit. With BCFE at logic O (its default state), software can read and write
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I/O registers during the break state without affecting status bits. Some
status bits have a 2-step read/write clearing procedure. If software does
the first step on such a bit before the break, the bit cannot change during
the break state as long as BCFE is at logic 0. After the break, doing the
second step clears the status bit.

18.8 1/O Signals

Port D shares one of its pins with the TIMB. Port F shares two of its pins
with the TIMB. PTD4/ATD12/TBCLK is an external clock input to the
TIMB prescaler. The two TIMB channel I/O pins are PTF4/TBCHO and
PTF5/TBCHL.

18.8.1 TIMB Clock Pin (PTD4/ATD12/TBCLK)

PTD4/ATD12/TBCLK is an external clock input that can be the clock
source for the TIMB counter instead of the prescaled internal bus clock.
Select the PTD4/ATD12/TBCLK input by writing logic 1s to the three
prescaler select bits, PS[2:0] (see TIMB Status and Control Register).
The minimum TCLK pulse width, TCLK| \;n Or TCLKmins 1St
1
bus frequency

+ sy

The maximum TCLK frequency is the least: 4 MHz or bus frequency + 2.

PTD4/ATD12/TBCLK is available as a general-purpose /O pin or ADC
channel when not used as the TIMB clock input. When the
PTD4/ATD12/TBCLK pinisthe TIMB clock input, itis an input regardless
of the state of the DDRD4 bit in data direction register D.

18.8.2 TIMB Channel I/O Pins (PTF5/TBCH1-PTF4/TBCHO)

Each channel I/O pin is programmable independently as an input
capture pin or an output compare pin. PTF4/TBCHO and PTF5/TBCH1
can be configured as buffered output compare or buffered PWM pins.
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18.9 1/O Registers
These 1/0O registers control and monitor TIMB operation:

e TIMB status and control register (TBSC)

* TIMB control registers (TBCNTH-TBCNTL)

e TIMB counter modulo registers (TBMODH-TBMODL)

e TIMB channel status and control registers (TBSCO and TBSC1)
» TIMB channel registers (TBCHOH-TBCHOL, TBCH1H-TBCH1L)

18.9.1 TIMB Status and Control Register
The TIMB status and control register:

* Enables TIMB overflow interrupts
* Flags TIMB overflows

e Stops the TIMB counter

* Resets the TIMB counter

* Prescales the TIMB counter clock

Address:  $0040

Bit 7 6 5 4 3 2 1 Bit 0
Read: TOF 0 0
TOIE TSTOP PS2 PS1 PSO
Write: 0 TRST R
Reset: 0 0 1 0 0 0 0 0
R = Reserved

Figure 18-4. TIMB Status and Control Register (TBSC)

TOF — TIMB Overflow Flag Bit

This read/write flag is set when the TIMB counter reaches the modulo
value programmed in the TIMB counter modulo registers. Clear TOF
by reading the TIMB status and control register when TOF is set and
then writing a logic 0 to TOF. If another TIMB overflow occurs before
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NOTE:

Advance Information

the clearing sequence is complete, then writing logic 0 to TOF has no
effect. Therefore, a TOF interrupt request cannot be lost due to
inadvertent clearing of TOF. Reset clears the TOF bit. Writing a logic
1 to TOF has no effect.

1 = TIMB counter has reached modulo value

0 = TIMB counter has not reached modulo value

TOIE — TIMB Overflow Interrupt Enable Bit

This read/write bit enables TIMB overflow interrupts when the TOF bit
becomes set. Reset clears the TOIE bit.

1 = TIMB overflow interrupts enabled

0 = TIMB overflow interrupts disabled

TSTOP — TIMB Stop Bit

This read/write bit stops the TIMB counter. Counting resumes when
TSTOP is cleared. Reset sets the TSTOP bit, stopping the TIMB
counter until software clears the TSTOP bit.

1 = TIMB counter stopped

0 = TIMB counter active

Do not set the TSTOP bit before entering wait mode if the TIMB is
required to exit wait mode. Also, when the TSTOP bit is set and the timer
is configured for input capture operation, input captures are inhibited
until TSTOP is cleared.

TRST — TIMB Reset Bit

Setting this write-only bit resets the TIMB counter and the TIMB
prescaler. Setting TRST has no effect on any other registers.
Counting resumes from $0000. TRST is cleared automatically after
the TIMB counter is reset and always reads as logic 0. Reset clears
the TRST bit.

1 = Prescaler and TIMB counter cleared

0 = No effect

Setting the TSTOP and TRST bits simultaneously stops the TIMB
counter at a value of $0000.
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PS[2:0] — Prescaler Select Bits

These read/write bits select either the PTD4/ATD12/TBCLK pin or
one of the seven prescaler outputs as the input to the TIMB counter
as Table 18-1 shows. Reset clears the PS[2:0] bits.

Table 18-1. Prescaler Selection

PS[2:0] TIMB Clock Source
000 Internal Bus Clock +1
001 Internal Bus Clock + 2
010 Internal Bus Clock + 4
011 Internal Bus Clock + 8
100 Internal Bus Clock + 16
101 Internal Bus Clock + 32
110 Internal Bus Clock + 64
111 PTD4/ATD12/TBCLK

18.9.2 TIMB Counter Registers

The two read-only TIMB counter registers contain the high and low bytes
of the value in the TIMB counter. Reading the high byte (TBCNTH)
latches the contents of the low byte (TBCNTL) into a buffer. Subsequent
reads of TBCNTH do not affect the latched TBCNTL value until TBCNTL
is read. Reset clears the TIMB counter registers. Setting the TIMB reset
bit (TRST) also clears the TIMB counter registers.

NOTE: If TBCNTH is read during a break interrupt, be sure to unlatch TBCNTL
by reading TBCNTL before exiting the break interrupt. Otherwise,
TBCNTL retains the value latched during the break.
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Register Name and Address TBCNTH — $0041

Bit 7 6 5 4 3 2 1 Bit 0
Read:| BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 BIT 10 BIT9 BIT 8
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

Register Name and Address TBCNTL — $0042

Bit 7 6 5 4 3 2 1 Bit 0
Read:| BIT7 BIT6 BITS5 BIT 4 BIT3 BIT 2 BIT1 BITO
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

R R = Reserved

Figure 18-5. TIMB Counter Registers (TBCNTH and TBCNTL)
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18.9.3 TIMB Counter Modulo Registers

The read/write TIMB modulo registers contain the modulo value for the
TIMB counter. When the TIMB counter reaches the modulo value, the
overflow flag (TOF) becomes set and the TIMB counter resumes
counting from $0000 at the next timer clock. Writing to the high byte
(TBMODH) inhibits the TOF bit and overflow interrupts until the low byte
(TBMODL) is written. Reset sets the TIMB counter modulo registers.

Register Name and Address TBMODH — $0043

Bit 7 6 5 4 3 2 1 Bit 0
Read:
BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 BIT 10 BIT9 BIT 8
Write:
Reset: 1 1 1 1 1 1 1 1

Register Name and Address TBMODL — $0044

Bit 7 6 5 4 3 2 1 Bit 0
Read:
BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
Write:
Reset: 1 1 1 1 1 1 1 1
Figure 18-6. TIMB Counter Modulo Registers (TBMODH and

TBMODL)

NOTE: Resetthe TIMB counter before writing to the TIMB counter modulo
registers.
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18.9.4 TIMB Channel Status and Control Registers
Each of the TIMB channel status and control registers:

* Flags input captures and output compares

« Enables input capture and output compare interrupts

e Selects input capture, output compare or PWM operation
» Selects high, low or toggling output on output compare

» Selects rising edge, falling edge or any edge as the active input
capture trigger

» Selects output toggling on TIMB overflow
» Selects 0% and 100% PWM duty cycle

« Selects buffered or unbuffered output compare/PWM operation

Register Name and Address TBSCO — $0045

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CHOF
CHOIE MSOB MSOA ELSOB ELSOA TOVO CHOMAX
Write: 0
Reset: 0 0 0 0 0 0 0 0

Register Name and Address TBSC1 — $0048

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CH1F 0
CHI1IE MS1A ELS1B ELS1A TOV1 CH1IMAX
Write: 0 R
Reset: 0 0 0 0 0 0 0 0
R R = Reserved

Figure 18-7. TIMB Channel Status and Control Registers
(TBSCO-TBSC1)
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CHxF — Channel x Flag Bit

When channel x is an input capture channel, this read/write bit is set
when an active edge occurs on the channel x pin. When channel x is
an output compare channel, CHxF is set when the value in the TIMB
counter registers matches the value in the TIMB channel x registers.

When CHXIE = 1, clear CHxF by reading TIMB channel x status and
control register with CHxF set, and then writing a logic 0 to CHxF. If
another interrupt request occurs before the clearing sequence is
complete, then writing logic 0 to CHxF has no effect. Therefore, an
interrupt request cannot be lost due to inadvertent clearing of CHxF.

Reset clears the CHxF bit. Writing a logic 1 to CHxF has no effect.
1 = Input capture or output compare on channel x
0 = No input capture or output compare on channel x

CHXIE — Channel x Interrupt Enable Bit
This read/write bit enables TIMB CPU interrupts on channel x.

Reset clears the CHXIE bit.
1 = Channel x CPU interrupt requests enabled
0 = Channel x CPU interrupt requests disabled

MSxB — Mode Select Bit B

This read/write bit selects buffered output compare/PWM operation.
MSxB exists only in the TIMB channel O.

Setting MSOB disables the channel 1 status and control register and
reverts TBCHL1 to general-purpose I/0O.

Reset clears the MSxB bit.
1 = Buffered output compare/PWM operation enabled
0 = Buffered output compare/PWM operation disabled
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MSxA — Mode Select Bit A

When ELSxB:A # 00, this read/write bit selects either input capture
operation or unbuffered output compare/PWM operation (see Table
18-2).

1 = Unbuffered output compare/PWM operation

0 = Input capture operation

When ELSxB:A = 00, this read/write bit selects the initial output level
of the TBCHXx pin once PWM, input capture or output compare
operation is enabled (see Table 18-2). Reset clears the MSxA bit.

1 = Initial output level low

0 = Initial output level high

NOTE: Before changing a channel function by writing to the MSxB or MSXA bit,
set the TSTOP and TRST bits in the TIMB status and control register
(TBSC).

ELSxB and ELSxA — Edge/Level Select Bits

When channel x is an input capture channel, these read/write bits
control the active edge-sensing logic on channel x.

When channel x is an output compare channel, ELSxB and ELSxA
control the channel x output behavior when an output compare
occurs.

When ELSxB and ELSXA are both clear, channel x is not connected
to port F and pin PTFx/TBCHXx is available as a general-purpose 1/0
pin. However, channel x is at a state determined by these bits and
becomes transparent to the respective pin when PWM, input capture,
or output compare mode is enabled. Table 18-2 shows how ELSxB
and ELSxA work. Reset clears the ELSxB and ELSxA bits.
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Table 18-2. Mode, Edge, and Level Selection

MSxB:MSxA | ELSxB:ELSxA Mode Configuration

Pin under Port Control;
X0 00 Initialize Timer
Output Output Level High

Preset | pin under Port Control:
X1 00 Initialize Timer
Output Level Low

00 01 Capture on Rising Edge Only
Input .
00 10 Capture Capture on Falling Edge Only
00 11 Capture on Rising or Falling Edge
01 01 Toggle Output on Compare
Output
01 10 Compare | Clear Output on Compare
or PWM
01 11 Set Output on Compare
1X 01 Buffered | Toggle Output on Compare
Output
1X 10 Compare Clear Output on Compare
orBuffered
1X 11 PWM Set Output on Compare

NOTE: Before enabling a TIMB channel register for input capture operation,
make sure that the PTFx/TBCHX pin is stable for at least two bus clocks.

TOVx — Toggle-On-Overflow Bit

When channel x is an output compare channel, this read/write bit
controls the behavior of the channel x output when the TIMB counter
overflows. When channel x is an input capture channel, TOVx has no
effect. Reset clears the TOVx bit.

1 = Channel x pin toggles on TIMB counter overflow.

0 = Channel x pin does not toggle on TIMB counter overflow.

NOTE: When TOVx is set, a TIMB counter overflow takes precedence over a
channel x output compare if both occur at the same time.
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CHXMAX — Channel x Maximum Duty Cycle Bit

When the TOVx bit is at logic 1, setting the CHXMAX bit forces the
duty cycle of buffered and unbuffered PWM signals to 100%. As
Figure 18-8 shows, the CHXMAX bit takes effect in the cycle after it
is set or cleared. The output stays at the 100% duty cycle level until
the cycle after CHXMAX is cleared.

OVERFLOW OVERFLOW OVERFLOW OVERFLOW OVERFLOW

¢—— PERIOD —p

\i \i

A T T A

OUTPUT OUTPUT OUTPUT OUTPUT
COMPARE COMPARE COMPARE COMPARE

CHXMAX |

Figure 18-8. CHXxMAX Latency

PTEX/TCHx

18.9.5 TIMB Channel Registers

These read/write registers contain the captured TIMB counter value of
the input capture function or the output compare value of the output

compare function. The state of the TIMB channel registers after reset is
unknown.

In input capture mode (MSxB—MSxA = 0:0) reading the high byte of the
TIMB channel x registers (TBCHxH) inhibits input captures until the low
byte (TBCHXxL) is read.

In output compare mode (MSxB—MSXxA # 0:0) writing to the high byte of
the TIMB channel x registers (TBCHxH) inhibits output compares and
the CHXxF bit until the low byte (TBCHXxL) is written.
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Register Name and Address TBCHOH — $0046

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: Indeterminate after Reset
Register Name and Address TBCHOL — $0047
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: Indeterminate after Reset
Register Name and Address TBCH1H — $0049
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: Indeterminate after Reset
Register Name and Address TBCH1L — $004A
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: Indeterminate after Reset

Figure 18-9. TIMB Channel Registers (TBCHOH/L-TBCH1H/L)
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Section 19. Programmable Interrupt Timer (PIT)

19.1 Contents

19.2 Introduction

19.2 Introduction. .......... . . i 293
19.3 Features. . ... .o 294
19.4 Functional Description. . ........... ... 294
19.5 PIT Counter Prescaler ............... . i .. 296
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19.6.1 WaitMode . ... 296
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19.8 /O RegISters ... i 297
19.8.1 PIT Status and Control Register................... 297
19.8.2 PIT Counter Registers . ........... ... 300
19.8.3 PIT Counter Modulo Registers .................... 301

This section describes the Programmable Interrupt Timer (PIT) which is
a periodic interrupt timer whose counter is clocked internally via software
programmable options. Figure 19-1 is a block diagram of the PIT.

For further information regarding timers on M68HCO08 family devices,
please consult the HCO8 Timer Reference Manual, TIMOS8RM/AD.
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19.3 Features

Features of the PIT include:
* Programmable PIT Clock Input
* Free-Running or Modulo Up-Count Operation
e PIT Counter Stop and Reset Bits

19.4 Functional Description

Figure 19-1 shows the structure of the PIT. The central component of
the PIT is the 16-bit PIT counter that can operate as a free-running
counter or a modulo up-counter. The counter provides the timing
reference for the interrupt. The PIT counter modulo registers,
PMODH-PMODL, control the modulo value of the counter. Software can
read the counter value at any time without affecting the counting
sequence.

INTERNAL PRESCALER SELECT

BUS CLOCK > PRESCALER

CSTOP J ! * * *

‘ PPS2 ‘ PPS1 ‘ PPSO ‘

!

CRST >

Y

| 16-BIT COUNTER !: » POF |—] INTER-
{} RUPT
POIE —{ LOGC
16-BIT COMPARATOR >
TIMPMODH:TIMPMODL
Figure 19-1. PIT Block Diagram
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Register Name

Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:

PIT Status and Control Register
(PSC)

PIT Counter Register High
(PCNTH)

PIT Counter Register Low
(PCNTL)

PIT Counter Modulo Register High
(PMODH)

PIT Counter Modulo Register Low
(PMODL)

MC68HC908AS32A — Rev 0.0

Programmable Interrupt Timer (PIT)
Functional Description

Bit 7 6 5 4 2 1 Bit 0
POF 0
POIE PSTOP PPS2 PPS1 PPSO

0 PRST

0 0 1 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8

0 0 0 0 0 0 0
Bit 7 6 5 3 2 1 Bit 0

0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8

1 1 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 Bit 0

1 1 1 1 1 1 1 1

|:| =Unimplemented

Figure 19-2. PIT I/O Register Summary

Table 19-1. PIT I/O Register Address Summary

Register

PSC

PCNTH

PCNTL

PMODH

PMODL

Address

$004B

$004C

$004D

$004E

$004F
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19.5 PIT Counter Prescaler

The clock source can be one of the seven prescaler outputs. The
prescaler generates seven clock rates from the internal bus clock. The
prescaler select bits, PPS[2:0], in the status and control register select
the PIT clock source.

The value in the PIT counter modulo registers and the selected prescaler
output determines the frequency of the periodic interrupt. The PIT
overflow flag (POF) is set when the PIT counter value reaches the
modulo value programmed in the PIT counter modulo registers. The PIT
interrupt enable bit, POIE, enables PIT overflow CPU interrupt requests.
POF and POIE are in the PIT status and control register.

19.6 Low-Power Modes

19.6.1 Wait Mode

19.6.2 Stop Mode

Advance Information

The WAIT and STOP instructions put the MCU in low power-consump-
tion standby modes.

The PIT remains active after the execution of a WAIT instruction. In wait
mode the PIT registers are not accessible by the CPU. Any enabled CPU
interrupt request from the PIT can bring the MCU out of wait mode.

If PIT functions are not required during wait mode, reduce power
consumption by stopping the PIT before executing the WAIT instruction.

The PIT is inactive after the execution of a STOP instruction. The STOP
instruction does not affect register conditions or the state of the PIT
counter. PIT operation resumes when the MCU exits stop mode after an
external interrupt.
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PIT During Break Interrupts

19.7 PIT During Break Interrupts

19.8 1/O Registers

A break interrupt stops the PIT counter.

The system integration module (SIM) controls whether status bits in
other modules can be cleared during the break state. The BCFE bit in
the SIM break flag control register (SBFCR) enables software to clear
status bits during the break state (see SIM Break Flag Control Register
on page 122).

To allow software to clear status bits during a break interrupt, write a
logic 1 to the BCFE bit. If a status bit is cleared during the break state, it
remains cleared when the MCU exits the break state.

To protect status bits during the break state, write a logic 0 to the BCFE
bit. With BCFE at logic O (its default state), software can read and write
I/O registers during the break state without affecting status bits. Some
status bits have a 2-step read/write clearing procedure. If software does
the first step on such a bit before the break, the bit cannot change during
the break state as long as BCFE is at logic 0. After the break, doing the
second step clears the status bit.

The following I/O registers control and monitor operation of the PIT:

» PIT status and control register (PSC)
* PIT counter registers (PCNTH-PCNTL)
e PIT counter modulo registers (PMODH-PMODL)

19.8.1 PIT Status and Control Register

The PIT status and control register:

* Enables PIT interrupt
* Flags PIT overflows

» Stops the PIT counter
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* Resets the PIT counter

* Prescales the PIT counter clock

Address:  $004B

Bit 7 6 5 4 3 2 1 Bit 0
Read: POF 0 0
POIE PSTOP PPS2 PPS1 PPSO
Write: 0 PRST
Reset: 0 0 1 0 0 0 0 0
= Unimplemented

Figure 19-3. PIT Status and Control Register (PSC)

POF — PIT Overflow Flag Bit

This read/write flag is set when the PIT counter reaches the modulo
value programmed in the PIT counter modulo registers. Clear POF by
reading the PIT status and control register when POF is set and then
writing a logic 0 to POF. If another PIT overflow occurs before the
clearing sequence is complete, then writing logic 0 to POF has no
effect. Therefore, a POF interrupt request cannot be lost due to
inadvertent clearing of POF. Reset clears the POF bit. Writing a logic
1 to POF has no effect.

1 = PIT counter has reached modulo value

0 = PIT counter has not reached modulo value

POIE — PIT Overflow Interrupt Enable Bit

This read/write bit enables PIT overflow interrupts when the POF bit
becomes set. Reset clears the POIE bit.

1 = PIT overflow interrupts enabled

0 = PIT overflow interrupts disabled

PSTOP — PIT Stop Bit

This read/write bit stops the PIT counter. Counting resumes when
PSTOP is cleared. Reset sets the PSTOP bit, stopping the PIT
counter until software clears the PSTOP bit.

1 = PIT counter stopped

0 = PIT counter active
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I/O Registers

NOTE: Do notsetthe PSTOP bit before entering wait mode if the PIT is required
to exit wait mode.

PRST — PIT Reset Bit

Setting this write-only bit resets the PIT counter and the PIT prescaler.
Setting PRST has no effect on any other registers. Counting resumes
from $0000. PRST is cleared automatically after the PIT counter is
reset and always reads as logic zero. Reset clears the PRST bit.

1 = Prescaler and PIT counter cleared

0 = No effect

NOTE: Setting the PSTOP and PRST bits simultaneously stops the PIT counter
at a value of $0000.
PPS[2:0] — Prescaler Select Bits

These read/write bits select one of the seven prescaler outputs as the
input to the PIT counter as Table 19-2 shows. Reset clears the
PPS[2:0] bits.

Table 19-2. Prescaler Selection

PPS[2:0] PIT Clock Source
000 Internal Bus Clock +1
001 Internal Bus Clock + 2
010 Internal Bus Clock + 4
011 Internal Bus Clock + 8
100 Internal Bus Clock + 16
101 Internal Bus Clock + 32
110 Internal Bus Clock + 64
111 Internal Bus Clock + 64
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19.8.2 PIT Counter Registers

The two read-only PIT counter registers contain the high and low bytes
of the value in the PIT counter. Reading the high byte (PCNTH) latches
the contents of the low byte (PCNTL) into a buffer. Subsequent reads of
PCNTH do not affect the latched PCNTL value until PCNTL is read.
Reset clears the PIT counter registers. Setting the PIT reset bit (PRST)
also clears the PIT counter registers.

NOTE: If you read PCNTH during a break interrupt, be sure to unlatch PCNTL
by reading PCNTL before exiting the break interrupt. Otherwise, PCNTL
retains the value latched during the break.

Address: $004C

Bit 7 6 5 4 3 2 1 Bit 0
Read:| Bit15 14 13 12 11 10 9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0

Address: $004D

Bit 7 6 5 4 3 2 1 Bit 0
Read:| Bit15 14 13 12 11 10 9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented
Figure 19-4. PIT Counter Registers (PCNTH-PCNTL)
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I/O Registers

19.8.3 PIT Counter Modulo Registers

The read/write PIT modulo registers contain the modulo value for the PIT
counter. When the PIT counter reaches the modulo value the overflow
flag (POF) becomes set and the PIT counter resumes counting from
$0000 at the next timer clock. Writing to the high byte (PMODH) inhibits
the POF bit and overflow interrupts until the low byte (PMODL) is written.
Reset sets the PIT counter modulo registers.

Address: $004E:$004F

Bit 7 6 5 4 3 2 1 Bit 0
Read:

Bit 15 14 13 12 11 10 9 Bit 8
Write:
Reset: 1 1 1 1 1 1 1 1

Address: $004E:$004F

Bit 7 6 5 4 3 2 1 Bit 0
Read:

Bit 7 6 5 4 3 2 1 Bit 0
Write:
Reset: 1 1 1 1 1 1 1 1

Figure 19-5. PIT Counter Modulo Registers (PMODH-PMODL)

NOTE: Resetthe PIT counter before writing to the PIT counter modulo registers.
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20.2 Introduction

On the52-pin MC68HC908AS60A, forty bidirectional input/output (1/0O)
form six parallel ports. All I/O pins are programmable as inputs or
outputs.

NOTE: Connect any unused I/O pins to an appropriate logic level, either Vpp or
Vgs. Although the I/O ports do not require termination for proper
operation, termination reduces excess current consumption and the
possibility of electrostatic damage.

Figure 20-1. I/O Port Register Summary

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
$0000 Port A Data Register (PTA)| PTA7 PTAG6 PTAS PTA4 PTA3 PTA2 PTAl PTAQ
$0001 Port B Data Register (PTB)| PTB7 PTB6 PTB5 PTB4 | PTB3 PTB2 PTB1 PTBO
$0002 Port C Data Register (PTC) 0 0 0 PTC4 | PTC3 | PTC2 | PTC1 | PTCO
$0003 Port D Data Register (PTD) 0 PTD6 PTD5 PTD4 PTD3 | PTD2 PTD1 PTDO
$0004 Data Direction Register A (DDRA)| DDRA7 | DDRA6 | DDRA5 | DDRA4 | DDRA3 | DDRA2 | DDRA1 | DDRAO
$0005 Data Direction Register B (DDRB)| DDRB7 | DDRB6 | DDRB5 | DDRB4 | DDRB3 | DDRB2 | DDRB1 | DDRBO
$0006 Data Direction Register C (DDRC)| MCLKEN 0 0 DDRC4 | DDRC3 | DDRC2 | DDRC1 | DDRCO
$0007 Data Direction Register D (DDRD) 0 DDRD6 | DDRDS | DDRD4 | DDRD3 | DDRD2 | DDRD1 | DDRDO
$0008 Port E Data Register (PFTE)| PTE7 PTEG PTES PTE4 | PTE3 PTE2 PTE1 PTEO
$0009 Port F Data Register (PTF) 0 0 0 0 PTF3 | PTF2 | PTF1 | PTFO
$000C Data Direction Register E (DDRE)| DDRE7 | DDRE6 | DDRE5 | DDRE4 | DDRE3 | DDRE2 | DDRE1 | DDREO
$000D Data Direction Register F (DDRF) 0 0 0 0 DDRF3 | DDRF2 | DDRF1 | DDRF0
Advance Information MC68HC908AS32A — Rev 0.0
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Port A

20.3 Port A

Port A is an 8-bit general-purpose bidirectional I/O port.

20.3.1 Port A Data Register

The port A data register contains a data latch for each of the eight
port A pins.

Address:  $0000

Bit 7 6 5 4 3 2 1 Bit 0
Read:

PTA7 PTA6 PTAS PTA4 PTA3 PTA2 PTAL PTAO
Write:
Reset: Unaffected by Reset

Figure 20-2. Port A Data Register (PTA)

PTA[7:0] — Port A Data Bits

These read/write bits are software programmable. Data direction of
each port A pin is under the control of the corresponding bit in data
direction register A. Reset has no effect on port A data.

20.3.2 Data Direction Register A

Data direction register A determines whether each port A pin is an input
or an output. Writing a logic 1 to a DDRA bit enables the output buffer for
the corresponding port A pin; a logic 0 disables the output buffer.

Address:  $0004

Bit 7 6 5 4 3 2 1 Bit 0
Read:
DDRA7 DDRAG6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRAO
Write:
Reset: 0 0 0 0 0 0 0 0
Figure 20-3. Data Direction Register A (DDRA)
MC68HC908AS32A — Rev 0.0 Advance Information
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DDRA[7:0] — Data Direction Register A Bits

These read/write bits control port A data direction. Reset clears
DDRA[7:0], configuring all port A pins as inputs.

1 = Corresponding port A pin configured as output

0 = Corresponding port A pin configured as input

NOTE: Avoid glitches on port A pins by writing to the port A data register before
changing data direction register A bits from O to 1.

Figure 20-4 shows the port A 1/O logic.

2"\ READ DDRA ($0004)

WRITE DDRA ($0004)

-
|

RESET —»]

DDRAX

WRITE PTA ($0000)

- PTAX L4 p— PTAX

READ PTA ($0000) }/]

INTERNAL DATA BUS

'

Figure 20-4. Port A I/O Circuit

When bit DDRAX is a logic 1, reading address $0000 reads the PTAXx
data latch. When bit DDRAX is a logic 0, reading address $0000 reads
the voltage level on the pin. The data latch can always be written,
regardless of the state of its data direction bit. Table 20-1 summarizes
the operation of the port A pins.

Table 20-1. Port A Pin Functions

. Accesses
DDRA PT.A /0 Pin to DDRA Accesses to PTA
Bit Bit Mode - -
Read/Write Read Write
0 X Input, Hi-Z DDRA[7:0] Pin PTA[7:0]®
1 X Output DDRA[7:0] PTA[7:0] PTA[7:0]

X =don't care
Hi-Z = high impedance
1. Writing affects data register, but does not affect input.
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20.4 Port B
Port B is an 8-bit special function port that shares all of its pins with the

analog-to-digital converter.

20.4.1 Port B Data Register

The port B data register contains a data latch for each of the eight port
B pins.

Address:  $0001

Bit 7 6 5 4 3 2 1 Bit0
Read:
PTB7 | PTB6 | PTB5 | PTB4 | PTB3 | PTB2 | PTBL | PTBO
Write:
Reset: Unaffected by Reset
Altemate | \oro | atpg | ATDS | ATD4 | ATD3 | ATD2 | ATDL | ATDO
Functions:

Figure 20-5. Port B Data Register (PTB)

PTB[7:0] — Port B Data Bits

These read/write bits are software programmable. Data direction of
each port B pin is under the control of the corresponding bit in data
direction register B. Reset has no effect on port B data.

MC68HC908AS32A — Rev 0.0 Advance Information

MOTOROLA Input/Output Ports 307



Input/Output Ports

ATD[7:0] — ADC Channels

PTB7/ATD7-PTBO/ATDO are eight of the analog-to-digital converter
channels. The ADC channel select bits, CH[4:0], determine whether
the PTB7/ATD7-PTBO/ATDO pins are ADC channels or general-
purpose I/O pins. If an ADC channel is selected and a read of this
corresponding bit in the port B data register occurs, the data will be O
if the data direction for this bit is programmed as an input. Otherwise,
the data will reflect the value in the data latch. (See Analog-to-Digital
Converter (ADC) on page 361). Data direction register B (DDRB)
does not affect the data direction of port B pins that are being used by
the ADC. However, the DDRB bits always determine whether reading
port B returns to the states of the latches or logic 0.

20.4.2 Data Direction Register B

Data direction register B determines whether each port B pin is an input
or an output. Writing a logic 1 to a DDRB bit enables the output buffer for
the corresponding port B pin; a logic 0 disables the output buffer.

Address:  $0005

Bit 7 6 5 4 3 2 1 Bit 0
Read:
DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRBO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 20-6. Data Direction Register B (DDRB)

DDRB[7:0] — Data Direction Register B Bits

These read/write bits control port B data direction. Reset clears
DDRB[7:0], configuring all port B pins as inputs.

1 = Corresponding port B pin configured as output

0 = Corresponding port B pin configured as input

NOTE: Avoid glitches on port B pins by writing to the port B data register before
changing data direction register B bits from O to 1.

Figure 20-7 shows the port B I/O logic.
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Port B
2"\ READ DDRB ($0005)
WRITE DDRB ($0005)
» . DDRBX
2 RESET —»]
=
3 WRITE PTB ($0001)
= > PTBx * p— PTBX
o
(I
E 3
READ PTB ($0001) }/I
N |

Figure 20-7. Port B 1/O Circuit

When bit DDRBX is a logic 1, reading address $0001 reads the PTBx
data latch. When bit DDRBXx is a logic 0, reading address $0001 reads
the voltage level on the pin. The data latch can always be written,
regardless of the state of its data direction bit. Table 20-2 summarizes
the operation of the port B pins.

Table 20-2. Port B Pin Functions

Accesses
DDRB PTB /O Pin to DDRB Accesses to PTB
Bit Bit Mode
Read/Write Read Write
0 X Input, Hi-Z DDRBJ7:0] Pin pTB[7;0](1)
1 X Output DDRBJ7:0] PTB[7:0] PTB[7:0]

X =don't care
Hi-Z = high impedance
1. Writing affects data register, but does not affect input.
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20.5 Port C

Port C is an 5-bit general-purpose bidirectional I/O port.

20.5.1 Port C Data Register

The port C data register contains a data latch for each of the five port C
pins.

Address:  $0002

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0
PTC4 PTC3 PTC2 PTC1 PTCO
Write: R R R
Reset: Unaffected by Reset
R = Reserved
AIter_natg MCLK
Functions:

Figure 20-8. Port C Data Register (PTC)

PTC[4:0] — Port C Data Bits

These read/write bits are software-programmable. Data direction of
each port C pin is under the control of the corresponding bit in data
direction register C. Reset has no effect on port C data (4:0).

MCLK — System Clock Bit

The system clock is driven out of PTC2 when enabled by MCLKEN bit
in PTCDDRY.

Advance Information MC68HC908AS32A — Rev 0.0

310 Input/Output Ports MOTOROLA



Input/Output Ports
Port C

20.5.2 Data Direction Register C

Data direction register C determines whether each port C pin is an input
or an output. Writing a logic 1 to a DDRC bit enables the output buffer for
the corresponding port C pin; a logic 0 disables the output buffer.

Address:  $0006

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0
MCLKEN DDRC4 | DDRC3 | DDRC2 | DDRC1 | DDRCO
Write: R R
Reset: 0 0 0 0 0 0 0 0
R = Reserved

Figure 20-9. Data Direction Register C (DDRC)

MCLKEN — MCLK Enable Bit

This read/write bit enables MCLK to be an output signal on PTC2. If
MCLK is enabled, DDRC2 has no effect. Reset clears this bit.

1 = MCLK output enabled

0 = MCLK output disabled

DDRCJ[4:0] — Data Direction Register C Bits

These read/write bits control port C data direction. Reset clears
DDRCJ[4:0], configuring all port C pins as inputs.

1 = Corresponding port C pin configured as output

0 = Corresponding port C pin configured as input

NOTE: Avoid glitches on port C pins by writing to the port C data register before
changing data direction register C bits from 0 to 1.
Figure 20-10 shows the port C I/O logic.
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4"\ READ DDRC ($0006)

WRITE DDRC ($0006)

-

WRITE PTC ($0002)

RESET —]

DDRCx

A

INTERNAL DATA BUS

READ PTC ($0002)

PTCx

S

p—» PTCx

A

<

Figure 20-10. Port C I/O Circuit

When bit DDRCx is a logic 1, reading address $0002 reads the PTCx
data latch. When bit DDRCXx is a logic 0, reading address $0002 reads
the voltage level on the pin. The data latch can always be written,
regardless of the state of its data direction bit. Table 20-3 summarizes
the operation of the port C pins.

Table 20-3. Port C Pin Functions

Accesses
Bit PTC /0 Pin to DDRC Accesses to PTC
Value Bit Mode
Read/Write Read Write
0 2 Input, Hi-Z DDRC[2] Pin PTC2
1 2 Output DDRCJ[2] 0 —
0 X Input, Hi-Z DDRCJ4:0] Pin PTC[4:O](1)
1 X Output DDRCJ4:0] PTC[4:0] PTC[4:0]

X =don't care
Hi-Z = high impedance
1. Writing affects data register, but does not affect input.
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20.6 Port D

Port D is an 7-bit general-purpose 1/O port.

20.6.1 Port D Data Register

Port D is a 7-bit special function port that shares seven of its pins with
the analog to digital converter and two with the timer interface
modules.

Address:  $0003

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0
PTD6 PTD5 PTD4 PTD3 PTD2 PTD1 PTDO
Write: R
Reset: Unaffected by Reset
Alternate ATD14/ ATD12/
Functions: R TACLK ATD13 TBCLK ATD11 ATD10 ATD9 ATD8

Figure 20-11. Port D Data Register (PTD)

PTD[6:0] — Port D Data Bits

PTD[6:0] are read/write, software programmable bits. Data direction
of PTD[6:0] pins are under the control of the corresponding bit in data
direction register D.

ATD[14:8] — ADC Channel Status Bits

PTD6/ATD14/TACLK—PTDO/ATDS are seven of the 15 analog-to-
digital converter channels. The ADC channel select bits, CH[4:0],
determine whether the PTD6/ATD14/TACLK—PTDO/ATDS pins are
ADC channels or general-purpose I/O pins. If an ADC channel is
selected and a read of this corresponding bit in the port B data register
occurs, the data will be 0 if the data direction for this bit is

programmed as an input. Otherwise, the data will reflect the value in
the data latch. (See Analog-to-Digital Converter (ADC) on page 361).

Data direction register D (DDRD) does not affect the data direction of
port D pins that are being used by the TIMA. However, the DDRD bits
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always determine whether reading port D returns the states of the
latches or logic 0.

TACLK/TBCLK — Timer Clock Input Bit

The PTD6/ATD14/TACLK pin is the external clock input for the TIMA.
The prescaler select bits, PS[2:0], select PTD6/ATD14/TACLK as the
TIM clock input. (See TIMA Channel Status and Control Registers
on page 352). When not selected as the TIM clock,
PTD6/ATD14/TACLK is available for general-purpose 1/0. While
TACLK is selected corresponding DDRD bits have no effect.

20.6.2 Data Direction Register D

Data direction register D determines whether each port D pin is an input
or an output. Writing a logic 1 to a DDRD bit enables the output buffer for
the corresponding port D pin; a logic O disables the output buffer.

Address:  $0007

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0
DDRD6 | DDRD5 | DDRD4 | DDRD3 | DDRD2 | DDRD1 | DDRDO
Write: R
Reset: 0 0 0 0 0 0 0 0

Figure 20-12. Data Direction Register D (DDRD)

DDRD[6:0] — Data Direction Register D Bits

These read/write bits control port D data direction. Reset clears
DDRDI[6:0], configuring all port D pins as inputs.

1 = Corresponding port D pin configured as output

0 = Corresponding port D pin configured as input

NOTE: Avoid glitches on port D pins by writing to the port D data register before
changing data direction register D bits from O to 1.

Figure 20-13 shows the port D I/O logic.

Advance Information MC68HC908AS32A — Rev 0.0

314 Input/Output Ports MOTOROLA



A>

READ DDRD ($0007)

WRITE DDRD ($0007)

-

RESET —]

WRITE PTD ($0003)

DDRDx

Input/Output Ports

Po

A

INTERNAL DATA BUS

READ PTD ($0003)

PTDx

S

A

<

Figure 20-13. Port D I/O Circuit

nD

p—» PTDx

When bit DDRDx is a logic 1, reading address $0003 reads the PTDx

data latch. When bit DDRDx is a logic 0, reading address $0003 reads
the voltage level on the pin. The data latch can always be written,
regardless of the state of its data direction bit. Table 20-4 summarizes
the operation of the port D pins.

Table 20-4. Port D Pin Functions

Accesses to
DDRD | PTD I/0 Pin DDRD Accesses to PTD
Bit Bit Mode - -
Read/Write Read Write
0 X Input, Hi-Z DDRDI[6:0] Pin PTD[6:0]()
1 X Output DDRDI[6:0] PTD[6:0] PTD[6:0]

X =don't care
Hi-Z = high impedance
1. Writing affects data register, but does not affect input.
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20.7 Port E

Port E is an 8-bit special function port that shares two of its pins with the
timer interface module (TIMA), two of its pins with the serial
communications interface module (SCI), and four of its pins with the
serial peripheral interface module (SPI).

20.7.1 Port E Data Register

The port E data register contains a data latch for each of the eight port
E pins.

Address:  $0008

Bit 7 6 5 4 3 2 1 Bit 0
Read:
PTE7 PTE6 PTES PTE4 PTE3 PTE2 PTE1 PTEO
Write:
Reset: Unaffected by Reset
Alternate | oooo | Most | MISO | SS | TACHL | TACHO | R«D | TxD
Function:

Figure 20-14. Port E Data Register (PTE)

PTE[7:0] — Port E Data Bits

PTE[7:0] are read/write, software programmable bits. Data direction
of each port E pin is under the control of the corresponding bit in data
direction register E.

SPSCK — SPI Serial Clock Bit

The PTE7/SPSCK pin is the serial clock input of an SPI slave module
and serial clock output of an SPI master module. When the SPE bit is
clear, the PTE7/SPSCK pin is available for general-purpose 1/O. (See
SPI Control Register on page 260).

MOSI — Master Out/Slave In Bit

The PTE6/MOSI pin is the master out/slave in terminal of the SPI
module. When the SPE bit is clear, the PTE6/MOSI pin is available for
general-purpose 1/O.
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MISO — Master In/Slave Out Bit

The PTE5/MISO pin is the master in/slave out terminal of the SPI
module. When the SPI enable bit, SPE, is clear, the SPI module is
disabled, and the PTE5/MISO pin is available for general-purpose
I/0. (See SPI Control Register on page 260).

SS — Slave Select Bit

The PTE4/SS pin is the slave select input of the SPI module. When

the SPE bit is clear, or when the SPI master bit, SPMSTR, is set and
MODFEN bit is low, the PTE4/SS pin is available for general-purpose
I/0. (See SS (Slave Select) on page 258). When the SPI is enabled
as a slave, the DDRFO bit in data direction register E (DDRE) has no
effect on the PTE4/SS pin.

NOTE: Data direction register E (DDRE) does not affect the data direction of
port E pins that are being used by the SPI module. However, the DDRE
bits always determine whether reading port E returns the states of the
latches or the states of the pins. (See Table 20-5).

TACHJ[1:0] — Timer Channel 1/O Bits

The PTE3/TACH1-PTE2/TACHO pins are the TIM input
capture/output compare pins. The edge/level select bits,
ELSxB:ELSXA, determine whether the PTE3/TACH1-PTE2/TACHO
pins are timer channel 1/0O pins or general-purpose I/O pins. (See
TIMA Channel Status and Control Registers on page 352).

NOTE: Data direction register E (DDRE) does not affect the data direction of
port E pins that are being used by the TIM. However, the DDRE bits
always determine whether reading port E returns the states of the
latches or the states of the pins. (See Table 20-5).

RxD — SCI Receive Data Input Bit

The PTE1/RxD pin is the receive data input for the SCI module. When
the enable SCI bit, ENSCI, is clear, the SCI module is disabled, and
the PTEL1/RxD pin is available for general-purpose I/0. (See SCI
Control Register 1 on page 217).
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TxD — SCI Transmit Data Output

The PTEO/TxD pin is the transmit data output for the SCI module.
When the enable SCI bit, ENSCI, is clear, the SCI module is disabled,
and the PTEO/TxD pin is available for general-purpose 1/0. (See SCI
Control Register 1 on page 217).

NOTE: Data direction register E (DDRE) does not affect the data direction of
port E pins that are being used by the SCI module. However, the DDRE
bits always determine whether reading port E returns the states of the
latches or the states of the pins. (See Table 20-5).

20.7.2 Data Direction Register E

Data direction register E determines whether each port E pin is an input
or an output. Writing a logic 1 to a DDRE bit enables the output buffer for
the corresponding port E pin; a logic 0 disables the output buffer.

Address:  $000C

Bit 7 6 5 4 3 2 1 Bit 0
Read:
DDRE7 | DDRE6 | DDRE5 | DDRE4 | DDRE3 | DDRE2 | DDRE1 | DDREO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 20-15. Data Direction Register E (DDRE)

DDRE[7:0] — Data Direction Register E Bits

These read/write bits control port E data direction. Reset clears
DDRE([7:0], configuring all port E pins as inputs.

1 = Corresponding port E pin configured as output

0 = Corresponding port E pin configured as input

NOTE: Avoid glitches on port E pins by writing to the port E data register before
changing data direction register E bits from O to 1.

Figure 20-16 shows the port E 1/O logic.
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Port E
2"\ READ DDRE ($000C)
WRITE DDRE ($000C)
» DDREX
2 RESET —»]
=
3 WRITE PTE (30008)
= > PTEX * — PTEX
o
(I
E 3
READ PTE ($0008) }/]
N |

Figure 20-16. Port E 1/0O Circuit

When bit DDREX is a logic 1, reading address $0008 reads the PTEx
data latch. When bit DDREX is a logic 0, reading address $0008 reads
the voltage level on the pin. The data latch can always be written,
regardless of the state of its data direction bit. Table 20-5 summarizes
the operation of the port E pins.

Table 20-5. Port E Pin Functions

Accesses
DDRE PTE /O Pin to DDRE Accesses to PTE
Bit Bit Mode
Read/Write Read Write
0 X Input, Hi-Z | DDRE[7:0] Pin PTE[7:0]
1 X Output DDRE[7:0] | PTE[7:0] PTE[7:0]

X =don't care
Hi-Z = high impedance
1. Writing affects data register, but does not affect input.
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20.8 Port F

Port F is a 4-bit special function port that shares four of its pins with the
timer interface module (TIMA-6).

20.8.1 Port F Data Register

The port F data register contains a data latch for each of the four port F
pins.

Address:  $0009

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0
PTF3 PTF2 PTF1 PTFO
Write: R R R R
Reset: Unaffected by Reset
Alternate TACH5 | TACH4 | TACH3 | TACH2
Function:
R = Reserved

Figure 20-17. Port F Data Register (PTF)

PTF[3:0] — Port F Data Bits

These read/write bits are software programmable. Data direction of
each port F pin is under the control of the corresponding bit in data
direction register F. Reset has no effect on PTF[3:0].

TACHI[5:2] — Timer A Channel I/O Bits

The PTF3-PTFO/TACH2 pins are the TIM input capture/output
compare pins. The edge/level select bits, ELSxB:ELSxA, determine
whether the PTF3—PTFO/TACH2 pins are timer channel 1/O pins or
general-purpose 1/O pins. (See TIMA Status and Control Register
on page 347).

NOTE: Datadirection register F (DDRF) does not affect the data direction of port
F pins that are being used by the TIM. However, the DDRF bits always
determine whether reading port F returns the states of the latches or the
states of the pins. (See Table 20-6).
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20.8.2 Data Direction Register F

NOTE:

Data direction register F determines whether each port F pin is an input
or an output. Writing a logic 1 to a DDRF bit enables the output buffer for
the corresponding port F pin; a logic O disables the output buffer.

Address:

Read:
Write:

Reset:

$000D
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0

DDRF3 | DDRF2 | DDRF1 | DDRFO
R R R R
0 0 0 0 0 0 0 0
R = Reserved

Figure 20-18. Data Direction Register F (DDRF)

DDRF[3:0] — Data Direction Register F Bits

These read/write bits control port F data direction. Reset clears
DDRF[3:0], configuring all port F pins as inputs.

1 = Corresponding port F pin configured as output

0 = Corresponding port F pin configured as input

Avoid glitches on port F pins by writing to the port F data register before
changing data direction register F bits from 0 to 1.

Figure 20-19 shows the port F 1/O logic.

AN

READ DDRF ($000D)

WRITE DDRF ($000D)

-

|

RESET —]

DDRFx

WRITE PTF ($0009)

INTERNAL DATA BUS

- PTFx * —» PTFX

3

MC68HC908AS32A — Rev 0.0

READ PTF ($0009) }/]

Figure 20-19. Port F I/O Circuit
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When bit DDRFxX is a logic 1, reading address $0009 reads the PTFx
data latch. When bit DDRFx is a logic 0, reading address $0009 reads
the voltage level on the pin. The data latch can always be written,
regardless of the state of its data direction bit. Table 20-6 summarizes
the operation of the port F pins.

Advance Information

Table 20-6. Port F Pin Functions

Accesses
DDRF PTF /O Pin to DDRF Accesses to PTF
Bit Bit Mode
Read/Write Read Write
0 X Input, Hi-Z DDRF[3:0] Pin PTF[3;0](1)
1 X Output DDRF[3:0] PTF[3:0] PTF[3:0]

X =don't care

Hi-Z = high impedance
1. Writing affects data register, but does not affect input.
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21.1 Contents

21.2 Introduction

Section 21. Keyboard Module (KBD)

21.2 Introduction. .......... . . 323
21.3 Features. ... ... 324
21.4 Functional Description. . ... 324
21.5 Keyboard Initialization .. ............. ... ... . . .. 327
21.6 Low-PowerModes ............ ... ... 328
21.6.1 WaitMode....... ... 328
21.6.2 StopMode. ... ... 328
21.7 Keyboard Module During Break Interrupts ............ 328
21.8 /O RegISters . ... 329
21.8.1 Keyboard Status and Control Register ............. 329
21.8.2 Keyboard Interrupt Enable Register. . .............. 330

The keyboard interrupt module (KBD) provides five independently
maskable external interrupt pins.

This module is only available on 64-pin package options.
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21.3 Features

KBD features include:

Five Keyboard Interrupt Pins with Separate Keyboard Interrupt
Enable Bits and One Keyboard Interrupt Mask

Hysteresis Buffers

Programmable Edge-Only or Edge- and Level- Interrupt Sensitivity
Automatic Interrupt Acknowledge

Exit from Low-Power Modes

21.4 Functional Description

Writing to the KBIE4—KBIEDO bits in the keyboard interrupt enable register
independently enables or disables each port G or port H pin as a
keyboard interrupt pin. Enabling a keyboard interrupt pin also enables its
internal pullup device. A logic 0 applied to an enabled keyboard interrupt
pin latches a keyboard interrupt request.

A keyboard interrupt is latched when one or more keyboard pins goes
low after all were high. The MODEK bit in the keyboard status and
control register controls the triggering mode of the keyboard interrupt.

Advance Information

If the keyboard interrupt is edge-sensitive only, a falling edge on a
keyboard pin does not latch an interrupt request if another
keyboard pin is already low. To prevent losing an interrupt request
on one pin because another pin is still low, software can disable
the latter pin while it is low.

If the keyboard interrupt is falling edge- and low level-sensitive, an
interrupt request is present as long as any keyboard pin is low.
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Functional Description
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If the MODEK bit is set, the keyboard interrupt pins are both falling edge-
and low level-sensitive, and both of the following actions must occur to
clear a keyboard interrupt request:

» Vector fetch or software clear — A vector fetch generates an
interrupt acknowledge signal to clear the interrupt request.
Software may generate the interrupt acknowledge signal by
writing a logic 1 to the ACKK bit in the keyboard status and control
register (KBSCR). The ACKK bit is useful in applications that poll
the keyboard interrupt pins and require software to clear the
keyboard interrupt request. Writing to the ACKK bit prior to leaving
an interrupt service routine also can prevent spurious interrupts
due to noise. Setting ACKK does not affect subsequent transitions
on the keyboard interrupt pins. A falling edge that occurs after
writing to the ACKK bit latches another interrupt request. If the
keyboard interrupt mask bit, IMASKK, is clear, the CPU loads the
program counter with the vector address at locations $FFDE and
$FFDF.

* Return of all enabled keyboard interrupt pins to logic 1. As long as
any enabled keyboard interrupt pin is at logic 0, the keyboard
interrupt remains set.

The vector fetch or software clear and the return of all enabled keyboard
interrupt pins to logic 1 may occur in any order.

If the MODEK bit is clear, the keyboard interrupt pin is falling edge-
sensitive only. With MODEK clear, a vector fetch or software clear
immediately clears the keyboard interrupt request.

Reset clears the keyboard interrupt request and the MODEK bit, clearing
the interrupt request even if a keyboard interrupt pin stays at logic 0.

The keyboard flag bit (KEYF) in the keyboard status and control register
can be used to see if a pending interrupt exists. The KEYF bit is not
affected by the keyboard interrupt mask bit (IMASKK) which makes it
useful in applications where polling is preferred.

To determine the logic level on a keyboard interrupt pin, use the data
direction register to configure the pin as an input and read the data
register.
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NOTE:

Keyboard Module (KBD)
Keyboard Initialization

Setting a keyboard interrupt enable bit (KBIEX) forces the corresponding
keyboard interrupt pin to be an input, overriding the data direction
register. However, the data direction register bit must be a logic O for
software to read the pin.

21.5 Keyboard Initialization

When a keyboard interrupt pin is enabled, it takes time for the internal
pullup to reach a logic 1. Therefore, a false interrupt can occur as soon
as the pin is enabled.

To prevent a false interrupt on keyboard initialization:

1. Mask keyboard interrupts by setting the IMASKK bit in the
keyboard status and control register

2. Enable the KBI pins by setting the appropriate KBIEx bits in the
keyboard interrupt enable register

3. Write to the ACKK bit in the keyboard status and control register
to clear any false interrupts

4. Clear the IMASKK hit.
An interrupt signal on an edge-triggered pin can be acknowledged
immediately after enabling the pin. An interrupt signal on an edge- and

level-triggered interrupt pin must be acknowledged after a delay that
depends on the external load.

Another way to avoid a false interrupt:

1. Configure the keyboard pins as outputs by setting the appropriate
DDRG bits in data direction register G.

2. Configure the keyboard pins as outputs by setting the appropriate
DDRH bits in data direction register H.

3. Write logic 1s to the appropriate port G and port H data register
bits.

4. Enable the KBI pins by setting the appropriate KBIEx bits in the
keyboard interrupt enable register.
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21.6 Low-Power Modes

21.6.1 Wait Mode

21.6.2 Stop Mode

The WAIT and STOP instructions put the MCU in low-power-
consumption standby modes.

The keyboard module remains active in wait mode. Clearing the
IMASKK bit in the keyboard status and control register enables keyboard
interrupt requests to bring the MCU out of wait mode.

The keyboard module remains active in stop mode. Clearing the
IMASKK bit in the keyboard status and control register enables keyboard
interrupt requests to bring the MCU out of stop mode.

21.7 Keyboard Module During Break Interrupts

Advance Information

The BCFE bit in the break flag control register (BFCR) enables software
to clear status bits during the break state. See Break Module (BRK) on
page 157.

To allow software to clear the KEYF bit during a break interrupt, write a
logic 1 to the BCFE bit. If KEYF is cleared during the break state, it
remains cleared when the MCU exits the break state.

To protect the KEYF bit during the break state, write a logic 0 to the
BCFE bit. With BCFE at logic 0, writing to the keyboard acknowledge bit
(ACKK) in the keyboard status and control register during the break state
has no effect. See Keyboard Status and Control Register on page
329.
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I/O Registers

21.8 1/0 Registers

The following registers control and monitor operation of the keyboard
module:

» Keyboard status and control register (KBSCR)
» Keyboard interrupt enable register (KBIER)

21.8.1 Keyboard Status and Control Register
The keyboard status and control register:

» Flags keyboard interrupt requests
« Acknowledges keyboard interrupt requests
* Masks keyboard interrupt requests

» Controls keyboard interrupt triggering sensitivity

Address: $001A

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 KEYF 0
IMASKK | MODEK
Write: ACKK
Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 21-3. Keyboard Status and Control Register (KBSCR)

Bits 7-4 — Not used
These read-only bits always read as logic 0Os.

KEYF — Keyboard Flag Bit

This read-only bit is set when a keyboard interrupt is pending. Reset
clears the KEYF bit.

1 = Keyboard interrupt pending

0 = No keyboard interrupt pending
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ACKK — Keyboard Acknowledge Bit

Writing a logic 1 to this write-only bit clears the keyboard interrupt
request. ACKK always reads as logic 0. Reset clears ACKK.

IMASKK — Keyboard Interrupt Mask Bit

Writing a logic 1 to this read/write bit prevents the output of the
keyboard interrupt mask from generating interrupt requests. Reset
clears the IMASKK bit.

1 = Keyboard interrupt requests masked

0 = Keyboard interrupt requests not masked

MODEK — Keyboard Triggering Sensitivity Bit

This read/write bit controls the triggering sensitivity of the keyboard
interrupt pins. Reset clears MODEK.
1 = Keyboard interrupt requests on falling edges and low levels
0 = Keyboard interrupt requests on falling edges only

21.8.2 Keyboard Interrupt Enable Register

The keyboard interrupt enable register enables or disables each port G
and each port H pin to operate as a keyboard interrupt pin.

Address: $001B

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0
KBIE4 KBIE3 KBIE2 KBIE1 KBIEO
Write:
Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 21-4. Keyboard Interrupt Enable Register (KBIER)

KBIE4-KBIEO — Keyboard Interrupt Enable Bits

Each of these read/write bits enables the corresponding keyboard
interrupt pin to latch interrupt requests. Reset clears the keyboard
interrupt enable register.

1 = PDx pin enabled as keyboard interrupt pin

0 = PDx pin not enabled as keyboard interrupt pin
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22.2 Introduction

22.3 Features

Advance Information

This section describes the timer interface module (TIMA). The TIMA is a
6-channel timer that provides a timing reference with input capture,
output compare and pulse-width-modulation functions. Figure 22-1is a
block diagram of the TIMA.

For further information regarding timers on M68HCO08 family devices,
please consult the HCO8 Timer Reference Manual, TIMOS8RM/AD.

Features of the TIMA include:

Six Input Capture/Output Compare Channels
— Rising-Edge, Falling-Edge or Any-Edge Input Capture Trigger
— Set, Clear or Toggle Output Compare Action

Buffered and Unbuffered Pulse Width Modulation (PWM) Signal
Generation

Programmable TIMA Clock Input

— 7 Frequency Internal Bus Clock Prescaler Selection

— External TIMA Clock Input (4 MHz Maximum Frequency)
Free-Running or Modulo Up-Count Operation

Toggle Any Channel Pin on Overflow

TIMA Counter Stop and Reset Bits
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Addr.

$0020
$0021
$0022
$0023
$0024
$0025
$0026
$0027
$0028
$0029
$002A
$002B
$002C
$002D
$002E
$002F
$0030
$0031
$0032
$0033
$0034
$0035
$0036
$0037

Figure 22-2.

Register Name

TIMA Status/Control Register (TASC)

Reserved

TIMA Counter Register High (TACNTH)

TIMA Counter Register Low (TACNTL)

TIMA Counter Modulo Reg. High (TAMODH)

TIMA Counter Modulo Reg. Low (TAMODL)

TIMA Ch. 0 Status/Control Register (TASCO)

TIMA Ch. 0 Register High (TACHOH)

TIMA Ch. 0 Register Low (TACHOL)

TIMA Ch. 1 Status/Control Register (TASC1)

TIMA Ch. 1 Register High (TACH1H)

TIMA Ch. 1 Register Low (TACH1L)

TIMA Ch. 2 Status/Control Register (TASC2)

TIMA Ch. 2 Register High (TACH2H)

TIMA Ch. 2 Register Low (TACH2L)

TIMA Ch. 3 Status/Control Register (TASC3)

TIMA Ch. 3 Register High (TACH3H)

TIMA Ch. 3 Register Low (TACH3L)

TIMA Ch. 4 Status/Control Register (TASC4)

TIMA Ch. 4 Register High (TACH4H)

TIMA Ch. 4 Register Low (TACHA4L)

TIMA Ch. 5 Status/Control Register (TASC5)

TIMA Ch. 5 Register High (TACH5H)

TIMA Ch. 5 Register Low (TACH5L)

TIMA I/O Register Summary
Bit 7 6 5 4 3 2 1 Bit 0
TOF | TOIE | TSTOP | TRST 0 PS2 PS1 PS0O
R R R R R R R R
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit0
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit0
CHOF | CHOIE | MSOB | MSOA | ELSOB | ELSOA | TOVO | CHOMAX
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit0
CHIF | CHlE 0 MS1A | ELS1B | ELSIA | TOV1 | CHIMAX
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit0
CH2F | CH2IE | MS2B | MS2A | ELS2B | ELS2A | TOV2 | CH2MAX
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit0
CH3F | CH3IE 0 MS3A | ELS3B | ELS3A | TOV3 | CH3VAX
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit0
CH4F | CH4IE | MS4B | MS4A | ELS4B | ELS4A | TOV4 | CHAMAX
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit0
CH5F | CHSIE 0 MS5A | ELS5B | ELS5A | TOV5 | CHSMAX
Bit 15 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit0
R = Reserved

Advance Information
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22.4 Functional Description

Figure 22-1 shows the TIMA structure. The central component of the
TIMA is the 16-bit TIMA counter that can operate as a free-running
counter or a modulo up-counter. The TIMA counter provides the timing
reference for the input capture and output compare functions. The TIMA
counter modulo registers, TAMODH-TAMODL, control the modulo
value of the TIMA counter. Software can read the TIMA counter value at
any time without affecting the counting sequence.

The six TIMA channels are programmable independently as input
capture or output compare channels.

22.4.1 TIMA Counter Prescaler

22.4.2 Input Capture

The TIMA clock source can be one of the seven prescaler outputs or the
TIMA clock pin, PTD6/ATD14/TACLK. The prescaler generates seven
clock rates from the internal bus clock. The prescaler select bits, PS[2:0],
in the TIMA status and control register select the TIMA clock source.

An input capture function has three basic parts: edge select logic, an
input capture latch and a 16-bit counter. Two 8-bit registers, which make
up the 16-bit input capture register, are used to latch the value of the
free-running counter after the corresponding input capture edge detector
senses a defined transition. The polarity of the active edge is
programmable. The level transition which triggers the counter transfer is
defined by the corresponding input edge bits (ELSxB and ELSXA in
TASCO through TASCS control registers with x referring to the active
channel number). When an active edge occurs on the pin of an input
capture channel, the TIMA latches the contents of the TIMA counter into
the TIMA channel registers, TACHxH-TACHXL. Input captures can
generate TIMA CPU interrupt requests. Software can determine that an
input capture event has occurred by enabling input capture interrupts or
by polling the status flag bit.
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The free-running counter contents are transferred to the TIMA channel
register (TACHxH-TACHXL see TIMA Channel Registers on page 357)
on each proper signal transition regardless of whether the TIMA channel
flag (CHOF—-CH5F in TASCO-TASCS registers) is set or clear. When the
status flag is set, a CPU interrupt is generated if enabled. The value of
the count latched or “captured” is the time of the event. Because this
value is stored in the input capture register 2 bus cycles after the actual
event occurs, user software can respond to this event at a later time and
determine the actual time of the event. However, this must be done prior
to another input capture on the same pin; otherwise, the previous time
value will be lost.

By recording the times for successive edges on an incoming signal,
software can determine the period and/or pulse width of the signal. To
measure a period, two successive edges of the same polarity are
captured. To measure a pulse width, two alternate polarity edges are
captured. Software should track the overflows at the 16-bit module
counter to extend its range.

Another use for the input capture function is to establish a time
reference. In this case, an input capture function is used in conjunction
with an output compare function. For example, to activate an output
signal a specified number of clock cycles after detecting an input event
(edge), use the input capture function to record the time at which the
edge occurred. A number corresponding to the desired delay is added to
this captured value and stored to an output compare register (see TIMA
Channel Registers on page 357). Because both input captures and
output compares are referenced to the same 16-bit modulo counter, the
delay can be controlled to the resolution of the counter independent of
software latencies.

Reset does not affect the contents of the TIMA channel register
(TACHXH-TACHXL).

Advance Information
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22.4.3 Output Compare

With the output compare function, the TIMA can generate a periodic
pulse with a programmable polarity, duration and frequency. When the
counter reaches the value in the registers of an output compare channel,
the TIMA can set, clear or toggle the channel pin. Output compares can
generate TIMA CPU interrupt requests.

22.4.3.1 Unbuffered Output Compare

Any output compare channel can generate unbuffered output compare
pulses as described in Output Compare on page 337. The pulses are
unbuffered because changing the output compare value requires writing
the new value over the old value currently in the TIMA channel registers.

An unsynchronized write to the TIMA channel registers to change an
output compare value could cause incorrect operation for up to two
counter overflow periods. For example, writing a new value before the
counter reaches the old value but after the counter reaches the new
value prevents any compare during that counter overflow period. Also,
using a TIMA overflow interrupt routine to write a new, smaller output
compare value may cause the compare to be missed. The TIMA may
pass the new value before it is written.

Use the following methods to synchronize unbuffered changes in the
output compare value on channel x:

« When changing to a smaller value, enable channel x output
compare interrupts and write the new value in the output compare
interrupt routine. The output compare interrupt occurs at the end
of the current output compare pulse. The interrupt routine has until
the end of the counter overflow period to write the new value.

* When changing to a larger output compare value, enable TIMA
overflow interrupts and write the new value in the TIMA overflow
interrupt routine. The TIMA overflow interrupt occurs at the end of
the current counter overflow period. Writing a larger value in an
output compare interrupt routine (at the end of the current pulse)
could cause two output compares to occur in the same counter
overflow period.
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22.4.3.2 Buffered Output Compare

Advance Information

Channels 0 and 1 can be linked to form a buffered output compare
channel whose output appears on the PTE2/TACHO pin. The TIMA
channel registers of the linked pair alternately control the output.

Setting the MSOB bit in TIMA channel 0 status and control register
(TASCDO) links channel 0 and channel 1. The output compare value in the
TIMA channel 0O registers initially controls the output on the
PTE2/TACHO pin. Writing to the TIMA channel 1 registers enables the
TIMA channel 1 registers to synchronously control the output after the
TIMA overflows. At each subsequent overflow, the TIMA channel
registers (0 or 1) that control the output are the ones written to last.
TASCO controls and monitors the buffered output compare function and
TIMA channel 1 status and control register (TASC1) is unused. While the
MSOB bit is set, the channel 1 pin, PTE3/TACHL, is available as a
general-purpose 1/0 pin.

Channels 2 and 3 can be linked to form a buffered output compare
channel whose output appears on the PTFO/TACH2 pin. The TIMA
channel registers of the linked pair alternately control the output.

Setting the MS2B bit in TIMA channel 2 status and control register
(TASC2) links channel 2 and channel 3. The output compare value in the
TIMA channel 2 registers initially controls the output on the
PTFO/TACH2 pin. Writing to the TIMA channel 3 registers enables the
TIMA channel 3 registers to synchronously control the output after the
TIMA overflows. At each subsequent overflow, the TIMA channel
registers (2 or 3) that control the output are the ones written to last.
TASC2 controls and monitors the buffered output compare function, and
TIMA channel 3 status and control register (TASC3) is unused. While the
MS2B bit is set, the channel 3 pin, PTF1/TACHS3, is available as a
general-purpose 1/0 pin.

Channels 4 and 5 can be linked to form a buffered output compare
channel whose output appears on the PTF2 pin. The TIMA channel
registers of the linked pair alternately control the output.

Setting the MS4B bit in TIMA channel 4 status and control register
(TASC4) links channel 4 and channel 5. The output compare value in the
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TIMA channel 4 registers initially controls the output on the PTF2 pin.
Writing to the TIMA channel 5 registers enables the TIMA channel 5
registers to synchronously control the output after the TIMA overflows.
At each subsequent overflow, the TIMA channel registers (4 or 5) that
control the output are the ones written to last. TASC4 controls and
monitors the buffered output compare function and TIMA channel 5
status and control register (TASC5) is unused. While the MS4B bit is set,
the channel 5 pin, PTF3, is available as a general-purpose 1/O pin.

NOTE: In buffered output compare operation, do not write new output compare
values to the currently active channel registers. User software should
track the currently active channel to prevent writing a new value to the
active channel. Writing to the active channel registers is the same as
generating unbuffered output compares.

22.4.4 Pulse Width Modulation (PWM)

By using the toggle-on-overflow feature with an output compare channel,
the TIMA can generate a PWM signal. The value in the TIMA counter
modulo registers determines the period of the PWM signal. The channel
pin toggles when the counter reaches the value in the TIMA counter
modulo registers. The time between overflows is the period of the PWM
signal.

As Figure 22-3 shows, the output compare value in the TIMA channel
registers determines the pulse width of the PWM signal. The time
between overflow and output compare is the pulse width. Program the
TIMA to clear the channel pin on output compare if the state of the PWM
pulse is logic 1. Program the TIMA to set the pin if the state of the PWM
pulse is logic O.
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Figure 22-3. PWM Period and Pulse Width

The value in the TIMA counter modulo registers and the selected
prescaler output determines the frequency of the PWM output. The
frequency of an 8-bit PWM signal is variable in 256 increments. Writing
$00FF (255) to the TIMA counter modulo registers produces a PWM
period of 256 times the internal bus clock period if the prescaler select
value is $000 (see TIMA Status and Control Register on page 347).

The value in the TIMA channel registers determines the pulse width of
the PWM output. The pulse width of an 8-bit PWM signal is variable in
256 increments. Writing $0080 (128) to the TIMA channel registers
produces a duty cycle of 128/256 or 50%.

22.4.4.1 Unbuffered PWM Signal Generation

Any output compare channel can generate unbuffered PWM pulses as
described in Pulse Width Modulation (PWM) on page 339. The pulses
are unbuffered because changing the pulse width requires writing the
new pulse width value over the value currently in the TIMA channel
registers.

An unsynchronized write to the TIMA channel registers to change a
pulse width value could cause incorrect operation for up to two PWM
periods. For example, writing a new value before the counter reaches
the old value but after the counter reaches the new value prevents any
compare during that PWM period. Also, using a TIMA overflow interrupt
routine to write a new, smaller pulse width value may cause the compare
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to be missed. The TIMA may pass the new value before it is written to
the TIMA channel registers.

Use the following methods to synchronize unbuffered changes in the
PWM pulse width on channel x:

« When changing to a shorter pulse width, enable channel x output
compare interrupts and write the new value in the output compare
interrupt routine. The output compare interrupt occurs at the end
of the current pulse. The interrupt routine has until the end of the
PWM period to write the new value.

* When changing to a longer pulse width, enable TIMA overflow
interrupts and write the new value in the TIMA overflow interrupt
routine. The TIMA overflow interrupt occurs at the end of the
current PWM period. Writing a larger value in an output compare
interrupt routine (at the end of the current pulse) could cause two
output compares to occur in the same PWM period.

NOTE: In PWM signal generation, do not program the PWM channel to toggle
on output compare. Toggling on output compare prevents reliable 0%
duty cycle generation and removes the ability of the channel to self-
correct in the event of software error or noise. Toggling on output
compare also can cause incorrect PWM signal generation when
changing the PWM pulse width to a new, much larger value.

22.4.4.2 Buffered PWM Signal Generation

Channels 0 and 1 can be linked to form a buffered PWM channel whose
output appears on the PTE2/TACHO pin. The TIMA channel registers of
the linked pair alternately control the pulse width of the output.

Setting the MSOB bit in TIMA channel O status and control register
(TASCO) links channel 0 and channel 1. The TIMA channel O registers
initially control the pulse width on the PTE2/TACHO pin. Writing to the
TIMA channel 1 registers enables the TIMA channel 1 registers to
synchronously control the pulse width at the beginning of the next PWM
period. At each subsequent overflow, the TIMA channel registers (0 or
1) that control the pulse width are the ones written to last. TASCO
controls and monitors the buffered PWM function and TIMA channel 1
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status and control register (TASC1) is unused. While the MSOB bit is set,
the channel 1 pin, PTE3/TACHL1, is available as a general-purpose 1/O

pin.

Channels 2 and 3 can be linked to form a buffered PWM channel whose
output appears on the PTFO/TACH2 pin. The TIMA channel registers of
the linked pair alternately control the pulse width of the output.

Setting the MS2B bit in TIMA channel 2 status and control register
(TASC2) links channel 2 and channel 3. The TIMA channel 2 registers
initially control the pulse width on the PTFO/TACH2 pin. Writing to the
TIMA channel 3 registers enables the TIMA channel 3 registers to
synchronously control the pulse width at the beginning of the next PWM
period. At each subsequent overflow, the TIMA channel registers (2 or
3) that control the pulse width are the ones written to last. TASC2
controls and monitors the buffered PWM function and TIMA channel 3
status and control register (TASC3) is unused. While the MS2B bit is set,
the channel 3 pin, PTF1/TACHS, is available as a general-purpose 1/0O

pin.

Channels 4 and 5 can be linked to form a buffered PWM channel whose
output appears on the PTF2 pin. The TIMA channel registers of the
linked pair alternately control the pulse width of the output.

Setting the MS4B bit in TIMA channel 4 status and control register
(TASC4) links channel 4 and channel 5. The TIMA channel 4 registers
initially control the pulse width on the PTF2 pin. Writing to the TIMA
channel 5 registers enables the TIMA channel 5 registers to
synchronously control the pulse width at the beginning of the next PWM
period. At each subsequent overflow, the TIMA channel registers (4 or
5) that control the pulse width are the ones written to last. TASC4
controls and monitors the buffered PWM function and TIMA channel 5
status and control register (TASC5) is unused. While the MS4B bit is set,
the channel 5 pin, PTF3, is available as a general-purpose I/O pin.

In buffered PWM signal generation, do not write new pulse width values
to the currently active channel registers. User software should track the
currently active channel to prevent writing a new value to the active
channel. Writing to the active channel registers is the same as
generating unbuffered PWM signals.
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22.4.4.3 PWM Initialization

To ensure correct operation when generating unbuffered or buffered
PWM signals, use the following initialization procedure:

1. Inthe TIMA status and control register (TASC):
a. Stop the TIMA counter by setting the TIMA stop bit, TSTOP.

b. Reset the TIMA counter and prescaler by setting the TIMA
reset bit, TRST.

2. Inthe TIMA counter modulo registers (TAMODH-TAMODL) write
the value for the required PWM period.

3. Inthe TIMA channel x registers (TACHxH-TACHXL) write the
value for the required pulse width.

4. In TIMA channel x status and control register (TASCXx):

a. Write 0:1 (for unbuffered output compare or PWM signals) or
1:0 (for buffered output compare or PWM signals) to the
mode select bits, MSxB-MSxA (see Table 22-2).

b. Write 1 to the toggle-on-overflow bit, TOVXx.

c. Write 1:0 (to clear output on compare) or 1:1 (to set output on
compare) to the edge/level select bits, ELSXB—ELSXA. The
output action on compare must force the output to the
complement of the pulse width level (see Table 22-2).

NOTE: In PWM signal generation, do not program the PWM channel to toggle
on output compare. Toggling on output compare prevents reliable 0%
duty cycle generation and removes the ability of the channel to self-
correct in the event of software error or noise. Toggling on output
compare can also cause incorrect PWM signal generation when
changing the PWM pulse width to a new, much larger value.

5. Inthe TIMA status control register (TASC) clear the TIMA stop bit,
TSTOP.

Setting MSOB links channels 0 and 1 and configures them for buffered
PWM operation. The TIMA channel O registers (TACHOH-TACHOL)
initially control the buffered PWM output. TIMA status control register O

MC68HC908AS32A — Rev 0.0 Advance Information

MOTOROLA Timer Interface Module A (TIMA) 343



Timer Interface Module A (TIMA)

22.5 Interrupts

Advance Information

(TASCO) controls and monitors the PWM signal from the linked
channels. MSOB takes priority over MSOA.

Setting MS2B links channels 2 and 3 and configures them for buffered
PWM operation. The TIMA channel 2 registers (TACH2H-TACHZ2L)
initially control the buffered PWM output. TIMA status control register 2
(TASC2) controls and monitors the PWM signal from the linked
channels. MS2B takes priority over MS2A.

Setting MS4B links channels 4 and 5 and configures them for buffered
PWM operation. The TIMA channel 4 registers (TACH4H-TACHA4L)
initially control the buffered PWM output. TIMA status control register 4
(TASC4) controls and monitors the PWM signal from the linked
channels. MS4B takes priority over MS4A.

Clearing the toggle-on-overflow bit, TOVX, inhibits output toggles on
TIMA overflows. Subsequent output compares try to force the output to
a state it is already in and have no effect. The result is a 0% duty cycle
output.

Setting the channel x maximum duty cycle bit (CHxMAX) and setting the
TOVX bit generates a 100% duty cycle output (see TIMA Channel
Status and Control Registers on page 352).

The following TIMA sources can generate interrupt requests:

* TIMA overflow flag (TOF) — The TOF bit is set when the TIMA
counter reaches the modulo value programmed in the TIMA
counter modulo registers. The TIMA overflow interrupt enable bit,
TOIE, enables TIMA overflow CPU interrupt requests. TOF and
TOIE are in the TIMA status and control register.

e TIMA channel flags (CH5F—-CHOF) — The CHXxF bit is set when an
input capture or output compare occurs on channel x. Channel x
TIMA CPU interrupt requests are controlled by the channel x
interrupt enable bit, CHXIE.
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22.6 Low-Power Modes

22.6.1 Wait Mode

22.6.2 Stop Mode

The WAIT and STOP instructions put the MCU in low power-
consumption standby modes.

The TIMA remains active after the execution of a WAIT instruction. In
wait mode, the TIMA registers are not accessible by the CPU. Any
enabled CPU interrupt request from the TIMA can bring the MCU out of
wait mode.

If TIMA functions are not required during wait mode, reduce power
consumption by stopping the TIMA before executing the WAIT
instruction.

The TIMA is inactive after the execution of a STOP instruction. The
STOP instruction does not affect register conditions or the state of the
TIMA counter. TIMA operation resumes when the MCU exits stop mode.

22.7 TIMA During Break Interrupts

A break interrupt stops the TIMA counter and inhibits input captures.

The system integration module (SIM) controls whether status bits in
other modules can be cleared during the break state. The BCFE bit in
the SIM break flag control register (SBFCR) enables software to clear
status bits during the break state (see SIM Break Flag Control Register
on page 122).

To allow software to clear status bits during a break interrupt, write a
logic 1 to the BCFE bit. If a status bit is cleared during the break state, it
remains cleared when the MCU exits the break state.

To protect status bits during the break state, write a logic 0 to the BCFE
bit. With BCFE at logic O (its default state), software can read and write
I/O registers during the break state without affecting status bits. Some
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status bits have a 2-step read/write clearing procedure. If software does
the first step on such a bit before the break, the bit cannot change during
the break state as long as BCFE is at logic 0. After the break, doing the
second step clears the status bit.

22.8 1/0O Signals

Port D shares one of its pins with the TIMA. Port E shares two of its pins
with the TIMA and port F shares four of its pins with the TIMA.
PTD6/ATD14/TACLK is an external clock input to the TIMA prescaler.
The six TIMA channel I/O pins are PTE2/TACHO, PTE3/TACH1,
PTFO/TACH2, PTF1/TACH3, PTF2, and PTF3.

22.8.1 TIMA Clock Pin (PTD6/ATD14/
TACLK)

PTD6/ATD14/TACLK is an external clock input that can be the clock
source for the TIMA counter instead of the prescaled internal bus clock.
Select the PTD6/ATD14/TACLK input by writing logic 1s to the three
prescaler select bits, PS[2:0] (see TIMA Status and Control Register).
The minimum TCLK pulse width, TCLK |,y or TCLK\Ns IS:
1
bus frequency * sy

The maximum TCLK frequency is the least: 4 MHz or bus frequency + 2.

PTD6/ATD14/TACLK is available as a general-purpose I/O pin or ADC
channel when not used as the TIMA clock input. When the
PTD6/ATD14/TACLK pinisthe TIMA clock input, itis an input regardless
of the state of the DDRDG6 bit in data direction register D.

22.8.2 TIMA Channel I/0O Pins (PTF3-PTFO/TACH2 and PTE3/TACH1-PTE2/TACHO)

Each channel I/O pin is programmable independently as an input
capture pin or an output compare pin. PTE2/TACHO, PTFO/TACH2 and
PTF2 can be configured as buffered output compare or buffered PWM
pins.
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These 1/0O registers control and monitor TIMA operation:

TIMA status and control register (TASC)
TIMA control registers (TACNTH-TACNTL)
TIMA counter modulo registers (TAMODH-TAMODL)

TIMA channel status and control registers (TASCO, TASC1,
TASC2, TASC3, TASC4 and TASC5)

TIMA channel registers (TACHOH-TACHOL, TACH1H-TACHIL,
TACH2H-TACH2L, TACH3H-TACH3L, TACH4H-TACHA4L and
TACH5H-TACHSL)

22.9.1 TIMA Status and Control Register

The TIMA status and control register:

Address:

Read:
Write:

Reset:

MC68HC908AS32A — Rev 0.0

Enables TIMA overflow interrupts
Flags TIMA overflows

Stops the TIMA counter

Resets the TIMA counter

Prescales the TIMA counter clock

$0020
Bit 7 6 5 4 3 2 1 Bit 0
TOF 0 0
TOIE TSTOP PS2 PS1 PSO
0 TRST R
0 0 1 0 0 0 0 0
R = Reserved

Figure 22-4. TIMA Status and Control Register (TASC)
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TOF — TIMA Overflow Flag Bit

This read/write flag is set when the TIMA counter reaches the modulo
value programmed in the TIMA counter modulo registers. Clear TOF
by reading the TIMA status and control register when TOF is set and
then writing a logic 0 to TOF. If another TIMA overflow occurs before
the clearing sequence is complete, then writing logic 0 to TOF has no
effect. Therefore, a TOF interrupt request cannot be lost due to
inadvertent clearing of TOF. Reset clears the TOF bit. Writing a logic
1 to TOF has no effect.

1 = TIMA counter has reached modulo value.

0 = TIMA counter has not reached modulo value.

TOIE — TIMA Overflow Interrupt Enable Bit

This read/write bit enables TIMA overflow interrupts when the TOF bit
becomes set. Reset clears the TOIE bit.

1 = TIMA overflow interrupts enabled

0 = TIMA overflow interrupts disabled

TSTOP — TIMA Stop Bit

This read/write bit stops the TIMA counter. Counting resumes when
TSTOP is cleared. Reset sets the TSTOP bit, stopping the TIMA
counter until software clears the TSTOP bit.

1 = TIMA counter stopped

0 = TIMA counter active

Do not set the TSTOP bit before entering wait mode if the TIMA is
required to exit wait mode. Also, when the TSTOP bit is set and input
capture mode is enabled, input captures are inhibited until TSTOP is
cleared.

TRST — TIMA Reset Bit

Setting this write-only bit resets the TIMA counter and the TIMA
prescaler. Setting TRST has no effect on any other registers.
Counting resumes from $0000. TRST is cleared automatically after
the TIMA counter is reset and always reads as logic 0. Reset clears
the TRST bit.

1 = Prescaler and TIMA counter cleared

0 = No effect
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NOTE: Setting the TSTOP and TRST bits simultaneously stops the TIMA
counter at a value of $0000.
PS[2:0] — Prescaler Select Bits

These read/write bits select either the PTD6/ATD14/TACLK pin or
one of the seven prescaler outputs as the input to the TIMA counter
as Table 22-1 shows. Reset clears the PS[2:0] bits.

Table 22-1. Prescaler Selection

PS[2:0] TIMA Clock Source
000 Internal Bus Clock +1
001 Internal Bus Clock + 2
010 Internal Bus Clock + 4
011 Internal Bus Clock + 8
100 Internal Bus Clock + 16
101 Internal Bus Clock + 32
110 Internal Bus Clock + 64
111 PTD6/ATD14/TACLK

22.9.2 TIMA Counter Registers

The two read-only TIMA counter registers contain the high and low bytes
of the value in the TIMA counter. Reading the high byte (TACNTH)
latches the contents of the low byte (TACNTL) into a buffer. Subsequent
reads of TACNTH do not affect the latched TACNTL value until TACNTL
is read. Reset clears the TIMA counter registers. Setting the TIMA reset
bit (TRST) also clears the TIMA counter registers.

NOTE: If TACNTH is read during a break interrupt, be sure to unlatch TACNTL
by reading TACNTL before exiting the break interrupt. Otherwise,
TACNTL retains the value latched during the break.
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Register Name and Address TACNTH — $0022

Bit 7 6 5 4 3 2 1 Bit 0
Read:| BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 BIT 10 BIT9 BIT 8
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

Register Name and Address TACNTL — $0023

Bit 7 6 5 4 3 2 1 Bit 0
Read:| BIT7 BIT6 BIT 5 BIT 4 BIT3 BIT 2 BIT1 BITO
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

R = Reserved

Figure 22-5. TIMA Counter Registers (TACNTH and TACNTL)
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22.9.3 TIMA Counter Modulo Registers

The read/write TIMA modulo registers contain the modulo value for the
TIMA counter. When the TIMA counter reaches the modulo value, the
overflow flag (TOF) becomes set and the TIMA counter resumes
counting from $0000 at the next timer clock. Writing to the high byte
(TAMODH) inhibits the TOF bit and overflow interrupts until the low byte
(TAMODL) is written. Reset sets the TIMA counter modulo registers.

Register Name and Address TAMODH — $0024

Bit 7 6 5 4 3 2 1 Bit 0
Read:
BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 BIT 10 BIT9 BIT 8
Write:
Reset: 1 1 1 1 1 1 1 1

Register Name and Address TAMODL — $0025

Bit 7 6 5 4 3 2 1 Bit 0
Read:
BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
Write:
Reset: 1 1 1 1 1 1 1 1
Figure 22-6. TIMA Counter Modulo Registers (TAMODH and

TAMODL)

NOTE: Resetthe TIMA counter before writing to the TIMA counter modulo
registers.
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22.9.4 TIMA Channel Status and Control Registers
Each of the TIMA channel status and control registers:

* Flags input captures and output compares

« Enables input capture and output compare interrupts

e Selects input capture, output compare or PWM operation
» Selects high, low or toggling output on output compare

» Selects rising edge, falling edge or any edge as the active input
capture trigger

» Selects output toggling on TIMA overflow
» Selects 0% and 100% PWM duty cycle

« Selects buffered or unbuffered output compare/PWM operation

Register Name and Address TASCO — $0026

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CHOF
CHOIE MSOB MSOA ELSOB ELSOA TOVO CHOMAX
Write: 0
Reset: 0 0 0 0 0 0 0 0

Register Name and Address TASC1 — $0029

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CH1F 0
CHI1IE MS1A ELS1B ELS1A TOV1 CH1IMAX
Write: 0 R
Reset: 0 0 0 0 0 0 0 0
R = Reserved

Figure 22-7. TIMA Channel Status and Control Registers
(TASCO-TASCYb)
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Register Name and Address TASC2 — $002C

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CH2F
CH2IE MS2B MS2A ELS2B ELS2A TOV2 | CH2MAX
Write: 0
Reset: 0 0 0 0 0 0 0 0

Register Name and Address TASC3 — $002F

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CH3F 0
CH3IE MS3A ELS3B ELS3A TOV3 | CH3MAX
Write: 0 R
Reset: 0 0 0 0 0 0 0 0

Register Name and Address TASC4 — $0032

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CH4F
CH4IE MS4B MS4A ELS4B ELS4A TOV4 | CH4AMAX
Write: 0
Reset: 0 0 0 0 0 0 0 0

Register Name and Address TASC5 — $0035

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CH5F 0
CH5IE MS5A ELS5B ELS5A TOV5 | CH5MAX
Write: 0 R
Reset: 0 0 0 0 0 0 0 0
R = Reserved

Figure 22-7. TIMA Channel Status and Control Registers
(TASCO-TASC5) (Continued)
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CHxF — Channel x Flag Bit

When channel x is an input capture channel, this read/write bit is set
when an active edge occurs on the channel x pin. When channel x is
an output compare channel, CHxF is set when the value in the TIMA
counter registers matches the value in the TIMA channel x registers.

When CHXIE = 1, clear CHxF by reading TIMA channel x status and
control register with CHxF set and then writing a logic 0 to CHxF. If
another interrupt request occurs before the clearing sequence is
complete, then writing logic 0 to CHxF has no effect. Therefore, an
interrupt request cannot be lost due to inadvertent clearing of CHxF.

Reset clears the CHxF bit. Writing a logic 1 to CHxF has no effect.
1 = Input capture or output compare on channel x
0 = No input capture or output compare on channel x

CHXIE — Channel x Interrupt Enable Bit
This read/write bit enables TIMA CPU interrupts on channel x.

Reset clears the CHXIE bit.
1 = Channel x CPU interrupt requests enabled
0 = Channel x CPU interrupt requests disabled

MSxB — Mode Select Bit B

This read/write bit selects buffered output compare/PWM operation.
MSxB exists only in the TIMA channel O, TIMA channel 2 and TIMA
channel 4 status and control registers.

Setting MSOB disables the channel 1 status and control register and
reverts TACHL pin to general-purpose 1/0.

Setting MS2B disables the channel 3 status and control register and
reverts TACHS3 pin to general-purpose 1/0.

Setting MS4B disables the channel 5 status and control register and
reverts TACHS5 pin to general-purpose 1/0.

Reset clears the MSxB bit.
1 = Buffered output compare/PWM operation enabled
0 = Buffered output compare/PWM operation disabled
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MSxA — Mode Select Bit A

When ELSxB:A # 00, this read/write bit selects either input capture
operation or unbuffered output compare/PWM operation. See Table
22-2.

1 = Unbuffered output compare/PWM operation

0 = Input capture operation

When ELSxB:A = 00, this read/write bit selects the initial output level
of the TACHXx pin once PWM, output compare mode or input capture
mode is enabled. See Table 22-2. Reset clears the MSXA bit.

1 = Initial output level low

0 = Initial output level high

NOTE: Before changing a channel function by writing to the MSxB or MSXA bit,
set the TSTOP and TRST bits in the TIMA status and control register
(TASC).

ELSxB and ELSxA — Edge/Level Select Bits

When channel x is an input capture channel, these read/write bits
control the active edge-sensing logic on channel x.

When channel x is an output compare channel, ELSxB and ELSxA
control the channel x output behavior when an output compare
occurs.

When ELSxB and ELSXA are both clear, channel x is not connected
to port E or port F and pin PTEX/TACHXx or pin PTFX/TACHX is
available as a general-purpose 1/O pin. However, channel x is at a
state determined by these bits and becomes transparent to the
respective pin when PWM, input capture mode or output compare
operation mode is enabled. Table 22-2 shows how ELSxB and
ELSXA work. Reset clears the ELSxB and ELSXA bits.
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Table 22-2. Mode, Edge, and Level Selection

MSxB:MSxA | ELSxB:ELSxA Mode Configuration

Pin under Port Control;
X0 00 Initialize Timer
Output Output Level High

Preset | pin under Port Control:
X1 00 Initialize Timer
Output Level Low

00 01 Capture on Rising Edge Only
Input .
00 10 Capture Capture on Falling Edge Only
00 11 Capture on Rising or Falling Edge
01 01 Toggle Output on Compare
Output
01 10 Compare | Clear Output on Compare
or PWM
01 11 Set Output on Compare
1X 01 Buffered | Toggle Output on Compare
Output
1X 10 Compare Clear Output on Compare
orBuffered
1X 11 PWM Set Output on Compare

NOTE: Before enabling a TIMA channel register for input capture operation,
make sure that the PTEX/TACHXx pin or PTFX/TACHX pin is stable for at
least two bus clocks.

TOVx — Toggle-On-Overflow Bit

When channel x is an output compare channel, this read/write bit
controls the behavior of the channel x output when the TIMA counter
overflows. When channel x is an input capture channel, TOVx has no
effect. Reset clears the TOVX bit.

1 = Channel x pin toggles on TIMA counter overflow.

0 = Channel x pin does not toggle on TIMA counter overflow.

NOTE: When TOVXx is set, a TIMA counter overflow takes precedence over a
channel x output compare if both occur at the same time.
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CHXMAX — Channel x Maximum Duty Cycle Bit

When the TOVx bit is at logic 1, setting the CHXMAX bit forces the
duty cycle of buffered and unbuffered PWM signals to 100%. As
Figure 22-8 shows, the CHXMAX bit takes effect in the cycle after it
is set or cleared. The output stays at the 100% duty cycle level until
the cycle after CHXMAX is cleared.

OVERFLOW OVERFLOW OVERFLOW OVERFLOW OVERFLOW

¢—— PERIOD —p

\i \i

A T T A

OUTPUT OUTPUT OUTPUT OUTPUT
COMPARE COMPARE COMPARE COMPARE

CHXMAX |

Figure 22-8. CHXxMAX Latency

PTEX/TCHx

22.9.5 TIMA Channel Registers

These read/write registers contain the captured TIMA counter value of
the input capture function or the output compare value of the output

compare function. The state of the TIMA channel registers after reset is
unknown.

In input capture mode (MSxB—MSxA = 0:0) reading the high byte of the
TIMA channel x registers (TACHxH) inhibits input captures until the low
byte (TACHXL) is read.

In output compare mode (MSxB—MSXxA # 0:0) writing to the high byte of
the TIMA channel x registers (TACHxH) inhibits output compares and
the CHxF bit until the low byte (TACHXL) is written.
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Register Name and Address TACHOH — $0027

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: Indeterminate after Reset
Register Name and Address TACHOL — $0028
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: Indeterminate after Reset
Register Name and Address TACH1H — $002A
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: Indeterminate after Reset
Register Name and Address TACH1L — $002B
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: Indeterminate after Reset
Register Name and Address TACH2H — $002D
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: Indeterminate after Reset

Figure 22-9. TIMA Channel Registers (TACHOH/L-TACH5H/L) (Sheet

1 of 3)
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Register Name and Address TACH2L — $002E

Timer Interface Module A (TIMA)
I/O Registers

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: Indeterminate after Reset
Register Name and Address TACH3H — $0030
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: Indeterminate after Reset
Register Name and Address TACH3L — $0031
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: Indeterminate after Reset
Register Name and Address TACH4H — $0033
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: Indeterminate after Reset
Register Name and Address TACH4L — $0034
Bit 7 6 5 4 3 2 1 Bit 0
Read:
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: Indeterminate after Reset

Figure 22-9. TIMA Channel Registers (TACHOH/L-TACH5H/L) (Sheet

2 of 3)
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Advance Information

Register Name and Address TACH5H — $0036

Bit 7 6 5 4 3 2 1 Bit 0
Read:

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: Indeterminate after Reset

Register Name and Address TACH5L — $0037

Bit 7 6 5 4 3 2 1 Bit 0
Read:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: Indeterminate after Reset

Figure 22-9. TIMA Channel Registers (TACHOH/L-TACH5H/L) (Sheet

30f3)
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Analog-to-Digital Converter (ADC)

23.2 Introduction

23.3 Features

This section describes the analog-to-digital converter (ADC-15). The
ADC is an 8-bit analog-to-digital converter.

For further information regarding analog-to-digital converters on
Motorola microcontrollers, please consult the HCO8 ADC Reference
Manual, ADCRM/AD.

Features of the ADC module include:

e 15 Channels with Multiplexed Input

» Linear Successive Approximation

« 8-Bit Resolution

» Single or Continuous Conversion

* Conversion Complete Flag or Conversion Complete Interrupt
» Selectable ADC Clock

23.4 Functional Description

Advance Information

Fifteen ADC channels are available for sampling external sources at
pins PTD6/ATD14/TACLK-PTDO/ATD8 and PTB7/ATD7-PTBO/ATDO.
An analog multiplexer allows the single ADC converter to select one of
15 ADC channels as ADC voltage in (ADCVIN). ADCVIN is converted by
the successive approximation register-based counters. When the
conversion is completed, ADC places the result in the ADC data register
and sets a flag or generates an interrupt. See Figure 23-1.

MC68HC908AS32A — Rev 0.0

362

Analog-to-Digital Converter (ADC) MOTOROLA



Analog-to-Digital Converter (ADC)
Functional Description

INTERNAL
DATA BUS
ivi‘ READ DDRE/DDRB
WRITE DDRB/DDRD _ DISABLE
HESET |  DDREXIDDRODX ‘ ‘
WRITE PTB/PTD {
> PTBXPTDX i\ PTEX/PTDX
o
: ; ADC CHANNEL X
_ READPTBIPTD &
it |
DISABLE
- ADC DATA REGISTER
CONVERSION ADC VOLTAGE IN y ADCHA]
INTERRUPT % ADC <N foHawnEL | TP
LOGIC SELECT

AIEN* *COCO
ADC CLOCK

CGMXCLK —— | CLOCK

GENERATOR

bod

ADIV[2:0]  ADICLK

BUS CLOCK ——pp»|

Figure 23-1. ADC Block Diagram

23.4.1 ADC Port I/0O Pins

PTD6/ATD14/TACLK-PTDO/ATD8 and PTB7/ATD7-PTBO/ATDO are
general-purpose 1/O pins that share with the ADC channels.

The channel select bits define which ADC channel/port pin will be used
as the input signal. The ADC overrides the port I/O logic by forcing that
pin as input to the ADC. The remaining ADC channels/port pins are
controlled by the port I/0 logic and can be used as general-purpose I/O.
Writes to the port register or DDR will not have any affect on the port pin
that is selected by the ADC. Read of a port pin which is in use by the
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NOTE:

ADC will return a logic 0 if the corresponding DDR bit is at logic O. If the
DDR bit is at logic 1, the value in the port data latch is read.

Do not use ADC channels ATD14 or ATD12 when using the
PTD6/ATD14/TACLK or PTD4/ATD12/TBCLK pins as the clock inputs
for the 16-bit Timers.

23.4.2 Voltage Conversion

NOTE:

When the input voltage to the ADC equals Vrgpy (See ADC
Characteristics on page 424), the ADC converts the signal to $FF (full
scale). If the input voltage equals Vgsa the ADC converts it to $00. Input
voltages between Vreey and Vggp are a straight-line linear conversion.
Conversion accuracy of all other input voltages is not guaranteed. Avoid
current injection on unused ADC inputs to prevent potential conversion
error.

Input voltage should not exceed the analog supply voltages.

23.4.3 Conversion Time

Advance Information

Conversion starts after a write to the ADSCR (ADC status control
register, $0038), and requires between 16 and 17 ADC clock cycles to
complete. Conversion time in terms of the number of bus cycles is a
function of ADICLK select, CGMXCLK frequency, bus frequency, and
ADIV prescaler bits. For example, with a CGMXCLK frequency of 4
MHz, bus frequency of 8 MHz, and fixed ADC clock frequency of 1 MHz,
one conversion will take between 16 and 17 ys and there will be between
128 bus cycles between each conversion. Sample rate is approximately
60 kHz.

Refer to ADC Characteristics on page 424.

ADC Clock Cycles
ADC Clock Frequency

Conversion Time =

Number of Bus Cycles = Conversion Time x Bus Frequency
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Interrupts

23.4.4 Continuous Conversion

In the continuous conversion mode, the ADC data register will be filled
with new data after each conversion. Data from the previous conversion
will be overwritten whether that data has been read or not. Conversions
will continue until the ADCO bit (ADC status control register, $0038) is
cleared. The COCO bit is set after the first conversion and will stay set
for the next several conversions until the next write of the ADC status
and control register or the next read of the ADC data register.

23.4.5 Accuracy and Precision

23.5 Interrupts

The conversion process is monotonic and has no missing codes. See
ADC Characteristics on page 424 for accuracy information.

When the AIEN bit is set, the ADC module is capable of generating a
CPU interrupt after each ADC conversion. A CPU interrupt is generated
if the COCO bit (ADC status control register, $0038) is at logic 0. If the
COCO hitis set, an interrupt is generated. The COCO bit is not used as
a conversion complete flag when interrupts are enabled.

23.6 Low-Power Modes

23.6.1 Wait Mode

The following subsections describe the low-power modes.

The ADC continues normal operation during wait mode. Any enabled
CPU interrupt request from the ADC can bring the MCU out of wait
mode. If the ADC is not required to bring the MCU out of wait mode,
power down the ADC by setting the ADCHJ[4:0] bits in the ADC status
and control register before executing the WAIT instruction.
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23.6.2 Stop Mode

23.7 1/0O Signals

The ADC module is inactive after the execution of a STOP instruction.
Any pending conversion is aborted. ADC conversions resume when the
MCU exits stop mode. Allow one conversion cycle to stabilize the analog
circuitry before attempting a new ADC conversion after exiting stop
mode.

The ADC module has 15 channels that are shared with I/O ports B and
D. Refer to ADC Characteristics on page 424 for voltages referenced
below.

23.7.1 ADC Analog Power Pin (Vpparep)/ADC Voltage Reference Pin (Vregn)

NOTE:

The ADC analog portion uses Vppargr as its power pin. Connect the
Vppa/Vbparer Pin to the same voltage potential as Vpp. External
filtering may be necessary to ensure clean Vpparger for good results.

VRrern Is the high reference voltage for all analog-to-digital conversions.

Route Vpparer carefully for maximum noise immunity and place bypass
capacitors as close as possible to the package. Vppargg Must be
present for operation of the ADC.

23.7.2 ADC Analog Ground Pin (Vgga)/ADC Voltage Reference Low Pin (VgggL)

The ADC analog portion uses Vggp as its ground pin. Connect the Vggp
pin to the same voltage potential as Vgg.

VRrEergL is the lower reference supply for the ADC.

23.7.3 ADC Voltage In (ADCVIN)

Advance Information

ADCVIN is the input voltage signal from one of the 15 ADC channels to
the ADC module.

MC68HC908AS32A — Rev 0.0

366

Analog-to-Digital Converter (ADC) MOTOROLA
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I/O Registers

23.8 1/0 Registers

These 1/0O registers control and monitor ADC operation:

e ADC status and control register (ADSCR)
* ADC data register (ADR)
* ADC clock register (ADICLK)

23.8.1 ADC Status and Control Register

The following paragraphs describe the function of the ADC status and
control register.

Address:  $0038

Bit 7 6 5 4 3 2 1 Bit 0
Read:| COCO
AIEN ADCO CH4 CH3 CH2 CH1 CHO
Write: R
Reset: 0 0 0 1 1 1 1 1
R = Reserved

Figure 23-2. ADC Status and Control Register (ADSCR)

COCO — Conversions Complete Bit

When the AIEN bit is a logic 0, the COCO is a read-only bit which is
set each time a conversion is completed. This bit is cleared whenever
the ADC status and control register is written or whenever the ADC
data register is read.

If the AIEN bit is a logic 1, the COCO is a read/write bit which selects
the CPU to service the ADC interrupt request. Reset clears this bit.
1 = conversion completed (AIEN = 0)
0 = conversion not completed (AIEN = 0)
or
CPU interrupt enabled (AIEN = 1)
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AIEN — ADC Interrupt Enable Bit

When this bit is set, an interrupt is generated at the end of an ADC
conversion. The interrupt signal is cleared when the data register is
read or the status/control register is written. Reset clears the AIEN bit.
1 = ADC interrupt enabled
0 = ADC interrupt disabled

ADCO — ADC Continuous Conversion Bit

When set, the ADC will convert samples continuously and update the
ADR register at the end of each conversion. Only one conversion is
allowed when this bit is cleared. Reset clears the ADCO bit.

1 = Continuous ADC conversion

0 = One ADC conversion

ADCH][4:0] — ADC Channel Select Bits

ADCH4, ADCH3, ADCH2, ADCH1, and ADCHO form a 5-bit field
which is used to select one of 15 ADC channels. Channel selection is
detailed in the following table. Care should be taken when using a port
pin as both an analog and a digital input simultaneously to prevent
switching noise from corrupting the analog signal. See Table 23-1.

The ADC subsystem is turned off when the channel select bits are all
set to one. This feature allows for reduced power consumption for the
MCU when the ADC is not used. Reset sets these bits.

NOTE: Recovery from the disabled state requires one conversion cycle to

stabilize.
Table 23-1. Mux Channel Select
ADCH4 ADCH3 ADCH2 ADCH1 ADCHO Input Select
0 0 0 0 0 PTBO/ATDO
0 0 0 0 1 PTB1/ATD1
0 0 0 1 0 PTB2/ATD2
0 0 0 1 1 PTB3/ATD3
0] 0 1 0 0 PTB4/ATD4
0 0 1 0 1 PTB5/ATD5
0 0 1 1 0 PTB6/ATD6
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Table 23-1. Mux Channel Select

ADCH4 ADCH3 ADCH2 ADCH1 ADCHO Input Select
0 0 1 1 1 PTB7/ATD7
0 1 0 0 0 PTDO/ATD8/ATDS
0 1 0 0 1 PTD1/ATD9/ATD9
0 1 0 1 0 PTD2/ATD10/ATD10
0 1 0 1 1 PTD3/ATD11/ATD11
0 1 1 0 0 PTD4/ATD12/TBCLK/
ATD12
0 1 1 0 1 PTD5/ATD13/ATD13
0 1 1 1 0 PTD6/ATD14/TACLK/
ATD14
Unused (see Note 1)
Range 01111 ($0F) to 11010 ($1A)

Unused (see Note 1)
1 1 0 1 Reserved
1 1 0 Unused (see Note 1)
1 1 1 1 VRern

(see Note 2)
1 1 1 1 0 Vssa/VrerL (see Note 2)
1 1 1 1 1 [ADC power off]
NOTES:

1. If any unused channels are selected, the resulting ADC conversion will be
unknown.
2. The voltage levels supplied from internal reference nodes as specified in the
table are used to verify the operation of the ADC converter both in production
test and for user applications.
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23.8.2 ADC Data Register

One 8-bit result register is provided. This register is updated each time
an ADC conversion completes.

Address:  $0039
Bit 7 6 5 4 3 2 1 Bit 0

Read:| AD7 ADG6 AD5 AD4 AD3 AD2 AD1 ADO

Write: R R R R R R R R

Reset: Indeterminate after Reset

R = Reserved

Figure 23-3. ADC Data Register (ADR)

23.8.3 ADC Input Clock Register

This register selects the clock frequency for the ADC.

Address:  $003A

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0
ADIV2 ADIV1 ADIVO | ADICLK
Write: R R R R
Reset: 0 0 0 0 0 0 0 0
R = Reserved

Figure 23-4. ADC Input Clock Register (ADICLK)

ADIV2-ADIVO — ADC Clock Prescaler Bits

ADIV2, ADIV1, and ADIVO form a 3-bit field which selects the divide
ratio used by the ADC to generate the internal ADC clock. Table 23-
2 shows the available clock configurations. The ADC clock should be
set to approximately 1 MHz.
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Table 23-2. ADC Clock Divide Ratio

ADIV2 ADIV1 ADIVO ADC Clock Rate
0 0 0 ADC Input Clock /1
0 0 1 ADC Input Clock / 2
0 1 0 ADC Input Clock / 4
0 1 1 ADC Input Clock / 8
1 X X ADC Input Clock / 16

X =don’t care

ADICLK — ADC Input Clock Register Bit

ADICLK selects either bus clock or CGMXCLK as the input clock
source to generate the internal ADC clock. Reset selects CGMXCLK
as the ADC clock source.

If the external clock (CGMXCLK) is equal to or greater than 1 MHz,
CGMXCLK can be used as the clock source for the ADC. If
CGMXCLK is less than 1 MHz, use the PLL-generated bus clock as

the clock source. As long as the internal ADC clock is at

I/O Registers

approximately 1 MHz, correct operation can be guaranteed. See ADC
Characteristics on page 424.
1 = Internal bus clock
0 = External clock (CGMXCLK)

f or Bus Frequenc
1 MHz = mifihim quency
ADIV[2:0]

NOTE: During the conversion process, changing the ADC clock will result in an

incorrect conversion.
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The byte data link controller (BDLC) provides access to an external
serial communication multiplex bus, operating according to the Society
of Automotive Engineers (SAE) J1850 protocol.

The BDLC-D is only available on the MC68HC908ASG60A.

Features of the BDLC module include:

* SAE J1850 class B data communications network interface
compatible and ISO compatible for low speed (<125 kbps) serial
data communications in automotive applications

* 10.4 kbps variable pulse width (VPW) bit format
« Digital noise filter
» Collision detection

* Hardware cyclical redundancy check (CRC) generation and
checking

e Two power-saving modes with automatic wakeup on network
activity

« Polling and CPU interrupts available

MC68HC908AS32A — Rev 0.0
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¢ Block mode receive and transmit supported
e Supports 4X receive mode, 41.6 kbps

» Digital loopback mode

¢ Analog loopback mode

* In-frame response (IFR) types 0, 1, 2, and 3 supported

24.4 Functional Description

Figure 24-1 shows the organization of the BDLC module. The CPU
interface contains the software addressable registers and provides the
link between the CPU and the buffers. The buffers provide storage for
data received and data to be transmitted onto the J1850 bus. The
protocol handler is responsible for the encoding and decoding of data
bits and special message symbols during transmission and reception.
The MUX interface provides the link between the BDLC digital section
and the analog physical interface. The wave shaping, driving, and
digitizing of data is performed by the physical interface.

Use of the BDLC module in message networking fully implements the
SAE Standard J1850 Class B Data Communication Network Interface
specification.

NOTE: Itis recommended that the reader be familiar with the SAE J1850
document and ISO Serial Communication document prior to proceeding
with this section of the MC68HC908AS32A specification.

MC68HC908AS32A — Rev 0.0 Advance Information

MOTOROLA Byte Data Link Controller (BDLC) 375



Byte Data Link Controller (BDLC)

TO CPU

)
L]

CPU INTERFACE

by

PROTOCOL HANDLER

by

MUX INTERFACE

oy

PHYSICAL INTERFACE
‘ BDLC

TO J1850 BUS

Figure 24-1. BDLC Block Diagram

Table 24-1. BDLC I/O Register Summary

Addr. Name Bit 7 6 5 4 3 2 1 Bit 0
. Read: 0 0
soosp  BDLC Analog and RouSndtrip ATE | RXPOL BO3 | BO2 | BOL | BOO
Delay Register (BARD) \yyite: R R
: Read: 0 0
$003C BOLC Control RegB'SCtgll IMSG | CLKS | R1 RO E | wcMm
( ) Write: R R
BDLC Control Register 2 Réad:
$003D ALOOP | DLOOP | RX4XE NBFS TEOD TSIFR | TMIFR1 | TMIFRO
(BCR2) Write:
BDLC State Vector Register R€ad:| 0 0 13 12 11 10 0 0
$003E BSVR
(BSVR) write:| R R R R R R R R
Read:
$003F BDLC Data Register (BDR) BD7 BD6 BD5 BD4 BD3 BD2 BD1 BDO
Write:
R = Reserved
Advance Information MC68HC908AS32A — Rev 0.0
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24.4.1 BDLC Operating Modes

The BDLC has five main modes of operation which interact with the

power supplies, pins, and the remainder of the MCU as shown in Figure
24-2.

POWER OFF

ANY MCU RESET SOURCE ASSERTED
(FROM ANY MODE)
COP, ILLADDR, PU, RESET, LVR, POR

Voo > Voo (MINIMUM) AND

Voo < Voo (MINIMUM) ANY MCU RESET SOURCE ASSERTED

NO MCU RESET SOURCE ASSERTED

NETWORK ACTIVITY OR
OTHER MCU WAKEUP

NETWORK ACTIVITY OR
OTHER MCU WAKEUP

BDLC STOP BDLC WAIT

STOP INSTRUCTION OR
WAIT INSTRUCTION AND WCM =1 WAIT INSTRUCTION AND WCM =0

Figure 24-2. BDLC Operating Modes State Diagram

24.4.1.1 Power Off Mode

This mode is entered from reset mode whenever the BDLC supply
voltage, Vpp, drops below its minimum specified value for the BDLC to
guarantee operation. The BDLC will be placed in reset mode by low-
voltage reset (LVR) before being powered down. In this mode, the pin
input and output specifications are not guaranteed.
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24.4.1.2 Reset Mode

24.4.1.3 Run Mode

This mode is entered from the power off mode whenever the BDLC
supply voltage, Vpp, rises above its minimum specified value

(Vpp —10%) and some MCU reset source is asserted. The internal MCU
reset must be asserted while powering up the BDLC or an unknown state
will be entered and correct operation cannot be guaranteed. Reset mode
is also entered from any other mode as soon as one of the MCU'’s
possible reset sources (such as LVR, POR, COP watchdog, and reset
pin, etc.) is asserted.

In reset mode, the internal BDLC voltage references are operative; Vpp
is supplied to the internal circuits which are held in their reset state; and
the internal BDLC system clock is running. Registers will assume their
reset condition. Outputs are held in their programmed reset state.
Therefore, inputs and network activity are ignored.

This mode is entered from the reset mode after all MCU reset sources
are no longer asserted. Run mode is entered from the BDLC wait mode
whenever activity is sensed on the J1850 bus.

Run mode is entered from the BDLC stop mode whenever network
activity is sensed, although messages will not be received properly until
the clocks have stabilized and the CPU is in run mode also.

In this mode, normal network operation takes place. The user should
ensure that all BDLC transmissions have ceased before exiting this
mode.

24.4.1.4 BDLC Wait Mode

Advance Information

This power-conserving mode is entered automatically from run mode
whenever the CPU executes a WAIT instruction and if the WCM bit in the
BCR1 register is cleared previously.

In this mode, the BDLC internal clocks continue to run. The first passive-
to-active transition of the bus generates a CPU interrupt request from the
BDLC which wakes up the BDLC and the CPU. In addition, if the BDLC

MC68HC908AS32A — Rev 0.0
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receives a valid EOF symbol while operating in wait mode, then the
BDLC also will generate a CPU interrupt request which wakes up the
BDLC and the CPU. See Wait Mode.

24.4.1.5 BDLC Stop Mode

This power-conserving mode is entered automatically from run mode
whenever the CPU executes a STOP instruction or if the CPU executes
a WAIT instruction and the WCM bit in the BCR1 register is set
previously.

In this mode, the BDLC internal clocks are stopped but the physical
interface circuitry is placed in a low-power mode and awaits network
activity. If network activity is sensed, then a CPU interrupt request will be
generated, restarting the BDLC internal clocks. See Stop Mode.

24.4.1.6 Digital Loopback Mode

When a bus fault has been detected, the digital loopback mode is used
to determine if the fault condition is caused by failure in the node’s
internal circuits or elsewhere in the network, including the node’s analog
physical interface. In this mode, the transmit digital output pin (BDTxD)
and the receive digital input pin (BDRxD) of the digital interface are
disconnected from the analog physical interface and tied together to
allow the digital portion of the BDLC to transmit and receive its own
messages without driving the J1850 bus.

24.4.1.7 Analog Loopback Mode

Analog loopback is used to determine if a bus fault has been caused by
a failure in the node’s off-chip analog transceiver or elsewhere in the
network. The BCLD analog loopback mode does not modify the digital
transmit or receive functions of the BDLC. It does, however, ensure that
once analog loopback mode is exited, the BDLC will wait for an idle bus
condition before participation in network communication resumes. If the
off-chip analog transceiver has a loopback mode, it usually causes the
input to the output drive stage to be looped back into the receiver,
allowing the node to receive messages it has transmitted without driving
the J1850 bus. In this mode, the output to the J1850 bus is typically high
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impedance. This allows the communication path through the analog
transceiver to be tested without interfering with network activity. Using
the BDLC analog loopback mode in conjunction with the analog
transceiver’s loopback mode ensures that, once the off-chip analog
transceiver has exited loopback mode, the BCLD will not begin
communicating before a known condition exists on the J1850 bus.

24.5 BDLC MUX Interface

The MUX interface is responsible for bit encoding/decoding and digital
noise filtering between the protocol handler and the physical interface.

TOCPU

A
L]

CPU INTERFACE

oy

PROTOCOL HANDLER

Py

MUX INTERFACE

Py

PHYSICAL INTERFACE

‘ BDLC

TO J1850 BUS

Figure 24-3. BDLC Block Diagram

24.5.1 Rx Digital Filter

The receiver section of the BDLC includes a digital low pass filter to
remove narrow noise pulses from the incoming message. An outline of
the digital filter is shown in Figure 24-4.
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RX DATA

FROM ——p»
PHYSICAL
INTERFACE

(BDRxD)

MUX INTERFACE
CLOCK

INPUT DATA
SYNC i LATCH
4-BIT UP/DOWN COUTER FILTERED
RX DATA OUT
Q P UP/DOWN outT —®{b» Q

g —

24.5.1.1 Operation

Figure 24-4. BDLC Rx Digital Filter Block Diagram

The clock for the digital filter is provided by the MUX interface clock (see
fepLc parameter in Table 24-4). At each positive edge of the clock
signal, the current state of the receiver physical interface (BDRxD) signal
is sampled. The BDRxD signal state is used to determine whether the
counter should increment or decrement at the next negative edge of the
clock signal.

The counter will increment if the input data sample is high but decrement
if the input sample is low. Therefore, the counter will thus progress either
up toward 15 if, on average, the BDRxD signal remains high or progress
down toward O if, on average, the BDRxD signal remains low.

When the counter eventually reaches the value 15, the digital filter
decides that the condition of the BDRxD signal is at a stable logic level
1 and the data latch is set, causing the filtered Rx data signal to become
a logic level 1. Furthermore, the counter is prevented from overflowing
and can only be decremented from this state.

Alternatively, should the counter eventually reach the value 0, the digital
filter decides that the condition of the BDRxXD signal is at a stable logic
level 0 and the data latch is reset, causing the filtered Rx data signal to
become a logic level 0. Furthermore, the counter is prevented from
underflowing and can only be incremented from this state.
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24.5.1.2 Performance

Advance Information

The data latch will retain its value until the counter next reaches the
opposite end point, signifying a definite transition of the signal.

The performance of the digital filter is best described in the time domain
rather than the frequency domain.

If the signal on the BDRxD signal transitions, then there will be a delay
before that transition appears at the filtered Rx data output signal. This
delay will be between 15 and 16 clock periods, depending on where the
transition occurs with respect to the sampling points. This filter delay
must be taken into account when performing message arbitration.

For example, if the frequency of the MUX interface clock (fgp ) is
1.0486 MHz, then the period (tgp| ) is 954 ns and the maximum filter
delay in the absence of noise will be 15.259 ps.

The effect of random noise on the BDRxD signal depends on the
characteristics of the noise itself. Narrow noise pulses on the BDRxD
signal will be ignored completely if they are shorter than the filter delay.
This provides a degree of low pass filtering.

If noise occurs during a symbol transition, the detection of that transition
can be delayed by an amount equal to the length of the noise burst. This
is just a reflection of the uncertainty of where the transition is truly
occurring within the noise.

Noise pulses that are wider than the filter delay, but narrower than the
shortest allowable symbol length, will be detected by the next stage of
the BDLC's receiver as an invalid symbol.

Noise pulses that are longer than the shortest allowable symbol length
will be detected normally as an invalid symbol or as invalid data when
the frame’s CRC is checked.

MC68HC908AS32A — Rev 0.0
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24.5.2 J1850 Frame Format

All messages transmitted on the J1850 bus are structured using the
format shown in Figure 24-5.

J1850 states that each message has a maximum length of 101 PWM bit
times or 12 VPW bytes, excluding SOF, EOD, NB, and EOF, with each
byte transmitted MSB first.

All VPW symbol lengths in the following descriptions are typical values
at a 10.4 kbps bit rate.

DATA OPTIONAL

PRIORITY

IDLE SOF (DATAO)

w M —

E
MESSAGE ID 8 N

DATA
(DATAL) N CRC IFR EOF IDLE

Figure 24-5. J1850 Bus Message Format (VPW)

SOF — Start-of-Frame Symbol

All messages transmitted onto the J1850 bus must begin with a long-
active 200-us period SOF symbol. This indicates the start of a new
message transmission. The SOF symbol is not used in the CRC
calculation.

Data — In-Message Data Bytes

The data bytes contained in the message include the message
priority/type, message ID byte (typically the physical address of the
responder), and any actual data being transmitted to the receiving
node. The message format used by the BDLC is similar to the 3-byte
consolidated header message format outlined by the SAE J1850
document. See SAE J1850 — Class B Data Communications
Network Interface for more information about 1- and 3-byte headers.

Messages transmitted by the BDLC onto the J1850 bus must contain
at least one data byte and, therefore, can be as short as one data byte
and one CRC byte. Each data byte in the message is eight bits in
length and is transmitted MSB to LSB.
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Advance Information

CRC — Cyclical Redundancy Check Byte

This byte is used by the receiver(s) of each message to determine if
any errors have occurred during the transmission of the message.
The BDLC calculates the CRC byte and appends it onto any
messages transmitted onto the J1850 bus. It also performs CRC
detection on any messages it receives from the J1850 bus.

CRC generation uses the divisor polynomial X8 + X* + X3 + X2 + 1.
The remainder polynomial initially is set to all ones. Each byte in the
message after the start of frame (SOF) symbol is processed serially
through the CRC generation circuitry. The one’s complement of the
remainder then becomes the 8-bit CRC byte, which is appended to
the message after the data bytes in MSB-to-LSB order.

When receiving a message, the BDLC uses the same divisor
polynomial. All data bytes, excluding the SOF and end of data
symbols (EOD) but including the CRC byte, are used to check the
CRC. If the message is error free, the remainder polynomial will equal

X’ + X8+ X2 = $C4, regardless of the data contained in the message.
If the calculated CRC does not equal $C4, the BDLC will recognize
this as a CRC error and set the CRC error flag in the BSVR.

EOD — End-of-Data Symbol

The EOD symbol is a long 200-ps passive period on the J1850 bus
used to signify to any recipients of a message that the transmission
by the originator has completed. No flag is set upon reception of the
EOD symbol.

IFR — In-Frame Response Bytes

The IFR section of the J1850 message format is optional. Users
desiring further definition of in-frame response should review the SAE
J1850 — Class B Data Communications Network Interface
specification.

EOF — End-of-Frame Symbol

This symbol is a long 280-us passive period on the J1850 bus and is
longer than an end-of-data (EOD) symbol, which signifies the end of
a message. Since an EOF symbol is longer than a 200-us EOD
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symbol, if no response is transmitted after an EOD symbol, it
becomes an EOF, and the message is assumed to be completed. The
EOF flag is set upon receiving the EOF symbol.

IFS — Inter-Frame Separation Symbol

The IFS symbol is a 20-us passive period on the J1850 bus which
allows proper synchronization between nodes during continuous
message transmission. The IFS symbol is transmitted by a node after
the completion of the end-of-frame (EOF) period and, therefore, is
seen as a 300-us passive period.

When the last byte of a message has been transmitted onto the J1850
bus and the EOF symbol time has expired, all nodes then must wait
for the IFS symbol time to expire before transmitting a start-of-frame
(SOF) symbol, marking the beginning of another message.

However, if the BDLC is waiting for the IFS period to expire before
beginning a transmission and a rising edge is detected before the IFS
time has expired, it will synchronize internally to that edge. If a write
to the BDR register (for instance, to initiate transmission) occurred on
or before 104 « tgp, ¢ from the received rising edge, then the BDLC

will transmit and arbitrate for the bus. If a CPU write to the BDR
register occurred after 104  tgp ¢ from the detection of the rising

edge, then the BDLC will not transmit, but will wait for the next IFS
period to expire before attempting to transmit the byte.

A rising edge may occur during the IFS period because of varying
clock tolerances and loading of the J1850 bus, causing different
nodes to observe the completion of the IFS period at different times.
To allow for individual clock tolerances, receivers must synchronize to
any SOF occurring during an IFS period.

If two messages are received with a 300us (+ 1us) interframe separation
(IFS) as measured at the RX pin, the start-of-frame (SOF) symbol of the
second message will generate an invalid symbol interrupt. This interrupt
results in the second message being lost and will therefore be
unavailable to the application software. Implementations of this BDLC
design on silicon have not been exposed to interframe separation rates
faster than 320us in practical application and have therefore previously
not exhibited this behavior. Ensuring that no nodes on the J1850
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NOTE:

network transmit messages at 300us (x 1us) IFS will avoid this missed
message frame. In addition, developing application software to robustly
handle lost messages will minimize application impact.

BREAK — Break
The BDLC cannot transmit a BREAK symbol.

If the BDLC is transmitting at the time a BREAK is detected, it treats
the BREAK as if a transmission error had occurred and halts
transmission.

If the BDLC detects a BREAK symbol while receiving a message, it
treats the BREAK as a reception error and sets the invalid symbol flag
in the BSVR, also ignoring the frame it was receiving. If while
receiving a message in 4X mode, the BDLC detects a BREAK
symbol, it treats the BREAK as a reception error, sets the invalid
symbol flag, and exits 4X mode (for example, the RX4XE bitin BCR2
is cleared automatically). If bus control is required after the BREAK
symbol is received and the IFS time has elapsed, the programmer
must resend the transmission byte using highest priority.

The J1850 protocol BREAK symbol is not related to the HCO8 break
module. See Break Module (BRK) on page 157.

IDLE — Idle Bus

An idle condition exists on the bus during any passive period after
expiration of the IFS period (for instance, = 300 ps). Any node sensing
an idle bus condition can begin transmission immediately.

24.5.3 J1850 VPW Symbols

Advance Information

Huntsinger’s variable pulse width modulation (VPW) is an encoding
technique in which each bit is defined by the time between successive
transitions and by the level of the bus between transitions (for instance,
active or passive). Active and passive bits are used alternately. This
encoding technique is used to reduce the number of bus transitions for
a given bit rate.

Each logic 1 or logic O contains a single transition and can be at either
the active or passive level and one of two lengths, either 64 ps or 128 us
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(tyowm at 10.4 kbps baud rate), depending upon the encoding of the
previous bit. The start-of-frame (SOF), end-of-data (EOD), end-of-frame
(EOF), and inter-frame separation (IFS) symbols always will be encoded
at an assigned level and length. See Figure 24-6.

Each message will begin with an SOF symbol an active symbol and,
therefore, each data byte (including the CRC byte) will begin with a
passive bit, regardless of whether it is a logic 1 or a logic O.

All VPW bit lengths stated in the following descriptions are typical values
at a 10.4 kbps bit rate.
Logic O

A logic 0 is defined as either:

— An active-to-passive transition followed by a passive period
64 ps in length, or

— A passive-to-active transition followed by an active period
128 us in length

See Figure 24-6(a).
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ACTIVE
128 ps ‘ OR 64 us
PASSIVE
(A) LOGIC 0
ACTNE = 4|
128 ps ‘ OR 64 us
PASSIVE P T
(B) LOGIC 1
ACTIVE >
T =240 ps T 200 ps l l 200 ps T
PASSIVE ——|
(C) BREAK (D) START OF FRAME (E) END OF DATA
‘ ‘ SOQ us
ACTIVE
l 280 s 20 ps IDLE > 300 s
PASSIVE o -
(F) END OF FRAME (©) IN'IiER-FIE?AME (H) IDLE
SEPARATION
Figure 24-6. J1850 VPW Symbols with Nominal Symbol Times
Logic 1
A logic 1 is defined as either:
— An active-to-passive transition followed by a passive period
128 ps in length, or
— A passive-to-active transition followed by an active period
64 ps in length
See Figure 24-6(b).
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Normalization Bit (NB)
The NB symbol has the same property as a logic 1 or a logic 0. It is
only used in IFR message responses.
Break Signal (BREAK)
The BREAK signal is defined as a passive-to-active transition
followed by an active period of at least 240 ps (See Figure 24-6(c)).
Start-of-Frame Symbol (SOF)

The SOF symbol is defined as passive-to-active transition followed by
an active period 200 ps in length (See Figure 24-6(d)). This allows
the data bytes which follow the SOF symbol to begin with a passive
bit, regardless of whether it is a logic 1 or a logic 0.

End-of-Data Symbol (EOD)
The EOD symbol is defined as an active-to-passive transition
followed by a passive period 200 ps in length (See Figure 24-6(e)).
End-of-Frame Symbol (EOF)

The EOF symbol is defined as an active-to-passive transition followed
by a passive period 280 pus in length (See Figure 24-6(f)). If no IFR
byte is transmitted after an EOD symbol is transmitted, after another
80 us the EOD becomes an EOF, indicating completion of the
message.

Inter-Frame Separation Symbol (IFS)

The IFS symbol is defined as a passive period 300 ps in length. The
20-ps IFS symbol contains no transition, since when used it always
appends to an EOF symbol (See Figure 24-6(g)).

Idle
An idle is defined as a passive period greater than 300 us in length.
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24.5.4 J1850 VPW Valid/Invalid Bits and Symbols

Advance Information

The timing tolerances for receiving data bits and symbols from the
J1850 bus have been defined to allow for variations in oscillator
frequencies. In many cases the maximum time allowed to define a data
bit or symbol is equal to the minimum time allowed to define another data
bit or symbol.

Since the minimum resolution of the BDLC for determining what symbol
is being received is equal to a single period of the MUX interface clock
(tgpLc), an apparent separation in these maximum time/minimum time
concurrences equal to one cycle of tgp ¢ occurs.

This one clock resolution allows the BDLC to differentiate properly
between the different bits and symbols. This is done without reducing the
valid window for receiving bits and symbols from transmitters onto the
J1850 bus which have varying oscillator frequencies.

In Huntsinger's’ variable pulse width (VPW) modulation bit encoding, the
tolerances for both the passive and active data bits received and the
symbols received are defined with no gaps between definitions. For
example, the maximum length of a passive logic 0 is equal to the
minimum length of a passive logic 1, and the maximum length of an
active logic 0 is equal to the minimum length of a valid SOF symbol.

Invalid Passive Bit

See Figure 24-7(1). If the passive-to-active received transition
beginning the next data bit or symbol occurs between the active-to-
passive transition beginning the current data bit (or symbol) and a, the
current bit would be invalid.
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Figure 24-7. J1850 VPW Received Passive Symbol Times

Valid Passive Logic 0

See Figure 24-7(2). If the passive-to-active received transition
beginning the next data bit (or symbol) occurs between a and b, the
current bit would be considered a logic 0.

Valid Passive Logic 1

See Figure 24-7(3). If the passive-to-active received transition
beginning the next data bit (or symbol) occurs between b and c, the
current bit would be considered a logic 1.

Valid EOD Symbol

See Figure 24-7(4). If the passive-to-active received transition
beginning the next data bit (or symbol) occurs between ¢ and d, the
current symbol would be considered a valid end-of-data symbol
(EOD).
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ACTIVE —

PASSIVE

ACTIVE —

PASSIVE

300 ps

280 ps

(1) VALID EOF SYMBOL

™ (2) VALID EOF+
IFS SYMBOL

c d

Figure 24-8. J1850 VPW Received Passive EOF and IFS Symbol
Times

Valid EOF and IFS Symbol

In Figure 24-8(1), if the passive-to-active received transition
beginning the SOF symbol of the next message occurs between a
and b, the current symbol will be considered a valid end-of-frame
(EOF) symbol.

See Figure 24-8(2). If the passive-to-active received transition
beginning the SOF symbol of the next message occurs between ¢
and d, the current symbol will be considered a valid EOF symbol
followed by a valid inter-frame separation symbol (IFS). All nodes
must wait until a valid IFS symbol time has expired before beginning
transmission. However, due to variations in clock frequencies and bus
loading, some nodes may recognize a valid IFS symbol before others
and immediately begin transmitting. Therefore, any time a node
waiting to transmit detects a passive-to-active transition once a valid
EOF has been detected, it should immediately begin transmission,
initiating the arbitration process.

Idle Bus

In Figure 24-8(2), if the passive-to-active received transition
beginning the start-of-frame (SOF) symbol of the next message does
not occur before d, the bus is considered to be idle, and any node
wishing to transmit a message may do so immediately.
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Figure 24-9. J1850 VPW Received Active Symbol Times

Invalid Active Bit

In Figure 24-9(1), if the active-to-passive received transition
beginning the next data bit (or symbol) occurs between the passive-
to-active transition beginning the current data bit (or symbol) and a,
the current bit would be invalid.

Valid Active Logic 1

In Figure 24-9(2), if the active-to-passive received transition
beginning the next data bit (or symbol) occurs between a and b, the
current bit would be considered a logic 1.

Valid Active Logic O

In Figure 24-9(3), if the active-to-passive received transition
beginning the next data bit (or symbol) occurs between b and c, the
current bit would be considered a logic 0.
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Valid SOF Symbol

In Figure 24-9(4), if the active-to-passive received transition
beginning the next data bit (or symbol) occurs between ¢ and d, the
current symbol would be considered a valid SOF symbol.

Valid BREAK Symbol

In Figure 24-10, if the next active-to-passive received transition does
not occur until after e, the current symbol will be considered a valid
BREAK symbol. A BREAK symbol should be followed by a start-of-
frame (SOF) symbol beginning the next message to be transmitted
onto the J1850 bus. See J1850 Frame Format for BDLC response to
BREAK symbols.

240 ps

ACTIVE
(2) VALID BREAK SYMBOL

PASSIVE—

Figure 24-10. J1850 VPW Received BREAK Symbol Times

24.5.5 Message Arbitration

Message arbitration on the J1850 bus is accomplished in a non-
destructive manner, allowing the message with the highest priority to be
transmitted, while any transmitters which lose arbitration simply stop
transmitting and wait for an idle bus to begin transmitting again.

If the BDLC wants to transmit onto the J1850 bus, but detects that
another message is in progress, it waits until the bus is idle. However, if
multiple nodes begin to transmit in the same synchronization window,
message arbitration will occur beginning with the first bit after the SOF
symbol and will continue with each bit thereafter.
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Byte Data Link Controller (BDLC)
BDLC MUX Interface

The variable pulse width modulation (VPW) symbols and J1850 bus
electrical characteristics are chosen carefully so that a logic O (active or
passive type) will always dominate over a logic 1 (active or passive type)
that is simultaneously transmitted. Hence, logic Os are said to be
dominant and logic 1s are said to be recessive.

Whenever a node detects a dominant bit on BDRxD when it transmitted
a recessive bit, the node loses arbitration and immediately stops
transmitting. This is known as bitwise arbitration.

<CoPE1l P 1 1> TRANSMITTER A DETECTS
AN ACTIVE STATE ON

/ THE BUS AND STOPS

TRANSMITTING

TRANSMITTER B WINS
ARBITRATION AND

COPECL P 1 —P4¢— 0 —PC0> CONTINUES
TRANSMITTING

+“— SOF — e

P

DATA | DATA DATA DATA DATA

P P P
e B2 s BIT4 T BITE

Figure 24-11. J1850 VPW Bitwise Arbitrations

Since a logic 0 dominates a logic 1, the message with the lowest value
will have the highest priority and will always win arbitration. For instance,
a message with priority 000 will win arbitration over a message with
priority 011.

This method of arbitration will work no matter how many bits of priority
encoding are contained in the message.

During arbitration, or even throughout the transmitting message, when
an opposite bit is detected, transmission is stopped immediately unless
it occurs on the 8th bit of a byte. In this case, the BDLC automatically will
append up to two extra logic 1 bits and then stop transmitting. These two
extra bits will be arbitrated normally and thus will not interfere with
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another message. The second logic 1 bit will not be sent if the first loses
arbitration. If the BDLC has lost arbitration to another valid message,
then the two extra logic 1s will not corrupt the current message.
However, if the BDLC has lost arbitration due to noise on the bus, then
the two extra logic 1s will ensure that the current message will be
detected and ignored as a noise-corrupted message.

24.6 BDLC Protocol Handler

The protocol handler is responsible for framing, arbitration, CRC
generation/checking, and error detection. The protocol handler
conforms to SAE J1850 — Class B Data Communications Network

Interface.

NOTE: Motorola assumes that the reader is familiar with the J1850 specification

before this protocol handler description is read.

TOCPU

A

L]

CPU INTERFACE

oy

PROTOCOL HANDLER

by

MUX INTERFACE

Py

PHYSICAL INTERFACE

4

BDLC

TO J1850 BUS

Figure 24-12. BDLC Block Diagram
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24.6.1 Protocol Architecture

The protocol handler contains the state machine, Rx shadow register, Tx
shadow register, Rx shift register, Tx shift register, and loopback
multiplexer as shown in Figure 24-13.

TO PHYSICAL INTERFACE

BDRxD BDTxD
A
DLOOP FROM BCR2 LOOPBACK
——
LOOPBACK CONTROL MULTIPLEXER _
o
oA o a )
o = z 8
=< (@} |
24 o (@] <
[
STATE MACHINE
y A
| Rx SHIFT REGISTER | | Tx SHIFT REGISTER |
A
4
| Rx SHADOW REGISTER | | Tx SHADOW REGISTER |
A

Tx DATA

Rx DATA
CONTROL

4

TO CPU INTERFACE AND Rx/Tx BUFFERS

Figure 24-13. BDLC Protocol Handler Outline

24.6.2 Rx and Tx Shift Registers

The Rx shift register gathers received serial data bits from the J1850 bus
and makes them available in parallel form to the Rx shadow register. The
Tx shift register takes data, in parallel form, from the Tx shadow register
and presents it serially to the state machine so that it can be transmitted
onto the J1850 bus.
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24.6.3 Rx and Tx Shadow Registers

Immediately after the Rx shift register has completed shifting in a byte of
data, this data is transferred to the Rx shadow register and RDRF or
RXIFR is set (see BDLC State Vector Register) and an interrupt is
generated if the interrupt enable bit (IE) in BCR1 is set. After the transfer
takes place, this new data byte in the Rx shadow register is available to
the CPU interface, and the Rx shift register is ready to shift in the next
byte of data. Data in the Rx shadow register must be retrieved by the
CPU before it is overwritten by new data from the Rx shift register.

Once the Tx shift register has completed its shifting operation for the
current byte, the data byte in the Tx shadow register is loaded into the
Tx shift register. After this transfer takes place, the Tx shadow register is
ready to accept new data from the CPU when TDRE flag in BSVR is set.

24.6.4 Digital Loopback Multiplexer

The digital loopback multiplexer connects RxD to either BDTxD or
BDRxD, depending on the state of the DLOOP bit in the BCR2 register
(See BDLC Control Register 2).

24.6.5 State Machine

All of the functions associated with performing the protocol are executed
or controlled by the state machine. The state machine is responsible for
framing, collision detection, arbitration, CRC generation/checking, and
error detection. The following sections describe the BDLC's actions in a
variety of situations.

24.6.5.1 4X Mode

The BDLC can exist on the same J1850 bus as modules which use a
special 4X (41.6 kbps) mode of J1850 variable pulse width modulation
(VPW) operation. The BDLC cannot transmit in 4X mode, but can
receive messages in 4X mode, if the RX4X bit is set in BCR2 register. If
the RX4X bit is not set in the BCR2 register, any 4X message on the
J1850 bus is treated as noise by the BDLC and is ignored.
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24.6.5.2 Receiving a Message in Block Mode

Although not a part of the SAE J1850 protocol, the BDLC does allow for
a special block mode of operation of the receiver. As far as the BDLC is
concerned, a block mode message is simply a long J1850 frame that

contains an indefinite number of data bytes. All of the other features of
the frame remain the same, including the SOF, CRC, and EOD symbols.

Another node wishing to send a block mode transmission must first
inform all other nodes on the network that this is about to happen. This
is usually accomplished by sending a special predefined message.

24.6.5.3 Transmitting a Message in Block Mode

A block mode message is transmitted inherently by simply loading the
bytes one by one into the BDR register until the message is complete.
The programmer should wait until the TDRE flag (see BDLC State
Vector Register) is set prior to writing a new byte of data into the BDR
register. The BDLC does not contain any predefined maximum J1850
message length requirement.

24.6.5.4 J1850 Bus Errors

The BDLC detects several types of transmit and receive errors which
can occur during the transmission of a message onto the J1850 bus.

Transmission Error

If the message transmitted by the BDLC contains invalid bits or
framing symbols on non-byte boundaries, this constitutes a
transmission error. When a transmission error is detected, the BDLC
immediately will cease transmitting. The error condition ($1C) is
reflected in the BSVR register (see Table 24-6). If the interrupt enable
bit (IE in BCR1) is set, a CPU interrupt request from the BDLC is
generated.

CRC Error

A cyclical redundancy check (CRC) error is detected when the data
bytes and CRC byte of a received message are processed and the
CRC calculation result is not equal to $C4. The CRC code will detect
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any single and 2-bit errors, as well as all 8-bit burst errors and almost
all other types of errors. The CRC error flag ($18 in BSVR) is set when
a CRC error is detected. (See BDLC State Vector Register.)

Symbol Error

A symbol error is detected when an abnormal (invalid) symbol is
detected in a message being received from the J1850 bus. However,
if the BDLC is transmitting when this happens, it will be treated as a
loss of arbitration ($14 in BSVR) rather than a transmitter error. The
($1C) symbol invalid or the out-of-range flag is set when a symbol
error is detected. Therefore, ($1C) symbol invalid flag is stacked
behind the ($14) LOA flag during a transmission error process. (See
BDLC State Vector Register.)

Framing Error

A framing error is detected if an EOD or EOF symbol is detected on a
non-byte boundary from the J1850 bus. A framing error also is
detected if the BDLC is transmitting the EOD and instead receives an
active symbol. The ($1C) symbol invalid or the out-of-range flag is set
when a framing error is detected. (See BDLC State Vector
Register.)

Bus Fault

If a bus fault occurs, the response of the BDLC will depend upon the
type of bus fault.

If the bus is shorted to battery, the BDLC will wait for the bus to fall to
a passive state before it will attempt to transmit a message. As long
as the short remains, the BDLC will never attempt to transmit a
message onto the J1850 bus.

If the bus is shorted to ground, the BDLC will see an idle bus, begin
to transmit the message, and then detect a transmission error ($1C in
BSVR), since the short to ground would not allow the bus to be driven
to the active (dominant) SOF state. The BDLC will abort that
transmission and wait for the next CPU command to transmit.

In any case, if the bus fault is temporary, as soon as the fault is
cleared, the BDLC will resume normal operation. If the bus fault is
permanent, it may result in permanent loss of communication on the
J1850 bus. (See BDLC State Vector Register.)
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BREAK — Break

Byte Data Link Controller (BDLC)
BDLC Protocol Handler

If a BREAK symbol is received while the BDLC is transmitting or
receiving, an invalid symbol ($1C in BSVR) interrupt will be
generated. Reading the BSVR register (see BDLC State Vector
Register) will clear this interrupt condition. The BDLC will wait for the
bus to idle, then wait for a start-of-frame (SOF) symbol.

The BDLC cannot transmit a BREAK symbol. It can only receive a
BREAK symbol from the J1850 bus.

Table 24-2. BDLC J1850 Bus Error Summary

Error Condition

BDLC Function

Transmission Error

For invalid bits or framing symbols on non-byte
boundaries, invalid symbol interrupt will be
generated. BDLC stops transmission.

Cyclical Redundancy Check
(CRC) Error

CRC error interrupt will be generated. The
BDLC will wait for SOF.

Invalid Symbol: BDLC Receives
Invalid Bits (Noise)

The BDLC will abort transmission immediately.
Invalid symbol interrupt will be generated.

Framing Error

Invalid symbol interrupt will be generated. The
BDLC will wait for start-of-frame (SOF).

Bus Short to Vpp

The BDLC will not transmit until the bus is idle.

Bus Short to GND

Thermal overload will shut down physical
interface. Fault condition is reflected in BSVR
as an invalid symbol.

BDLC Receives BREAK Symbol.

The BDLC will wait for the next valid SOF.
Invalid symbol interrupt will be generated.
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24.7 BDLC CPU Interface

The CPU interface provides the interface between the CPU and the
BDLC and consists of five user registers.

Advance Information

BDLC analog and roundtrip delay register (BARD)
BDLC control register 1 (BCR1)

BDLC control register 2 (BCR2)

BDLC state vector register (BSVR)

BDLC data register (BDR)

TOCPU

)
L]

CPU INTERFACE

oy

PROTOCOL HANDLER

by

MUX INTERFACE

R

PHYSICAL INTERFACE

‘ BDLC

TO J1850 BUS

Figure 24-14. BDLC Block Diagram
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24.7.1 BDLC Analog and Roundtrip Delay Register

NOTE:

This register programs the BDLC to compensate for various delays of
different external transceivers. The default delay value is16 ps.

Timing adjustments from 9 ps to 24 ps in steps of 1 us are available. The
BARD register can be written only once after each reset, after which they
become read-only bits. The register may be read at any time.

Address:  $003B

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0
ATE RXPOL BO3 BO2 BO1 BOO
Write: R R
Reset: 1 1 0 0 0 1 1 1
R = Reserved

Figure 24-15. BDLC Analog and Roundtrip Delay Register (BARD)

ATE — Analog Transceiver Enable Bit

The analog transceiver enable (ATE) bit is used to select either the
on-board or an off-chip analog transceiver.

1 = Select on-board analog transceiver

0 = Select off-chip analog transceiver

This device does not contain an on-board transceiver. This bit should be
programmed to a logic O for proper operation.

RXPOL — Receive Pin Polarity Bit

The receive pin polarity (RXPOL) bit is used to select the polarity of
an incoming signal on the receive pin. Some external analog
transceivers invert the receive signal from the J1850 bus before
feeding it back to the digital receive pin.

1 = Select normal/true polarity; true non-inverted signal from the
J1850 bus; for example, the external transceiver does not
invert the receive signal

0 = Select inverted polarity, where an external transceiver inverts
the receive signal from the J1850 bus
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B03—-B00 — BARD Offset Bits
Table 24-3 shows the expected transceiver delay with respect to

BARD offset values.

Table 24-3. BDLC Transceiver Delay

BARD Offset Bits BO[3:0] %‘;ﬁiiﬁﬁlﬂ'g%iﬁ@iiﬁ
0000 9
0001 10
0010 11
0011 12
0100 13
0101 14
0110 15
0111 16
1000 17
1001 18
1010 19
1011 20
1100 21
1101 22
1110 23
1111 24

24.7.2 BDLC Control Register 1

This register is used to configure and control the BDLC.

Address:  $003C

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0
IMSG CLKS R1 RO IE WCM
Write: R R
Reset: 1 1 1 0 0 0 0 0
R = Reserved

Figure 24-16. BDLC Control Register 1 (BCR1)
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IMSG — Ignore Message Bit

This bitis used to disable the receiver until a new start-of-frame (SOF)
is detected.

1 = Disable receiver. When set, all BDLC interrupt requests will be
masked and the status bits will be held in their reset state. If
this bit is set while the BDLC is receiving a message, the rest
of the incoming message will be ignored.

0 = Enable receiver. This bit is cleared automatically by the
reception of an SOF symbol or a BREAK symbol. It will then
generate interrupt requests and will allow changes of the
status register to occur. However, these interrupts may still be
masked by the interrupt enable (IE) bit.

CLKS — Clock Bit

The nominal BDLC operating frequency (fgp. c) must always be

1.048576 MHz or 1 MHz for J1850 bus communications to take place.

The CLKS register bit allows the user to select the frequency

(1.048576 MHz or 1 MHz) used to adjust symbol timing automatically.
1 = Binary frequency (1.048576 MHz) selected for fgp ¢

0 = Integer frequency (1 MHz) selected for fgp| ¢

R1 and RO — Rate Select Bits
These bits determine the amount by which the frequency of the MCU
CGMXCLK signal is divided to form the MUX interface clock (fgp| c)

which defines the basic timing resolution of the MUX interface. They
may be written only once after reset, after which they become read-
only bits.

The nominal frequency of fgp| ¢ must always be 1.048576 MHz or 1.0

MHz for J1850 bus communications to take place. Hence, the value
programmed into these bits is dependent on the chosen MCU system
clock frequency per Table 24-4
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Table 24-4. BDLC Rate Selection

fxcLk Frequency R1 RO Division fepLc
1.049 MHz 0 0 1 1.049 MHz
2.097 MHz 0 1 2 1.049 MHz
4.194 MHz 1 0 4 1.049 MHz
8.389 MHz 1 1 8 1.049 MHz
1.000 MHz 0 0 1 1.00 MHz
2.000 MHz 0 1 2 1.00 MHz
4.000 MHz 1 0 4 1.00 MHz
8.000 MHz 1 1 8 1.00 MHz

IE— Interrupt Enable Bit

This bit determines whether the BDLC will generate CPU interrupt
requests in run mode. It does not affect CPU interrupt requests when
exiting the BDLC stop or BDLC wait modes. Interrupt requests will be
maintained until all of the interrupt request sources are cleared by
performing the specified actions upon the BDLC's registers. Interrupts
that were pending at the time that this bit is cleared may be lost.

1 = Enable interrupt requests from BDLC

0 = Disable interrupt requests from BDLC

If the programmer does not wish to use the interrupt capability of the
BDLC, the BDLC state vector register (BSVR) can be polled
periodically by the programmer to determine BDLC states. See BDLC
State Vector Register for a description of the BSVR.

WCM — Wait Clock Mode Bit

This bit determines the operation of the BDLC during CPU wait mode.
See Stop Mode and Wait Mode for more details on its use.

1 = Stop BDLC internal clocks during CPU wait mode

0 = Run BDLC internal clocks during CPU wait mode
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24.7.3 BDLC Control Register 2

This register controls transmitter operations of the BDLC. It is
recommended that BSET and BCLR instructions be used to manipulate
data in this register to ensure that the register’s content does not change
inadvertently.

Address:  $003D

Bit 7 6 5 4 3 2 1 Bit 0
Read:
ALOOP | DLOOP | RX4XE NBFS TEOD TSIFR | TMIFR1 | TMIFRO
Write:
Reset: 1 1 0 0 0 0 0 0

Figure 24-17. BDLC Control Register 2 (BCR2)

ALOOP — Analog Loopback Mode Bit

This bit determines whether the J1850 bus will be driven by the
analog physical interface’s final drive stage. The programmer can use
this bit to reset the BDLC state machine to a known state after the off-
chip analog transceiver is placed in loopback mode. When the user
clears ALOOP, to indicate that the off-chip analog transceiver is no
longer in loopback mode, the BDLC waits for an EOF symbol before
attempting to transmit.
1 = Input to the analog physical interface’s final drive stage is
looped back to the BDLC receiver. The J1850 bus is not driven.
0 = The J1850 bus will be driven by the BDLC. After the bit is
cleared, the BDLC requires the bus to be idle for a minimum of
end-of-frame symbol time (trry4) before message reception or
a minimum of inter-frame symbol time (ttryg) before message
transmission. (See BDLC Transmitter VPW Symbol
Timings.)
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DLOOP — Digital Loopback Mode Bit

This bit determines the source to which the digital receive input
(BDRxD) is connected and can be used to isolate bus fault conditions
(see Figure 24-13). If a fault condition has been detected on the bus,
this control bit allows the programmer to connect the digital transmit
output to the digital receive input. In this configuration, data sent from
the transmit buffer will be reflected back into the receive buffer. If no
faults exist in the BDLC, the fault is in the physical interface block or
elsewhere on the J1850 bus.
1 = When set, BDRxD is connected to BDTxD. The BDLC is now
in digital loopback mode.
0 = When cleared, BDTxD is not connected to BDRxD. The BDLC
is taken out of digital loopback mode and can now drive the
J1850 bus normally.

RX4XE — Receive 4X Enable Bit

This bit determines if the BDLC operates at normal transmit and
receive speed (10.4 kbps) or receive only at 41.6 kbps. This feature
is useful for fast download of data into a J1850 node for diagnostic or
factory programming of the node.

1 = When set, the BDLC is put in 4X receive-only operation.

0 = When cleared, the BDLC transmits and receives at 10.4 kbps.

NBFS — Normalization Bit Format Select Bit

This bit controls the format of the normalization bit (NB). (See Figure
24-18.) SAE J1850 strongly encourages using an active long (logic 0)
for in-frame responses containing cyclical redundancy check (CRC)
and an active short (logic 1) for in-frame responses without CRC.

1 =NBthatis received or transmitted is a 0 when the response part
of an in-frame response (IFR) ends with a CRC byte. NB that
is received or transmitted is a 1 when the response part of an
in-frame response (IFR) does not end with a CRC byte.

0 = NB that is received or transmitted is a 1 when the response part
of an in-frame response (IFR) ends with a CRC byte. NB that
is received or transmitted is a O when the response part of an
in-frame response (IFR) does not end with a CRC byte.
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TEOD — Transmit End of Data Bit

This bit is set by the programmer to indicate the end of a message is
being sent by the BDLC. It will append an 8-bit CRC after completing
transmission of the current byte. This bit also is used to end an in-
frame response (IFR). If the transmit shadow register is full when
TEOD is set, the CRC byte will be transmitted after the current byte in
the Tx shift register and the byte in the Tx shadow register have been
transmitted. (See Rx and Tx Shadow Registers for a description of
the transmit shadow register.) Once TEOD is set, the transmit data
register empty flag (TDRE) in the BDLC state vector register (BSVR)
is cleared to allow lower priority interrupts to occur. (See BDLC State
Vector Register.)
1 = Transmit end-of-data (EOD) symbol
0 =The TEOD bit will be cleared automatically at the rising edge of
the first CRC bit that is sent or if an error is detected. When
TEOD is used to end an IFR transmission, TEOD is cleared
when the BDLC receives back a valid EOD symbol or an error
condition occurs.

TSIFR, TMIFR1, and TMIFRO — Transmit In-Frame Response Control Bits

MC68HC908AS32A — Rev 0.0

These three bits control the type of in-frame response being sent. The
programmer should not set more than one of these control bits to a 1
at any given time. However, if more than one of these three control
bits are setto 1, the priority encoding logic will force these register bits
to a known value as shown in Table 24-5. For example, if 011 is
written to TSIFR, TMIFR1, and TMIFRO, then internally they will be
encoded as 010. However, when these bits are read back, they will
read 011.

Table 24-5. BDLC Transmit In-Frame Response Control Bit
Priority Encoding

Write/Read Write/Read Write/Read | Actual Actual Actual
TSIFR TMIFR1 TMIFRO TSIFR | TMIFR1 | TMIFRO

0 0 0 0 0 0

1 X X 1 0 0

0 1 X 0 1 0

0 0 1 0 0 1

Advance Information
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The BDLC supports the in-frame response (IFR) feature of J1850 by
setting these bits correctly. The four types of J1850 IFR are shown
below. The purpose of the in-frame response modes is to allow
multiple nodes to acknowledge receipt of the data by responding with
their personal ID or physical address in a concatenated manner after
they have seen the EOD symbol. If transmission arbitration is lost by
a node while sending its response, it continues to transmit its
ID/address until observing its unique byte in the response stream. For
VPW modulation, because the first bit of the IFR is always passive, a
normalization bit (active) must be generated by the responder and
sent prior to its ID/address byte. When there are multiple responders
on the J1850 bus, only one normalization bit is sent which assists all
other transmitting nodes to sync up their response.

wn m m
O| HEADER DATA FIELD CRC S 9
Q
TYPEO—NOIFR
7] 8 m m
Q| HEADER DATA FIELD CRC S ‘ NB ‘ 1D ‘ S 9
TYPE 1 — SINGLE BYTE TRANSMITTED FROM A SINGLE RESPONDER
8 g 53
O| HEADER DATA FIELD CRC S [NB ID1 | - - = DN S T
TYPE 2 — SINGLE BYTE TRANSMITTED FROM MULTIPLE RESPONDERS
s o) CRC |8 &
HEADER o] o o
o] DATA FIELD CRC S NB IFR DATA FIELD (OPTIONAL) [© T

TYPE 3 — MULTIPLE BYTES TRANSMITTED FROM A SINGLE RESPONDER

NB = Normalization Bit

ID = Identifier (usually the physical address of the responder(s))
HEADER = Specifies one of three frame lengths

Advance Information

Figure 24-18. Types of In-Frame Response (IFR)
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BDLC CPU Interface

TSIFR — Transmit Single Byte IFR with No CRC (Type 1 or 2) Bit

The TSIFR bit is used to request the BDLC to transmit the byte in the
BDLC data register (BDR, $003F) as a single byte IFR with no CRC.
Typically, the byte transmitted is a unique identifier or address of the
transmitting (responding) node. See Figure 24-18.

1 = If this bit is set prior to a valid EOD being received with no CRC
error, once the EOD symbol has been received the BDLC will
attempt to transmit the appropriate normalization bit followed
by the byte in the BDR.

0 = The TSIFR bit will be cleared automatically, once the BDLC
has successfully transmitted the byte in the BDR onto the
bus, or TEOD is set, or an error is detected on the bus.

If the programmer attempts to set the TSIFR bit immediately after the
EOD symbol has been received from the bus, the TSIFR bit will remain
in the reset state and no attempt will be made to transmit the IFR byte.

If a loss of arbitration occurs when the BDLC attempts to transmit and
after the IFR byte winning arbitration completes transmission, the BDLC
will again attempt to transmit the BDR (with no normalization bit). The
BDLC will continue transmission attempts until an error is detected on
the bus, or TEOD is set, or the BDLC transmission is successful.

If loss or arbitration occurs in the last two bits of the IFR byte, two
additional 1 bits will not be sent out because the BDLC will attempt to
retransmit the byte in the transmit shift register after the IRF byte winning
arbitration completes transmission.

TMIFR1 — Transmit Multiple Byte IFR with CRC (Type 3) Bit

The TMIFR1 bit requests the BDLC to transmit the byte in the BDLC
data register (BDR) as the first byte of a multiple byte IFR with CRC
or as a single byte IFR with CRC. Response IFR bytes are still subject
to J1850 message length maximums (see J1850 Frame Format and
Figure 24-18).

If this bit is set prior to a valid EOD being received with no CRC error,
once the EOD symbol has been received the BDLC will attempt to
transmit the appropriate normalization bit followed by IFR bytes. The
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Advance Information

programmer should set TEOD after the last IFR byte has been written

into the BDR register. After TEOD has been set and the last IFR byte

has been transmitted, the CRC byte is transmitted.

0 = The TMIFR1 bit will be cleared automatically — once the BDLC

has successfully transmitted the CRC byte and EOD
symbol — by the detection of an error on the multiplex bus or by
a transmitter underrun caused when the programmer does not
write another byte to the BDR after the TDRE interrupt.

If the TMIFR1 bit is set, the BDLC will attempt to transmit the
normalization symbol followed by the byte in the BDR. After the byte
in the BDR has been loaded into the transmit shift register, a TDRE
interrupt (see BDLC State Vector Register) will occur similar to the
main message transmit sequence. The programmer should then load
the next byte of the IFR into the BDR for transmission. When the last
byte of the IFR has been loaded into the BDR, the programmer should
set the TEOD bit in the BDLC control register 2 (BCR2). This will
instruct the BDLC to transmit a CRC byte once the byte in the BDR is
transmitted and then transmit an EOD symbol, indicating the end of
the IFR portion of the message frame.

However, if the programmer wishes to transmit a single byte followed
by a CRC byte, the programmer should load the byte into the BDR
before the EOD symbol has been received, and then set the TMIFR1
bit. Once the TDRE interrupt occurs, the programmer should then set
the TEOD bitin the BCR2. This will result in the byte in the BDR being
the only byte transmitted before the IFR CRC byte, and no TDRE
interrupt will be generated.

If the programmer attempts to set the TMIFR1 bit immediately after
the EOD symbol has been received from the bus, the TMIFR1 bit will
remain in the reset state, and no attempt will be made to transmit an
IFR byte.

If a loss of arbitration occurs when the BDLC is transmitting any byte
of a multiple byte IFR, the BDLC will go to the loss of arbitration state,
set the appropriate flag, and cease transmission.

If the BDLC loses arbitration during the IFR, the TMIFR1 bit will be
cleared and no attempt will be made to retransmit the byte in the BDR.
If loss of arbitration occurs in the last two bits of the IFR byte, two
additional 1 bits will be sent out.

MC68HC908AS32A — Rev 0.0
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BDLC CPU Interface

NOTE: The extra logic 1s are an enhancement to the J1850 protocol which
forces a byte boundary condition fault. This is helpful in preventing noise
from going onto the J1850 bus from a corrupted message.

TMIFRO — Transmit Multiple Byte IFR without CRC (Type 3) Bit

The TMIFRO bit is used to request the BDLC to transmit the byte in
the BDLC data register (BDR) as the first byte of a multiple byte IFR
without CRC. Response IFR bytes are still subject to J1850 message
length maximums (see J1850 Frame Format and Figure 24-18).

1 =If this bit is set prior to a valid EOD being received with no CRC
error, once the EOD symbol has been received the BDLC will
attempt to transmit the appropriate normalization bit followed
by IFR bytes. The programmer should set TEOD after the last
IFR byte has been written into the BDR register. After TEOD
has been set, the last IFR byte to be transmitted will be the last
byte which was written into the BDR register.

0 = The TMIFRO bit will be cleared automatically; once the BDLC
has successfully transmitted the EOD symbol; by the detection
of an error on the multiplex bus; or by a transmitter underrun
caused when the programmer does not write another byte to
the BDR after the TDRE interrupt.

If the TMIFRO bit is set, the BDLC will attempt to transmit the
normalization symbol followed by the byte in the BDR. After the byte
in the BDR has been loaded into the transmit shift register, a TDRE
interrupt (see BDLC State Vector Register) will occur similar to the
main message transmit sequence. The programmer should then load
the next byte of the IFR into the BDR for transmission. When the last
byte of the IFR has been loaded into the BDR, the programmer should
set the TEOD bit in the BCR2. This will instruct the BDLC to transmit
an EOD symbol once the byte in the BDR is transmitted, indicating the
end of the IFR portion of the message frame. The BDLC will not
append a CRC when the TMIFRO is set.

If the programmer attempts to set the TMIFRO bit after the EOD
symbol has been received from the bus, the TMIFRO bit will remain in
the reset state, and no attempt will be made to transmit an IFR byte.
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If a loss of arbitration occurs when the BDLC is transmitting, the

TMIFRO bit will be cleared and no attempt will be made to retransmit
the byte in the BDR. If loss of arbitration occurs in the last two bits of
the IFR byte, two additional 1 bits (active short bits) will be sent out.

NOTE: The extra logic 1s are an enhancement to the J1850 protocol which
forces a byte boundary condition fault. This is helpful in preventing noise
from going onto the J1850 bus from a corrupted message.

24.7.4 BDLC State Vector Register

This register is provided to substantially decrease the CPU overhead
associated with servicing interrupts while under operation of a multiplex
protocol. It provides an index offset that is directly related to the BDLC'’s
current state, which can be used with a user-supplied jump table to
rapidly enter an interrupt service routine. This eliminates the need for the
user to maintain a duplicate state machine in software.

Address:  $003E

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 13 12 11 10 0 0
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0
R = Reserved

Figure 24-19. BDLC State Vector Register (BSVR)

10, 11, 12, and I3 — Interrupt Source Bits

These bits indicate the source of the interrupt request that currently is
pending. The encoding of these bits are listed in Table 24-6.

Advance Information MC68HC908AS32A — Rev 0.0
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Table 24-6. BDLC Interrupt Sources

BSVR [ I3 |12 |11 |10 Interrupt Source Priority
$00 0|0]0]O0 No Interrupts Pending 0 (Lowest)
$04 0|l0]|]0]|1 Received EOF 1
$08 o|0j1]|o0 Received IFR Byte (RXIFR) 2
$0C o|l0]|1]1 BDLC Rx Data Register Full (RDRF) 3
$10 0|1]0]0 BDLC Tx Data Register Empty (TDRE) 4
$14 0Oj1(0|1 Loss of Arbitration 5
$18 0| 1| 1| 0| Cyclical Redundancy Check (CRC) Error 6
$1C |0 | 1|1 |1 Symbol Invalid or Out of Range 7
$20 1/10]0]|0 Wakeup 8 (Highest)

Bits 10, 11, 12, and 13 are cleared by a read of the BSVR except when the
BDLC data register needs servicing (RDRF, RXIFR, or TDRE
conditions). RXIFR and RDRF can be cleared only by a read of the
BSVR followed by a read of the BDLC data register (BDR). TDRE can
either be cleared by a read of the BSVR followed by a write to the BDLC
BDR or by setting the TEOD bit in BCR2.

Upon receiving a BDLC interrupt, the user can read the value within the
BSVR, transferring it to the CPU’s index register. The value can then be
used to index into a jump table, with entries four bytes apart, to quickly
enter the appropriate service routine. For example:

Servi ce

JMPTAB

MC68HC908AS32A — Rev 0.0

LDX BSVR Fetch State Vector
JMP JMPTAB, X Ent er service rout
(rmust end in RTI)
JMP SERVEQ Service condition
NOP
JMP SERVEL Service condition
NOP
JMP SERVE2 Service condition
NOP
JMP SERVES Service condition
END

Nunber
i ne,

#0

#1

#2

#8

Advance Information
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NOTE:

The NOPs are used only to align the JMPs onto 4-byte boundaries so
that the value in the BSVR can be used intact. Each of the service
routines must end with an RTI instruction to guarantee correct continued
operation of the device. Note also that the first entry can be omitted since
it corresponds to no interrupt occurring.

The service routines should clear all of the sources that are causing the
pending interrupts. Note that the clearing of a high priority interrupt may
still leave a lower priority interrupt pending, in which case bits 10, 11, and
12 of the BSVR will then reflect the source of the remaining interrupt
request.

If fewer states are used or if a different software approach is taken, the
jump table can be made smaller or omitted altogether.

24.7.5 BDLC Data Register

Advance Information

Address:  $003F

Bit 7 6 5 4 3 2 1 Bit 0
Read:

D7 D6 D5 D4 D3 D2 D1 DO
Write:
Reset: Unaffected by Reset

Figure 24-20. BDLC Data Register (BDR)

This register is used to pass the data to be transmitted to the J1850 bus
from the CPU to the BDLC. Itis also used to pass data received from the
J1850 bus to the CPU. Each data byte (after the first one) should be
written only after a Tx data register empty (TDRE) state is indicated in
the BSVR.

Data read from this register will be the last data byte received from the
J1850 bus. This received data should only be read after an Rx data
register full (RDRF) interrupt has occurred. (See BDLC State Vector
Register.)
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Byte Data Link Controller (BDLC)
Low-Power Modes

The BDR is double buffered via a transmit shadow register and a receive
shadow register. After the byte in the transmit shift register has been
transmitted, the byte currently stored in the transmit shadow register is
loaded into the transmit shift register. Once the transmit shift register has
shifted the first bit out, the TDRE flag is set, and the shadow register is
ready to accept the next data byte. The receive shadow register works
similarly. Once a complete byte has been received, the receive shift
register stores the newly received byte into the receive shadow register.
The RDRF flag is set to indicate that a new byte of data has been
received. The programmer has one BDLC byte reception time to read
the shadow register and clear the RDRF flag before the shadow register
is overwritten by the newly received byte.

To abort an in-progress transmission, the programmer should stop
loading data into the BDR. This will cause a transmitter underrun error
and the BDLC automatically will disable the transmitter on the next non-
byte boundary. This means that the earliest a transmission can be halted
is after at least one byte plus two extra logic 1s have been transmitted.
The receiver will pick this up as an error and relay it in the state vector
register as an invalid symbol error.

The extra logic 1s are an enhancement to the J1850 protocol which
forces a byte boundary condition fault. This is helpful in preventing noise
from going onto the J1850 bus from a corrupted message.

24.8 Low-Power Modes

24.8.1 Wait Mode

The following information concerns wait mode and stop mode.

This power-conserving mode is entered automatically from run mode
whenever the CPU executes a WAIT instruction and the WCM bit in
BDLC control register 1 (BCR1) is previously clear. In BDLC wait mode,
the BDLC cannot drive any data.

A subsequent successfully received message, including one that is in
progress at the time that this mode is entered, will cause the BDLC to

MC68HC908AS32A — Rev 0.0 Advance Information

MOTOROLA

Byte Data Link Controller (BDLC) 417



Byte Data Link Controller (BDLC)

NOTE:

24.8.2 Stop Mode

NOTE:

Advance Information

wake up and generate a CPU interrupt request if the interrupt enable (IE)
bit in the BDLC control register 1 (BCR1) is previously set. (See BDLC
Control Register 1 for a better understanding of IE.) This results in less
of a power saving, but the BDLC is guaranteed to receive correctly the
message which woke it up, since the BDLC internal operating clocks are
kept running.

Ensuring that all transmissions are complete or aborted before putting
the BDLC into wait mode is important.

This power-conserving mode is entered automatically from run mode
whenever the CPU executes a STOP instruction or if the CPU executes
a WAIT instruction and the WCM bit in the BDLC control register 1
(BCR1) is previously set. This is the lowest power mode that the BDLC
can enter.

A subsequent passive-to-active transition on the J1850 bus will cause
the BDLC to wake up and generate a non-maskable CPU interrupt
request. When a STOP instruction is used to put the BDLC in stop mode,
the BDLC is not guaranteed to correctly receive the message which
woke it up, since it may take some time for the BDLC internal operating
clocks to restart and stabilize. If a WAIT instruction is used to put the
BDLC in stop mode, the BDLC is guaranteed to correctly receive the
byte which woke it up, if and only if an end-of-frame (EOF) has been
detected prior to issuing the WAIT instruction by the CPU. Otherwise,
the BDLC will not correctly receive the byte that woke it up.

If this mode is entered while the BDLC is receiving a message, the first
subsequent received edge will cause the BDLC to wake up immediately,
generate a CPU interrupt request, and wait for the BDLC internal
operating clocks to restart and stabilize before normal communications
can resume. Therefore, the BDLC is not guaranteed to receive that
message correctly.

It is important to ensure all transmissions are complete or aborted prior
to putting the BDLC into stop mode.
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25.2 Electrical Specifications

25.2.1 Maximum Ratings

NOTE:

NOTE:

Advance Information

Maximum ratings are the extreme limits to which the MCU can be
exposed without permanently damaging it.

This device is not guaranteed to operate properly at the maximum
ratings. Refer to 5.0 Volt DC Electrical Characteristics on page 422 for
guaranteed operating conditions.

Rating Symbol Value Unit
Supply Voltage Vpp -0.3t0 +6.0 Y,
Input Voltage VN Vgg—0.3to Vpp +0.3 Y

Maximum Current Per Pin

Excluding Vpp and Vgg I £25 mA
Storage Temperature Tsto —-55to +150 °C
Maximum Current out of Vgg Imvss 100 mA
Maximum Current into Vpp ImvDD 100 mA
Reset and IRQ Input Voltage Vi Vpp +4.5 \Y;

NOTE: Voltages are referenced to Vgg.

This device contains circuitry to protect the inputs against damage due
to high static voltages or electric fields; however, it is advised that normal
precautions be taken to avoid application of any voltage higher than
maximume-rated voltages to this high-impedance circuit. For proper
operation, it is recommended that V,\ and Vo1 be constrained to the
range Vgg < (VN OF VouT) < Vpp. Reliability of operation is enhanced if
unused inputs are connected to an appropriate logic voltage level (for
example, either Vgg or Vpp).

MC68HC908AS32A — Rev 0.0
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25.2.2 Functional Operating Range

NOTE:

Electrical Specification
Electrical Specifications

Rating Symbol Value Unit
Operating Temperature Range® Ta —40 to TA(MAX) °C
Operating Voltage Range Vpp 5.0 +0.5v \%

1. TA(MAX) = 125°C for part suffix MFN
TaA(MAX) = 105°C for part suffix VFN
Ta(MAX) = 85°C for part suffix CFN

For applications which use the LVI, Motorola guarantee the functionality
of the device CPU only down to the LVI trip point (V) within the
constraints outlined in Low Voltage Inhibit (LVI).

25.2.3 Thermal Characteristics

Characteristic Symbol Value Unit
Thermal Resistance
. ) °
QFP (64 Pins) I 70 e
Thermal Resistance
. ) °
PLCC (52 Pins) A 50 cw
I/0 Pin Power Dissipation Pio User Determined W
L Pp = (Ipp X Vpp) +
P
Power Dissipation (see Note 1) D Pyo = KI(T, + 273 °C) W
Pp x (Tp + 273 °C)
Constant (see Note 2) K 2 W/°C
+ (Pp” x 634)
Average Junction Temperature T, Ta+ Pp X 634 °C

NOTES:

1.Power dissipation is a function of temperature.
2.K is a constant unique to the device. K can be determined from a known T, and

measured Pp. With this value of K, Py and T; can be determined for any value of Tx.

MC68HC908AS32A — Rev 0.0
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25.2.4 5.0 Volt DC Electrical Characteristics

Electrical Specification

Characteristic Symbol Min Typical Max Unit
Output High Voltage
(ILOAD =-2.0 mA) All Ports VDD -0.8 -— —_
VoH
(ILOAD =-50 mA) All Ports VDD -1.5 -—- —
Total source current lon(TOT) — 10 mA
Output Low Voltage
(ILOAD =16 mA) All Ports —_ -— 04
VoL
(ILOAD =10.0 mA) All Ports —_ -—- 1.5
Total sink current oL (TOT) — 15 mA
Input High Voltage
— Vv 0.7 xV, Y,
All Ports, IRQS, RESET, OSC1 IH b bb v
Input Low Voltage
oA vV Vv 0.3xV
All Ports, IRQS, RESET, OSC1 L SS bD v
Vpp Supply Current
Run (see Note 2) — 25 35 mA
Wait (see Note 3) — 14 20 mA
Stop (see Note 4) |
LVI enabled, To=25 °C pb — 100 400 HA
LVI disabled, Tp=25 °C — 35 50 HA
LVI enabled, —40 °C to +125 °C - 500 HA
LVI disabled, —40 °C to +125 °C - 100 HA
I/O Ports Hi-Z Leakage Current I -1 1 HA
Input Current N -1 1 LA
Capacitance Cout — 12 e
Ports (As Input or Output) Cin — 8 P
Low-Voltage Reset Inhibit  (trip) v 3.80 Vv
(recover) Lvi 4.49
POR ReArm Voltage (see Note 5) Vpor 0 200 mV
POR Reset Voltage (see Note 6) VPORRST 0 800 mV
POR Rise Time Ramp Rate (see Note 7) Rpor 0.02 — Vims
High COP Disable Voltage (see Note 8) Vh Vpp +3.0 Vpp +4.5 Vv
Monitor mode entry voltage on IRQ (see Note 10) Vh Vpp + 3.0 Vpp +4.5 \%

Advance Information
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Characteristic Symbol Min Typical Max Unit
NOTES:
1. Vpp=5.0Vdc £10%, Vgg=0 Vdc, T, =—-40 °C to +T(MAX), unless otherwise noted.
2. Run (Operating) Ipp measured using external square wave clock source (fgyg = 8.4 MHz). All inputs
0.2 V from rail. No dc loads. Less than 100 pF on all outputs. C| = 20 pF on OSC2. All ports
configured as inputs. OSC2 capacitance linearly affects run Ipp. Measured with all modules enabled.
Typical values at midpoint of voltage range, 25C only.
3. Wait Ipp measured using external square wave clock source (fgyg = 8.4 MHz). All inputs 0.2 Vdc
from rail. No dc loads. Less than 100 pF on all outputs, C; = 20 pF on OSC2. All ports configured as
inputs.
OSC2 capacitance linearly affects wait Ipp. Measured with all modules enabled.
Typical values at midpoint of voltage range, 25C only.
4. Stop Ipp measured with OSC1 = Vgg.
Typical values at midpoint of voltage range, 25C only.
5. Maximum is highest voltage that POR is guaranteed.
6. Maximum is highest voltage that POR is possible.
7. If minimum Vpp is not reached before the internal POR reset is released, RST must be driven low
externally until minimum Vpp is reached.
8. See COP Module During Break Interrupts on page 180. Vy, applied to RST.
9. Although Ipp is proportional to bus frequency, a current of several mA is present even at very low
frequencies.
10. See Monitor mode description within Computer Operating Properly (COP). Vi, applied to
IRQ or RST
25.2.5 Control Timing
Characteristic Symbol Min Max Unit
Bus Operating Frequency (4.5-5.5 V — Vpp Only) faus — 8.4 MHz
RESET Pulse Width Low tRL 15 — teye
IRQ Interrupt Pulse Width Low (Edge-Triggered) LYY 15 — teye
IRQ Interrupt Pulse Period L'THTE Note 4 — teye
16-Bit Timer (see Note 2)
Input Capture Pulse Width (see Note 3) try, trL 2 — teye
Input Capture Period triTL Note 4 —

NOTES:

1.Vpp = 5.0 Vdc £ 0.5v, Vgg = 0 Vdc, T, = —40 °C to Tp(MAX), unless otherwise noted.
2.The 2-bit timer prescaler is the limiting factor in determining timer resolution.

3.Refer to Table 22-2 and supporting note.

4.The minimum period tr 1 or ty ;. should not be less than the number of cycles it takes to execute the capture interrupt

service routine plus TBD tcyc.

MC68HC908AS32A — Rev 0.0

Advance Information

MOTOROLA

Electrical Specification

423



Electrical Specification

25.2.6 ADC Characteristics

Characteristic Min Max Unit Comments
Resolution 8 8 Bits
Absolute Accuracy Includes
\Y =0V,V N =V =5V+ — L
(VREFL DDA/ VDDAREF = VREFH 1 +1 LSB Quantization
0.5v)
Conversion Range (see Note 1) VREFL VREFH Vv VRerL = Vssa
i Conversion Time
Power-Up Time 16 17 Us Period
Input Leakage (see Note 3)
Ports B and D -1 1 KA
ADC Includes Samplin
Conversion Time 16 17 Clock . ping
Time
Cycles
Monotonicity Inherent within Total Error
Zero Input Reading 00 01 Hex VIN = VREFL
Full-Scale Reading FE FF Hex VN = VREFH
ADC
Sample Time (see Note 2) 5 — Clock
Cycles
Input Capacitance — 8 pF Not Tested
ADC Internal Clock 500 k 1.048 M Hz Tested Only at 1 MHz
Analog Input Voltage VREEL VREEH \%
NOTES:

l'VDD =5.0Vdc + 0.5y, VSS =0 VdC, VDDA/VDDAREF =5.0Vdc + 0.5v, VSSA =0 VdC, VREFH =5.0 Vdc £0.5v
2.Source impedances greater than 10 kQ adversely affect internal RC charging time during input sampling.

3.The external system error caused by input leakage current is approximately equal to the product of R
source and input current.
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25.2.7 5.0Vdc £0.5V Serial Peripheral Interface (SPI) Timing

Electrical Specification
Electrical Specifications

Num Characteristic Symbol Min Max Unit
Operating Frequency (see Note 3)
Master fausw) fous/128 | faus/2 | MHz
Slave faus(s) de faus
Cycle Time
1 Master Leye(v) 2 128 toye
Slave tcyc(s) 1 —
2 Enable Lead Time t ead 15 — ns
3 Enable Lag Time tLag 15 — ns
Clock (SCK) High Time
4 Master tw(scKH)M 100 — ns
Slave tW(SCKH)S 50 —
Clock (SCK) Low Time
5 Master tw(sckLm 100 — ns
Slave tW(SCKL)S 50 —
Data Setup Time (Inputs)
6 Master tsu(m) 45 — ns
Slave ISU(S) 5 —
Data Hold Time (Inputs)
7 Master tH(m) 0 — ns
Slave tH(S) 15 —
Access Time, Slave (see Note 4)
g CPHA=0 ta(cPo) 0 40 ns
CPHA=1 tacp1) 0 20
9 Slave Disable Time (Hold Time to High-Impedance State) tpis — 25 ns
Enable Edge Lead Time to Data Valid (see Note 6)
10 Master tevim) — 10 ns
Slave tEV(S) — 40
Data Hold Time (Outputs, after Enable Edge)
1 Master o) 0 — ns
Slave tHO(S) 5 —
Data Valid
12 Master (Before Capture Edge) v %0 - ns
Data Hold Time (Outputs) .
13 Master (Before Capture Edge) tHoqw) 100 ns
NOTES:
1. Alltiming is shown with respect to 30% Vp and 70% Vpp, unless otherwise noted; assumes 100 pF load on all SPI
pins.
2. Item numbers refer to dimensions in Figure 25-1 and Figure 25-2.
3. fgus = the currently active bus frequency for the microcontroller.
4. Time to data active from high-impedance state.
5. With 100 pF on all SPI pins
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SS — N
(INPUT) SS pin of master held high. _
- (1>
SCK (CPOL =0 \ - : >
((OUTPUTg NOTE \ fla—(2)—» J\—/‘ N~/ N
SCK (CPOL =1 \ <—<:)—>
oueun) _ore /7 A %LN_/ /
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(@ ) [+ AD)-» Ay >+ ﬁ
(OUT'\SB%' MASTER MSB OUT BITS 6-1 MASTER LSB OUT {

NOTE: This first clock edge is generated internally, but is not seen at the SCK pin.

SS

(INPUT) __

SCK (CPOL = 0)
(OUTPUT)

a) SPI Master Timing (CPHA = 0)

sS pin of master held high.
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/ NOTE

_/
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NOTE: This last clock edge is generated internally, but is not seen at the SCK pin.

b) SPI Master Timing (CPHA = 1)

Figure 25-1. SPI Master Timing Diagram
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< —
(INPUT) X N
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- O
MISO / N
(NPUT) —_ SLAVE | | MSB OUT { BITS 6-1 N SLAVE LSB OUT ﬁOTE
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(OUTPUT) MSB IN LSB IN

NOTE: Not defined but normally MSB of character just received

a) SPI Slave Timing (CPHA =0)
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NOTE: Not defined but normally LSB of character previously transmitted

b) SPI Slave Timing (CPHA = 1)

Figure 25-2. SPI Slave Timing Diagram
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25.2.8 CGM Operating Conditions

Characteristic Symbol Min Typ Max Unit Comments

Veoa | Vpp-0.3 | — | Vppt0.3 | V

Operating Voltage
Vssa Vgs-0.3 — | Vgst03 | Vv

Crystal Reference Frequency fcGMRCLK 1 49152 16 MHz

Mg?equi;r():/;tal Reference foaMXCLK . 4.9152 o MHz :g;r;z;;ecclqiency

Range Nom. Multiplier fnom — 49152 — MHz

VCO Center-of-Range Frequency fcoMVRs 4.9152 — Note 1 MHz

VCO Operating Frequency fcomvelk | 4.9152 — 32.0

1. fcgmvrs IS @ nominal value described and calulated as an example in the Clock Generator Module (CGM) section for the
desired VCO operating frequency, fcgmveLk-

25.2.9 CGM Component Information

Description Symbol | Min Typ Max | Unit Comments
. Consult Crystal
C — — — —
Crystal Load Capacitance L Manufacturer’s Data
. . Consult Crystal
Crystal Fixed Capacitance C1 — 2xCL — — Manufacturer's Data
. : Consult Crystal
Crystal Tuning Capacitance Cc2 — 2xCL — — Manufacturer’s Data
Filter Capacitor Multiply Factor Ctact — 0.0154 — FisV
CracT X See External Filter
Filter Capacitor Ce — (Vppa/ — — Capacitor Pin (CGMXFC)
fxcik) on page 135
CBYP must provide low
AC impedance from f =
. fCGMXCLK/]'OO to 100 x
C — — .
Bypass Capacitor BYP 0.1 UF feamyeLK, SO Series
resistance must be
considered.
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Description Symbol Min Typ Max Unit Notes
. 8 X Vppa) / If Ce Chosen
Manual Mode Time to Stable | taco — ( oow) — s F
(fcomxcLk X Kacq) Correctly
] 4xV / If Ce Chosen
Manual Stable to Lock Time tAL — ( pDA) — S F
(fcamxcLk X Krgy) Correctly
Manual Acquisition Time tLock — tacottaL — s
Tracking Mode Entry
D _ 0
Frequency Tolerance TRK 0 +3.6 %
Acquisition Mode Entry
D — 0
Frequency Tolerance UNT +6.3 £1.2 %
LOCK Entry Freq. Tolerance Diock — +0.9 %
LOCK Exit Freq. Tolerance DynL +0.9 — +1.8 %
Reference Cycles per
Acquisition Mode NaAcQ — 32 — —
Measurement
Reference Cycles per
Tracking Mode NTRK — 128 — —
Measurement
Automatic Mode Time ¢ . (8 x Vppa) / ¢ | IfCg Chosen
to Stable ACQ ACQEXCLK ] (fxcLi X Kaco) Correctly
Automatic Stable to Lock ( e f (4 X Vppa) / . s | fCrChosen
Time AL TRKTXCLK (fxcLi X KTRK) Correctly
Automatic Lock Time tLock — 0.65 25 ms
PLL Jitter, Deviation of * (fcrys) N = VCO
Average Bus Frequency 0 — X (.025%) | % Freq. Mult
over 2 ms (note 1) x (N/4) o '
K value for automatic mode K . 0.2 . .
time to stable acq '
K value Kirk — 0.004 — —
NOTES:

1. Guaranteed but not tested.

2.Vpp=5.0Vdc £ 0.5V, Vg5 =0Vdc, Tp =-40C to Tp (MAX), unless otherwise noted.

3. Conditions for typical and maximum values are for Run mode with fogymxcLk = 8MHz, fgyspes =
discharged Cg = 15 nF, Vpp =

4. Refer to Phase-Locked Loop (PLL) section for guidance on the use of the PLL.

MC68HC908AS32A — Rev 0.0
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25.2.11 Timer Module Characteristics

Characteristic Symbol Min Max Unit
Input Capture Pulse Width trin, trie 125 — ns
Input Clock Pulse Width tTCH, tTCL (1/fop) +5 —_ ns

25.2.12 RAM Memory Characteristics

Characteristic Symbol Min Max Unit
RAM Data Retention Voltage VRDR 0.7 — \Y
25.2.13 EEPROM Memory Characteristics
Characteristic Symbol Min Max Unit
EEPROM Programming Time per Byte tEEPGM 10 — ms
EEPROM Erasing Time per Byte tEEBYTE 10 — ms
EEPROM Erasing Time per Block tEEBLOCK 10 — ms
EEPROM Erasing Time per Bulk tEEBULK 10 — ms
EEPROM Programming Voltage Discharge
Period teeFpy 100 — Us
Number of Programming Operations to the Same 8
EEPROM Byte Before Erase (1)
EEPROM Write/Erase Cycles
@ 10 ms Write Time o 10,000 o Cycles
EEPROM Data Retention . 10 . Years
After 10,000 Write/Erase Cycles
EEPROM Programming Maximum Time to 500 S
‘AUTO’ Bit Set H
EEPROM Erasing Maximum Time to ‘AUTO’ Bit
8 ms
Set
NOTES:

1. Programming a byte more times than the specified maximum may affect the data integrity of that byte. The byte must
be erased before it can be programmed again.
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25.2.14 FLASH Memory Characteristics

Characteristic Symbol Min Max Unit
FLASH Program Bus Clock Frequency — 1 — MHz
FLASH Read Bus Clock Frequency freap™® 32K 8.4M Hz
FLASH Page Erase Time tERASE(Z) 1 — ms
FLASH Mass Erase Time tyerase ) 4 — ms
FLASH PGM/ERASE to HVEN Set Up Time tavs 10 — us
FLASH High Voltage Hold Time tavn 5 — us
FLASH High Voltage Hold Time (Mass) tavHL 100 — us
FLASH Program Hold Time tras 5 — us
FLASH Program Time teroG 30 40 us
FLASH Return to Read Time trcy™® 1 us
FLASH Cumulative Program HV Period t® — 4 ms
FLASH Row Erase Endurance(® 10,000 — cycles
FLASH Row Program Endurance(”) 10,000 — cycles
FLASH Data Retention Time(®) 10 — years
1. freap is defined as the frequency range for which the FLASH memory can be read.
2. If the page erase time is longer than tg,e(MIN), there is no erase-disturb, but it reduces the endurance of the FLASH
3. :P?hrzor:lye;ss erase time is longer than ty,zrase(MIN), there is no erase-disturb, but it reduces the endurance of the FLASH
memory.

4. tzcy is defined as the time it needs before the FLASH can be read after turning off the high voltage charge pump by clearing
HVEN to logic 0.

5. t,y is defined as the cumulative high voltage programming time to the same row before next erase.
t,,y must satisfy this condition: tyys* tyvy * tras + (terogX 64) O t,, max.

6. The minimum row erase endurance value specifies each row of the FLASH memory is guaranteed to work for at least this
many erase cycles.

7. The minimum row program endurance value specifies each row of the FLASH memory is guaranteed to work for at least
this many program cycles.

8. The FLASH is guaranteed to retain data over the entire operating temperature range for at least the minimum time spec-
ified.
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25.2.15 BDLC Transmitter VPW Symbol Timings

Characteristicd): @ Number | Symbol Min Typ Max Unit
Passive Logic 0 10 trvp1 62 64 66 us
Passive Logic 1 11 tTvp2 126 128 130 us
Active Logic 0 12 trval 126 128 130 us
Active Logic 1 13 trvaz 62 64 66 us
Start-of-Frame (SOF) 14 tTvas 198 200 202 us
End-of-Data (EOD) 15 tryps 198 200 202 ps
End-of-Frame (EOF) 16 trva 278 280 282 us
Inter-Frame Separator (IFS) 17 trve 298 300 302 us

1. fgpLc = 1.048576 or 1.0 MHz, Vpp=5.0 V £10%, Vg5 =0V
2. See Figure 25-3.

25.2.16 BDLC Receiver VPW Symbol Timings

Characteristic®: @. Number | Symbol Min Typ Max Unit
Passive Logic 0 10 trrRvP1 34 64 96 us
Passive Logic 1 11 trrvP2 96 128 163 us
Active Logic 0 12 tTRVA1L 96 128 163 us
Active Logic 1 13 tTRVA2 34 64 96 us
Start-of-Frame (SOF) 14 tTRVA3 163 200 239 us
End-of-Data (EOD) 15 tTRvP3 163 200 239 us
End-of-Frame (EOF) 16 tTRv4 239 280 320 us
Break 18 tTrRVe 280 — — us

1. fgpLc = 1.048576 or 1.0 MHz, Vpp = 5.0 V + 10%, Vgg =0 V
2. The receiver symbol timing boundaries are subject to an uncertainty of 1 tgp ¢ HS due to sampling considerations.
3. See Figure 25-3.
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Figure 25-3. BDLC Variable Pulse Width Modulation (VPW) Symbol Timing

25.2.17 BDLC Transmitter DC Electrical Characteristics

Characteristic® Symbol Min Max Unit
BDTxD Output Low Voltage
V _
(IBDTXD = 1.6 mA) OLTX 04 M
BDTxD Output High Voltage
V Vpp —0.8 —
(IBDTx = —800 pA) OHTX DD v

1. Vpp = 5.0 Vdc + 10%, Vgg = 0 Vdc, Ty = —40 °C to +125 °C, unless otherwise noted

25.2.18 BDLC Receiver DC Electrical Characteristics

Characteristic(® Symbol Min Max Unit
BDRxXD Input Low Voltage V|LRX Vgg 0.3x Vpp \Y
BDRxD Input High Voltage VIHRX 0.7 x Vpp Vpp \
BDRxD Input Low Current lILBDRXI -1 +1 A
BDRxD Input High Current IHBDRX -1 +1 HA

1. Vpp = 5.0 Vdc + 10%, Vgg = 0 Vdc, T = —40 °C to +125 °C, unless otherwise noted
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25.3 Mechanical Specifications

25.3.1 52-pin Plastic Leaded Chip Carrier (PLCC)

EE0LNOEIOIROEIO
T e

) e e s N e e e e e e s s o

S~ — |
0 ]
0 ]
0 ]
0 ]
. [N ] M-
v O P v
0 ]
0 ]
[ 2o
0 ]
0 ]
[ W val
g ho | I
|_l|_ll_||_ll_ll_||_ll_ll_||_ll_ll_||_l I — -
pin 52 H';pml 1 ‘
E=S ~x-
—V U
EOLNOEICINOEIS
R
—z EFOENCEICINOEIS]
e Ca— EOLNOEIOINOEIO
i iR
| v
‘ ‘ ! | [0.10
—lel— JE —T—| SEATING PLANE
EFOLNOEIOINOEIC
Dim. Min. Max. Notes Dim. Min. Max.
A 1994 | 20.19 u 19.05 | 19.20
B 19.94 | 20.19 \ 1.07 121
C 4.20 457 |1 Datums-L-, -M-, -N- and —P- are determined where top of lead W 1.07 1.21
shoulder exits plastic body at mould parting line.
E 229 279 2. Dimension G1, true position to be measured at datum —T— (seating X 107 142
F 0.33 0.48 plane). Y — 0.50
G 1.27 BSC 3. Dimensions R and U do not include mould protrusion. Allowable 7 20 10°
mould protrusion is 0.25mm per side.
H 066 081 4. Dimensions and tolerancing per ANSI Y 14.5M, 1982. c1 18.04 1854
J 0.51 — 5. All dimensions in mm. K1 1.02 —
K 0.64 — 71 2° 10°
R 19.05 | 19.20
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Technical Data — MC68HC908AS32A

Glossary

A — See “accumulator (A).”

accumulator (A) — An 8-bit general-purpose register in the CPU08. The CPUOS8 uses the
accumulator to hold operands and results of arithmetic and logic operations.

acquisition mode — A mode of PLL operation during startup before the PLL locks on a
frequency. Also see "tracking mode."

address bus — The set of wires that the CPU or DMA uses to read and write memory locations.

addressing mode — The way that the CPU determines the operand address for an instruction.
The M68HCO08 CPU has 16 addressing modes.

ALU — See “arithmetic logic unit (ALU).”

arithmetic logic unit (ALU) — The portion of the CPU that contains the logic circuitry to perform
arithmetic, logic, and manipulation operations on operands.

asynchronous — Refers to logic circuits and operations that are not synchronized by a common
reference signal.

baud rate — The total number of bits transmitted per unit of time.
BCD — See “binary-coded decimal (BCD).”
binary — Relating to the base 2 number system.

binary number system — The base 2 number system, having two digits, 0 and 1. Binary
arithmetic is convenient in digital circuit design because digital circuits have two
permissible voltage levels, low and high. The binary digits 0 and 1 can be interpreted to
correspond to the two digital voltage levels.
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binary-coded decimal (BCD) — A notation that uses 4-bit binary numbers to represent the 10
decimal digits and that retains the same positional structure of a decimal number. For
example,

234 (decimal) = 0010 0011 0100 (BCD)
bit — A binary digit. A bit has a value of either logic O or logic 1.

branch instruction — An instruction that causes the CPU to continue processing at a memory
location other than the next sequential address.

break module — A module in the M68HCO08 Family. The break module allows software to halt
program execution at a programmable point in order to enter a background routine.

breakpoint — A number written into the break address registers of the break module. When a
number appears on the internal address bus that is the same as the number in the break
address registers, the CPU executes the software interrupt instruction (SWI).

break interrupt — A software interrupt caused by the appearance on the internal address bus
of the same value that is written in the break address registers.

bus — A set of wires that transfers logic signals.

bus clock — The bus clock is derived from the CGMOUT output from the CGM. The bus clock
frequency, fop, is equal to the frequency of the oscillator output, CGMXCLK, divided by

four.
byte — A set of eight bits.

C — The carry/borrow bit in the condition code register. The CPUOQ8 sets the carry/borrow bit
when an addition operation produces a carry out of bit 7 of the accumulator or when a
subtraction operation requires a borrow. Some logical operations and data manipulation
instructions also clear or set the carry/borrow bit (as in bit test and branch instructions and
shifts and rotates).

CCR — See “condition code register.”

central processor unit (CPU) — The primary functioning unit of any computer system. The
CPU controls the execution of instructions.

CGM — See “clock generator module (CGM).”
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clear — To change a bit from logic 1 to logic O; the opposite of set.
clock — A square wave signal used to synchronize events in a computer.

clock generator module (CGM) — A module in the M68HCO08 Family. The CGM generates a
base clock signal from which the system clocks are derived. The CGM may include a
crystal oscillator circuit and or phase-locked loop (PLL) circuit.

comparator — A device that compares the magnitude of two inputs. A digital comparator defines
the equality or relative differences between two binary numbers.

computer operating properly module (COP) — A counter module in the M68HCO08 Family that
resets the MCU if allowed to overflow.

condition code register (CCR) — An 8-bit register in the CPUO8 that contains the interrupt
mask bit and five bits that indicate the results of the instruction just executed.

control bit — One bit of a register manipulated by software to control the operation of the
module.

control unit — One of two major units of the CPU. The control unit contains logic functions that
synchronize the machine and direct various operations. The control unit decodes
instructions and generates the internal control signals that perform the requested
operations. The outputs of the control unit drive the execution unit, which contains the
arithmetic logic unit (ALU), CPU registers, and bus interface.

COP — See "computer operating properly module (COP)."

counter clock — The input clock to the TIM counter. This clock is the output of the TIM
prescaler.

CPU — See “central processor unit (CPU).”
CPUO08 — The central processor unit of the M68HCO08 Family.

CPU clock — The CPU clock is derived from the CGMOUT output from the CGM. The CPU
clock frequency is equal to the frequency of the oscillator output, CGMXCLK, divided by
four.

CPU cycles — A CPU cycle is one period of the internal bus clock, normally derived by dividing
a crystal oscillator source by two or more so the high and low times will be equal. The
length of time required to execute an instruction is measured in CPU clock cycles.
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CPU registers — Memory locations that are wired directly into the CPU logic instead of being
part of the addressable memory map. The CPU always has direct access to the
information in these registers. The CPU registers in an M68HCOS8 are:

* A (8-bit accumulator)

e H:X (16-bit index register)

e SP (16-bit stack pointer)

e PC (16-bit program counter)

¢ CCR (condition code register containing the V, H, I, N, Z, and C
bits)
CSIC — customer-specified integrated circuit

cycle time — The period of the operating frequency: t.,c = 1/fop.

decimal number system — Base 10 numbering system that uses the digits zero through nine.

direct memory access module (DMA) — A M68HCO08 Family module that can perform data
transfers between any two CPU-addressable locations without CPU intervention. For
transmitting or receiving blocks of data to or from peripherals, DMA transfers are faster
and more code-efficient than CPU interrupts.

DMA — See "direct memory access module (DMA)."

DMA service request — A signal from a peripheral to the DMA module that enables the DMA
module to transfer data.

duty cycle — A ratio of the amount of time the signal is on versus the time it is off. Duty cycle is
usually represented by a percentage.

EEPROM — Electrically erasable, programmable, read-only memory. A nonvolatile type of
memory that can be electrically reprogrammed.

EPROM — Erasable, programmable, read-only memory. A nonvolatile type of memory that can
be erased by exposure to an ultraviolet light source and then reprogrammed.

exception — An event such as an interrupt or a reset that stops the sequential execution of the
instructions in the main program.

external interrupt module (IRQ) — A module in the M68HCO08 Family with both dedicated
external interrupt pins and port pins that can be enabled as interrupt pins.
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fetch — To copy data from a memory location into the accumulator.
firmware — Instructions and data programmed into nonvolatile memory.

free-running counter — A device that counts from zero to a predetermined number, then rolls
over to zero and begins counting again.

full-duplex transmission — Communication on a channel in which data can be sent and
received simultaneously.

H — The upper byte of the 16-bit index register (H:X) in the CPUOQS.

H — The half-carry bit in the condition code register of the CPUO08. This bit indicates a carry from
the low-order four bits of the accumulator value to the high-order four bits. The half-carry
bit is required for binary-coded decimal arithmetic operations. The decimal adjust
accumulator (DAA) instruction uses the state of the H and C bits to determine the
appropriate correction factor.

hexadecimal — Base 16 numbering system that uses the digits O through 9 and the letters A
through F.

high byte — The most significant eight bits of a word.
illegal address — An address not within the memory map
illegal opcode — A nonexistent opcode.

| — The interrupt mask bit in the condition code register of the CPUO8. When | is set, all interrupts
are disabled.

index register (H:X) — A 16-bit register in the CPU08. The upper byte of H:X is called H. The
lower byte is called X. In the indexed addressing modes, the CPU uses the contents of
H:X to determine the effective address of the operand. H:X can also serve as a temporary
data storage location.

input/output (I/0O) — Input/output interfaces between a computer system and the external world.
A CPU reads an input to sense the level of an external signal and writes to an output to
change the level on an external signal.

instructions — Operations that a CPU can perform. Instructions are expressed by programmers
as assembly language mnemonics. A CPU interprets an opcode and its associated
operand(s) and instruction.
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interrupt — A temporary break in the sequential execution of a program to respond to signals
from peripheral devices by executing a subroutine.

interrupt request — A signal from a peripheral to the CPU intended to cause the CPU to
execute a subroutine.

I/O — See “input/output (1/0).”
IRQ — See "external interrupt module (IRQ)."
jitter — Short-term signal instability.

latch — A circuit that retains the voltage level (logic 1 or logic 0) written to it for as long as power
is applied to the circuit.

latency — The time lag between instruction completion and data movement.
least significant bit (LSB) — The rightmost digit of a binary number.

logic 1 — A voltage level approximately equal to the input power voltage (Vpp).
logic 0 — A voltage level approximately equal to the ground voltage (Vgg).

low byte — The least significant eight bits of a word.

low voltage inhibit module (LVI) — A module in the M68HCO08 Family that monitors power
supply voltage.

LVI — See "low voltage inhibit module (LVI)."
M68HC08 — A Motorola family of 8-bit MCUs.
mark/space — The logic 1/logic 0 convention used in formatting data in serial communication.

mask — 1. A logic circuit that forces a bit or group of bits to a desired state. 2. A photomask used
in integrated circuit fabrication to transfer an image onto silicon.

mask option — A optional microcontroller feature that the customer chooses to enable or
disable.

mask option register (MOR) — An EPROM location containing bits that enable or disable
certain MCU features.

MCU — Microcontroller unit. See “microcontroller.”
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memory location — Each M68HC08 memory location holds one byte of data and has a unique
address. To store information in a memory location, the CPU places the address of the
location on the address bus, the data information on the data bus, and asserts the write
signal. To read information from a memory location, the CPU places the address of the
location on the address bus and asserts the read signal. In response to the read signal,
the selected memory location places its data onto the data bus.

memory map — A pictorial representation of all memory locations in a computer system.

microcontroller — Microcontroller unit (MCU). A complete computer system, including a CPU,
memory, a clock oscillator, and input/output (1/0O) on a single integrated circuit.

modulo counter — A counter that can be programmed to count to any number from zero to its
maximum possible modulus.

monitor ROM — A section of ROM that can execute commands from a host computer for testing
purposes.

MOR — See "mask option register (MOR)."
most significant bit (MSB) — The leftmost digit of a binary number.

multiplexer — A device that can select one of a number of inputs and pass the logic level of that
input on to the output.

N — The negative bit in the condition code register of the CPUO08. The CPU sets the negative bit
when an arithmetic operation, logical operation, or data manipulation produces a negative
result.

nibble — A set of four bits (half of a byte).

object code — The output from an assembler or compiler that is itself executable machine code,
or is suitable for processing to produce executable machine code.

opcode — A binary code that instructs the CPU to perform an operation.

open-drain — An output that has no pullup transistor. An external pullup device can be
connected to the power supply to provide the logic 1 output voltage.

operand — Data on which an operation is performed. Usually a statement consists of an
operator and an operand. For example, the operator may be an add instruction, and the
operand may be the quantity to be added.
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oscillator — A circuit that produces a constant frequency square wave that is used by the
computer as a timing and sequencing reference.

OTPROM — One-time programmable read-only memory. A nonvolatile type of memory that
cannot be reprogrammed.

overflow — A quantity that is too large to be contained in one byte or one word.
page zero — The first 256 bytes of memory (addresses $0000-$00FF).

parity — An error-checking scheme that counts the number of logic 1s in each byte transmitted.
In a system that uses odd parity, every byte is expected to have an odd number of logic
1s. In an even parity system, every byte should have an even number of logic 1s. In the
transmitter, a parity generator appends an extra bit to each byte to make the number of
logic 1s odd for odd parity or even for even parity. A parity checker in the receiver counts
the number of logic 1s in each byte. The parity checker generates an error signal if it finds
a byte with an incorrect number of logic 1s.

PC — See “program counter (PC).”
peripheral — A circuit not under direct CPU control.

phase-locked loop (PLL) — A oscillator circuit in which the frequency of the oscillator is
synchronized to a reference signal.

PLL — See "phase-locked loop (PLL)."

pointer — Pointer register. An index register is sometimes called a pointer register because its
contents are used in the calculation of the address of an operand, and therefore points to
the operand.

polarity — The two opposite logic levels, logic 1 and logic 0, which correspond to two different
voltage levels, V, and Vgg.

polling — Periodically reading a status bit to monitor the condition of a peripheral device.
port — A set of wires for communicating with off-chip devices.

prescaler — A circuit that generates an output signal related to the input signal by a fractional
scale factor such as 1/2, 1/8, 1/10 etc.

program — A set of computer instructions that cause a computer to perform a desired operation
or operations.

program counter (PC) — A 16-bit register in the CPUQO8. The PC register holds the address of
the next instruction or operand that the CPU will use.
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pull — An instruction that copies into the accumulator the contents of a stack RAM location. The
stack RAM address is in the stack pointer.

pullup — A transistor in the output of a logic gate that connects the output to the logic 1 voltage
of the power supply.

pulse-width — The amount of time a signal is on as opposed to being in its off state.

pulse-width modulation (PWM) — Controlled variation (modulation) of the pulse width of a
signal with a constant frequency.

push — An instruction that copies the contents of the accumulator to the stack RAM. The stack
RAM address is in the stack pointer.

PWM period — The time required for one complete cycle of a PWM waveform.

RAM — Random access memory. All RAM locations can be read or written by the CPU. The
contents of a RAM memory location remain valid until the CPU writes a different value or
until power is turned off.

RC circuit — A circuit consisting of capacitors and resistors having a defined time constant.
read — To copy the contents of a memory location to the accumulator.
register — A circuit that stores a group of bits.

reserved memory location — A memory location that is used only in special factory test modes.
Writing to a reserved location has no effect. Reading a reserved location returns an
unpredictable value.

reset — To force a device to a known condition.

ROM — Read-only memory. A type of memory that can be read but cannot be changed (written).
The contents of ROM must be specified before manufacturing the MCU.

SCI — See "serial communication interface module (SCI)."
serial — Pertaining to sequential transmission over a single line.

serial communications interface module (SCI) — A module in the M68HCO08 Family that
supports asynchronous communication.

serial peripheral interface module (SPI) — A module in the M68HCO08 Family that supports
synchronous communication.

set — To change a bit from logic 0 to logic 1; opposite of clear.
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shift register — A chain of circuits that can retain the logic levels (logic 1 or logic 0) written to
them and that can shift the logic levels to the right or left through adjacent circuits in the
chain.

signed — A binary number notation that accommodates both positive and negative numbers.
The most significant bit is used to indicate whether the number is positive or negative,
normally logic O for positive and logic 1 for negative. The other seven bits indicate the
magnitude of the number.

software — Instructions and data that control the operation of a microcontroller.

software interrupt (SWI) — An instruction that causes an interrupt and its associated vector
fetch.

SPI — See "serial peripheral interface module (SPI)."

stack — A portion of RAM reserved for storage of CPU register contents and subroutine return
addresses.

stack pointer (SP) — A 16-bit register in the CPUO8 containing the address of the next available
storage location on the stack.

start bit — A bit that signals the beginning of an asynchronous serial transmission.
status bit — A register bit that indicates the condition of a device.
stop bit — A bit that signals the end of an asynchronous serial transmission.

subroutine — A sequence of instructions to be used more than once in the course of a program.
The last instruction in a subroutine is a return from subroutine (RTS) instruction. At each
place in the main program where the subroutine instructions are needed, a jump or branch
to subroutine (JSR or BSR) instruction is used to call the subroutine. The CPU leaves the
flow of the main program to execute the instructions in the subroutine. When the RTS
instruction is executed, the CPU returns to the main program where it left off.

synchronous — Refers to logic circuits and operations that are synchronized by a common
reference signal.

TIM — See "timer interface module (TIM)."

timer interface module (TIM) — A module used to relate events in a system to a point in time.
timer — A module used to relate events in a system to a point in time.

toggle — To change the state of an output from a logic 0 to a logic 1 or from a logic 1 to a logic O.
tracking mode — Mode of low-jitter PLL operation during which the PLL is locked on a

frequency. Also see "acquisition mode."
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two’s complement — A means of performing binary subtraction using addition techniques. The
most significant bit of a two’s complement number indicates the sign of the number (1
indicates negative). The two’s complement negative of a number is obtained by inverting
each bit in the number and then adding 1 to the result.

unbuffered — Utilizes only one register for data; new data overwrites current data.

unimplemented memory location — A memory location that is not used. Writing to an
unimplemented location has no effect. Reading an unimplemented location returns an
unpredictable value. Executing an opcode at an unimplemented location causes anillegal
address reset.

V —The overflow bit in the condition code register of the CPU08. The CPUO8 sets the V bit when
a two's complement overflow occurs. The signed branch instructions BGT, BGE, BLE,
and BLT use the overflow bit.

variable — A value that changes during the course of program execution.
VCO — See "voltage-controlled oscillator.”

vector — A memory location that contains the address of the beginning of a subroutine written
to service an interrupt or reset.

voltage-controlled oscillator (VCO) — A circuit that produces an oscillating output signal of a
frequency that is controlled by a dc voltage applied to a control input.

waveform — A graphical representation in which the amplitude of a wave is plotted against time.

wired-OR — Connection of circuit outputs so that if any output is high, the connection point is
high.

word — A set of two bytes (16 bits).
write — The transfer of a byte of data from the CPU to a memory location.
X — The lower byte of the index register (H:X) in the CPUOS.

Z — The zero bit in the condition code register of the CPU08. The CPUOQ8 sets the zero bit when
an arithmetic operation, logical operation, or data manipulation produces a result of $00.
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